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4 SOIL SURVEY OF 10\VA 

'!'her e is consicl ernbl e acr eage in waste land in th e co1mty, much 0£ which 
might be r eclaimed ancl made procl nd ive thru proper met hocl s of soil t reatment. 
Gener al r ccommendntions fo r the l1andlin g of unprod 11 cti1·e ] ri nds cannot be 
given , as t he canses of infe rtility arn exceedingly Yari able. In a later section 
of this r epor t sp ecial treatments a rc s ugges ted for 1rnprocl11ct in) a reas in the 
variou s soil types. Und er more or less abnormal conclitions, adv ice reg11rdi n g 
treatme11t may be see urctl upon r equ est fr om ih e Soils Sed ion of t he Jo,\'a 
Agricultural Experiment Station. 

THE CR OPS GROWN I N FREMONT COUNT Y 

'l'he gen rral farm crops grown in l<' r emont Co mit y , in thr order of th eir 
irnporta.n ce, are c:orn , wheat, alfalfa , oats, ha y , p ot11 tocs, lrnrl e.,· ancl rye. The 
average y ield ancl va lue of tli ese cr o11s a r ~ given in tahl c I. 

Corn is by far the most impor ta n t crop, be in g p roclucccl , in 1927, 0 11 :"i3 .:3 
per cent of the total farm laml of the co un ty. Average y ield s per r1cr c amount 
to 38.7 bu. 'l'hc varieties preferred inclnde Ile id Yelin\\' D rn t , Boo ne County 
·white ancl Towa Silvcrmin c. J\fuch o:E the co m gr own, h o11·evc r , is n ot pnrc­

brecl. Practically all of the crop is utili11ecl on Ili c f :nrn s as frf'cl f'<Jr 1h r cc1I t le, 
hogs, sheep and work animals. .A small proporl ion is shl'lkcl ancl sold, hut the 
pract ice is not common .' Generally more co rn i :-; so ld frnrn t he farn1s on ·;h e 
bottomhmds t han from those on t he 1111land ar eas. 

vVheat is the second crop in valu e and 1 he t h i rel in ac re;i ge. ',V int er whea t 
is g rown almost exclm;ively, mid awr::i gc yicl(1,; amo1111t 10 Fl .9 bu s l1 rls per 
acr e. Wheat is a cash rrop, and the g rnin is marketr cl at th e loec1 l elevator s or 
sold thru the fa rmers coope rative elevators. 

Alfalfa is the second crop in value and the fo ur th in acrr,1g-e. ln Fl27 it was 
produced on 2.9 percent of th e, total fa rm laml and aw ra ge ~· iekl s am ountrcl 

'rABLE I. A \'ERAGE YIELD AND YALUE OP PRINCIPAL CROPR (-.RO \\'N IN 
.J<'RRM.ON'l' UOUNT't , row A"" 

Percent of Bu~hcls 
tota l farm 01' 

land of ton ,; 
Crops Acrragc county per acre 

- -- ---
Corn ---- - --------- - -- J:"iG.1G2 
Oats ______ __ ___ ____ __ 16,562 
Winter 11·1J cn t __ __ ____ Vl,513 
Spring- wllcat ______ __ 38 
Barley --------------- 379 
Rye --------------- --- 28G 
Clover hayj" _____ ___ __ H.9"18 
Timothy hay _____ ___ _ 
Clover and timothy 

1,883 

hay (mixed ) 1,834 
All oth er tame ha y __ _ 2.662 
Alfalfa - - - - --- -- - -- -- 8.275 
Wild hay ----- ----- -- i:124 
Potatoes ------------ 266 
'.rimothy seed ____ __ __ 106 
Clover seedi" --------- 1,334 
Sweet eloYer seed __ __ l02 
Sweet clover:( ______ __ 9.683 

*Iowa Yearbook or Agriculture, l\J27. 
tSweet clover no t in cluded. 
tAH vadeties, for all puq)oscs. 

52.301 3S.7 
5.60 23.4 
4.50 19.9 
0.01 22.1 
0.13 18.4 
0.09 14.0 
1.30 1.74 
0.63 1.31 

0.62 1.27 
0.89 l .76 
2.90 3.11 
0,3!) 1.04 
0.08 6(; 
0.03 2.S 
0.44 0.87 
0.03 4.4 
3.20 ---- --

Totn l 'J'o tal 
b11~l wl~ rnlue 

or I A" e!·agr of 
tom: l)l'I Ce crops 

---- - --·--

G,\W-l."l6D ~0.69 ~4.169,9!)4 
31-'.G.!J J.J 0.4 2 162,504 
2ii!l5GS 1.17 315,395 

~~(J L.15 966 
6.~rn 0.6G 4,606 
3.'J(Jl 0.86 3,432 
li.870 12.50 85,875 
2.4(i7 lli .50 25,91),j 

·VW:J 11.77 27,412 
-Uit 5 11.77 55,142 

25. 735 16.00 411,760 
l.1G9 10.00 11,690 

17,55G 

I 
1.00 17,556 

:293 1.G5 483 
1.1 Gl HUD 18,692 

453 5.50 2,'192 
- - -- - - ---
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to 3.11 tons p e r a cr e. Under very fa vorable• conditions yields as high as 6 
tons p er acre lrnve been obtained. Fro~1 t hree to frrn cutt in gs are sometimes 
made each season . 'l'he valne of alfalfa hay as a livestock feed is generally r ec­
ognized, and the crop is grown exten s ively on the better livestock fa rms. lt 
grows well on most of the soils o:E the coun ty , espec ially on the ·1y 11 es ,1"11ieh arc 
well supplied with lime. In oc ulat ion is desirab le for this crop if it has not been 
grown previously aml sweet clover ba s not been prnduced on the area. Liming 
may sometim es be n eeded if the soil is acicl in r eaction. ',\Tith these precau ­
tions, t he crop proves ve ry s uccessful. 

Oats are the third crop in acreage and th e fonr th in value. In 1927 t his 
crop was grown on 5.6 p er cen t of the farm Janel . Average y ields ,irnount to 
23.4 bushels per acre. 'l'hc varieties g rown incln de Khcrson, Iowa 103, Iowa 
105, Early Champion ancl Green Rnss ian. Th e oats cr op is used mainly as fee,1 
for the work animals, very li t tle of th e crop bein g sold out of the coun ty. In 
man y cases, on t he bctt e t· farm area s, the y ields of oats are very high . Th e 
range ha s been estimated from 25 to 72 bu shels per ac re. Th e cr op srrvcs as 
an excellen t nllrsc crop for clover , alfalfa and sweet clovrr , and it is co mmonly 

incl ucl ed in th e rotation wher e th e legumes are to be grown. 

Clover is the chi ef hay cr op, average y ields amounting to l.74 tons p e r acre . 
Som e timothy is gr own alone, yieldin g 1. :11 tons p er acre. Clove r and timothy 
mixed is utili zed as a hay crop 011 many farms, y ieldin g 1.27 tons p er acre. 
Th er e is a small area in wi ld hay, y ielding 1.01 tons p er acre. Some clover is 
grown for seed and som e timothy is produced for seed . Swee t clover is g rown 
on a limi ted acreage anc1 is proving very s uccessful. Most of the crop is p ast ured, 
th e r esidues being plowed under in t he spring for green manuring 1rnrposes. 
Small acreages are cut for hay hut this practi ce is not ge1Jeral. Th e biennial 
sweet clover is most commonly gr own. ITubam, the annnal s,rect clover, is 
rai sed on ly on small a r eas. Sweet clover makes an excell ent pasture crop and 
is of very large value for gr een manuring purposes as a m ea ns of .incr eas ing 
the organi c matter content and nitrogen ill the land. It g ro\\'s excr llently on 
soils high in lime and therefor e thrives on the soil s on the slopes of t he J\llis ouri 
River bluffs. Practically all of the hay produ ced in the county i s ntilizC' d for 

feed but occasionally there is som e alfalfa or other hay sold on the market. 

Minor crops produced include n·e, barley, potatoes, tree and bn, Ji fruit s and 
garden vege tables. Orcharding is pract iced to some ext ent and ther e are a 
few commercial orchards and some sa le of app les out of t he county. 

THE LIVE'STOCK INDUSTRY IN FRKVJO NT COUNTY 

The exten t o:E the livestock industry in Fremont County is in cl icatecl hy t he 
fo llowing fi gures taken from the lown Monthly Crop R epor t for Jnly l , 1928, 
giving the J an. l , 1928, estimates o:E the Bureau of Agricultural E conomics o:E 
the United States D epartment of .Agriculture in cooperation wi t h the Iowa 

S tate D epartment of Agriculture: 

Horses ........ . . . ... .. . ...... . . . . . _ . .. ... . .. . . . . . . . . . . . . ..... 8, 900 
Mules . ..... . . . . . . . .. .. . . .. .. . _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2,5 70 
Cattle, all . . . . . . . . . . . . . . . . . . . . . . . . . . .... .. .. . .. . .. . . . . 21,300 
Hogs ..... . . . . ... . . . . .... . .. . _ . .. . . . . ........ . ... .. . ....... .. . 85 ,300 
Sheep . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 500 
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The ra ,smg of hogs is t he most important l ivestock inclus1ry arnl in 1928 
ther e were 8:5,300 lirad of hogs on the fanns of t he conll ty. Polanc1 Cltina, 
Hampshire, 'l'mnwortl , ancl Duroc J crscy arc 1110 most co mmon lJrccrls. The 
sa le of bogs 11r0Yirlc,; t he chi ef sour ce of in come 011 m ost fcnrns. 

rrJ ,e cattle inclust r.,· is scconc1 in irn podm1cc, ihc rai sin g· and :Eccdi ll g o[ hccE 
cattle being practiced quii c commmily. 'l'hc beef cat tl e are 11m·clrn srrl on ih r 
Omaha market as feede r s, pas t ured durin g t he sumnier and feel for fro m 90 
to J :2 0 ch1!·s heforr hcing- rna l'k rtcd. TTcrefonl. , \ hcnler n _,\ng-us mid ~horihorn 
breeds ar e p r eferred for fcc(1ing: pnrpose,;. 

Dairy cattle ar c rai sc(1 and clair yi11g is pl'ad il'crl co11unr r ci,1ll.'· 011 a fr,y rarrns 
located n ear J-lic larger towns . J\Iilk ancl cr eam arc sup11lird to loca l consnmcrs 
ancl the surplus is sold at th e local cr rn rn cri cs . Jr1·sr'r, Gnrrn sr.'' ancl Jiol­
stcin-Friesi :rn or gra(lcs of: t hese breeds arr pref erred. On most fa r ms <lai ry 
cattl e arc kept only in suffi <'irn t numb ers to su11pl,1· 1hr hom e <1rrnarn1 for li11t -
1'cr , milk anc1 cr r :rn1. A few sh eep are r nisc<l on 1l1 r fa rm s in the rnol'c Jiill,1· 
srrt iom; of ih c co1mtr hut 1hc incln stry is of Yrr ,1· rninnr impor tance. A con ­
si(l r ra hlc nnmhrr of sheep ar c slrip11c(l in for frrcli n g 11urposes. and i-:omc f:um­
rr~ fatt en sewr al hnncl rc(l hca cl cnch ,1·Nn· and rnnrkrt thcm at St. ,Tosrrh ;i ncl 
Omaha . Sheep fee din g is prncticecl almost cxc-lnsiHl)· on the holtomlllrnls. 
TTor scs c1ncl rnnlcs nr c krpt for "·ork stock on al l fnrms. On e or two colt s /ll'C 

r aiserl re r farm carh yea r to supply the local n eeds . Dclg: in n, P crcheron micl 
Ch·rlrsrlii 1e gT:irles arc fom1rl most commonly th rn on t the county. 

P onltrY m i ·in g· is prn r tic rrl gcmrally thni 011t t l1r C'Onn1y. most farm ers rni s­
inO' '-11 ff iri en t to snpp ly t he h ome clcrnancl. Th e s11 r nl11s ponltry an cl 'jlOll l i r y 
f' r orlr!cts Rr e rh;nosrcl of on the loca l rn:irkeJ-s. 1Vi1h more attention 11n id to 
the ponltry, a larger incom e might be proYicl ecl on many farms. 

TI-rn Fl<:RTILITY STTUATI1:--.r ' N F1EM0:--.rT C'OFN T Y 

Tn g-rncra l i'11 r Cl'O" :--irlfls sccnrrrl in F r r rnont Conniy nr e fairlv sat isfa ci·ory 
1rnt in <;ornr n Rs ns rnnrh lar<tf'l' ,1-ie'cl s rn igl1t he srcnrerl hy t he ac1opti on of p roper 
rnr tlrnds of ,oi l management. 

Tn " Ol'"C s 0 chons rlrnirn1 gr con rl it:ons are n ot cn li rr•ly sat isfant ory, ;in cl 1'11 c 
"O i1s wi ll 11ot giYc th e best cron y ir lds nntil a(l eq nal'r clrninage h m; liecn c0 tah­
lishecl . Th is sitirntion is foimcl in certain nren s on the tcrn1ce and hottomlan rl 
tyn rs. Th e 1rnl:rnd soils of th e co1mty ar e gc11 r1·all )· well cl rai11 crl nml :ire vpry 
rarel~, in n ecrl of t il in g. On the Judson ancl Drr mcr soil. on the t erra ce<; , how­
ever. and on the Waba sh and Lamoure types on the bottoms. cl r ainagr is essen­
tial for satisfactor y cr op gr owth. The strni ghtcnin g- nnr1 cleen eni n g- of: the 
natural str eam chann els on thcse bottomland ar eas wonld a id materially in im ­
proving drainage condition s and t he installaJ-ion of ti le would also be of valne. 

Some of the soil types in the county are l ight in color and low in organi c 
matter ancl nitrogen . On th ese soils and espcc iall,1, in th e case of those wl1ich 
ar e san ely in texture, th e nsc of fert ilizing m ateria ls snp11ly in g organic matter 
is particularly n eecssa ry to provide for t he most satisfactory crop yiclcls. Even 
on these t,\'pes \l'hi ch a l'C cl ark cr in color and :inn:irentl ,1' brtter sum1l irrl with 
organic m atter , i t is ycry 11 ecessary t hat fe r tili zing materials sup11ly in g thi s 
con stituent be u sed r egula r ly if the content is to be k ept 11p. Applicat ions of: 
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fa rm manme are of esp ecially large value on tl1e light-color ed samly soils like 
the Shelby, Knox, H ancock, Ca.-s and Sarpy types, but t h ey ar c also VCl'Y ef­
fect ive on the richer soils like t he Marsh all and ·w aukesb a and small applica­
t ions may be of value on t he very rich black Bremer , '\¥abash and Lamoure 
types. l11 arm manure is certainly one of t he most valuable fertilizing materi als 
wh iclt can be employed . Th e use of legmninous crops as green manures w ill 
be profitable on many of tlic soi ls, esp ecially t he ligh ter-colored , coarser-t extured 
types, but it ,Yill also prove of value on many farms as a supplement to, or as a 
·ubstitute for, farm manure. 

.A number of the soil types arc acid in r eaction, and applications of lime are 
n ccc.·sa ry for the best grnwth of general farm crops, particularly of legumes. 
Borne oI the types like t he Knox on the upland, t he Hancock on t he tcnaces, 
the L amourc, Cass and Sa rpy types on t he bottoms, arc well supplied with lim e. 
The Bhel by and Marshall soils on t h e uplands, the Judson , W aukesh a and 
l}r emer types on the terraces, arn1 the \Vabash soils on t he bottoms arc, however, 
deficient in lime. 'l'hese typ es hould be tested fo r lime n eeds and application s 
of lime should be made as necessary, if t he most satisfactory y ields of general 
farm crops and especially of legumes are to be secured. 

The soils of Fremont County arc generally rather low in phosphorus conten t, 
and it is apparent that applications of phosphorus fe r ti lizer s will be needed on 
these soi ls in the yery n ea r futu re even if they ar e n ot n ecessary n ow. Expcri . 
mcnts whi ch haYc been ca rri ed out on some of the main soil types in t he co un ty, 
however, bave indicated that phosphorus fert ilizer s may prove profitable in many 
cases at the presen t time. The experien ces of mnny far- mcrs have also shown 
the possibiiity of profit from the use of superphosphate or r ock phosphate. On 
t he l igh ter-colored so ils i t js ver y desirable t hat tests with su1ierp ho~pha te be 
ea rl'icc1 out to c1 etcrmi11c its value. On t he dm·ker-colorecl, richer soi ls, both 
,;11pel'phospliatc and rock pliosjlliatc may be iestcc1. Dy such means, farmer,; 
may determine the Yalue of i he phosphate fertilizer s urn1cr t he particular 1.:011 -
diiions and det:ide ,Yliieh materjal may be llSed most _profitably. 

Comp lete commereial fcr til izc l'S may be used profitably in the coun ty in some 
cases, but in genernl it ,ronk1 seem, from the experiments which have been car­
ried out, that supcrphospliate or r ock phosphate migM be employed with greater 
profit. The phosphates are less expen sive, hen ce tlic complete fertilizers must 
brin g about much lai·gcr increases i11 crops to prove as economical. For gen eral 
farm crops complete fcrtili;,,crs shonlc1 n ot be employed un til t ests have been 
carried out eomparin g the value of the par ticular bran d wjth super phosphate. 
]f the material proves Jll'O:fitab lc, it may then be employed on cxtensiYe areas 
with the assurance of profit. For special crops, such as t ru t:k cr ops, complete 
fertil izers may be used to ad Yan tagc . 

Commer cial ni trogenous fe rtilizers are not r ecommenc1cd for general u se at 
the present time. Ordinar ily nilrogen may be supplied to t he land more satis­
fac torily and cheaply hy 11I c use of leg uminous green manures, by the proper 
preservation and applic11tion of fa r m manure, and by the thorn utilization of 
crop r esidues. Only in spec: ial cases for certain crops will it be desirable to 
supply commer cial nitrogen. In sn ch cases, small amounts as top dressings 
might be used ,Yith profit. 
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rrhe so ils of the county are generally well suppl ied with potassium and acldi -­
tions of cornm c l'C:ial po!11ssium fel'ti l ize rs \l"Ould not be cxpceted to g iye la rge 
effects. S uch fertdizL•rs 111r1y sorndirn cs pt'o\·e profitable, but ex t ensive appli ca­
tions should not be 1rn1cl e un ti l te~ts haYe been ca nic(l ou t and tile ma teria l has 
been shO\nJ to be of n1 I1 1e. Pa r mers 1r 11 0 a re i 11 tl'res!cll shoukl 1 P:;t t hese mate­
rials on small a reas to dctermi1w 1l1 eir 1·,ilue . 

Erosion occ urs to a limited l'Xlellt in the eo uuly , th e ;,hclby loa m being t he 
type most generally affected . There is so n1 e c ro, io11 , lt o1re1·e r , in t be }[a rsha!I 
silt loam, and the 1': nox silt Joa Ill is fr eq urn tly bad !_1· gu lli ed. \V hereYer th is dc­
stru c.:tiYe adion takes plm·e, so 111 L• meth oll fo r th e p1·c1·c11t ion 01· co nt rol of ero­
sion should b • adopted. 

THEGEOLOGYOFFREMONTCOUNTY 

rrhe soils of l~l'emont Uonnty h a \·e n ot been affeetcd to c1ny app rec iable extent 
by the underlyin g bedrol'k. The deposits of glae ia l drift and loc.-;s laid dmrn 
over t he snrface of tlw laud in t li c more recent geo logical ages have buried t he 
native r ock materia l so deeply that it lrns exerted 110 influ e11 (;e on t he character­
ist ics of the so ils at the p r esen t time. 

During the pcri ocl in geological hi stor y known as the glacia l age at least one 
and probably two g reat gla cier s or ice s lt ec ts swept over the (·onnty and upo;1 
their retrea t ll'ft lwhincl rnst deposits of glacial drift or ti ll. The major part 
of tlti s d <,posit ol' drif'I o r- g lari,.il (ll, lni s, 0 1· p el'ha ps all ol' it. 1rns ldt behind 
by the Kansan glac ier i:l11Ll is kn own as the Kansan drift. The depo:,;it is ex­
treme ly variable in depth , ranging from about 50 fee t in th e western part o.f the 
co unty to 150 feet in tli e eastern part. 

T'h e drift materi,il is a yellow bould er clay containing cons iderabl e amounts 
of fin e sa 11d , coarse sa 11 ll, all(l m1m c1·ous boulders. Weathering h a:,; changed tlte 
color of tli c rnat erial at the surfaL·e to a darker yel low and in some cases to almos~ 
a r eel. The ncc nmulation of orga nic lll attl- 1· has a ided in the darkening of t he 
color of th e soi l. Below this Kansan dr ift deposit , th ere is a laycl' of glacial 
material undoub ted ly of earlier origin . It is darker in color and co nsists of lay­
ers of silty materials and sa nd . 'l'hese ea rlier depos its haYe not affected thl \ 
so il s of the co un ty . One soil type \rhi ch h as been map ped is deri ved from th e 
Kansan drift. 'l'his is the Shelby loam , whi ch is cleYcloped along the streams 
in the eastern part of the cotmly where the loess CO \'ering has been lar gely r e­
moved by er osion. 

AL a much later geological era, \\'hen climat ic cond itions were very different 
than at present , a layer of silty material kn own as loess was laid down over t he 
su r face of the county . rrh e de posit var ies wid ely in thickn cs~, due to the er osion 
11·ltich has occu n-ed sin ce it s deposition, On the fo rm er hi ll tops and 1·iclgcs, t h t 
layer is mu ch tl1i1mc1·, and in t li c eastern part of the co ILn ty, where erosion has 
occurred more cx tens iYcly th e tl cposit is th inn er and may even be lack ing along 
the str eams, In th e old valleys t he locss is deeper. In general t h e deposit js 
thicker in the western part of the county and t hins out towa r d t he east. The 
r ange in depth has been estimated at fr om a few feet to 100 f eet. In an un­
weather ed condition, the loess is a pale yellow to y ellowish-brown , even grained, 
silty material. It has the propert y of sta ndin g in c·uts, and frequen1·ly concre-

I 
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tions of calcereo us material arc fo und t hru ont the soil sec tion and nsually in the 
lower part of t ltc 3 foot section. • 

'l'he weathering to which the soils have been subjected and the accumulation 
of organic matter from plant growth has darkened the color of the surfaec m il 
and has led to a very large r emoval of lime from the surface layer. 'l'h e J\'Ial'shall 
silt loam and the Knox silt loam are the two loess soils c1evclopcc1 in this coun t>' · 
'l'he Marshall silt loam is found on the more gently rolling to undulat in g nrcas 
and it is dark brown in color and rarely contains lime in tho surface soil. 80 1111;­

times th e dark color continues thruout tlrn 3 foot section and occasionall>· the 
lime ha s been removed to that depth. In the more strongl y r olling areas, ,Yher c 
erosion has occurred to some extent arn1 the surfa ce soil has been partia ll y r e­
moved, the loess deposit is thinner and the color of the soil is apt to be somewhat 
lighter. On the steeper areas and along the bluffs of the Misso uri River , the 
Knox silt loam ha s developed. 'fhis is an extremely light color ed type showing 
a high co11tent of lime thruout th e soil sec tion. 

'l'he soils on the terraces and bottomlands haYc been form ed mainl y from the 
material ca rried clown from th e loessial upland s. Occasionall _v ther e lias been 
some admixture of glacial material , but the bottornland soils arc chi efly derived 
from the loess deposi t. 

PHYSIOGRAPHY AND DRAINAG E 

Originally the surface of Fremont Co unty was a leve l plain. 'l'he larger 
tributaries of tho Misso uri River and tho m1merons smaller st reams have cu t 
thru the loes,;ia l materia ls into all part of the co unty, gi vin g it the present r oll ­
ing or hill y surface. Along_ the streams, areas of flat terra ces and bottomlancb 
have developed. 

'l'hree rather distinct topographic divisions of tho land in the county are r ec­
ognized ; the rolling uplands, tho steep bluffs along the Missouri TI iw r bottoms, 
and the br oad bottomlancl s alon g the Missouri and Nishnabotna Rivers. The 
more gently rollin g upland areas are found between the Mi ssouri hlt1ffs ancl t be 
vVest Nisbnabotna River, north of vValnut Creek in the northeaste rn section , 
and south of the East Nishnabotna River in the so uth eastern part of the county . 
In these areas the slopes are smooth and gentle, the rid ges are well ronm1ed and 
the valleys are wide. 

A st ri11 of di stinctly hilly or broken land, varying from J/:2 to 2 miles in widt h, 
occurs east of the bottomlands of the Missouri River and extends from the 
northern county lin e to within 1½ mi les of the southern coim t.,· li ne. In this 
area th e steep bluffs rise from 150 to 250 feet above the bottom lancls. Th r slope;; 
are steep, the ridges are narrow and the stream va lleys are V-slrnp('cl. Erosion 
occurs to a con siderable extent in this area, and the slopes arc somet imes bad]_,, 
washed. In the southern part of the county, wher e the Nislmabotna Ri ver bot­
toms join the Missouri bottornlands, all that r emain s of the olcl upland plain 
is a narrow ridge. 'fhis ridge extends into the nortl1 crn part of the city of 
H amburg. On the slopes of the bluffs facing the ri ver bottoms th ere is little 
vegetation, but the ridges and slopes to the east arc cover ed with t imber aml 
grasses. 

'l'he bottomland plain along the Missouri Rive r is 200 to 330 fee t below the 
level of the higher uplands. 'l'he plain va t ie~ from 3 miles in wiL1 th in the ex-
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Fig . 2. Map o[ i,~re m on t Co un ty sh o1l'in g natural d r ai n age syste m. 

tremc northern paL't 0£ the county to about 10 mil es in width a l t he widest 
point. It is level or undulating in topography, t he level areas oecmring from 
2 to 4 miles east of the river and the hummocky or un dulating ,1reas being fo1 rn c1 
bordering th e r iver . 'l' hcre are num er ous old sloughs or channels thrnout tl10 

bottomland. 'l'he bottomlancls along the NishnalJotna Rivers are similar to those 
along the Missouri. 'l'he -valleys are broa d and the n plamls border in g t hem are 
hilly. 

At th e base of the steep slope;,; along the l\1isso uri River bottomlands ar e areas 
from 1/4. to IJ/2 miles in width of second bottomland or terrace. 'rhese areas 
have been formed by deposits fro m the smaller streams during fr eshets. The 
areas lie from 20 to 40 feet above the adjacent bottomland and have a gradual 
slope to the westward. The largest terrace deposit is at 'l'hurman , where Plum 
Creek enters the bottomland plain. Numerous t erraces also occur along the 
Nislmabotna Rivers. The largest area is found in the north ern part of t he 
county, the town of Ranclol11h being built on the cast side of it. 'l' he towns of 
Farragut, Anderson , Riverton and H amburg ar e built on exten sive terraces. 

The draina ge of the county is brought about by the Missouri River and its 
tributaries, the chief of which are the Nishnabotna Ri ver, the ·w est Nislm a­
botna River and the E ast Nishnabotna River. Some of the impm-tant minor 
streams in the county are "\V11b onsie Cr eek , Plum and Knox Creek~ in t he west-

1 
1 
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ern par t of the coun ty; C:amp Creek , Coon Creek, Brush C:r eek, Deer Creek, 
H oney C:r eek , ,Y a lnut Cr eek and Hunters Cr eek , branches of the , Vest Nislrna­
botna Ri1·er in the central part of the county; Fi sher Creek and Mill Cr eek , 
branches of the East Nislmabotna River in t he southeastern part of the county; 
and H igh Creek and Rock Cr eek which drain t he southeastern corner of t he 
county. 

Except for the l\Iissouri River bottomlands, every square mile of land in the 
county has two or more drain age outlets. In the mor e hilly r egions, considerable 
damage is done by erosion. 'rhe beds of many of the intermittent streams lie 
from 20 to 45 feet below the level of the bottomland deposits. In t he more 
gently rolling ar eas, the bo ttoms are wide when compared with t he size of the 
streams. 

The accompanying drainage map indicates the extensive natural drainage 
system of the uplands of the county. 'l'he n eed for drainage is largely r estricted 
to the broad areas of bottomlan cl. Some of the terrace types are in need of 
tiling and in many of the bottomland soils ar tifi cial drainage is n eeded. Only 
occasionally in t he 11 plancls is ther e need for drainage. 

THE SOILS OF FREMONT COUNTY 

The soils of Fremont County are gr ouped into four classes according to their 
origin and location : Drift soils, loess soils, terrace soil s, and swamp and bottom­
lancl soils. Drift soils are those which have been deposited by glaciers and con­
tain materi al derived from va rious sources, usually including pebbles and 
boulder s. Loess soils are fine dust-like deposits made by t he wind at some time 
when climatic conditions were differen t than at present. Terrace soils are old 
bottomlancls which have been raised above overflow by a decr ease in the volume 
of the streams by which they were formed or by a deepen ing of the river chan­
n el. Swamp ancl bottomlancl so ils ar e those occurring in low, poorly drained 
ar eas or along streams ancl are subject to more or less frequent overflow. 'l'he 
total areas and percent of the acr eage of t he county included in these four 
groups arc sho,Yn in table II. 

Ther e is one dr ift soil in the county, coverin g 6.8 percen t of the total area. 
The locss types co-ver more t han one third of t he area, 39.5 percent. The terrace 
soils are rather extensively developed, coverin g 12.1 p er cen t of the total area. 
'l'he swamp and bottomlancl soils arc very extensive, covering 41.G percent of 
the total area. 

Ther e arc 20 individual soil types, an d t hese with the shallow phase of t he 
H ancock very fo1e sandy loam, the shallow phase of the Han cock fine sand, the 
colluvial phase of the ·w abash silt loam and the ar ea 0£ Riverwash make a total 

'!'ABLE II. AREAS OF DH' FEREN'l' GROUPS OF SOILS IN FREMONT COUN'l'Y 

Soil Group 

Drift soil~ ____ ____ ___ __ ___ ____ ______ ______ ________ __ ___ ____ _ 
T.oc~q soils ---------------- ------- ------- --- -- --------- ----­
Terrace ~oils --------------- -------- ---- ---------------- ----
Swamp and bottomland soils ______________ __ __ ____ __ __ ___ _ 

Total ____ _ 

Acres 

22.400 
129.664 
39.552 

13fi,704 

328,320 

P ercent of 
total area 
of county 

6.8 
38.5 
12.1 
41.6 
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'l'ABLE III. AREAS OP DIPPEliE:N'l' SOIL 'l'YPES IN }7 REl\10NT COUN'l'Y 

I 

8oil I 
No. 

79 

9 
11 

131 
75 
88 

l::l9 
224 
225 

26 
26a 

215 
48 

216 
28 
53 

217 
72 

192 
49 
18 

11 2 
106 
89 

So il 'l'ypc 

DRIF'l ' SOILS 

Shelby loam 

LOESS SOIJ.S 

Marshall silt loam ___ ___ __ _________ ___ ___ _____ __ __ ! 
Knox silt loam __ __ ____ ____ ____ __________ ___ ___ ___ _ 

'l'ERRACE 80ILS 

JudSO!l silt _lo nm __ ____ ____ __ ____ __ __ __ __ ____ ___ ___ I 
W ankcslrn ~1 I t loam ____ _____ _______ __ ___ ____ ___ __ _ 
Bremer siJ t loam ____ ______________ ____ ___ _____ _ ---1 
H ancock Yery fillc sandy loam __ ___ _____ ____ ___ __ _ 
Hancock 1·_cr y f iuc ;:; a11dy loam (slrnllo1r phase ) __ 
Hancock Jrnc sand (sha I low pha se) _____ _____ ____ _ 

Acres 

22,400 

108,800 
20,8611 

14,656 
10,i<16 
8,128 
2,6241 
2,304 f 
1,024 

S\VAl\lP AND BO'J"l'Ol\lI,AND SOILS 

Wabash ;;1Jt loam______ ____ __ __ __ ______ __ _____ __ __ W,312) 
Waba sh silt loam (collm·ial phase) __ ____ __ ___ ____ 21,120f 
J. amomc si lty clay __ ___ ___ __ __________________ __ __ 22,592 
Wabash silty clay loam __ ____ __ ___________ ________ 14,272 
Cass si lty cla y___ __________________ ___ __ ________ __ 11,776 
8::n·py Ycry f ine ::-a ml y loam ______ ___ _____ ___ ____ __ 

1 
8,640 

R1YCnvash - --- ------------- -- - -- ---- -- - -- _______ __ 8,128 
Cass n ry fiuc ~a 11dy loarn ____ __ ____ ___ __________ __ 1 5,952 
Wabash tlay ____ __ _________ _________ __ __ __ __ ____ __ 1 4,992' 
\Vabash nry fin e sand y loalll ______ ____ ____ ____ __ , 2,880 
Waba sh loam --------------- - ----- -- --- ------- -- -- 2,048 
Cass loam ---- ---- ------ -- ---- -- ------ - --------- -- , 2,112 
Larnoure loam ____ __ __ ______ ______ _____ _______ __ __ 1 1,536 
Cass silt loun1- ___ ____ __ ________ ___ _________ ___ ____ 1 768 
Sarp y silt loam __ __ ____ __ __ ______ __ __ _____ ___ _____ \ ~ ~-5_7_6 ~ 

'l'otal __ ____ _________ __ ____ ___ 328,320 

P erceut of 
total area 
of county 

(i.8 

33.l 
6A 

4. 5 
3.3 
2.5 
1.5 

0.8 

15.3 

6.9 
4.4 
3.6 
2.6 
2.5 
1 8 
1.5 
0.9 
0.6 
O.G 
0.5 
u.2 
0.2 

of 24 separate soil areas . 'l' h er c are 1 c1rift so il , 2 loess typ es, 6 areas of terrace 
soils and l G areas of swamp and bottomlancl These val'i ous soil t ypes are dis­
tin g uish ed on the basis of certain defillitc characte l'i sti cs whi.eh are d escribed in 
the app endix to this r ep or t. '11 hc a r- cas cove r- ed by the individual so il types are 

sh o,rn in table III. 

'l'he S helby loam , th e only drift type in th e county, is t he fourth largest soi l, 
covering 6.8 p e l'ccnt of th e total ar ea . 'l'he Ma 1·sh all s ilt loam is th e m ost ex­
ten s ively d evelop ed indiv idual type, <'.Overin g 33 .1 p er cent of the county . 'l'he 
Knox silt l oam is th e second loess type and th e fi f th largest soil, coverin g 6.4 
percent of t h e total area . 'l'he terrace soil s are all limitccl in ex ten t, the Judson 
silt loam being the largest. It e0VCl'S -!. 5 p el'cent of the co un ty . 'l'he Waukesha 
silt loam , the Brern l' r s ilt lm1m an d th e Han coek vr l'y fin e sanel y l oa m , together 
with the sh allow phase, cover ~l.: l p er ecn t , 2.5 p ercen t , and 1 .5 p er <:e nt of t h ,! 
total area r csp ectiYel,v. Th e sh allow phase of the H an cock fin e sand covers only 

0.3 p er ce11 t of l11 r H en. 
The \¥abash s ilt loam is th e l ar gest bottornland type and the second largest 

type in th e co unty. Togeth e1· with the colluvial phase, whi ch is exten sively 

i, 
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developed , t hi ::; ::;oil covers 15.3 percent of th e total area. 'l'he L arnoure silty 
clay is t he secon d largest bottomlancl soil a nd .the t hi n l most exte11 s ivc ly d evel ­
o ped type. Tt cover s 6.9 percent of th e al'ea. 'l'he \Vabash silty clay loam coven ; 
4 .4 p er cent , t he Cas.~ s ilty clay :l.6 percent, the Sarpy vr1·y fine salldy loam 2.6 
per cent, RiYcnvash 2.5 p erc<•n t, th e Cass ver y fin e samly loam 1.8 percent a n d 
th e ·wabash da y 1.5 1,crecnt oE t he total area of Lhe county, r espectively . 'l'he 
1·emaining bottornl aml types ear;h cover Jess than 1 p er cent of t he total area. 

'l'her e is a rath er definite relat ionship between the topography of t he soil on 
t h e uplands and the types developed there . The S h elby l oam occur s on t h e 
more steeply rolling to abrupt ar eas of upland al on g t h e streams an d intermi t­
tent clra in ageways. 'l'he lVIarsl1 all s ilt loam, t he most extensive upl and typ e, 
generally has a gentl y rolli.ng 1.o smoothly rolling topogr aphy. 'l'hc Knox s il t 
loam occms on th e abrupt to s teep bluffs along t he l\fi ssouri River bottomland. 
Jt is steep to rough a]1(1 broken in topography. On t he terraces a nd bottoms 
topograph ic featu r es arc n ot llcfo1i tely deve loped. Occasional]~- t h er e is a 

sl igh tly undulating topography, an d th e t enaces u,; ually slope gently i mrn l'll 
the bottornhmd,;. '!'he l: otLomlaml area s arc m ainl y level to fi at. 

The Fertility in Fremont County Soils 

Sam ples were iah11 for analysis from all the so il types of the coun ty . 'l'he 
ar ea of Rivcrwash 1va,; n ot sc1111plecl as it is so variable in composition t hat m1 
analysis would m ean n ot hin g . 'J'h c m ore extensive so il types we r e sampled in 
triplicate, but only on e sampk was ta k en from the minor types. All samplings 
were made with the greatest ca 1·c th at the samples should be t ho t·oly r epre­
sentative of the so il types and that all vari ations clue to l ocal cond ition s or pre­
v ious t l'eaiments shonk1 be climin atec1. Sampl es wer e taken at three depths, 0 
to 6 2/ 3 inches, 6 2/ :l to 20 in ches and 20 to 40 inch es, representing t h e surface 
soil, subsurface soil arnl sn bsoi l, r espect ively. 

'l' he total p h osp h on1s, total nitrogen , total or ganic ca rbon and inorganic car ­
lJo n to11tp11 t , cllld l ii r l i1111°s1011l' l' l'qlli1·e111 e11 ts of tlie so il s ,\'el'<' detcrmin ell . 'l'he 

official methods wen u sed for the ph osph oru s, nitrogen _ancl ca rbon determina­
tions, an d the lim rstone r equirement d ete rmination s were m ade with the 'l'ruog 

q11c1.li tat ive test. '.l' hc fig urrs given in th e tabl es ar e the averages of t h e r esult s 
o E d up li t·ate dctcl'minations on a 11 surn1)les of each ty p e mid they r epresent, 

ther efore, t he averages of two or s ix d et e l'minations. 

T HE SURFACE SOILS 

'l'he r esults of the a n alyses of t h e surface so il s are given in table IV. They 
arc calcu lated on th e basis of 2 million pounds of surface soil per acr e. Ther e 
is a rath er wide varial ion in th e phosphorus con tent of the soils of th e eo u11iy , 
t h e amou n t p r esent r an gi n g from J ,023 pouml s p e t· acr e in t h e Sh (' lliy l oam np 
to 2,280 pounds prr acre in the Judson sil t l oam . 'l'h er e seem s to be I i ttle r ela­
tionship between th e p hosphorus supply and the variou,; so il groups, altho 
there is a large r m11ou11t JlI'CSe11t in the bottomland so il s, on th e average, t han 
in the upland tr1ws. 'J'hc t errace 1y p es also seem to b e som ewhat hi gher in t he 
element than t h e up hrnd soih. 'l'li is cl i f'fr r r n cc rn ight be ex pected inasnrnd1 as 
the terrace and botto111la11 tl so ils ha ve n ot been crnp1wd so heavily ,mcl b eu ec 
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TABJ,E IV. PLA~'l' l<'OOD IN PlmnION'l' COUN'i'Y, IOWA. SOJJ,l:l 
Pounds per acre o.r :2 mi llou pouuds of ,;urfocc ::=oi l (0 to G3//') 

I 'l'otal I 'J'otnl I 'l 'ota I Lim es tone ~,r°~~ I Soil 'l'ypc plio s- / 'J'oLal orgn11ic inorg-a11ic rcquirc-
-------------'--p"'J:.:._10::..:1::..:·u=:,;____,_--'ll it !'Ogen carlJou 1;ar1Jo11 I ment 

DllLJi'l' SOLLS 

_ 7_9_1_8_h_cl_b~y_lo_a_m ______________________ ,__J _ 1,023 I 2,800-~28,224 I _______ I 5,000 

9 I Marshall sil t loam __ ___ I 
11 I Knox silt loam _____ ____ I 

131 
75 
88 

139 

Judson silt loam ______ __ l 
Waukesha silt loam ____ _ 
Bremer silt loam ______ _ _ 
H ancock Yery fiue sandy 

LOESS SOI LS 

1,207 I 
1,on I 

3,Gso-, - I - 3,,203 
1,760 I 15,32cl 

'l'ERRA()E S01L8 

2,280 
1,50G 
1,798 

3,520 
0,000 
,J, 0:::0 

42,677 
3G,1-Jl 
3U,G5'.J 

Ui8 

224 

225 

loam ----------------- l,cl93 2,1:20 lG,404 2,248 
Hancock \'Cry fine sandy 

loam ( shallow phase)__ 1,306 1,880 18,336 2,08!J 

-----

3,667 
None 

4,000 
3,000 
2,500 

None 

None 
Hancock fine sand (shal-l 

____ l_o_w_,c_p_h_a_sc'-'-) ___ -=-=-=--=--::..::c__ _ _:l:::.c·•=--17'--=1'----=l,0u'_0_~_l 3,843 ___ 1_4,_G_26 ___ N_o_ll_e_ 

SW AMP AND BOTI'OMLAND SOUS 

26 Wabash silt loam________ 1,493 
26a Wabash silt loam (collu-

3,640 

vial phase) _____ _____ __ 2,208 5.G::O 
215 Larnourc silty clay____ __ 2,100 5, IG0 
48 Waba sh silty clay loam__ 1,48J ,J,000 

216 Cass silty cla y________ __ 1,427 3,640 
28 Sarpy \'Cry fine sand y 

loam ------------------ 1,10-! J ,720 
217 Cass very fine sand y 

loam -------- ---------- 1.966 3.9G0 
72 Wabash clay _________ ___ 1:522 3,-1-JO 

192 Wabash Ycry fine sandy 

67,35G 
48,•IHJ 
55,G:lO 
81,4G3 

9,3 G.J. 

37.57 
3G,G:23 

9,89U 

2,540 

10,570 

3,000 

4,000 
None 
2.000 

None 

None 

1,000 
None 

loa m ------------ ------ 1.481 2.080 22.562 None 
49 Wabash loam ___________ 1,643 3,600 37,087 3.00U 
18 Ca:-s loam -------- ------ 1,657 8.400 37.fi'il 7-t;l Xonc 

11 2 Lamourc loam __________ 1,872 3.1 60 37.G~7 l,7!l!J None 
106 Cass ,;iJt loam ___________ 1,414 2,080 15.063 7,8!18 ~one 

_S_9 __ S_a_rp_y_ s_il_t_l_o_a_m ______ -_-_-_--_-_-__ 1---'-,4_8_1 ___ 1~.8_0_0_' __ J 8.3:3!) ___ 1_3~,5_(5fi __ N_T_o_ne_ 

there has been a smaller r emoval of tlie element. In gc11 eral, howe\'e r, there are 
wid er variation s in phosphorns within gr ou ps than behr('en gl'Oups. 

Some r elationships are evidenced between the Ya ri ons soi l ser ies :mcl soil 
types mapped and the content of phosphon1s. 'l'lrns on the uplancl. the Shelby 
loam is t he lowest and the Kn ox silt loam is lower than the l\IarslrnlJ. On the 
terraces the Jurlson is t he ri chest in phosphorns, the Bremer is second, the 
·waukesha is t hird and the Hancock types are the lowest. On t he bottomlands 
t he "\Vabash and Lamoure types arc the hi ghest, but one of t he Cass soils is 
as high in the element as some of the types of these series. 'l'he Sarpy types, 
however , are lower than the other soils. It would seem that there is some re­
lationship between the characteri stics ·which determine the soil ser ies and t he 
phosphorus content. Thus the color , topogr aph ic position , origin and subsoil 
character may indicate the con tent of phosphorus. 'l'he l\farshall silt loam on the 
uplands is more gently undul ating in topography and is higher in phosphorus 
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than the Knox and Shelby types. 'l'he locss soi ls are richer t han the Shelby 
loam ,Yl1ich is of drift origin. The Bremer , •Judson and "\Vaukesha soils are 
high er in phosphorus than the lighter-colored H an cock types. The Wabash, 
Lamoure ancl Cass so ils arc highrr in t he element tlian t he ligh t-colored Sarpy 
types, ancl the Wabnsh a11Cl Lamol1rc soils arc richer than the Cass soils and 
haYc heavier subsoils. 

Some relation ships bcbYccn the phosphorns snp1)ly and the textme of the soil 
arc al so sho11·n. The Hancock very fine sanely loam is ri cher . than the shallow 
phase of the type a11d the fi ne sand of the same series. 'l'hc colluvial phase of 
the "\Vahash silt loam is richer than the silt loam, but the "\Vabash silty clay Joam 
is a little lmnr in phosphorus t hnn t he sil t loam. The "\\Tahash clay is lower 
than ihc colluYial plrnsc of the "\Vahash : ilt loam an d the ·w abash loam is hi gher 
than the silt lomn. 'l1h c very fine sanely l oam of t he same seri es has about t he 
same conten t as the finer-text ured types. In general , however , the differen ces 
among these Yarions soils are small and probably r eflect the variations which 
normall y occur in bottomlaml types. The Lamoure silty clay is richer than t he 
Lamoure loam. 'l'hc Cass silty clay is richer than the Cass silt loam, but th e 
Cass very fine sand~, loam and the Cass loam arc higher t han t he silt loam. These 
differen ces also unclon bterlly refl ect variations in the part icular sampl es. The 
Sarpy silt loam is ri cher in the element than the very fine sm1dy loam. I n gen­
eral, the results bear ont previous conclusions, indicating that fine-textu red 
types are richer in p lant food than coar se-textured soils. Thus silty clay loams 
are generally richer than silt loams and these in turn are better suppli ed 
t han loams or sanely loams. 

.As a whole the analyses indicate that the supply of phosphorus in the soils of 
the county is n ot sufficient to meet the needs of crops fo r an indefinite p eriod. 
Phosphorus fertilizers -will certainly be needed in the n ear fntnre and in some 
cases their nse will uncloubted ly prove profit ahle at the p r esen t t ime. The ex­
J)criments ,Yhich haYc been carrir cl out with r ock phosphate and supcrph os phatc. 
:md tlic exper iences of 1rnrny farm ers with these mate ri als, indicate t he de­
sirability of thrir use in man~· cases now. D efinit e r ecomm emlations r rga rdi11 ~ 
the clrsirahilit? of usin g- one or the other of the phosphorns carriers on t he 
var ious . oil ty pes cannot be giYCn at i he present time. b11t it is nrgccl that farm­
ers trst hoth rn:itrri:i ls 1rncler thrir p c1 r ticn1ar condition s. F or soils li ght in 
color all(l low in orga nic matter, the use of snperphospha( c would undoubtedly 
be preferable. 

'l'he nitrogen con tent of the soi ls of t he county is ~omc"·liat varic1ble, rang ing 
from l.080 pounds p er acr e in t he shallow phase of t he IIa11 cock fin e sa nd up 
to 5,680 pouncls in t he co11nvial J)hase of the W abash silt loam. On the average 
the bottomland types arc r icher in nit rogen than the soils in the other gr oups, 
ancl the t errace typrs are somewhat better suppli ed than t he 11pland soils. This 
migh t he expected, inasmuch as the bottomland soils have hcen cr opped to a 
lesser extent ancl hen ce there has been a smaller r emoval of the element. 

'l'h c cl1a rc1cteristics whi ch serve to distingnish the various soi l seri es apparently 
have an effect on the n itr ogen conten t. Thus the Marshall silt 1oa m on th e 
loessial uplands is higher than the Knox and Shelby soils. It is cla rker in color 
and more gently rolling in topography. The Bremer , W aukt:,-,l, .:;, and Judson 
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soils on th e terra ces arc richer than th e Han cock types and arc darke r in color. 
Ther e are difference.· in tex ture her e, ho\\'evcr, which a lso affect th e plan t food 
content. The 'IV-abash a JJ cl Lamoure soils on the bottomlands arc somewhat 
richer in nitrogen than the other types . 'l'b c text ural differen ces amon g th ese 
bottomland soi ls are, l10'wcver, of more importance than the series separations. 

A few compari sons from th e 1ex fural s1":mdpoinf· are p ossible. 'l'lms the Han­
cock very fine sanely loam is ri cher t han t he other Han cock types. The Lamon re 
silty clay in ri cher than the Lamourc loam. 'l'hc Cass silty clay is hi gher t han 
the Cass loam or the Cass silt loam. 'l'he vcr _v fine ,;ancl y loam of t his seri es, 
however, is the richest in phosphorus, probably du e to some abnormal conditio n 
in the sample. 'l'hc Sarpy silt loam is higher in nitrogen than the very fine sanely 
loam. The ·w abash s ilty clay loam is lo"·cr in nitrogen than the coll111·ia l p lrn s•~ 
d the silt loam but it is hi g her than th e typ ical silt loam, whic.: 11 in turn is hi gher 
t han the loam. 'l'he very fin e sandy loam is the lowest of fhe ·w,ilrnsh types. 
Apparently; fine-textured soi ls arc genera lly much better s11ppli cd ,1·ith 11ilrogc11 
than are the coarse-textured types. Silty clay loams may orcl im1rily i)p expected 
to be richer in nitrogen than s ilt lo:ims. Silt loams nrc• 11s1rnlly ri cher than 
loams, and loams ar c better suppli ed than the sanel y fy pcs. 

Most of the soils in Fremont Coun ty arc fair l.1· 1rcll supp l iccl ,r ifh nitrogen , 
altho some a r e rather poorly supplicrl . In nll r;1ses ll'ht•rc flw 11 ifrno-cn con­
~cnt is rather low, the ndclition of some ferti liz in g rnaf·cri,11 s11ppl_1·in g :i itrogen 
1s ver y _neccs~ary,_ but even on the types 11·hi ch a 1·c <larkl' r in co!or nml aprar­
en tly ri cher rn mtrogen , this element 111 us1 n ot lie ovcrlookc<l when s1·stcms of 
permanent ferti lity arc planned. 1'1,e propr r prc·sc1•yaf·ion mid applit •r1iio11 of <11 1 
~he farm _manure proclu cccl ll'ill a id rn afc r ia ll ,r in keeping 11p t lt e nifrogcn supply 
m the sorl. The thoro utiliza fion of ,ill cr op r rs icln es 1rill a lso aicl i11 th is co n­
nection. 'rhe turning m1 cler of leg 11 mi 11 ous cr ops :-i s grern rnnrnires is the 
ch~~pest and lwst mean s of incr eas ing the nitrogen eo ntenf· in fh c .-oil. T1cgum c:; 
utilize the fr ee n itrogen of fhc atrnosphc t·c to a wry la rge extent . hen ce, ~rh ~n 
they are turncrl und er ;is g ree n n1rm 11rcs. therr rn ny be a vet·.1· l11rgc 11ckli tion of 
nitrogen to the so il. On man~, of: the soi l t?pes i n t hi s co unty g reen manurin g 
would prove of large n1 luP. G rre n ma n1tri17g is a n es pce: iall_y d esi r abl e pract iC'0, 
on grain farms and i;, also profita ble on mai1,1· l ives1ock forms to s nppl em cn t 
farm manure. 

The total or ganic ca rbon conf enf of fh e soi ls incli catrs the arno1 1n1 of o rgani c 
matter present. The color of fh e soils s hows roughly the ,1mo11n t of organie 
matter and nitrogen , hen ce there is gcne l'all y a close r clllfionship hef1r e01~ (l1l' 

color of _soils and the actmil arnom1ts of nitrogen aml ol'gan ie c-n rhon presr nt. 
Black soils ar e generally high in organi c matter aml nitrogen , an rl light-eolor erl 
soils may be expected to be m ore' or less deficien t in these l'O ns fit11 c11ts. The 
actual r elationship between t l1 c ca l'bon ancl nitrogen eon fent irnlicates fairl y 
accurately the rate at wl1ich plant foocl is made ava il abl e in the so il. ]f th is 
relationship is not righ1 , tl 1er e \\·ill hr a 1011· prodn ctio n of' a\'ai lalile p lanl foocl 
and crops may suffer. 

On some of the soi ls in F remont Co un ty th e r elationship bet ween ca rbon and 
n it:ogen is not at t he optimum, an d it is important that so me meth od he acloptecl 
to improve the r elationship and stimulate th e produ ction of available plant food. 
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Th e us(• of fm·rn rnann1·c is particn larl_v impor1·~n t in thi s conn ec tion as it has a 
l,Hf!,'l' effec.:t on 1'hc p rncl nction of ass imila blc const i tucnts . 'l'h e ~ hclby loam on 
the clriff nphmrl, the 'Marshall silt loam on 1'he loessial upland , t he Kn ox silt 
lonm, tile W ankesha s ilt loam, the Bremer silt loam ancl a number of tl1 c bo t­
to rnl and t~·pes al'e particnlarly in n eecl of fa rm manure lo st imu late the tran,;­
J'ol' n1ation of nnanilah le plant foo d into easily utili zable fo rm s. 

'l'li c amount of orga ni c matter presen t in the soils ranges from 9,3G-1 pound ,; 

per acre in 1'lie ;--iarp_v Yc ry fin e sancl_v loam n p fo 67 ,:-356 pou 11 cls in t he c.:oll m 'ial 
pba se of' 1 he 1V,1bash s ilt loam. ..c\ s in the case of ni.l rogen , t her e is some r eh t-
1ionship br hreen t lw or gani c matle r con tent and the soil gro 11 ps, the soil sc ri c;; 
anll tlw indivill u~il so il fyp cs. 'l' li c bottornlancl so il s a re, on the a1· erage, lwHcr 
;.; uppli ed t han file upland types . 'l'h c tnracc, soi ls are ;.;omc,rhaf' ri c.: hcr t han 
fl1 e upland so il s. 'l'he Mars hall silt loa m is mn ch bett er suppli ed t han the Knox 
on t he loess ial upla11 (l, \\'hi clt is a r efl ect ion of the darker color anc.1 more l evel 
fopogn1ph,1' of t he 11arslrnll. Th e Ju clson , '\Vaukcsha a nd Bremer soi ls a r l'. 
r icher lhm1 Ili c Ilan col'k t,1·pcs on the tenaces. 'l'lii s is like,l' ise a r efl ec t-ion ol' 
!be clark(• 1· color of 1he fhn·(• types ment iollecl. On the bottomlancl s t he '\Valrns h, 
Lam onrc ,lll ll l'm;s soi ls a rc r icl1 er than th e Sarpy, ,1 cliffc1' L• n c.:c indi cated i11 t he ir 
dm·kl'I' color. 'J'h c '\V a lJash ancl La 111 0111·e soi ls ill'(', 011 t lw nYeragc , ri c,he r than 
t ill' Cass ty pes, (lul' to t he ir lH•a1·il· t· s11hsoi l c.: harav1e r islics. 

Similar l'l' inlions lt ips i)('f-1\' l'l '1l 111 1• tcxt nre of th l' so il and tlw orgm1i c (•a 1·l>o11 
c.:oJJ fell t <1re imli eakd as in f·lw <:ase of 11i trngcn , !Jul 011l y a fe11· comparisons Hl' l' 
possibl<' . Til e Ilan coe: k 1· l• ry fin e san<ly loa m is ri("hl'l' tlurn th e fin e sand. 'l'hc 
W;ilJash s il l c.: la ,1· loarn is higbcr th;111 any of: tlt e of her ,Va bash t,1·p es except t h 2 
collu Yi al phase of f·hc \ Va lrn .~h s il t loa111. 'l'h c Wnbaslt dn~· is higher than 1he 
si l t l 011 rn. 'l'ii<' lon m is sl ightly hi g her tlrnn 1he (• la .r, bnt tbc Ye ry fin e sancl:,' 
loa m of tlw Wa lrnsh s<• ric.~ is til l' lo\\' csl of all the Waba s h tyJ)Cs. The Lmnow ·c 
si lly d,1 .1· is lti g lH· r t lia11 t he Lam oure loam. 'l'hc ('ass loam and t he Yer y fin e 
sa11d y loam ,ire s imilar in organ ic.: ma tte r conf en1' mHI bot h arc s li ghtly higl1 er 
than the si lt,1· clay. 'l'h c :-; ilt loam of thi s series is loll' in organ ic ca rbon , 
p robably due lo so 111 c abno rm al conditions p ert a ining 1-o this par t icular sample. 
Th e Sarpy s ilt Joarn is mu ch l1ighcr in org,111i c l:a 1·bon th an t l1 e Sar py Ycry fin e 
sandy loam. J n gen eral it ,1·01tl cl seem t hat fin e- textured soils ar c richer iu 
or~,rnie matte r tlta11 co,11·sc-t(' .,tu re(l so ils. Sil1y clay loams a l'e u sua lly higher 
lhm1 s il t l oams, ,1·hi eh in tnrn a 1·t· bcHer ;.; uppliecl 111c111 Jon rn s or saJ1cl,r l oams. 

ln some cases, t he s upply of organic matte r in tlH· so i.ls oE l<'r cnio11t Coun ty 
is ra1hel' lo,1·, arn1 atl(lit ions of fert ili z in g material s s upplyinµ- organic matter are 
1·ery n ccessa r.1·. On 1 he liµ-h t-colorec1, coarse- lex t n reel so il:-; it is pad icularly 
important that 1hc s u pply of orga nic.: matter he iJ1crcas<·<l. 'l'hu s t he ~ helby 
loam anc1 t he Kn ox silt loam 011 the nplancl s at·c in n cecl of or ganic.: ma tter . 'l'li e 
] [,llll:CH'k t~·pcs on f be 1crni ces, the Sarpy soil s on the bottoms and t li P coa r se­
fexlurccl 1·,q)Cs oJ' t he ot her botfomlaJ1il ic;c ri es arc also in l1 Cl'cl of fe rtili ze rs s u p­
p l~·i ng organi c matter . .Aclclitions of fa rm m,rnu1·c arc of Yc r.1· large Yal11e on 
1licse so ils. 'I'ltis fertil izer \\'ill , ho\\' e\'Cr. brin g about large in cr eases in cr op 
:·iclcl s 011 rnnny of 11, e other 1ypcs in t he c.:o nnt,1·, especiall y on the l\Tarshall s il l 
loam a)l(l 1h r ,\'ai,keslrn s ilt lon111. Small mn o1mts of farm manure rna_v also 
be ush l to aclrn nfnge on the h t·nYicr-tcxturecl , black so ils to st im111alc an1i lablc 
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'l'ABLE V. PLANT :FO_OD 1N FR,EMON'L' COUN'l' Y, IO WA, SOJLS 
Pou nds per acre o:[ ,1 m 1ll 10n pou nds of subs urface soil (6 %" to 20") 

I 
'l'otal I 'J'otal I T otal /Lim estone 

Soil Soil 'J'ypc pl!.o:,;- '_L'otal o rgani c inor ga uic r cqui re-
_N_ o. ___________ :.___ P ~_il o_1_·u_s __ 1_11_· t_r__.ogen carbon ('arbon meut 

DL-ffF'L' i:iOJT.S 

79 I Shelby loam ------= -l __ 1,9E_I _ '1,480 I 44,305 

LOE SS 1::iOILS 

57, [,12 9 I Marsha ll silt loan, _____ f- 2,011- 1 6,027 
11 I Knox s ilt loam _____ ___ 3,258 I 2, 240 

- -~ 13,3Q!l_J 1'1,679 

'l'ERRACE SOILS 

131 I Judson silt loam ___ ____ __ ,J,-H2 6,6-40 78,8G4 
75 Waukesha silt loarn __ __ _ 2,:208 6,0SO 57,866 88 Bremer silt loam ____ __ __ 2,712 (i,7:20 71 ,096 

139 Hancock YCry fi11 e ,:and y 
loan1 ____ ____ ___ ___ ____ 2,908 3,0-40 25,3 -! 

224 Hancock very fin e ·a11dy 

/. 25 
loam (shallow phase ) __ :2,G9-1 (i,720 S8,845 

Hancock fin e saud (shal-
low phase) -- -- -- - - 2,-± 78 ::J,360 28,5-17 

SWAl\lP AND BO'l"l'Ol\H.A~I> 1:;on.s 
26 
26a 

215 
,18 

216 
28 

72 
192 

49 
18 

112 
106 
89 

Wabash s ilt loarn ______ __ l 
Wabash silt lom-11 (collu-

vial phase ) __ __ ______ _ _ 
Lamoure s ilty clay __ ___ _ 
·wabash silty clay lo11rn __ 
Cass silty cla y ____ ____ __ _ 
Sarpy Yery f iuc sand y 

loam __ __ ____________ _ _ 
Ca ss very fin e sandy 

loam ______ ___ ________ _ 
Wabash clay ______ __ ___ _ 
Wabash very fin e sandy 

loam __ _ 
Wabash loam ________ __ _ 
Cass loam ____ ______ ___ _ 
Lamoure loam ____ _____ _ 
Cass s ilt loam __ __ ____ __ _ 
Sarpy s ilt loam __ ____ ___ _ 

J,liU8 

J,1-l -l 
J.aJ-1 
J.368 
:2 ,G-10 

:2,:2:lli 

2,882 
2,'178 

:J.04-1 
2,~78 
3,28,G 
3,258 
2,6-40 
2,720 

7,520 
li ,560 
7,8-40 
',2-4 0• 

2,0SO 

5,360 
5,280 

,1.2,10 
5.280 
G,560 
5,120 
5,3 GO 
2,160 

!12,4-4 5 
69.U IO 
1'3.381 
2D,8:29 

2°1.097 

46. :200 
48,806 

2-J,71 2 
63.6-JS 
59:120 
56,338 
57,330 
38,9 6 

5.04D 

23,2 ll 

39,7Li!J 

18,820 

22,5 rl 

5,340 

2,36tl 
7.80 1 
5,55-l 

1-1,68 1 

4,000 

3,667 
None 

4,000 
3,000 
2,000 

None 

2,000 

Kone 

4,000 

3,000 
None 
1,000 

.N o11 e 

Xo11c 

NO !l l' 
No11e 

None 
2,000 

None 
No ue 
None 
Kone 

plan t food produetion ; large a m om1! s sh oul d not be u sed on these ty [)<'S. L a r g u 

additions may b e m a cl e w i th p r of-i t on t h e light-colored, coa r se-lcx Lurccl soib . 

When ev er farm manure is n ot available in suffic ient a m oun ts l o k eep t h e 

soils suppli ed with organ ic m atter , t h e t urning u n d er of lcg nmi no 11:, erops 11 ::; 

green manures i s n ecessa ry . Green m anurin g .i s a v er y cl csirablc practice 011 

many of the soil s of 1 hi s county to s np plcrn cnt fa rm mn mn·c. 'l'ltc thor o u tiliza­

tion of a ll cr op r esidues will al so aid in k eepi ng n p the ,m11ply of org m1 ic rna ttl'r 
in the soils of the county. 

Some of the soils in F r em ont County a r e well suppli ed ,riUt inorgan il· ca rbon 

and h av e no lime r eqnircm en t. In a fev,, cases, h o,Yev er , th e soil s are a cid in 

r eaction , sh ow n o con tent of inor gan ic carbon and ar c, ther efore, in n ee d 0£ 
lime. 'l'he Shelby l oam a nd t h e M ar sh a ll si lt l oam on the u p lands a r c acid in 

r eaction. The Judson silt loam, '\\Tau kcsba s ilt l oam and Brem er s ilt loam on 

the t enaces are also acid in r eaction , an d t h e \ Vabash t y p es 0 11 t h e bottom s 

show no content of in or g ani e carbon . ln the case of t hC'sc soil ly pC's lime is 

I ., 
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needed fo r the b es t gT0 11·th of g en er al fa rm cr ops au cl p a rticul a rly of legumes. 

Soils n1ry ,,icl ely in hmc r equir em ents, lw n ~r tll c fi gures giv en in t b e t ables 

should be con sicl er ecl m er ely to iml iea te r 011g lily t h e am onn t of lime n eed ed by 

these y m·i ous soi ls . It is YC' JT imp ol'ian t tha t t h e soil in au y area b e t est ed 

for lime n eccl s h efor e m1 application is rn mlc , in order tha t t h e proper amount 

may h e appl iccl . ]f t h e hcst· c r op >· irl cl s a r c to be secnred on t h e a cid soils in 

Frem ont Connty, C'8p eci nll y for th e m ost sat isfactory stands of su ch legum es 

as alfalfa and s,rect clov(• t·, lhc so il sl1011l r1 he tcste,1 ancl lime sho11ld b e supplied 

a.c; n crc1ccl . 

THE SUBSURFACJ1j SOI LS AND SUBSOILS 

T h e r esults 0£ the analyse:,; of t h e f> ubs nrfarc soils and s ubso il s a r e g iven in 

t ables V and VI. The>' arc r al cula tcd on t h e basis of 4 million pound s of sub­

surface so il and G m ill ion p ounds of s ubsoi l p er a cr e . These r esults n eed not 

h e con sider ed in cl ctai l, inasm u ch ns t h ey hea r ou t t h e conclusion s \Yhich have 

'J'ABI.E VT. PLAli 'l' FOOD I N F REl\ION'l' COUN'l'Y, IOWA, SOILS 
Pounds per acr e of 6 m illi on pou nds of subsoil (20" to 40") 

'-' ·11 ,-, OJ I 
Ko. 

Soi l 'l'y pc 

79 I f-l hclby lo am ------------ ! 

9 I Ma r,;hal_l s il t loa rn ____ _ I 
11 I Knox ,;1Jt loam __ ______ _ 

J:J l JudHHI "ilt Ion rn ___ _____ _J 

75 \V au kcsli n ,- ii t Jo n111 ___ _ I 
88 Bremer :c-;i] t lo n m ___ ___ __ 

]39 Ha neock \'Cl'y fiu e ;:and y 
loam ------------------

22-1 11 a nro ck Yery fiuc :c-;a11 dy 
loam ( sha ll o1r pl1n,;e) __ 

225 Hancock fi ne sand (:- hnl-
10 \\' phn ~e ) -----------

Tot a l I I 'l'otal I Total IJ ,ime,-tone 
phos- 'l'o tal organi c inorgani c rnquire-

pho rns n itrog_e_n _ _ c_a_r_b_o_n __ c_a_rb_o_n _ __ m_ en_t_ 

DUI F'I ' S OILS 

2,18 l I 6,380 

LOESS SOILS 

2,564 I 
4,lH7 I 

7,287 
2,140 

'l'ERRACE SOU,S 

5,334 9,420 
3,192 7,820• 
2,828 8.860 

:1,n 1s ,i. 100 

:t l ,iO ~.(i:2() 

3_g~37 12.620 

44,013 I ----- -- I 

50,913 
5,460 

76,410 
,J9,495 
62.226 

,j,1.J IJO 

77,SOL 

81,655 

62,115 

8,G27 

D,808 

4,000 

3,667 
None 

3,000 
3,000 
2,000 

None 

2,000 

None 

S \Y .1-\ 1\lP AND BO'I'TOl\IJ,AND S OILS 

26 iVaba sh si lt loam __ __ ____ 
26a Wa ba sh s ilt loam (coll u-

vial pha ,-e) ------------
215 Lamourc sil t y cl .i y ___ ___ 
48 W aba,h silty rl ay loam _ 

216 Ca8s silty clay ______ __ __ 
28 S arp y Yer y f ine sandy 

loam ------- - - ---- - - - --
217 Ca ss Yery f ine sandy I 

loam ----------------- -
72 \\' aba ,-h clay -- - - ---- - - --

192 \\·nba~h Yery f ine sandy 
loam -------- ------- ---

49 \\Tabn sh loam ----- --- ---
18 Ca8s loam ____ __ ____ ___ __ 

1 

112 J 

J,arn oure loam __ ____ ___ _ 
106 Cass sil.t loam _____ _____ _ 
89 Sarpy s il t loam __ ___ _____ 

4,848 11,980 

3.708 .1110 
cJ. isl\ / !J.1 00 
3.312 -1.600 
3.1 50 4.9~0 

3.3-'54 3,EOO 

cl,Dl8 5, 100 
'.l .(i86 7.820 

,J. (\~7 111,,340 
8.273 il.'l20 
'3.5 13 cl .260 
4.38G G.060 
:l.918 7.5 0 
3:~_ 5,420 

JI S,0,3G 

75.510 
76,022 
62,093 
30,819 

33,412 

21.392 
G3,394 

9J,1,JG 
77_95,1 
16.!)83 
46. 741 
53.473 
33,822 

]2,332 

38,392 

43,816 

44 ,056 

28.012 
24,84 2 
21,628 
43,897 

4,000 

3,000 
None 
1,000 

None 

None 

None 
None 

None 
2,0{)0 

None 
Non C' 
None 
None 
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been clrawn fr om the analp,C'S of the surfa<.: c soils . l ' nlc~s large ;111101 111t;; of 
plan t fooc1 const i tue n ts occ nr in th e lower so il ln,\·ers, the r1' is little effr<.:t on the 
fertility of th e so il from tl1 r phmt· foocl prese nt in the suhsurf·ilC·e soi l anc1 sub­
so il. 'l'llE'rc i1-; 11 0 ];irge suppl y of any of th e plan t food (·On ;;ti t u(• n t:s in 1lte 
lower :mil la.yen; in this corrnty. l1 enec the i'C'rtilit ,v of ! IH'sc soils 11·i ll not be 
affectec1 to an y co ns ill erablr p:-;(e11t. 

'J'h e conclnsions dnnrn , r cp:nrcling the n recls of the so il s of 1 lw co unt.,·. in the 
di sc nss ion nm1cr the snrf'a cr soil s a rP confi r1n ec1 b.,- th e m1nl.1·scs of' t Ii <' lo,rcr 
so il h1ye1·s. The ph osphorus sn pply in the so il s is Jcm , a1l(I ,1dcliti ons of phos­
plrnte ferti li ze rs will he needccl now or in t hr• immediate f1J! 11 n·. 'l'rsh of r o<.:k 
phosphate a11cl supc1·phosplrnte are r ecornmcnclecl on the indi Yicl11 al so il s . 

So me of the t.1·p1's arc lmr i11 nitrogen ,md orgnni e nia11('1' . ;111(1 in these c: nses 
applications of farm mani 11·c ,i re of p,1rti cularl.,- large n 1lu l·. '!'li e t llrninp: 11rn1r r 
of kgnminons g reen manun's wonlcl al so lw of lflrge Yal11 c'. ;1rnl tl1 e 1ho ro 11tiliza­
tion of all crop r es iclm·s ,rnnlcl aicl in lrnilclin g up t he suppl,\- of nitTogc·n and 
orga ni c m::itter. On all t l1c 1.1 ·p1•s in J- he co un t.,·. 11 0,re ,·er . 1he nsc of i'a rn1 rn;rnure 
11·0 111<1 proYe of profit. and 1dH·rc•Yt'l' fnrm manure is J1ot ,1Ya ilahlr. gTt•en rn,mur­
i11g sho11lc1 he practiced. f:iystc• rn s of pcrmm1 ent fertilit .l' for t his co un t>- s lrnnlrl 
incl11 rlc J-h e r eg nl a r ,1ppliciltion of fc rtiliz illg matrri11ls 1rhi eh s11ppl,1· organw 
matter and J1itrogc n, if th e soi ls nn• to he kept s<1tisfildo ril ,1· procl11 etiw. 

Somr of th e so il t.'·1ws arc ,1cid in rr;i cti on ancl need li111 e. ln g<' ll l' l'ill the 
types 11·hi ch shm,· ,1 ciclity in 1he snrface soi l 111·1· aC' i<l tllJ'l10111 th e so il s1•ction. 
'l'h c l\Tiir;;lrnll, ;-,hclb,\' , ,Juc1son, 'N,rnkeslrn. l3rr 111 c t· a11cl \\',11J,1 sh 1,vpes <i l' C' g·en­
crally acicl in r eac t-ion ancl in 11 recl of lim e. rl'l1L•s c' lypcs sho11lcl he lc'stc<l , ancl 
lime should be appli ecl 11s 11 ecc•ssar.'- for till' best g-ro11·t h of g·encn1I f,11·m cr op,: 
and particula rly of kgumcs_ 

GREENHOUSE EXPERIMENTS 

One grecnh o11 sr cx perirn Pnl ,rns <' mTi cd 011!· on (he l\liirs lrnll sil l lo;1rn , the 
chief soil typ e in Fremon t Count_,- . Th e· l' l'S ults sPc u1·cd i11 th e g rec'11l1 oust' ex­
perim ents on the ~\[ar shall s il t lomn from C'nnd'orcl Co11nt.1·, Jl a rri son ( 'ount ,,-. 
and Plymonth C'om1t.,-, anrl on th e Knox sill· loam from J l,1rrison Count,\' and 
Pl,l'month Connl.v 111·e incllHl ed , in asnrnch ,is the> soi l l)'Jll'S are th e ~,imc• and 
th e CO]l(1itions are prncticalJ.,- i<l e11tic:;1 l. The tcr-;ts c:a rriccl ont in t lw g reenhouse 
inclicate qui tP clrfin itely the needs of th e snrn P so il t_q)('s in I hr fie ld . 

Th e fe r t ili ze r treatments ernploycd i11ducl C" d s11pet·phosp lrnte , rock ph osp hate, 
limestone, manure arn1 mnriate of potaslt. Th ese• ma le l'i nls WC' r e appli ed in the 
amounts in whi ch t he,\' m·e usually employccl in th e fi(,Jtl aJHl t he 1·L·s11lt s are. 
th erefol'e, inclicat i,·e of " ·hat ma.,- be ex1 wcte cl on th(' fa 1·111 s. ?lfannre " ·as aclclccl 
at th e r ate of 10 tons per acre. lim e ,ms appli ecl in an ,1rn oun t s1d-fieir n t to 
ncntralize the ac·icli t,\- of th e so il. The snperph ospl1atc ,nu; <i])JJliccl at t he rate 
of 250 ponnds per acre, tltc r ock phosphate at the rate of' one ton Jll' I' ae rc, the 
muriatc of potasl1 at the r ate of :iO pouncl s J1C'I' a cre a 11 cl th e co mpl('k eommer cial 
fert ili zer ;it the r11te of 300 pounds p er acn. 

'Wheat and clover \Yere gr own , th e clove r being secc1ctl ,tuuut one m ont h 
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Fig . :::. Cl o ver on :\larsh al l silt l oa m tram F remon t Co unty , greenh o u ,:e experim en t. 

after th e 11·heat ,ms np. In th(' ex periment on i11 e .Marshall silt loam f rom Ha1·­
rison Co 11n ty onlr th e clon~r y icld ,ms ohtn in c cl . 

THE RESU LTS 0-'< THE MAR SHALL SlLT LOAJ\l 

Thr rrsu lts seemed in the greenh ouse expe rim ent on the }[arshall s il t loam 
from l~r emont County m·c p)1·e 11 in table VTI. rrh c supcrph o~phate in c l'easecl 
the yiekl of wheat on this soil and g- reatly in creast'd the y ield of clover. Lime­
stone with the snperph osphate had no effect on the wheat bnt hacl a slight in­
flncn ce on lh e clm·e e. rrhe manure alon e sho,Ye<l ,1bont the sam e effect on t he 
1Yhcat as tlrn t s h01rn by the superphosphate, ,rith a mu ch srn all e l' effec:t on th e 
clm·cr. WJ 1cn th e snpcrphosphntc was applied wit h the manure , it showed n o 
effect on the ,d1eat b11t i>rnnght about a ve ry la rge in crease in tlw y ield of clover. 
The lim estone appli ed wil h th e manure anc1 superphosphatc showed a gain in 
the wheat c: rnp an cl a sli g ht i11fl11 en ce on th e clover. The rnmiate of potash 
,Ppli ed 11·it h th e manure, limeston e and snperphosphate hacl no effect 011 the 
wheat or the clover. 

'l'hcsC' r c'sn 't s in clicatc that thi s so il type will r esponcl profit-<ib l.,· to applications 
.f rnnrn 1n·, lim e and s11perpho,.p]rnte. The use of lime is pai·ti culal'l>- des irable 

·n <.: Olll ll'efon ,rith th e growing of a legum e crop, and the aclcl i tion of super ­
. hos1 kite is strnngly r ecornm cncl ec1. 'l'hcre is no cYiden ce of Yalu e from t he 
usr of' the potas h fert ili zer. 

THE RESULTS ON THE MARSHALL SILT LOAM FROM CRA'WORD COUNT Y 

rrhe res ults secured in the greenh ouse experim ent on th e l\farshall sil t loam 
from Crmdord co unty are gisen in table VHI. }fannre brou g ht about a lal'ge 

TART.I~ VII. GllEE~HOU3E EXPERTJ\IEN'l', MARSHALL S IL'l' J ,OAJ\1, l<'RDIO:K'l' 
CO-CN1'Y 

Pot 
~o. 

1 
2 
3 
4 
5 
6 
7 

rrrcatm cnt 

Cheek __ - - - - --- - -- - - - --- -- -- - - - -- - --- - - - -- - -- - - - - - -- -
NII perpho ,:ph ,1 t c __ ________ ________ _____ _____ _ -- - - - - - -
J ,i me~ tone + ~ upe rp hospha tc _____ ___ ------ --- -- ---- -
J\lmiure ______ _____ - - - ---- - - - - -- - - --- - - - -- --- - -- --- - -
J\Ia nurc+;;;nperphospha tc _ -------- ____ ---- - - - - - -- ---
J\Ia nure+ l irnc:- tone + supcrpho"phatc - - -- - - -~--- ---­
J\lanure+ l i rne~tonc+ ,:upcrpho~pha te+ pota:-:-1urn --

\ \'l·ight of Wei 0 ht of 
wheat grain rlo~cr i □ 

in g ram s grams 

12.2 
14.5 
13.8 
14 .6 
14.2 
15.4 
15A 

10.4 
43.2 
4:l.5 
30.4 
51.9 
52.5 
~9.7 
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Pot 
No. 

1 
2 
3 
4 
5 
6 
7 
E 
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'fABLE VLIT. GH,EJ£NHOUSE EXPERHlEK'l', J\TAR811A 1.J , 8TL'J' J .OA J\I. 
CRAWFORD COC~'l'Y 

Weight of 
1rhcat grain 

in grnm s 

Check ___ __ _ _ _ _ __ _ _ __ __ _ _ __ _ _ ___ _ ___ _ __ _ _ _ _ _ ____ __ __ _ 8.6G 
l\J a nurc __ ___ ___ __ __ __ _ _ __ _ _ _ __ _ _ ____ __ _ __ __ _ __ _ __ __ _ 12.56 
l\lanurc+ l i mes tone --- --- ------ ----- - -- -- ------ ___ __ 13.20 
Supcrpho~plw to ___ ___ -------- -- ----- ----- - ---- --- __ 11.70 
l\lanurc+ rnpC'r])IJOspha te _____ _________ ________ ____ _ 11 .96 
Limcstonc+ ~u JJC'rpho,;plrnte __ ____ ________ ______ __ __ 12.23 
Manure+ ! im c~to nc + , upcrph o,plrntc __ __ ____ __ ____ 14 .2G 
Manure+ l i rn cs tonc+ ,:u pcrph o,-;plrn t c+ p9 t_a_,:;;_· i_n_m _ ______ J_3_.2_5_ 

Weight of 
C'lo1·er in 

gTHTll S 

16. lG 
'10 GG 
38.00 
43.3~ 
56 83 
43.50 
41.G(i 
64 lfi 

increase in the yiC'lcls of "·heat ancl clover . L irne~t one 11·ith the immure shmred 
a sl ight effect on the ,Yheat crop and a pronounced infln en ee on the cloYer. 
S nperphospliate alon e bacl less effect on th e ,,·heat tha11 dicl t l1 e manure alone, 
lmt it showed a mu ch li1r gcr infinence on t he clover. l\Innure and snpcrphos­
plwte sho,Yed a larger effect than the phosphate alone on tl1e ,Yhcat ancl on 
the clover. Lim estone and super phosphate sho,red a greater effect on the "·heat 
than the supcrphosphatc alon e ancl about th e sam e influence on t he clover. 
Manure, lim e ancl supcrph osphatc gaye the largest in r-rc11 se in th e ) ielcl,; of 
wheat and only a sligLtly sma ller effect on t he clm·er t !tan t hat brought about 
by the manure and phosphate without lime. ·when tl1 c mnria1 e of potash ,Yas 
added "·ith the manure, lim est on e and superphosphatc, a small er effect ,\·as 
brou ght about on th e ,,·heat t l1an ,Yithout the rnuriate, lrnt on th e clover there 
\\"a a la r ge in crease in the y ield. 

T hese results large ly confirm those p1·evio11:-;l_,. sccurecl. Tl1 c Yalne of mnnurc 
is defin ite. Th e use of limeston e is certa in ly of Yaluc in conn ec tion 11·ith 1he 
gro\ring of a legum e crop, ancl the addition of superphospliatc .is hi g hly clesir­
ahlc for general farm crops, cspcc iall~- \\·hen applied in acldi tion to 1hc ha-;ic 
treatments of manure and l imestone. 'J'h c acldition of: a potas h fertiliz r r cannot 
be r ecomrn cn cl cd until t ests l1ave been carriccl out and benefi cial effec ts of the 
tr eatment are dcfini tcl,v sho,Yn. 

THE RESULTS O~ THE MARSHALL SlLT L OAM FRO:'11 HARRISON COU NTY 

'rhe results of the exper iment on th e Marshall si lt loam from IIani son Connty 
are given in table IX. 'rhc appl ication of the s upcrph osphate grea tly incrcasecl 
t he yielcl of cloYer. Limeston e app li ed with 1he snperpliosphatc gave a fn rthcr 
consiclCl'able increase in th e yi elds. Manure alon e in creased the yiclcl 0\·cr the 
check and gaYe a some,,hat larger increase than th e snpcrphosplrn te al o1w. 'l'hr 
superphosphate applied with tl10 manure brou ght about a very large increa se 
over that occasioned by the manure alone. Limestone applied wi th the rnmwre 
and superphosphate showed a fnr ther increase in yield. 'l'hc murinte of p otash 
applied ,Yith the manure, limestone and superphospha tc sh o,\·ecl a Yery slight 
increase in the clover. 

Apparently this soil will respond ve ry p r ofitably to appli cat ion s of. manure , 
lime and superph osphatc. l\fam1rc may be con sider ed a bas ic treatment ,mcl will 
have large valu e on all general farm crops. Lime is ver y desirable 11·he11 l<•gmnes 
are to be grown and it will show its lar gest effect on these crops. The use of 

., 

I ., 
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'fABLE IX . GREENHOUSE EXPERilVIENT, 1\1 RSHALL srur LOAM, HARRISON 
COUNTY 

Pot f 
No. I 

1 
2 
3 
4 
f1 
t 
'/ 

'frcatmcnt 
Weight of 
clover in 
grams 

Check ---- -------------------------------- --- --------- ------------- 7.4 Superpho,:pha te _________ ____ __ __ ____ _ ____ ___ ___ ___ _____ __ __ _ _____ __ 20.3 
Limestonc+ supcrphospll n te _ _ _ ___ ___ _ ____ ____ _ __ _ _ _____ _ __ _ ____ __ 28.0 
lVlanure __ _ __ ___ ____ ___ ___ ___ _ _ ___ _ __ _ _ ___ __ __ _ ___ _ _ __ _ __ ____ __ _ __ _ _ 25.9 
Manurc+ supcrpho$pha t e - --------- --------------- - --- - -- ____ _____ _ 39.2 
l\1anurc+ limcstonc+ superpho~phate - --- -- ---------------- ------- - 44.9 
l\1anure+ limcstone+ superphosphate+ pota ss ium ____ __ ____ __ _ _ __ 4_5_.9 __ 

superphosphate in addition to manure and l imestone is apparently very desirable 
on this soil. T ests of this phosphate f ertilizer on individual farms are stron gly 
recommended. 

THE RESULTS ON THE KNOX SILT LOAM F.ROM HARRJSON C::JUNTY 

The res ults see:urcd in the gTcc•n l1 ou,c exp t• rim r n t 0 11 th e Knox silt loam fr om 
H arr ison County arc given in table X . 'rhc appli cation of sup erphosphatc in­
creased the yield of wheat and brought abo ut an enormous increase in th e yield 
of clover. 'l'h c manure alone increased the yield of wheat considerably over 
the check, giving abont the sa me r esults as the supcrphosphate excep t on the 
clover. On t he clover it brought about a larger increase than did the super­
phosphatc. ·when the superphosp hate was applied with the manure, a gain 
,ms noted in the yield of wheat and also in the yield of clover . Muriate of 
potash applied with the manure and superphosphate showed no increase in thr 
clover. 'l'he yield of wheat was not secur ed. 

On t hi s soil type the effects of manure and superphosphate are clearly shown. 
'l'he type is low in organic matter and additions of farm manure or the use of 
legumin ous green manures are very desirabl e. 

'l'he use of supcrph osphate may l.H·ing about highly profitable increases in 
the yields of general farm crops. T ests on individual farms are str ongly r ecom­
mended. 

THE R ESULTS ON THE MARSHALL SILT LOAM FROM PLYMOUTH COUNTY 

'l'he r esults sec:urcd in the greenhouse experiment on the Marshall silt loam 
from Plymouth County are given in table XI. 'l'hc supcrphosphate brought 
about a large increase in the clover yield, and the lim estone wi th the phosphate 
gayc a fu r ther incr ease. The manure alone gave a large in crease in the clover, 
an effect that was abo ut t he same as that bro 11 ght about by the sup erphosphate 

'l'ABLE X. GREENHOUSE EXPEH,IlVIEN'J', 1rnox SIL'l' J ,OAM, HARRTSON 
COUN'l'Y 

E~~I ______ _ 'l'rcatmcnt wI10at grain I 
rn grams 

Weight of 
clover in 
grams I 

Weight of I 

- - -- - - - - - -----
1 
2 
3 
4 
5 

Check ___ _ _ __ __ _ ___ _______ __ _ ___ _ _ _ __ _ __ _ __ _ __ ___ ___ _ 3.8 
S uperph ospha to _ ___ ___ ____ __ ___ ___ ___ _ ___ __ ____ _ ___ 5.2 
l\1anure __ __ ___ ____ ____ _ _ ______ _ ___ __ __ ______ _ ______ _ 5.2 
lVlanure+ ,:uperphospha te _________ __ _______ _____ __ __ 5. 7 
lVlanure+ superphospha te+ potassi um ____ _____ ____ _ 

3.5 
22.G 
31.6 
34 .2 
31.0 
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Pot 
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' !.'ABLE XI. GRJ~Jm HOl"8E RXPER11'1ENT, l\IARSHALL SIL'I.' LOA:YI, 
PLYl\lOC'l'H COUNTY 

'l' rca tment 
Weig ht of 
clo1·cr in 

grams 

and lim eston e. "\Vh en s uperp hosphate ,ms added 1rith th e mannre, howeve r , 
t11 cre wm, a furth er ga in in tl ie clover y ielrl. 'I' he n se of l i rnesto11 e with t he 
manure and s uperphosplrnte hacl no furthe r effect . The aclrli tion of t-l1 e muriat:c 
of p ota sh with 1. he m an ure, lirncstonc and s ttpe rphosphatc brongh1· about a 

com;i rlcrable in cr ca:c;c in 1 he clove r . 

It is l'\' icl ent from t hese r esults th at this soil 11·ill respond t o appli cation s of 
manul'c, lim eston e ancl a p l1 osp ha te fert ili ze r. 'l'h e libera l n sc of manure is 
-w r y d esirable ; 1he acl<liti on of linw is nP<·essa r y 11·h e11 th e so il is acid ; and th e 
nse. o r s1qH· rph osphatl• m<1~· br in g 11bout large crop in cr eases. 'l'h e appl ica tion of 
muri11\ c of p o1i1 sh m ay be of valm· in some cases, but t-ests shmilcl be ca rri ed ou t 
on s rn11H areas befor e applications a l'c m,1clc ex t<'n s i,·cly. 

THE RESU LTS ON THE K NOX S ILT LOAM FROM PLY:\10 UTH COUN TY 

The n·sul1 s see ure<l in the ex peri111 en1- on th e Knox silt loa m from P l.nnoHth 

Countl· a r c gi1·<•11 in U1ble XU. 'L'h e supe rpliosphatc in cr ease<l t li c ~-ie lcl of " ·heat 
a]l(l b;·o1 1ght abou t an <·11or111 01 1s irn::r case in th e yi eld of th e clowr. lVIannrc 

alon e o·n,-r abont th e smn c effer-t as tli e snpc l'phospha t<' in th e case of t he " ·heat 
but sh:J,r(·cl less effed on t he clow r. Superph osphate "·ith t he rnanul'c brought 
auout a h1rge inc rease in t h e case of thr \\"h ea t ancl a Yer.v lar ge increase in t he 
vic lcl of t he cloHr. -wh en t h e mnriate of pota sh " ·as acl<l ed , ,·ith the manure 

~mcl su1w q 1h ospl1 ate, the largest in crease in the yie ld of 11·heat was sce ured but 
no effec t , ,-as c·Yicl ent on the y iehls of clovc l'. 

It is appm·en t fr om this t est t ha t the Kn ox s ilt loam ,,·ill r esp ond to a pplica­

tions of mannl'c and a pbos11lrn te ferti li z<•r in a Yl'l',V profit a ble ,my . The u se 
of mannl'e is es pecially -cl c:, in1hlc on the type a nd large inc l'eases in t he yields 

of gene ral fa rm cr op s ma:· be ex pec:tecl. 'L'he appli cat ion of su p crphosphate is 
strong]~- r eco mm ended ancl it ,rill undonbtccll,v prove profitab le in most cases. 

'l'ABT,E XII. G REE~I-IOnm EXPERI'.\lEN'_l', KNOX SIL'l' LOAl\I, PLYl\IOUTH 
COl"N'l'Y 

1\'cight of 
clOYCI" in 

gran1:--: 

7.7 
3:3.7 
29 .1 
5Ll 
42., 
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Tl1e use of 11otass ium f erti l izel's ma_v be des irable in incliYi clual cases, bnt tests 
ar e r eco rnmencl ecl before 11 11,v cxtensi n appli cation of t hi s fe r t ili zing eo 11 st itucnt 
is mad e. 

FIELD EXPERIMENTS 

'l'h er e are n o fi eld experimen ts located in Frem ont Count~·, bnt a number of 
experim ents lrnYc been unde r ,my in other counties fo r a p eri ocl of y ears. As 
these t es ts ar e loca ted on so il ty p es "-hi ch a rc the sa me as th ose OCl·m-rin g in 
Fremont Count:·, the r esults ,ri ll be giwn in this r eport . 'l'h e_,. indi cate quit e 
definitel.1·, the l"es ults \l"h ich may be secu red on t h e same so il t_q1cs in th is 
county. Experim ents on th e Marsh all silt loam on !he Red Oak Fi elcl in Mont­
gome ry Coun ty, on the same soil type on t-hc A\'oca Fi eld in P ot ta1n1ttarni e 
County, on the \'illi sca. F ielcl in 1\fontg:omer .,· County , nncl on the 1\Tau kesh a s ilt 
Joam on the Clarin cla Field in Pa ge Cou nt~· a re inclu cl ecl. 

'L'hesc ex p erim ents arc p lanned 1-0 cl et e rmine th e va lue of Yarious so il treat ­
ments ancl are lai <l out on land ,rhi ch is r c prescntat iYc of t he pnrticnla r soi l 
t,vpc . 'l'h e fielcl s in cln cl c 1 :1 p lots, FiS feet 7 in ches h,Y 29 feet or one-tenth of 
an ac 1·c in 1:, izc. Th ese a rc p erman ently lor:at ecl by t-h c inshill1:1tio1t of corner 
stakes, nncl all precautions are taken in the applicat-ion of Je rtili zers and in 
the ha n esting o f t he crnp s to i11 s urc accllra tc r es nHs . 

'l'l1 e fi elcl s inch1clc tests uml cr th e lirestock s~rste m of farming anrl Llll <l e r th e 
grain s_ysJ- em. Jn th e fo rm e r rnannre is npp lircl as the ha~i c t-r rat mcn t, ll"l1ile in 
the latt e r crop r es idu es a rc cmplo~·ecl to supply the org-anie matte r. 'l'h c ot l1 e r 
fertilizing mntNi als t ested in clncl c lirn est-on e, rork phospha te, s upcrph ospha tc, 
muriate of pota sh and a comple te comm er cial fertili ze r. :;\fanure is appliecl 
at the rn1 e of 8 ton s p er acrn on ce in a fo nr-y ea t· rotntion . The cr op res icln es 
1reatmcnt eonsi sts of pl0\1·in g uncl e r th e co rn sta lks ,rhi ch h ,wc hccn t·ut " ·ith 
a <lisk or s ta lk cutt er , 1111d plmring- un cler at least 1h c secon cl crop of cl oYer . 
Somet im es the first <·rop of cloYC r is c nt ancl all mrccl to r ema in on the lancl to 
he plo,rcd nnckr ,rith th e second . Lime is app liccl in s nff ieient amounts to 
ncutr n1ize the 11 vi<li1,v of th e so il. lfock ph osphate is acl cl ecl at t he rate of 1 ,000 
ponrnls per acre on ce in a fo ur-~·en r· r otation. U ntil 192,j rock phosplrnte was 
npnlierl at- th e rate of 2.000 p ou ncl s per ac re on ec in four ~·ears. 811p crphosphate 
is ,1p 11 lied at the rn tC' of 1 :j() pouncl s p er ac re annuall.,· three years out of a four­

_, ·ear ro1,11ion. r·ntil 192:1 1-hi s matc•l'ial ,ras applied at the r a1e of 200 pounds 

pe r a<:l'C amrn,11 1.1·. r ·n t il 192:3 th e olcl stan <larcl 2-8-2 complete commerc ial fe r ­
ti]i;'.('l' 11·,1;.; 11serl. llC'in p: appl iecl at th r rate of 300 pounds p er acre mmnal ly. The 

11e11· stm1clanl 2-12-2 hrancl is n ow bc·ing e111pl oy ecl th e appli cati on s being made 
nt the r ate of 202 pounds p er acr e annually, thus apply ing the sam e amount of 
i, h ospli orn s as is con tainecl in t h e s uperph osphate. 1fnria te of potash is applied 
ilt l hc ra te of 50 pom1cls p er acr e. 

THE RED OAK FIELD 

T he r rs nlts sccnrecl on the R eel Oak Field on the iTars hall silt loam jn 

~1ontgom cr y Co nnty arc gi.wn in ta ble XIJI. B en efi ts f r om th e ap11li c:ation of 
manure to th is soil arc sho,rn defini tely b~· t he ll ata in this t-able. 'l'h c in creased 
,· i.eld of winter 11·heat in 1918 is pnrticnlarly noteworthy . Th e corn cr ops ,Ycr c 

·in creased to a la 1·ge extent in ever y case, and incr ease.· were also n oted with 
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'!'ABLE XIII. FIELD EX PERlM EN'l', l\IARSHALL SI I !l' l,(L-L\J. l\10N'l'GOMERY 
COUN'l'Y, RED OAK FIELD 
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l Check -- ----- --- -------·-- 13.6 1 52.0 56.0 28.2 13.2 1 54.5 1 11.2 10.4 1.84 3.36 
2 I Manure ------ --------- -- 34.1 57.2 61.6 36.9 15.5 57.8 12.4 J 1.6 2.20 3 70 
3 l\1anurc+ l imc _______ __ __ 31.8 59.2 GG.0 37.8 18.G 64 .7 14 .2 11.3 3.09 3.E5 
4 Manurc+ lirne+ rock 

pho1<ph atc -------- --- - '27.7 GO.O 63.0 35.G 28.6 64 .G )3.7 1 13 6 3.57 4.67 
5 Manurc+ li mc+super-

pho~phatc ------- ----- 3J.8 58.5 62.7 39.4 30.7 1 62.9 13.1 13.l 3.32 435 
(i l\1anu re+ l imc+cornpl ct1• 

14.6 1 commercial ferti lizer_ _ 29.5 56.2 64.2 36.4 25.4 61.3 10.6 3.75 I 08 
7 Check -- ------ ------- ---- 54 .2 56.G 31.8 17.4 50.G 10.5 1 9.4 2.18 3.69 
8 Crop residues _____ ______ 29 5 5l.0 54.1 31.3 16.4 52.9 9.9 8.6 2.34 3.1 3 
9 Crop r e1<i ducs+ l imc ---- 25.0 53.7 1 G0.2 31.2 19.5 55.0 13.2 10.2 2.30 4.14 

10 
I 

Crop residues+] irne+ 
rock phospha tc _______ 1S.l 57.7 1 59.2 35.0 23.8 ,35 _7 12.3 1 13 0 2 54 4.21 

11 Crop residues+ l ime+ 
,mperphosplrntc -- - ---- 2721 

53.7 61.6 36.9 22.3 52.7 12.1 ,u; 2 .. j3 4.26 
12 Crop residues+ l irnc+ 

57.0 1 57.3 14.0 I 
complete commercial 
fertilizer ____ ______ ____ 26.1 37.8 22.2 56.8 12.5 1.97 I 3.79 

13 Check ------------------- 13.6 4.8.2 51.4 29.0 15.2 52 .0 8.9 9.9 1.53 3.7 

1. Clo,·r r k ille<l nncl p'o wcrl up. Yi r '.cl on p lot 7 nn e~ ror. 
2. 3 1/2 tons li me appli ed in l'il:iy 15. 
3. 2 1!..! t<in ::; of lime ap pl ied in St' pt r mber . 
4 Drv weat he r k il !ed out c'o ,·er. 
5. C'IOYc r st:n1d Yery poor d u e to dry weather. Fi eld w as plowe d :1nd ~ced ed to alfalfa in Augus t. 
6. R esults of fi rst :1nd second cuttings cornhincd. No res ults tnken on third cuUing. 
7. Three cutti ngs. 

the oats in 1921, the winter wheat in 1922 a11d 1925, th e soybeans in 192-l anc1 
the alfalfa in 1927 and J 928. The largest benefi cial effec-t: from lim e ,Ycre 
shmrn . a~ wonld be expected, on the alfalfa in 1927 and 19:2 , hnt in creases 
1rere also sccnred on the corn cr op in 1920, the oats in 1921, the wh eat in 
102° 11ml th e corn in 1923. The soybeans in J 924 also sho,nd a consi clerablc 

n• nr·a 1 rffect of J- hc lime. 

Hoc!; phosphate or the sup crph osphatc uscc1 alon g with the rnan m e and lime 
bron :ht inereasec1 erOJ) ~-ielcls. par tic nl a rl .1· cf the ,1·hpat in 10~:2 and 19'2.:i . anrl 
the a'falfa in 1927 and 1928. In some seasons, as in 1919 ancl 1920, there was 
very little evidence of benefit from the phosphates. Supcrphospha te benefit ed 
the oat crop in 1921 but the rock phosphate hacl no effort. The corn in 192~ 
showed little effect from the addition, and the soybeans in 192-! \\·ere no t bene­
fit ed . Th e complete commer cial fertilizer had about the same effec t as the super ­
phospha te in practically all cases, showing up a littl e better in one or two in­
stances but in other cases having a lesser effect. 

The cr op r esidues trea tmen t had little effect on the cr op yields, as ,rnuld be 
expected. Lime with the r esidu es usually incr eased the yield s, particul arly of 
the alfalfa in 1928, t he soybeans in 192-!, the corn in 1920 and the wheat in 
1922 and in 1925. The phosphate fer tili zers, when appl ie(l with the crop 
residues and lime, incr eased crop yields in several instances, particularly the 

I 
~ 
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,rli r,1t in 1922 ,irnl 1925, ancl tlte alfalfa in 1927 and 1928. 'l'he oats were ma­
tcnally benefit ed in 1921, and the phosphate increased the wheat yields in 1918. 
No large beneficial effects of the phosphates ,Yerc shown on the corn in 1920 or 
m 1923, but the rock phospha te sho\\·cd an imrease in 1919. 'l'hc complete com­
mercia l fc1·tilizcr again had about the same effect as that brought about by t he 
use of the phosphates. In one or two instances the complete f ertilizer gayc 
la r ger effects, as for example on 1 he soybea 11 s iu J 9'2-.J., on t lt c corn in 19'23 a ncl 
on th e oa ts in 1921 ; but in other cases, as 11·ith the a lfa Ua in 19'27 a ncl 19'28, ancl 
the corn in 1920, the influence of the complete fertili zer was less than that of 
the phosphates. 

'l'hcsc r esults indicate the value of applications of manure and lime to t h is 
soil ~ype and in many cases the p ossibl e profit 11·h ich may result from th~ 
apphcat10n of a phospha te fe r tilizer . When this soil is acid, i t seems that the 
addition of lime is of particular va lue, e~pccially if legumes are to be grown. 
'.l'he effect o! phosphate _fertilizers may be very large in the case of some crops 
m the _rotation and the rnfluence may be exerted on all the crops grown. 'l' es ts 
on rn ch-ndual farms ar c wry desi rable to determin e the value from the use of 
a phosphorus carrier. 

THE AVOCA FIELD 

The results secur ed on the Marshall silt loam on the Avoca Field in Potta­
,rnttamie Coun ty ar e given in table XIV. 'l'he benefi cial effect of manure on 
thi s soil is_ shmrn in practically all cases. 'rhe influence on the oats may be 
noted pa r ticularly and also the large effects on th e clover and sweet clover . 'l'hc 
co rn yield in 1926 was very largely incr eased by the addition of manure. In 
other yea rs the effects on the corn were much smaller. 'l'he influence of lime 
was p_a r ticular~y e_vidcn t on the sweet clover cr op in 192-1 011 whi ch a very 
large rncrease rn yield r esulted from t he application. Ther e was also an effect 
noted on the oats in 1927. Ko benefi cia l effects 1rere shown on the clover crop 
111 1921. 

'l'he application of rock phosphate and superphosphate along with the manure 
and lime showed large beneficial effects on the crops grown in some seasons. 'l'he 
corn in 1919, 1922 and 1928 showed pronoun ced effec ts from the use of the 
superphosphate, and sli ght ly less effects from the rock phosphate. There was 
considerable influence from both phosphates on the oats in 1923 and a laro·e 
effect in 1927 . 'l'he crop in 1920 was not ma terially benefited. No effects fro';n 
the phosphates wcr c.cvidencccl on the clover crops in 1921 and 1924. 'rhe com­
plete comm er cial fer tili zer had about the sa me effects as the phosphates on 
most of the c.rops grown. In some cases it showed a slightly larger influ ence, as 
on the s"\\~eet cloYer in 192-l: aucl on tli c oats in 1927. Iu other yea rs, as on th e 
corn iH 1928, th ere was less influence from the complete ferti lizel' . 

The cr op r esidues t r eatmen t genera lly had a small inflne11 cc. Lime with t he 
~rop residu es incr eased the crop yields, with t he exception of the corn cr ops 
in 1926 and 1928. The largest influe11 cc of the li me " ·as ev iden t on the sweet 
clover in 1924. Consi derable in cr eases wer e no ted, however, on the corn in 
1922, on the oats in 1923 and on the corn in 1925. 'l'he rock phosphate and the 
superp hospl1 ate brought about in cr eases in crop yields in several cases the 
effect of the superphos phatc being particularly la rge on the oats in ] 920, arnl 
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'J'AB LJi: XIY. P TE.LD EX PERTl\l EN'I'. l\IAR,8HAI,T, 8 1J /J' T.OAl\I, PO'l"l.'AWA'J.'­
'J' Al\H E COllN'J'Y, A YO C'A TlE'LD 

< 
~ 

~ ~., 
" "' " ~ P-"' ~ 

5 5 . o · ;::: VJ ~ c...-< 8--ii c:;-<: u· -,; if,)" -< -,; < -,: £; 
'J'rea trnc n L .... ; 15 ;... ~; ~ I,..; f3 " C, • 0~ 

,:Sl, .. " . 
~ ~ C' l p. C'- 1 c:i ~ C) (,'J;; Q ,:., 0" 

0 C l ;::i, 0::,. u "' u"- QH c.,O. 
;;,, C. - C, =~ C.::.. ~s - ..-< 1n ~ 00 ~ 

" -S 
c--::::, -C 

<;>;, l'-:::, 

.s - .c -.c :,;E C- 1.Q C-l .Q Cl ..C c-1:::;; Cl .C - c , c:, C, "' C, C, C, ~ 
p, - - - - ..-< - ~ -
l Ch ct:k ---------------- -------- I 7:2.9 G2 .2 2.0 58.1 -J8.7 0.36 G2 .2 54.6 45.7 G-1.5 

2 l\lanurc --------------------- -- 72.l G9.0 '2.7 53.G 56.7 0.6:~ G3.9 G3.7 56.0 G7.5 

3 Mamuc+ l illl l' ------ ---- ------ 7,1.0 72.3 2.G 53.9 53 .2 1.82 6Hi G4.0 M.0 G8.3 

4 l\fa nnrc+ li111 e+ rock pli o~-
phate ---------------------- 77.8 58.8 2.7 (i5.5 GO .O 1.52 58.1 ra .3 69.8 6GA 

5 :-lnnurc+ l i111 e+ ~uper-
pho;;pha te --- --------- ------ 79.3 69.0 2.5 56 5 GO.U I. GS 52 .3 Gl.8 75 0 70.!) 

G J\la uurc+ l i 111 c+ 1·orn pk L1· l'Oill 
m cr cia l fer ti ! izer -------- -- 77.5 61.2 2.8 57.5 66.8 1.92 5U G5.G 79.1 (i5. (i 

7 Ch et k ------ ------ -- -- -------- 71.5 56.8 2.0 ,u.s 47.6 0.85 3!l.8 , 61.0 50.0 G,J.3 

8 Crop r e!" idu es ---------------- 78.9 (i3 9 2.0 411.8 I 49.8 0.90 51.0 66.'l 57 .l GG .7 

!) Crop r c~ idnes + Ii 111 (' ___ ___ ____ S0 .7 68.1 2. l 50 .0 56.7 1.!l2 58.7 G4.5 GG.7 G6.4 

JO Crop r es idues+ ! illl e+ n )(' k ! 
pllo~phate ------------------ 78.5 G8.G 2. 5-1.8 59.0 l.83 56.8 69.6 66.6 62. l 

JI Crop r es idues+ ! i 111 c+ :-u ]Jcr-
6G.G Gn G6 1 pl! o splrntr ----------- ------- u 75. l :2.2 5-1.l (i~.3 LiO 57 .1 

12 Cr op r es idue·~+ ! i 111 e + c·orn-
G5 .8 70.0 6~.R pletc COlllll! Cl'l'ia] Jc r t il izcr_ S0.4 68.6 2.9 5:2 0 52 .l 1.4-J 58.4 

13 C l1 c('k - - -- ------ --- -------- 80.0 68.6 2.2 46 .3 50 .9 1.1 2 5l.8 G0.8 G0 .li Gl G 

I. l •'i t..1ld sl o11e s 1ow:1 1·1l plot ] :1. 
., Not \i,m d u nti l UtH1 1 1• 1, I n:.: o. Tli1·L'C ton:-; JH'I' ac re. 
:L F iC' ld pastun~d until Jun e 1 . 
...J. Con in.iured li~· hail 111 .Aug u:-. t :,nd hy rainy s prin g . 
5. Stro ng "·i nd s :\n tl win.>\\·orrn s cut d11wn F-ta nd co11~itlcr nbly. 

in 1923. 'l'he effects on t he co rn crop ,\·e1·e n ot la rgc from e it her 0£ th e ph os­
pliatcs. The comp lete com me rcial ferti li ze r hnc1 about t he sam e effect as the 
snpcrph ospbate excepL on the oats in ] 927 "·her e a la rge in ft nen te was n oted. 
anc1 on 1l1e cloYc t· in ] 9:21 ,rh r re i t bronght about' a g rC'ater effect. 

The ::\1arsh a ll si lt loa m l'csp onds w ry profi U1bly to appl icatio 11 s of fa rm 
m anul'e, ancl t hi s ma te r ial sh oul(1 be a11pli cd in li bl' ra i amoun1 s to t h e soi l. The 
1_vp e is ge ner ally sl igh11,r ncid in reaction , anc1 c1c lclili ons of l ime ar c (l esirab le, 

c.-,p ec ia lly " ·he l'e leg 11 mC' s ar e to be g rO\rn . S\\'ee1 clove r is pa r ticularly sen sit ive 
10 aei<lity , 11n<l , il1 a cl cqu :1! e con tent of li111 c in t hr so il is essential fo1· t his crop. 
Th e tn1e sl1 oul<1 be testecl ,rn<l 1h r n ecessa ry additions should be made if s ll'eet 
cloYCr or nlfalfa arc to b · g-r O\\·n . B enefi cia l effects from phosphate fert ili ze rs 
have been secnrecl bot h \\' ith tb c man ure ancl lime, a 11 cl nnc1cl' the g r a in systems 
of farmin g " ·ith crop r es iclucs and li me. T he compl ete comm er cial f ertili zer 
ge1w r a lly had n o grC'at cr e ffe ct than th e s1 1pC'rp hosphate and is not r ecomm ended 
fo r gen eral use. Comp lete frl'lili zers " ·ill proba bly p l'O\'C less rconomi c: al t han 
s11p C' rphosplrn1 e. 'J' ests of s upcrphos phate, and rock pl1osp hate sh onld be carried 
on t on th is soil on indiviclu a l farms to cl ctermi11 e 1'lw rdahYe Yalne of t h e tll'o 

ma terials. 

THE VILLIS CA F'IE LD 

'l' l1 c r cs lll!s sec ured on 1he Marshall s ilt loa m on t he Villisca Field in l\Iont­
µ: onw ry Count.,· a rc ;riYen in ta ble XV. Th e appli ca ti on of manure in cr eased 
i hr C'l'op y ielc1s in each >'Nlr as shown in th e table. Large incl'eases were n oted 
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on 1l1 c clove r in 1918 and on the co rn in 1912. JJim e ,ms n ot appl ic•cl to th is 
fie ld 1rn1il th e fa ll of ]920. In 1he succeecl in g years th e effect of li me was 
ev iden t 011 th e cl 0Ye1· and t he cor n c rop. Bvic1en1·ly th e so il \\'a s in neecl of t h e 
ad cli tion in or cler to >·ielcl th e largest cr ops. 

'L'lw aclcl ition of rnc·k phos plrnte 01· s uperph os phat r \\' ilh the mam1t·e and l ime 
inerrasCt1 !b e cr op >·ic l<ls in pnicti call y all cases , !he gain bein g- c1cfinit el_\- evicl ent 
on the' clo\'er in HJ18 and on other crops gTo,\·11 late r . H oek p hosphate ben efi t ed 
1 he clon'l' in 19:21, b1 1t s11pcrp hospbate clid n ot sh ow up ,rel ! that yea r . In 
] 920 th r superphosp hate in c reasec1 t h e oats, and both p hos ph a1'es inc1·casC' cl the 
>·iclc1 in la:2:5. Tn lD~'.2 11 11d JD 2:3 t h e effects of th e hro phospha tes \\'ere si mil a r 
011 th e ('Orn , in cr em:rs h r in g- sec ured in both cases. 'l' he complete comrn e l'C·ia l 
fe r ti li zer gaYe some,\·hat bett er r esults " ·i th the phos plrn trs in on e or t\\'O cases, 
n o1'i1bly on t h e cloYcr in ] 918 and on th e corn in ] 9'.22. Tn som e of the otli l' l' 
season s it sh owecl less ('ffcc t than the r ock p h osp hate. 

Ver y little influen ce from t he t l'Op r csicln es \\'a s evi cl cn t on t h e y iel cl s oE t he 
Yal' iorn; crops. Lime ap pli C'c1 with the r esicl nes broug ht abo nt in cr eases in the 
cro ps in 1921, 1922 and 192:3. 'l'he diffe ren ces \1·e rr d efinit e b nt n ot la rge in 

any case. 
Th e r od~ phosphate 11ncl s uperph osphate pl'a eticall y al"·a~·s incr eased cl'OJ) 

y iC' lds \l'itl1 th e exception of: the <: lover in 1921. The cliffcr en ces ,,-e r e n ot Yen­
large, h oweYer , except fo r t he corn in 1919 and the oats in 1920 ,dii t h \\'e/ ,., 

' l'AHL]~ X \ T. F IELD E X P ERLl\JEN'J' , MARSHALL SII/1.' LOAl\I, i\10N'l1G0111.ER Y 
COCK'J'Y, YILLISCA TIELD 

'rreailllC'llf 

C 

ii; 
lChrck __________ ____ ____ _ _ 
2 l\l anurc ____________ ___ ___ _ 
;J i\Lmmre+li 1111.: ~to11 e 
4 l\fa nun•+ I im e~to1w + ror· k 

ph o~ plia tc __ ___________ _ 
u :-lam1n'+ limc,; tone + 

~ll J) ('rJ)hO~]) il a t e 
(i ..\J nnure + li rne;;ton c+ c·orn ­

plete tomrn en·i11 l fcorti -
lizrr ___________________ _ 

7 Chcc· k ____________ _______ _ 
8 Crop r e~ iclm•,- ____ __ _____ _ 
!) C rop rc~idUL':' + l i11 1t• ,.: ton e_ 

10 C rop r r:-ich1 t•,; + l inli'~to11 c 
+ rnl'k pho,JJ l111h• ______ _ 

J l Crov re~iduC's+ I i 111 p~to11e 
+ ,-uper pho~plrn t e 

1:2 Cro p r c•.<idu cs + l irn c~ to11e 
+ 1·0111pl c t r (' 0 lll117 l' J' ('i 111 
fr r ti l izer _______ ___ __ __ _ 

n Clwc·k __ _ _ 

1. \ ~PT.'< poor ~l and of c-!ovt•J'. 
2. Very uneven stnncl of corn. 

:::. 
1.0 
1.:2 
1.3 

J.5 

J.-.1 

J.G 
Ui 
l.3 
]. (i 

l.7 

Ui 

1.5 
1.5 

4.9 .'l 
51.0 
50.3 

52.0 

-J.9 .0 

48.7 
52.0 
-19.3 
-18.7 

-1 S.3 

51.7 
55 7 

c :::, 
c,.n 
C, 
rl 

,rn.2 
5:Z.l 
52 .7 

5J.7 

7'2 .7 

58.l 
-rn.3 
47.!J 
51.3 

52 .-! 

5!J7 

G2.8 
51.4 

3. Crop f ailu r e on account o f a<.hcrsc ,\·eal111_•r con di t ion :-- . 
i!. P oo r oats on ncrount of d l' Ot1 th . 
5. Fi e ld <li sro ntinued, farm changed h nn ds . 

0. 73 
0.88 
0.!J!J 

1.1 :2 

0.80 

l.04 
0.93 
0.91 
0.98 

O.GI 

0.83 

0.91 
0.70 

61.1 
7:3.9 
76.6 

Sil 

EU.3 

S2.4 
63.3 
63.3 
(i5.7 

GG.8 

73.1 
64 .9 

37.7 
:is. 
43 .2 

4-u I 

45.3 

45.8 
:18.0 
07.9 
3!1.1 

,I J.9 

,12 .:1 

43.J 
36.G 

C 

15.0 
15.G 
16.3 

18.2 

17.G 

18.1 
14.3 
l G.5 
13.4 

1-1.3 

125 

16.0 
14.3 
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considerably inf1uenced by the supe1·phosphate while the rock plw~ph ate had 
litt le effect. In 1922 and 1923 the superphosphate was slightly bcttc t· tli ,~ n 
the rock, but the differences wer e small in both cases. Neither mater ial luH1 any 
effect in 1925. 'l'he complete commer cial fe r tilizer with t he lim e and crop 
r esidues had a some" ·hat greater effect than the su perphosphate ill t li r l'C or 
four cases. rl'he differences were not large except 0 11 the corn in l !) :2:2 . l t ,ms 
more effective than the supcrphosphate on the oats in 19:20 nn cl in l!J:2:3 Lut 
showed less effect than the phc spha te on the clover in 1 ()18 ,m c1 on the corn 
in 1919. 

The results secured on this field are very similar to those obtained on the 
two fields previously discussed and apparently the needs of t lte l\Iar ::;lwll silt 
loam are much the same thruout the ar eas in whi cl1 it occu rs. Liberal a11plica­
tions of farm manure should be made to this type, and Lime 8hould hr a pplied 
when the soil is acid, to provide for the best growth of legumes. Snpcrphos­
phate should be tested on small areas on ind ividual farms to determine the 
economic value of the addition. Complete commer cial fert ilizers are not r ecom­
mended for gener al use a t the prese11 l time as the snp cr pl1osplrnte Necms as effc> c­
tive and is much less cxpcnsiYc. 

THE CLARINDA FIEL D 

The results secured on the ·w aukesha silt loam on the Clarincla F ield Se ries 
100 in Page County are given in t able XVI. l\1anure definitely in creased crop 
yields in most cases on this fi eld, the largest effects being shown on the cloYcr 
in 1917 and on t he com in 1922, 1923 and 1927. In one or two cases n o in­
cr eases in yields were secured. Lime applied \\·ith the manure benefit ed prac­
tically all of the crops. 'l'h e clover in 1917 and in 192i:i ,ms bcnefilcc1 very 
materially, and considerable incr eases " ·er e also noted in the oa ts and corn in 
~ome seasons. A great in cr ease was secured on the oats in 1916, 1920 mid l!l :2 -J . 
and the effect was particularly large on the oa ts in HJ:Z8. 

rrhe rock phosphate or superphosphate applied wi th the manm·p aml Jime 
proved of particularly large value on the clover in 1917. L ar ge in crcasrs wer e 
also noted on the corn in 1919 and 1923. I n some seasons, however , 011ly smnll 
increases wer e secured and in several cases no illl·rcascs a t all were ol>tai nccl. 
The complete commercial fertilizer had a gr ea ter effect t han the sn prTpho;;­
phate on the crops grown in sever al seasons. The difference was par t ic1tl ad y 
evident on the oats in 1920 and in 192-lc and on the same cr op in 1928. [n 
most instances, however, the superphosphate was j nst ns effective or eYen mol'e 
effective than the complete fertili.zer. 

The crop residues show ed li t tle effec t on the various crops, ex:cep t on th e 
oats in 1920 and 1924, and on the corn in J9 :Z7. Lime in acl<lition t o the 
residues proved of value on prac ti cnlly all of t he crops. Yl' l' ,I" large incr ease:; 
were noted on the clov er in 1917, and on the corn in 1 !l :2 :Z ,1 ucl ] !J:Z7 ; ancl 
increases w ere found also in many other cases . 'rho r od:: plios pl1atc or su11c r­
phosphate used with ihc lime and cr op r esidue~ i 11 cren se cl 1h c t:l'0p .1·iel lls ill 
many cases. A large beneficial effect was 11 ot eL1 from both nrntc1·i als on the 
clover in 1917, on the onts in ] 9]6, 19:24 and ]928, and on 111 0 c·m· 11 in 1919, 
1922, 1923 and J 9~7. In most cases t Jw supn pl1os phate sl]()wr <1 u p rn nch 
better than the r ock phospbaJe, pm·ti <·lll ,1rl .1 · 011 tl1 r <rn1s i 11 l <) l(i , on the 
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'J'A Bl ,E X \ T. F rnU ) EX PERll\IENT, WAUirnSHA SIL'l' LOAM, PAGE COUN'l'Y . 
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C LA RTNDA :FIELD, SERI.ES 100 

F ..,_ 

Tre;1t ment 

~~ 8 ,:., . ~ . :=< Vi ~ f::: ~ ~~ 2<i 7< e-.: e<i oo ~ ~~ A-< e-<l ~ ~ 
Q i.., « :-.. .,S ~ ~ :.. ~ :,.. d :.. c· ;,.. O :.. 0 :... ~ :.. .£ 8 8 :... O :... ~ :... 

Cll cck 

0 3. 0 3. 1 Q ~ , ~ ~ , u g O g u; ~ 0 ~ 0 t O 8. 0 p,. 0 ~ 0 3. 0 25. 
~ -i ~...;~., _---; S_· o ,--, c,1 . o -,tj-( I Lr:, 00 (-0--: t- oo. ,---, .-, r. ..., r-i ~~;:: 1,--, - C\l:::! C\l::j c,1 ;:: C-:J:j C'l -i C\lg C,.J::j C\l::j C\l :::! 

;-----;--- --- --~~=-c~~l~~~-~-,---'.-~~~2c-'---8- ~----'--,~~~~~ ~ ~ c.~ ~~ ~~ , ~ ~ ~ ~~~OP ~ ~ 
5L 2 61.1 1.19 - - - - ~5·!1 ?_l.OI ~3._.51 , 9.4 ~5.~ ?5.6 1.45[ 41.o i?-~ ~1.2 
49.9 51.4 1.36.-- -- oS.1 il2 .3 liJ. ,l 87.4 13.1 i13 .4 1.48 42.6 03.1 o2. 3 

-- -
l\Ianurc 
Mm1un' + 1 imc,-tonc 
l\ f a nurc+ limcston c+ 

rod: J.J ho~pliatc ____ _ 
)fam1rc+ l im c;;: ton c+ 

supcrpli o,q)ha te 
Ma mn ·<'+ I inw s ton~+-

C' Olll])lC tP C' Ollllll('l'-
cin l fe r ti I izcr ___ __ _ 

Check 
Crop rc;;:i clu cs 
Crop rcsi clncs+ li111-c---

stone 
Crop rcsi clucs+ l imc-

ston c+ rock nhos-
phat c 

Crop rcsiclucs+limc---
stonc+ :'upcrphos-
phat c --

Ctop resi clucs+ Iim e-
ston c+ cornplct c 
eornmcrcial fer-
tili zcr ______ ____ __ __ 

Check __ - - -----

50.6 63 .3 1.56 -- - - 6:1.G I G 1. 8 25 2 S9.6 73.6 61.3 1.53 42.5 55 .1 74.9 

48.2 50.0: 2 89 - - -- 6fU G3.(i 21.2 87.) 82.J 53 _7! J.Al l 44.-J 53 2 77. l 

5' .8 " 2(' o
1 

__ _ - ;o , co. '(' sd 78 o 56.7 1.31 4 1.0 " ·' " ·' 

-19. 7 50.0 2.55 -- - - 51) 7 73.5 2:1.3 90.8 76. 7 66.0 1.41 42 .6 53.9 84.0 
48.0 47.7 11.36 - - -- 5G.3 4 U, 2-1.0 82.4 6H 46.5 1.50 40.9 31.5 61.2 
45.2 41.11.50 ___ _ 

1

56.5 55. 7 2s .o n.8 53.8161.4 1.14 41,4 46.4 63.5 

5l r'·3 2 2l - - - - "ts; 25 S 81.2 48y 9.0 1.81 43. 7 52.3 65.9 

51y7.7 2.71 ____ I "T'T'·' 85 2 54.5 52.7 1.os i42y 12 70.4 

53.4 54.4 2.SL , t 9 r 0.4 24.8 87.5 57.2 54.1 1.71( 5 54.7 68.1 

?0.31 47.7 2.72 -- - - 65.3 G2.-1 24.8 90.6 70.1 58.8 1.50' 41.6 50.9 77.1 
iJ0 ,5 ,J7.7 1.36 - - -- 57.2 42.5 22.5 88.7 71.8 43.9 1.49 41.3 45.5 72.6 

1. Hot win ds seriou s ly d ,1mngrd corn crop. 

clonr in 1917 and on the corn in 1~123. In other cases the eff ec ts of the two 
materials wer e qn ite similar. 

. Th e r esults secured in this fi eld exp eriment indica te the value of applica­
tion s of far m manur e, lime and a phospha te fertili zer to the ·waukesha silt 
l~am. 'l:hc appli cation of rn annrc is of value and large increases in crop 
~-1elcls will r esult from its use. Lime should be applied with the manure if 
~he so il is aci cl and consider able gains in yields of legume crops will fo llow 
its application . ·w hen a11plicd with manure ancl lime, superphosphate seemed 
somewha t super ior to r ock phosphate in many sensons, but in most instances 
the differ en ces were ::; mall. Either of the two phosphates will prove of value 
on this soil type under the livestock system of farming. Under the grain 
sys tem of farmin g th eir use is as desirable as on the livestock farm and h er e 

' t he use of the superphospha te seems somewhat preferab le. 

rrlie r esults secured on the "\Vaukesha silt loam on the Clarinda Field, Series 
200, ar e given in table XVII. The ben efi cial effects of manure are aaain 

• b 

evidenced on this soil type in practically all seasons and ver y large incr eases 
wer e secured wi th th e corn in 1920, in 1923 and in 1927. rrhe oats showed 
a large increase in 1925 . In one or two cases no incr eases wer e secured with 
manure. which was un c1oub teclly cl u e t o some abnormal conditions in con­
nection with th e cr op gr owth on tlle manure-treat ed plots. The addit ion of 
lime with the manur e gave in cr eases in practically all seasons especially on 
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'J'ABLE XYH. Fl 1,:J.D .E.\PERL\[K;\'l', \'AUl\.l~RHA RTl.'J' LOA~l. I'AC•m COl'NTY, 
('L.\ RI.:\'DA J<' ri':LD. 8EH.rm.; :200 

~ :::--: I I i E 1f ~. ~ E 
'J're;1(1lll1 llt 

0 
z 

H1 fi1 !!1 H ill!!: H i_::_Hl1 !!i iJ 
-1--'-c=-1:--1 e- e-::-k-· -_-__ - _-_-_-__ -_-_-_ -__ -_-_-__ -_-_~7~3-:_ 1~ 8:;-;3~(:;-l --:-l.~Sc.-,3:Z.:2 5-1 3 -El. 2 _ _ _ _ i U. U :3 U 3,3 :2 1.8 7 -Ill. !l G:2 8 

2 ;\lanurc ____ __ ______ __ __ _ 77.1 8:3.01 1.4 3li.O li-1.-1 3:2 .G ____ 70.3 -11.8 -lfi .(i 0.S!i !ill.I (i:2 .::l 
0 Mnnurc+ Ji mcston1• _____ 78.:2 88 .ll I :2 37 :3 G5 (I (ill.tl l ___ _ ~:2.-1 1-1.7 -18.3 1. :2 ' (i:1 !l -3!.J.1' 
4 l\Ianurc+ li mc!:-to 11 c+ I I I 

r ock pliospllate ____ __ _ 7~.9 91.1 l. u G
0

0. !_l (i .. j !J -15.8 ____ ~7 . .4,l 3!.l 4 -17, 2 I fil fi0 .3 G7 7 
5 l\fa11urc+ l i11ie,-;tonc+ _ I . 1 

:-upcrpho~plrn tc _______ 75.9 HH(i l 0 b-LJ GO !J -111.:2 ____ SG.h -!fl.II <J/'1 .8 I .no (i:2 u

1 

(iJ .:\ 
G 

7 
8 
9 

JO 

Jl 

12 

13 

;\[n nure+ Jirnf'~ton1• + 
com pl ete corn rn (• r c i11l 
fcrtil izcr ____ ______ __ __ 80.2 !l8.0 J.7 fil.5 (i:2 .:2 5:2.0 ____ 8:J.l :2K.l 517 <Ul3 31U fi:l.G 

Chcrk __________ __ __ ___ __ 7(i .7 7-1.8 :23 35 .(.1 5-1.8 4:3.4 __ __ 79. :2 :2-1.-1 37.9 Lil -1:2. 113(.i f'. 
Crop r esidu es ____ _______ 78.!J 7:J .O 2.0 3-UI 38.i:' -15 6(- --- H S :2-1 .J 39.7 l.53 4D .7 5S.I 
Crop r es iducs+ limcstonc 77.3 . 77.8 1.8_' r_i.:i.-_, Gil .II ._'-+.8

1 

_ _ __ 1-i!l.li l •_·:L .i :J!l.(.; 1.:_31 (.i .. 1.:2, (iJ.:; 
Cro p r e,- idncs+ l irncs tone f I . 

+ rock phosphnte ______ 73.8[ 101.0I l.1 1:2 .1 G2.l ;i1 .!J ___ _ 10.:2 2h.2 -10.l l .oO b2.t-: G-Ul 
Crop r cs iducs+l imestonc I 1 

+ superpho~plrntc _____ 7G.6 100.3 1.7 7:2 .8 GI.I 52.-1 __ __ G3.G :.W.6 -1,3.:2 1.3:\ 57. 1 (iQ .!l 

Cl'OP rc si clues + lime~tonc I I I I 
+complete commerc ial 
ferti l izer __ __ __ __ ____ __ 7,1. 01 !J l.6 IA 70.8 ,J:3.7 3-1.1 ____ (i'.J.G :23 .-1 -JG. I 1.::fl :l7.fi 57.R 

Cherk _____ __ ___________ _ 7 1. 6 68.11 U 5S.G -1-1.8 48.-1 ____ G2.8 20 .G '.3 fi_.:3_1.11._ ::n. I _5_0_.2 

1. Plots ,·tll'icd in nmount of gn1,,·1h du e to 111oi :-; turc condi tions. 
2. ]?oor d1:ainago on plot s J2 and 1:L 
3. Sland fail ed du e to dry weather. 
4. Unryen s tand due to lnr~c nmo1111t of weeds on i;. ome i,lot ~. 
5. Poor stand on plots 1, 7, 8 , 12 :ind 1 :; dut• to poor dr:1inngc. 
G. Unabl o to h:u,·L•~t uniform s hrnd due to th e foding of thr <·orn. 

the clover in ]!1:26 . on the oats in J!l17 ,1nr11CJ:?1 . Snrnl l g,1 111 s " ·r rc srcm·e tl 
on pr:i ct icall y all of' t hr corn cr ops. 

Rock phosphate or superphosplra te us uall .r i11ueased nop :·iclds. par­
ticulnd,\· the clon r in 1918, and l!J:!G , t he oats in HJJ7. all(! the corn in rnrn, 
l!J2:3 mid 19:28. ln se\'C rnl in stances the sup erpltos phat c pro\'Ccl s uper ior lo 
the ro ck phosphate especially 011 th e oats in 1rn7_ Iu olhrr i11 s tancrs t he 
ro ck pl1osphal e g,n c s lightly larger yielcl s tl1i1n Hrosc bro11ght nb ou t hr the 
superphospha tc. 

The additio11 of the complete commercial fertilizer lJl'ough t about ero11 
iHcr cases simi lar to those occasioned by the use of the phos phates . 'l'hcrc 
does not seem to be any pronoun ced sup eriority fol' th e co mplete comrncrcial 
fert ilizer onr the phosphates. 

'l'h c crop r esidues in creased crop yields to a limi ted exte nt in se\'l'l'il l 
seasons. The diffcrc11 ces, h o,\·cyer, 11·cr e small in e\·er~- c-asc. IJimrstone 
appli ed 11·ith tl1 e cr op resicl nes brought about increases in sen ral c::iscs. Th e 
co rn in 1019, 19:2-1: an d ] 9:27 sho,\·ecl ven· large increases from tltc nclc1ilion 
of the lime. Onts wer e incrcnsec1 al so in seYeral seasons. 

Rock phosphat e or suprrphosphate a11pli ccl with the crop r esidues anc1 
limes tone greatl:· increased crop yields in most seasons. 'l'h r ln l'g'es t ben­
eficial eff ects wer e shown on the oats in 19]7 altho considerable gains \\·rr c 

1 
J 
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not ed for tl1is :;;mne crn p in 19:21 and ] 9:2:'i. Th e corn sholl' cd pronounced 
bcnf' fit s i11 191D and i11 10:!8. but in ge11 cral. the in creases in this erop \\'Pre 
not large. Th ere see 111 s no possib le (:hoie c betwee n these t\\'O phos phates 
rn1cl cr till' gn1i11 \\·s1 em of farming as th e i1H: rcascs in ,\·ielcls \1·rrc \'(TY s imilar 
fr orn the use of the t\\'O 111a1 erial s. 'l'h c addi1io11 of a ro mpl cte co m1n cr cial 
fe rtili ze r gayc crop yields \\·hich in most cases wer e much the same or 
s li g·h l I,\· lo11·c1· than those IJrongh t about b_\· the snpcrphosphntc. Cerh1in ly 
there is no e\·iclenee from t li r ch1ta to sl1 011· 1111_\- supn iori ty for tl1 e com plet e 
cornm crcial fe rtili zrr O\·cr t he ph o,.ph ates. 

Th e rrsults as a \\'hole c·o 11ti1·m cldinitcl,\· tliosr sec ured on Sr ril',; 100 011 
thi s same :fielcl. Tl1e,\· i11c1 ieilte lh<' rnluc of appli('ations or farm nrn11u rl' to 
t lti s soil. Th C'_\. shO\\' t he clrsirability of applyi11g lime. es pec ial!:· if l eg um es 
a 1·c to h<' gr O\\·n, all(! thal t hC' aclclitio n of a phosphate fert iliz('I' may be 
profi la hle , at lrast i11 so m<· sP,1so11s. Tests of r ock phosphate and sup er­
phosplrntc are strongly 1·eeomrn e1H1C'd. 

THE NEEDS OF FREMONT COUNTY SOILS AS INDICATED BY 

LABORATORY, GREENHOUSE AND FIELD TESTS 

Th r lah ornlor,\·, greenhouse and field experiment s di sc ussed in IH' eY ions 
pc1 ges h,1 \' C gi\·e11 so mr p:C' ncni l indi cat ions J'('gal'<1ing the neecl s of t ll(' soi ls 
ol' l<' rcmont Con11I,\·. ·whilr the fi eld test:-; \1·hi c l1 l1a vc· IJ er n described haY e 
been carri ccl ont i11 other co uuti cs , the so il t.\·1ws a re th e same mid hell ce the 
n'snlts ma~- hr C'O ns icl r rccl to inclicatc fai1·l _\· dcfii1itcly the effects whi ch 
ma:· be C'xpectr<l frnrn llir sa me fe l'tili zf'r tre<1t1n ents on th e so ils of this 
c:o un t,\-. 

'\VJ1il c it is 1101 pos:-;ihle lo gi\·c sp rc- ifi l' r ec·o111rn cnclatio11s for t he lrealment 
of all t he so ils, so lll r p:C'nrni l reromrn encl,1tions nrn _v bf' ma ck for thr lrnnclling 
of' the Janel of lite eo unty m; a \rlJOlr. Ko sugg;t' sti ons /lre of'Ce rcd cxcr pt !hose 
\\·hic lt ha\'\' hr r n p1·0\·r1l to lJ<' of n1luc h.v co m,iclcrable pra ctical experien ce . 
A nr of the 1·ccommrnclatio11s macl p l1 erP 111<1,\· he pnt int o opcn1tion on an_\­

fa rm. 

In a 11nmber of iu sfo nces it is s uggested that lrsts br ca rri ed out und er 
indi\·iclual farm conditions. 8 nch test·s arc particula 1·l,\· c1esirab le to clc­
tcnnine t l1 c :firlc1 value of phospl1ate fertilize r s ai1cl co mplet e comm ercial 
fert iliz er s. It should be understood that sueh tf'sts ma~- be c: ,nTi e<l out easil _,· 
on anr farm. Directions \\'hic:h may be fo JI O\\'l'd. in conclucli11g s imp le ex­
periments alo11 g tl1ese lines m.·c gi \· en in Circulnr 07 of the Io\,·a Agricultural 
Exprrirncnt Stat ion. l\Ia n~· farmers arc testi ng- the Yalu e of fcrti li z i11 g ma­
terials 011 !heir O\l'll so ils arnl H IT sc1·m·i11g dat,1 \1·hil'h a1 ·1· not on!~, of con­
s icl l'n1hl <' ndnr to thl' lllSl'l \'es hu t a1·1• also us<'fn l to ot hc0 rs \\'ho haYc t he sam e 
soil t)·pes on thri1· farms. The Soils Section of th e Towa .Ag ricultural Ex­
perim en t Stntion \\·i ll aid and achise any fa rm ers 1\·ho ma r be in ter ested in 
rmT_\·ing out ferti li zer tests 011 their o,n1 soi ls. 

Manuring 

A number of thr. :;;oil trprs in Frernon t Co unty arc rather poorly suppliccl 
"·i th or ganic matter as is ind icated !Jy their li ght color. On these soils th e 
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need of orgmu c matt er is e1·ident a t t h e p r esen t t im e, if cr op y ield s arc to 
b e mos t satisfa ct ory. In a few cases t h e soils _ are Yery w ell supplied and 
addition s are not irnrn ccli n tcly n ecessary. In the case of all t h e soil s , h oweve r. 
.f:cr t ilizing mater ials SU])pl y ing organic matter mu st b e applied r egularly if 
t h e content is to b e k ept up and the l an d is to continue sa ti sfact oril y pro­
d nctive . On the l igh t -col or ed, coa r se-t cxturecl typ es addi t ion s of or ga11ic 
matter in l ib era l am ounts arc n ecessar y no\\·. 

On the Shelby l oa m OH the drift u p land a n d on th e Kn ox silt l oa m on t h e 
l oessial upland, the n eed fo r orga n ic m a tter is cYidcn ced b.,· the li gh t color 
of t h e so il. On th e let-rn cc's th e Hm1cock t)· pcs nrc a ll li ght in colo r a n cl 
san ely in tcxl m·c and h c n vc nr e 1011· in or g·a n ic ma tt er . On t h e bott oms t he 
Ca ss and Snrp)· soi ls m·c m ore np t to be defic ien t i n or ga nic m a t t er ow in g 
to t h eir sancl )· s ubsoi l c•o 11 cl itio ns. 011 all these 1y p es th e appli ca1i on of f'arm 
m a Hm·c is Yer ,,· d c:; ir,1b lc to iucr cnse t he s uppl ,v of or gani c matter . l Jnrgc 
c rop in cr e,i ses ,rill fo ll ow it s u se. Jt s effec t s w ill a lso b e ben efici,il h oweYer , 
on n1cm>· of t h e oth er t,qws i11 t h e count.,·. Tl1m; tlit• Marshall silt l oam is 
ben efi t ed m a t eriall~· b)- np p l icn ti o11 s of fa rrn 111 amn·c. 'J'llE' Judson and "\V ,rn­
k esh a s oils on t h e tel'l'accs a r c also m acle rn o rc· prod ud iY e by the n se of t h i · 
mat er ial. E YCn on th e h eaYicr bl ac k so ils . lik e t he Bl'em er , Wab ash and 
La moure types, sma ll ap pli cation ,.; of fa rm man u1·e a rc of Yalue .in stimulatin g 
t h e r>rorlnd io11 of aYa ilabl c pl;1 n t foo d. On t h ese latter 1ypes large appli­
c,1t io11 s of manu l' e shou l cl nn t h e rnacl e ,1 1Hl cs pec iall r Hof' p rcceclin g th e g rain 
cr op of t hr rot,1ti o11 ,is t l1 c· 1· c· is cl a nger of c;11 1siu g t h e crop t o loclg-e. On 
tl1 c li gl1 l-l' ol n r ec1 sn 111l _l' t .1 ·1H' .~. h n11·c vr i-. lib cni l ncl clitinn s of farm manrn ·r arc 
n·eo 111m e 11cl1'tl . 'l' h<' orcl i1H1r., · c1 ppli ca tim1 o f rnn1111r <' con sis ts of 8 to JO t·o 11 s 
1w 1· ac-n· on ce in a l'nu r-.1·c•;1 1· rotat ion . Jt is no t nl 1n1~·s p oss ible lo a ppl y tl1 is 
;1111ou11 1 of 111 a 11111·e to ;1 11 1h r l,1ll rl rm t l1 r fa rm , hu1 ll'li c reYer s nffi c.ie ut ma11 11rc 
is p rn<l1 l<'c ·cl. ;i f· l r ,1 s t ~ 10 11s s l1 0 11l <l he ;1 ppli Pd Olli· <' i11 r , ·e r,1· + )·cai·s . 

0 11 111,1 11.,· li n •,-tock l' ,11 ·111 s t l11· n · is n ot .~uffic it ·11t 111,.11111rc produ ced to s 11pp l,1· 
th e 11rccls of ,il l 11H· soils . ;11 11 ! i 11 suc h 1• ;1 ,-;es g- 1· cc·11 ll lil 11 11ring is a YC'l',I" <l es ir,1'11 <· 
pr,ld!C'!'. 011 g-rn i11 i'n r11 1s gTt' (' ll lllill ll ll'illg is ll('(' ('SS ill',\" to rnai11tain th e suppl _,. 
oE o r g·, 1nic nrn t tPr in th r J;1rn l. ·\r hcH lc g nm es nrc' 11scd f or gl.'een nrn111ires . 
i t is po ssih le to nrni11tni 11 l l1e nitrog·c·n co 11 te 11 t o f 1h e so il a s w ell as the 
o rg·n11i e n rntter t·o11l e 11t . Tl e11 c:r . i1 is m os t rl es ira hle tlrn t lrgnrn cs be Cll1 -
pl o,1·ccl fo r 1 h is p 11r pn ,-; c• 11·h 1' 1·e1·n p ossi h l1·. 0 11 1 lw light -col or ecl. r oa r sc· ­
l extu reLl ty p1·s ill F rvm o 11 1 ( 'o t111 f,1·. gTer 11 nwnu 1·in g 11·011l cl h r of padi l' 11lnr l_1· 
la r g e ya]ne. Tl1 t• ,L1rs lrn ll s ilt l o,1111 11·01il rl 11l so r esp o]l(l , h o11·c YPI' , t o th e 

t r ratm('llt. J,;1rge 1•lfr t·t s 11·onltl uncl oubtccH.1· b e e1·icleneccl o n t he Nl1clh _1· 
an d Kll ox soi ls mid 011 111 ,111,1· of th e b otto rnl al](l t y pes. Precant ion s sl1 o t1l cl 
a lways b e 1al«·11 i11 gT CL' ll ma nurin g , h o,r e ,·er , as rn1desirabl c r es ul ts 111il ,I' 

occn~· if th r eondi t ions i.n tlw soil clo n ot p ermi t of t h e prop er d ecomposi t ion 
of t h e green m a l crinl. 

'I'he thoro utili zat ion of all crop r esidues on th e farm 11·ill aid rn a t eri a ll,1· 
in ma intnining 1"11e s upply of organic m at t er in t h e lnnd. These r cs iclll cs 
should n cYer he hurn ccl or other wise destroyed as t h eir value is l ar ge fro m 
th e ferti lity stm1clpoi 11 t. On ]i Ycstock fa rms th e r esidues m ay be u sed fo r 
f eed or h ecldi11g- nnrl r et urned t o th e lan d with t h e rn anu.re. On t h e g rain 
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far m r esid ues may b e applied clireetly lo tM soil or sl orccl aml perm i tted 
t o d ecompose partially b efor e application . 

'l'he b en efi cial effec ts of m anure on som e of t h e i 11 1por taut soil t yp es iu 
this county haY e b een iudicatccl in t h e exp eriments di scu ssed ea rl ier in t h is 
repor t. Th e experi en ces of m any fa rmer s bear o ut t h e r c~ult ::; secured in 
thi s connecti on . 'l' lter e is a l!:io co11 sider able eYid cnce i11 the p r actical ex-

. 'l 'hc per icnce of farmer s of t h e Yaluc of l egummou s cr ops as g r een manur es . 
so il s of t his county ma y in g ener a l b e made mor e fe r tile by the prope r u se 
of farm manure, legumin ou s g r een m a n ures and cr op r es id u es. 

The Use of Commercial Fertilizers 

Th e s oils of F rem ont Uo unty nr e gen er ally low in phosp h or u s ancl ap ­
p l ica tions of a f ertili zing material supplyin g t hi s el em en t arc n eed ed . Th e 
bottomla nd soils arc som c1rha t r ich er in phosph orus th an i h e uplaml ty p es, 
but even th ese s oils h a ve no lar ge supply of p h osphoni s . l ' ml oub t ed ly all 
the soils in t h e coun ty will n eed a pplications of p l1 osphorus fer tilizer s i11 i h e 
n ear f uture, even if th ey a r e n ot of Yalue at t h e presen t ti me. It seem s 
p r obable, h ow eYer, fr om t he lab or a tory , greenhou:;c a nd fiel d exp eriment:; 
which h ave b een carri ed out, t hat a phosp h orus fe rtilizer migh t b e employed 
p r ofitably on m a n y of t li c soi ls at t h e presen t time. 

Phosphorus may b e supplied t o t h e l and in the fo r m of r ock p h osphate or 
s upcrphosph a t e . 'I'hc latter supplies t h e el em ent phosph or us in a fo rm 
av a i la ble for pl an t u se , but in ro ck phosplia t e it is onl y slo,Yl y m ade 
available in the soil. Th e s upe r p h ospll a t e is ,ippliecl a m rnall y at t h e rate 
of 150 to 200 pounds p r r acr e, w hi le t h e rock p h osphate is app lied a t th e 
r ate of 1,000 to 2,000 p ounds per acr e on ce in a four -year r ot,i ti on . 'I'h e 
sup er p h osphat e is m or e ex p cns i1·e bu t may g iYe qu ic k er r e turns and b ecause of 
t h is fact and the sm all er ap plica t ions may p nwe m ore eco nomical. 

In th e t es t s which h a 1·e b een r ep or t ecl, b oth r ock phosphate and super ­
phosphate ha Ye b een employed , in some cases on e nw ter ial pro Yin g· sup erior 
while in other instances t h e oth er m a t erial seem ed p r eferab le. D efiu ite con ­
clusions r egarding· the r elativ e value of the t11·0 pltosplta1 es cann ot be g iv en 

a t the present time inas mu ch as the r esults will vary ,l' id ely under diffe r en t 
soil and farmillg condi tion s. On ligh t- co lor ed san el y so ils i n wl1i ch t h e 
or ganic m at ter supply is low, sn p er p h osph a! r , l'i ll n n(l on ht edly prove pref­

erable, but on the r ich r r , cl a rk col or ecl , types roek pli osvh ate rnay be as 
satisfactor y. On su ch soi ls farm er ,; a r e urge d to t est both ma t erials u nd er 
t h eir p a rti cula r conditi ons and t h er e by d et er m in e the phosphor us n eccl s of' 
the ir soils, a n cl al so w l1 ich phosphoru s carri er may be ,1p11li ed with g 1·r a1 ('J' 

profit. 

S om e of the s oi l t y p e:; in l◄' r e mo ll t Co uuly arc no t w ell supplied w ith 
nitrogen , and aclditiom; o f' fri-t:ili i ing m ater ials s u ppl ,viu g thi s el em ~nt an· 
n ecessary for the b es t cl' op g r o1Y1h at t h e pre ;;e11 t t im e. On all t h e s oil types 
in the count y n itrogen must be con sicl e recl when systt' rn s of p cn mrn cn t fer­
tility ar e planned . 'l'her c is a constant loss of the clem ent from t h e so il b y 
cr opping and by leach in g, and som e means must b e t aken t? k eep u p t h e 
supply or it will qu ic·kl~· h <·co m r• cl efi e ic111". R vr11 on 1 hose ,<; o il t ::pes 111 t li<' 
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co unt.,· , the1·l'fon·, 11·ltic h ,u e hdtcr s uppli ed \\'iilt 11itrop:cn at t he presc11( time. 
aclditio1ts of so rnr fpri ili z i11 g m11teri,1 ls s uppl ying nitrog<' n ll' ill lw 1J C'<·css,1r_1· 
in th e \'Cry n cal' f11lure if il1l'_1· ,i re 11 ot neC'<kd 11 011·. ' l' l1c li g-ht-en lorcd 11pl 1111d 
so il s and th e sa 11 cl.1· i l· 1T11cc 11ncl botiomland typ<'s a re pari ie11b1 rly i11 ne('(l 
of nitroge11 011s frrii li zen ; no11·. 'l'h e S helb .1· l011 111 ,rn d ihe K11 0:-;- si li loa m 
on the upl ands ,rill r es pond io 11i t rogc 11 -eo11h1 i11i11g frl'! ili z<· 1· .~. s 11 c ll ::is f' 11 r111 
manure and legumi nous g-n·<• 11 111a11u1·<•s. '!'li e lra 11<:oek soi ls on iltc h· 1-ra <·<·s 
ancl thl' Ca ss a nd Sarp_,. 1_,·p<'s 011 t he 1J ot to111land s \\'i ll illso h e• i111 pro1·<•cl IJ.1· 
add iti ons of these frr!ili zl· 1·s. l'rop yi<•lcls rna .,· l>e i1H·n •as<·d co ns ich-nibl .1· on 
the l\Larsha ll si lt loa 1n , 011 th e .Jud sou nncl 1\',1ukcsl1a si li loa ms 11ml 011 so 1n r 
of 1he hcaYil' L' t.'·1ws like th e Bremer. ·w abash, and !@no un· soil s. 

'l'h e prop er Jll' l'Sl'l'l'il ii o11 mid n· t nl'II 1o t ht• l11nd of a l l 1!1r f'ill'lll 111a11urc 
produced ,rill ai il 111ai c ria ll ,1· in rnai11 (ai11i11 g th e s upply o[ rnl 1· og-en i11 t il e 
so il. 'l'he 11r opcr uiili zat io11 of all crop residues \\'ill also keep np t l1 e supp l_,· 
of nitrogen . Th ese rnl11aiJi<' nal11 n 1I l'l'dilizi11g 111,1tnials ;., hnnl d a l11·<1_1·.~ h<· 
thol'ol,1· ut i li zed and r eiurn cd lo l]H' la 11c l. 

Th e use of legumin ous cr ops as P,T <'<' ll m ,rn urcs is t he ehrapcs i mHl IJl•. ·t 
rn e,111s of b11ilcling np tl1 e 11itl'ogcn <:m ti ent o l' th e so il. '\\'he 11 kgu11H•s ill'<' 
in oculatecl , a largl' IHl l' L of ilw nitro g<• n co11ia in cd in ti ll' cr o p is ta kl•11 1'1'0 111 
t h e ntmospltc•re. vVh e 11 t he n op is 1ul'n ecl 111Hl er as a g-r('en 111am11·c , thcl'c 
ma>·, tb er cfo l'e. be n la l' g<' 11cldition ol' nitl'ogen to th e lall(l. 0 11 ,ill the so il 
types in Fremont Co n11 t>· ll'hi ch ,11'<' li g ht in co lor an<l l01r iu 11i trog<' 11 . l ikc­
the Nh e lhy, Knox. Jran t:ock , Cass ,111 cl Sarp_,· so il s, t he w,e o l' l eg u111i11 ous 
green ma1rnrN; is Ycr.1· clcsirn iJI <·. 011 111rrn.,· of t he otlH·r soils in t h<' t·ou 11 1>· 
tl1 c pra cti ee of gr cc11 mm1m· ing nrn,1· be of lal' f!'<' n tlu e as a s nppl <' nH• 11 I to , 
or snbstitut r fo r , L1rm mmn1rc. 

P ol' ge nera l farm e1·o ps. co 111111 cr ci,il nilrogt• 11 01 1s frl'li li zel's ,n·<' prn lrnh l.1· 
m111 c<·cssai·.1· on the so ils of Fl'cmo11t ( 'onnty ilt 1 hl' prcst'11t ti111r' . l'11do uh t­
cJ l.1· tile 11i ( l' oge 11 suppl_,. of these so ils may he built up a 11 d rn ,1 i11 ta i11 cd 111 01-l' 
ee<rn omic,ill.1· ancl satisfactoril y IJ .,- th e u se· of ll'gn111i 11o us g·1· l'<' 11 111,111111·<·s i11 
addition to ih e proper appli n1(ion or l'arn1 m,111un' a 1Hl nop 1· t•,-id11Ps. i-,111,III 
,1 11 10 1Lnts of 11itrogc 11 ous l'el'tilizers rn,1,1· so111ci i11H•s li e· 11sc·d 11· it It Jll'Ofi t <1s io p 
<11'l'SSi 1q:rs fo l' s pe<: ial ('l'Ol)S lrn1 for (he ordil!ill' ,\' i'Hl'lll ('l' O[lS t heir II Sl' 1rill 
pro!1nb l.1· not pny . 

It seems 1·<'r ,1· 1mlikcl>· that potassi111n fe l' I ili zns wo uld Jll'O\'e ol' rn lu C' 011 
t he so ils o f' (his co unt.,·. irn1 s 111t1 (' h as nm1l.1·ses IH11·<• s lt o1r 11 a high eo ni ent of 
thi s eons tiiu r nt. '!'h e snppl,1· ot potassi um i11 t he so il is (•Prb1i1 il .,· ad cqu aie 
to lll<' Pt tl1 e needs of 11rn11,,· n ops. p1·0Yidl'd . of' c·oursr. i h,11 iii .· mad e a 1·,1il.1hle 
<; uffi c iC' ntl>· nipicll>·· Jf the so il is kl'pi in i lt t• lH•si ph,1·s i<: ,il en11ditio 11 and 
J)]'(lJl <' 1·l_1· l1,111 cllecl. ih e l'e shou lcl hr ,111 ;1cl<•rp1n1 c pl'odm·iio 11 o l' poh1ss ium to 
prol'i<k fo r saiis l'aetor.,· crop _1·ielcls. ('ornmc•rcial pota,-sium l'l'rii li zrl's ca n­
n ot he r cco 111rn ernl l'c l f' o1· ge nen1l usP a1 111<· pl'C's<• 1J1· ti rn c. l <'n 1·111 e1',; 11·ho nn 
intr r estecl nrn.1· test 1·h r nilne of c·rn11111<·1 ·c·i nl polas~it1111 l't· l'i ili ze1 ·s h .1· applyin g 
them io s ma ll a reas. E xte11s i\'l' appli('atio11s sho11ld 1101 I)(' 111;1clr. Jio,1·cycr , 
until such tests li ill' l' b ee n <·,ll'l'i ed 0 11 1 ,1ml 1 it (• c•eo 11omi C' n ilu r· of' th e t 1· ca t­
rnr11t d cfi11i1 l' l.1· sh o1n1. 

J11. ili e ex prrinwnts g- iYrn C',ll'ii<'l' i11 il1is r r po1·1. " <·om pl C'ir <·0 111111 erria l fe r-
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ti li zer \\'ilS used in <·onqrnl'ison 11·iih s uperph osphaie ,ind rock phos pl1.1 ir. In 
so me cases so 111 <·11·hai lal'g<•1· inneases 11·<·1·e see ttrccl l'l' o m ilH· <·ompl l·lr fer ­
tiliz er s, hul in n o e,1 s<• s 1rc rc th e1·e nu,1· largr <1ifh•n•11C·r·s in lh<' rl'su lis [rnm 
thr nsc of ihcs<• nrnkr inl s a11cl tl1c ,1pplieatio n of su pc• rph o;.;p lwtr. l'lt osph orn s 
is th e elem rnt rn osl Jih·h· lo h l' <ldi<:i r nt i11 th<'s<' soils , a11cl l1e 11 ,:r pl1ns phai <• 
frrii li z<·rs migl 1t !J r c•xpe~·h'cl to pro1·r morC' pl'ofit.11Jlc. ('0111pldl' eo1 111 11erri al 
f('l'hliz r 1·s are rn ore cxpC'11s i1·l' th,1 11 ih e ph ospl1 oru s <•il l'l'i1•1·s nncl i l1 1•y m11 si 
brin g aho 11 t rn11 l' h la r ge!' i11 c1·cases in c·1·o p _1·ields to proYe il'i r·<·o 11 0111i (·,il. 'l'h <• 
gpn cnil ,1ppliei1t io11 o[ co rnpl eil' fr 1·1 ili zl'l's io t he so ils of il1is eo u11 t,,· canno t 
be rceo mm pncl e(I a t this iime . .l ◄';ir111ers 11· ho ill' l' i11! r•n•st<•d ma.1· ll's i l he 
valu e o[ an>· co mpl ete br::incl in compa ri son ,1·i1l1 su pl'l' pli osph aie hut ih c.1· 
'i houlcl not 111ak<' ,111.1· ('Xl<' 11,-,i1·<· appli<·ntinn oJ' Li l'0111p lrl<' fc l' i il izer u11 ( il th e.1 · 
J1;11·c rn:i<k s uc h ii eo m1 Hll'is o11. if 1h c·_1· l'XP<'d io s<·<·11rc Ili c g rcafrs i p1·o(ii 
!' : o,!1 the (l'C•·•I 111r.11t. '!'h ere is no ohjcc·t ion to (hr ust• of' a ro 111pl etr f'ert il: zrr 
p roYi clec1 it pro1·cs m ore rff<·eti,·e anr1 rn on• profi 1,1hk tha n snp l' t' phos plrnt <· . 
I t is l' lli irr l.1· ,1 q11csi io11 oJ' C'<·o110 111ie ret ul'll s. 

Liming-

~\ 1mmiJr r o f' the so i l 1_,·pcs in J•'r cmm it Co uniy al'C Mid in 1·caet io 11 ancl i11 
-need of li111c. Th e Slwlh.1· loam 011 th<' cli-il'I upla11 cls . 111 c Jl;1rshaJI si lt loa 1n 
on ih e loe;.,s;a l 11ph1mls. tht• .Ju cls011 silt loa m. t he \\'n llk <•, lrn sili lo,1 m a 11 cl 
t he BL"c· 1m' r ::; ill )0;1111 0 11 ilte ternic<'s. mid th e \V,1 ba s h so ils on the hoitolll­
lancl s. are nll ;iticl H11d th<• a<·itl it>·· 11'11ile noi' lt ig-11 in ihP surr nt:<' so ils . cx(ernl 1-; 
ihruon t ilte 3 foot s('('( io11. 'l'he other soil t.1·1ws in the eou111.,· arp ll'C'i l s11p ­
pl iell 11·i1h Jiml' and so111 e s il o\\' ,1 \'l' l':· high co11i l' 11t o[ ino1·g,111ic cnr bon. 

F or the lwsi g l' o1d l1 of g<· 11 en1l fa rm erops. C'"iJ)C'c ia ll_1· fo r such ('J'Ops 11 s 
nlfa l f'a nncl s ,rcr i c-lo1·er. lh c• a<: idit ,,· of t h<· soil 1nu sl he <·o n Td<·d h.1· I he' 
proper nppli ca li on of li1n e. The li mr 1Tquircrn e111 ddnminniions gi1·<·11 i n 
the lahlc-s ra rlicr i11 t his 1·cp or t nn• m erely i11di <·ai i1·e oJ' t he 1H·c•cls or tl1P ac i<1 
so ils of ihi s co 1111i .,·. '!' Ii <· ar·i<lit .1· i11 so il s 1',1ries 11·i<kl.1 ·, <·,·<•11 i11 soil s of' l hC' 
same t.1·1w J'ro111 diffrn·11t ,1n•as. Li111 c 11 e<•<ls musi. ihcrl'f'orr. be ck(C'l'll1in ec1 
for e1·r n · indi,·idw1l field. :-;arnples sl10 uld hP liik<'n l' ro111 c,1cl1 iir• ld ;111cl 
1es1(• (l f'c;l' li111 c ll('('(l s lwl'Ol'(' nn_1· a<l clitio11 is rnadC' . ()111_1· in iltis \\' il,\ ' 11·ill it 
be pos,-,ible to s upply lh t• proper amo1 11 iis or lim<'. It is 1·<·r.,· i11 1porl,111 i t lrn t 
1 he so i ls of (11(' S hC' lb ,1·, l\L1rs lrnll. 1\T11 nkt• s lt11 , ,Jud son. 13rc111 <' 1· ancl \\'aba sh 
iypes lH' trsk<l ror aeidi1y and tlrni lint <• lw ,i pp li t• d ns 11<•<•< led. if l he besl 
y ield s a11d c·s11cci,ill.1· if ilw best stn nds or sue h n ops ,1s ,i1r ,1l1'a ,11 111 Sll'C'C'i 
elo,·er HJ' f' to l)(' obta in <•cl . Parmers nw_1· it's( t it l'i r 011·11 so il s for ,1!·idit,\· or 
li111 c r cquirenw n 1. Im( it ,,·ill ustrnll.,· he 11 10n' s,i1 isf'n<·iol'.,. rol' ilw 111 io S<'1Hl 
a sm a ll sa mph' to tit<· Soils St'l'iion of ih e Jo 11·,1 .\ g- l'i l' u lttm1l l~X Jl l' rim p11( 
St::iii on 11'11 er e it 1r ill be ies( ccl f'n·c or ,· ha rge ,111d 1·l't·o11111H•111h1tio11s m, 1<l r 

l'C'g' iil'di 11g ircatm cnt . 
'l'h c lnr.,·e h e11di t: ial ef'l'p<·ls fl'Olll a 11 Hpplil',1tio 11 of' li11 1e io ilte ::i c icl so il s 

of this ro~mh· h ,n ·r h <'<'n sho1rn in the n·s1ilts or the ffrlll and g l' re11l 1011 sc 
expcrim<'n(s ~1•hi (' h l1i1 Yl' bee n cli sc us,;ecl. 'l' lw cx pe l' ic11 ces ol' man>' f'nrrn r l's 
have also i ncli cn t ecl ilH' Y,1 lu e of l i111i11g: 1l]('se a<·id 1,qws. 'l'hc legume rrops 
of th e r ot.ii ion a1 ·c lH' nefit C'll nwi eriall>·· an d l,1rg-r cffc•cts ar c also frrqueni l.,· 
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secul'ed on the gencl'al faun Cl'Ops of the rotation. It is especially desirable 
that lime be applied to these acid soils for new seedings of such legume crops 
as alfalfa and sweet clover. Further infol'mation rcg·arding the use oE lime 
on soils, losses by leachin g and other p l'oblcrns of liming are g iv en i11 Ex­
tension Bulletin 10,J, of th e lO\rn Agricultural Extension Sen-ice . A list of 
companies prepared to furnish li mestone is also giYcn in this bulletin. 

Drainage 

'l'he uplan d soils in Fremont County ar e generally well draiu ed naturally. 
'l'he extensive draiuage system of the coun ty has been shown on the drainage 
map given earlier in this r eport. The larger streams with their tributaries 
and intermittent drainagc,rnys extend into practically all 11arts of the upland, 
hen ce th e uplaucl s soils are. on the whole, satisfactorily drained. 

On th e tenac0s the Bremer soils are rnther poorly drained. 'l'he other 
terrace types, having less hea YY subsoils, are usually fairly adequately 
drained. The bottomland types of the ·w abash and Lamoure series ar e poorly 
drained, O\\' ing to thei r hcaY.r, impervious subsoils. 'l'hc Cass and Sarpy 
types on the bottornland are we ll drained because of the sandy subsoil con­
ditions. IIoweYer, the bottornland types are all subj ect to overflow, oc­
casionally if not r egularly. Th ey must be protected from ov erflow before 
drain1.ge conditions can be made satisfactor y. The strai g·htening and deep­
ening· of the natural drainage channels in the bottornlamls, will aicl in carrying 
away the excess water and in improving moisture condi tions in the soils. 

'\Yhcr cYer drainage is inadequate, ihc installation of tile is very desirable. 
Lancl which is too ,r et will not produce sat isfactor y crops, and , while the 
expense of tiling may be consider able, the increased crop yields secured will 
wanaut the outlay. On any of the upland areas in l~remont County, where 
the soils are wet , tiling will be of value. On th e Bremer silt loam on the 
terraces and possibly in some areas of the other tern1ce t~·pes the installation 
of tile may be n eeded. 011 the heavier botto rnland soils, tilin g may be of 
large val uc after the soi ls ha Ye been pr otected from overfl ow. 

The Rotat ion of Crops 

'l'he continuous growing of any one crop quick]~- r 0cluccs the ferti lity of 
the soil and yields per rt.ere r a pidly decline. It is always desirable, there­
fore, to follow some ro tation of crops. Ev en if the ro ta t i.on includes crops 
which are of less market value, t he income from the Janel und er a rotation 
will be mu ch greater tl1 a 11 und er co ntinuo us cro11pin g. Thi s is due to the 
crop yields being so rnpidly reduced that tl1cy ,ri ll soon become unprofitable 
where conti11uons croppin g is pr acticecl. Farmer,; in Frerno11t County should 
plan Lo foll.ow a goocl r otation system, if th0y ex.p0ct to srcm·c the best crop 
yields and to keep tlwir ]all(l pennane11ily produ ctive. 

No special rotatio n experiments have been carriecl out in this coun ty, but 
there are numerou,; rotations whi rh ha,·c been practiced successfully in other 
parts of the state, man y of wl1ich are very satisfactor.,· fo r aYcrage farm 
conditions. No sin gle rotation can be r eco mm end ed as superior ; almost an_,· 
rotation will be d rs irnhl c prnvicl ec1 it co ntains a l cg nm c crop and the money 
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crop . 'l'h e fo llo,1"i 11 g rotahons, whi ch are in general use, may sen-c as a basis 
upon " ·hi ch rotati ons suitable for ·F'remont C~unty may be planned. 

1. SI X-YEAR ROT A TION 
F irst year- Com 
Second year- Com 
Thircl year- Wh eat or oats (with clover, or clover ancl gr ass) 
F oni·th year- Clove r , or clover and grass 
Fifth year- Wheat (with clover) , or gr ass a nd clover 
Sixth ycar- CloYer , or clover and grass. 

This rotation ma.,· be r 0duced to a fi H-~·0ar rotntio11 h~- n 1t1i11~ nul eithn 
the ,·cconcl or sixth _\"0111' and lo a fonr->·car rot ation h_,. omitting- 1h e fift h 

and :-: ixth ~-cars. 
~- FOl'R OH. FTVl•>YE.-\1{ IWT AT ION 

First year- Com 
Seconci year- Co rn . 
'l'h ircl ycar-·\Vh eat or o:1ls ( \\"ilh clover , or with clol"er and 11rnoth>") . 
Fourth yea,·- Cl over (H ti moth y was seeded with the r ln ve r_ the preced111~ ye :H. 1he 

ro tation may be extended to li ve years. The I.1st crop ,,·1 1! co ns ist principa lly o [ 

t imot hy) 
3. FOUR-YEAR ROTATION W I T.1--l X l.,FALFA 

First yeur- Corn 
Seconcl year-Oats 
Tllircl yecw-Clov er 
Fom·th year-Wheat . 
Fifth ycar- AHal[a ( The crop may rC'main on Urn land fhe years. Tl11 s_ fi eltl shou ld 

then be used for the four•year rotation outlined above and _the alfalfa shifted to 
one of the fi elrl s which previou sly was in the fo ur-yea r rotat10n) 

4. FOlJR-YJ;:AR JlOTATIO:--(S 

First year- Wheat (\\"ith clover) 
scconcl year- Com 
Thircl year- Oats ( \\"ith c- lover ) 
Foiirth year- Clover 

First year- Com 
Seconcl yea1·- 1Vheal or o:tl~ (-.,it h c- lovC'r) 
Thircl year- Clover 
F ou1·th year-Wheat (1Yith clover) 

J,'ir~t year- Wh eal ( with clove r ) 
Seco11cl year-- Clover 
'Phini year- Corn 
F oni·th ycar- O;,ts ( with clo\"cr) 

5. TH,REE-YEAR ROTATIONS 

First year-Co m 
Seco11cl year- O~ts or wheat ( "· it h clover seeded in the gra in ) 
Thircl year- Clo ve r (In g rai n fa r ming only the grain and clove r seed shouill be sold; 

most of the crop resicl nes s uch as co rn stover shoul1\ be plowed und er . Th e clover 
m ay be cl ipped and le ft on the la nd lo be r eturned lo the ~0 11 a nd on ly l he seed 
taken from the second crop) 

Fi?"St year- Com 
Seconcl year-Oats or wheat (with clover) 
Thircl year- Clover 

Jiirst year- Wheat (with clover) 
Seconcl year- Corn 
Thinl yem·- Cowpeas or soybeans 

The Prevention of Erosion 

Erosion is the canying away of tltc surface soil by t he fr ee movement of 
water oyer the surface of the l.and, known as sheet erosion, or the washing 
;:~wa;v of the soil with the formation of gullies, gul ches or ravines. 
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l~1·osio 11 ocen rs 1o som e exfrllt i11 Fremont County, th e Shelby loa m on 
11w <lrif't 11plallCl s lwi11g- rnost ;-;erioml,\- ,dTe'ctccl hy thi s i11jnrious act ion. The 
::\L1rsl1alJ sil t lo11m is nl so e1·odecl consiclerabl~- in some aren s and the Knox 
s ilt loam lik r,1·ise s nffers in som<· cases. H is imporiant. therefor e, that 
some means lie 1c1ken to p1·L•1·rn t the \\·asl1ing a\\·a.1· oE the s urfa ce so il of 
these t~·iws and ilte for 111c1ti on of gulli es . if the land is to continue to be 
sat isLi etori l,,- 11roc1ue:t iY e. 

\ ' ,nious rn et l1 o(ls nre fol lo1n•<l 1·or tl1e L·ont rol ,rncl pren·ntion of erosio n 111 

lmr,1. These rnc111otl s differ so11H•11·JiaL <kpcmlin g- up on tlw type of erosion. 
Brosio11 clne to "<lead funo11·s" nrn.1· he <·outrn llccl h.1· " p lo11·ing in , · • by " stak­
ing in · · 01· li.1· 1 he n se of <'a dli clams. 

Snrnll gnll ies rna.1· lw ii ll ecl b~· the ' ·s t;1k iJ1g in" opc•ra1ion , or by the u se of 
stra11· clams, cnr1Ji clillns. Chri st opher or Di c: ke.1· clams, J\ <lams clams, s to11 e 
<hrn1s, rubbish <lams, 11·01·en ll'ire clams or <:(1JH•1·ete <lams. c+ulli es ma~' be pre-
1· e11tecl by thmo dn1in,1g-e 01· b.,· tl1c use of sod strips. L,ll'P,'P gnll ies may he con-
1rnll P(l 01· pn•n•n1 rcl in a si rnilm· 111,11111 c• 1· . B1·0;.;io11 in li ottomla 11<1s i~ preY('11tecl 
b:· stn1igh1ening the streanrn, hy tiling· arnl b.,· planting t r ees np the dra in age 
chanueb. llill si(l l' C'l'Osio11 is co11trollC'cl b~· the u s(• of organ i<· 1rn1tte r , h.,, f!Tnw­

ing coYer nop.~. by <: 011t o1n disC'ing. h.,· tc· 1T,1(•ing, h.,, cleer plowi11g ,1ml h., · the 
nsC' of socl strips. •::, 

INDIVIDUAL SOIL TYPES IN FREMONT COUNTY ':":' 

Tli('l'e m·e 20 i11cliYicl 1rnl so il t~' IWS in Fn·rnont Count:· ""hi C'h \l'ith th e sha llow 
phas(· of the Hm1 cock Yen ' fin e sn ml~, lomn. the s lrnllmr ))1"1se of ilH' H ancock 
fiJJ(' s,rn<i. tiiC' col1111·i,il plrns C' of 1·J1 e Walrn sh s ilt loa rn all(l the 111·ca of Riwr-
1rnsl1 , m,1ke a totnl of '.2-± separnte ~oi l al'eas . Th e,,· ,11·c cliYiclccl inJo fo11r g rouns 
on the basis of th C' ir origin nrnl location. 'J' llC'SC' g roHps ,ll'C' clrift so il s, loc::;s 
soils, terraec soils, a nc1 s1Y<1J11 Jl arnl 1Jo1ton 1l a11cl soi ls. 

Drift Soils 

Th (' on e cl ri ft soil in t l1 e <·o rmty is knom1 as th e Shelby loam. It CO\'Cl'S 6.8 
percent of the total area. 

SHELBY LOA:\1 (79) 

rr he i-ihC'llJ.,, lomn is Ior111cl in m1m ero1ts small an•.i s S('J1nl'ilt i11g 1li e :\Inrshall 
,, ilt lornn 011 tl1c 11pla n (l,; from tl1e hot tornlaml nn•,i s iilon g tl1 e m njo r s1 rvarn s in 
the enst('l'll part of the co u111y. J1 oe(·Ul '!-i in m11T011· strips on the slo pC's t o 1. he 
strcmn cou rs<•s . Tlwrc are 11 0 l,i rgc inc1iYiclrnil areas of the t)-p<'. 'l'l1 e hi rgest 
clen•loprn cnt .~ of the ,.oil arc along t he Ea st X islmalrntna HiYet· anc'I Hm1tcrs, 
H on e:·, 1\Iill, Fi ~her, Hig·h an(l R ock creek:-; . 

rr he surface soil of the Shelli:· loiim is a clad, hro1rn , friable loam, cxtencliug 
to a tl<'pth of :5 to D in clies. Th l' ;rnhsurfocc hlycr consists of a light brown 01· 
: ·e! lo1l'ish-l)l'(J\rn saiHl)' or gTiHy d,1y , u11(l ed a icl nt a clepth of J 6 ot J8 in('hes 
h)· a somc,rltnt hcaY i(• r -tC'xtur<' <l, ligl11er--colorcc1 vla)·. lklow -1-0 to 60 inches the 
lm,reather ecl g laeial. ti ll occurs. Jt i,; a gra~· ancl bro1rn, mottled brown and 
ru sty bro,n1 , eornpa ct cl,1~- or c-l a~· loam. 

* R1 1 f' B111l,•1in 1,.::::1. :-io;l }>o,:ion in J nwa. ] o ,\· ;i ..l\!.:T ic111111 ;•;1l E....-1,p1·imcnt Ht· it'.o n :ind F.x ~!:'n-;io n 
S er vice Bulletins 93, D-1, 95, !JG, Agt·. E xlen.,io11 Sen·icc, lo\\"f\ :-5ta1t' Colll':.;-e. 

b •The dP1--cripti o11!'; of indi\·idual :--n i l t_\. J) t~ .i:iYc n in 1hi:-5 ~,..~rtion uf th4: report yc rr clo~cly fol'ow the 
cl rsc ription s gi ,·en in the B u ren n of Soils repoTt. ' 
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Th er e arc some Ya ri 11liom; in tb C' charaderi st ies of the smfnre soil. On ihc 
tops of the hills the so il i i; almost n silt loam , on t he slopes it i,; a loa m arnl at 
the base of the ~lope,; it is qt1i1c sa nely, approac-liing a sa11cl~- loam. 'l'he prP­
dominating texture of the so il in th is connt.1· is a loam anc1 it is so 1m1p11ec1; it is 
q ui te imposs ible to separate the ar eas of th e yariom; tex.h tr c,; for the.,· arC' too 
small. Jn Page Count_,, a s imilar soil is mappccl as the Shelby s ilt loam. Bonlclern 
of Yan·ing size orctu thrnont th e soi l section ancl are so metimes found on the 
surfa ce. Ero.~ion ha s bPPD aefrn in this soil, ancl in many cases 1lw urnlerl,1· ing 
.r<• ll o\\'ish-hrown clii)' suhsoi l lrn s liren c:s:posecl. These areas ,i re known ]oc,111,v 
as " clay hill s". 

Jn topognipl1>· th e 8 li t'lh,1· loam is l'Olling to hill y, and clrainage is ,,·ell esU1b­
lisl 1ed to exccss iY e 011 the sterpC'I' slopC's. ::\fuch of the t_,,pc is ioo s1eC'p to he 
c·nltiv,1tC'(l nnrl is l1ti li zc<l fo1· pa sti1rr. On tli e cnlti Yatccl arrn s, 1\'liic·li ilr r fa rrn (' (I 
in conjnnet ion 1l'it li 1he 1\fa r slrn11 silt loam , general fa rm crnps an• g1·oll'n , m ­
clnd in g corn. oats, \\·hcnt arnl liar. The rields, l1 oweYer , arc lo\\·cr t li ,111 on 
the J\farslrnll silt loam. 

Th e S hellJ.,, loam is partieularl~, in neccl of a<lclitions of organ ic ma l t\• 1·, if it 
is to lH' 1n::Hll' rnor C' ,rn 1i sf'ilc1or ily p r o(ln cti,,c, T,ihenil appliea1 ions of f,11·m 
mannre ,n·e n·ry ci C' si1·nhlr', m1<l th<' t11rning u11 clc·1· of kg·Hm in o11s (•rops ilS g'l'(' t• n 
rnmrnrrs 11 on l<l al so in1pr0Yr 11ie frrtili1y cond iti ons in 1he soil. rl'lie typr '. is 
11cicl in reaction. arnl 1l1 C' appli (·iltion of linw is 1wccssnr.\· for the hes1 g rmdh of 
legnm es nncl ,\lso 01 genl'nll farm nops. 'l'lw iiddition of a pl1 os1)ha tC' frdi lizet· 
wonlcl nrnlonb1 e<ll .,· p1·<n-e ol' Yal 1w, arnl tests of s1qw rpl1 osplrnte ill'(' 1·ecom­
lll <'l1clccl. With proper c,1re in ]1an cllin g this so il , parh e1il a rl~, i11 plowing- a 11cl 
c lllti Yat in g· ; 1l'ith t he nsr· of orpmic milt 1e 1· ns snggrstC'd ; ancl 'll' itl1 111(' nppli ­
ciltio11 of nr'l·e:-;sn ry fer1 ilizinµ: mil1 erials 1h C' ~helb:· loam nu 1>· !Jc, rna<ll' 1n·od 11c­
tiYe, JH'OYiCl ('cl it is t opog1·,q1hie,il l.1· sniti!ble for \·1111iYa1ion all(l eros ion may be 
prenn1·e<l from exC' r ting a sc·rio 11s <letrinwntal (•ffect. On the steeper slopes 
t li e t_1·pl' shou l(l Lm clouh kcl l~· he left in past111·(• . 

Loess Soils 

'l'he 1\Yo loess soils in the county arc classificcl m th e Man,hall and Knox 
S('l'!Cs. T ogether tbc:' conT 39 .;'i percen t of tl1 c total area. 

MARSHALL SILT LOA1Vl ( 9) 

The 1\'farslrn ll si l1 lo,1111 is the largest ] OC'SS t~·pc all(! th e most e:densiYcly 
cleYclopecl soil in the coltnty . lt coYer s ;n.J per cent of th <' totn l ill'('a . lt ·is 
fo urnl in larg<' areas in all 1li e ca ste1·n ,rncl crnt ral to11,ns liips ancl is t l1 c ehief 
so il typ e in 111 1 part i; of the connty, CX\'e pt the extn·mc western to1Ynshi ps 
'll'hi ch arc e11tirely eOYt•n·c1 by the bottornlan (l soils nlong th e :\fissouri Ri wr. 

rrhc surface soil of thl' ,\l arslrn ll silt loiim is a Wl')' dark, grn,vish-brown, 
friable silt loam, extending to a cle pt h of aho1tt 12 inch es. 1\Then '\I'd the soil 
appea rs almost hlilek. 'I'he lml'cr pnrt of the snrfa ec h1yer is slightly henvie 1· 
than the upper part, the texture remaining wrr similar to a <kptl1 of 2-± in ches, 
but the color becom es n li ghter grn:' ish -l.Jr011·n to1rn1·d the l<me t· part 01 the 24 
in ch <lepth. Belo,r '.2-± i11cl1 cs the s11bsoil is a brown or yel lowish-brown heaYy 
s ilt lm1m or silty cla y loam to a depth of :30 to 85 in ches, cbangi11 g at this point 
into a grayish-yel low or ycll owish-brmn1 soft st r11 cturcless silt}' materie.~. B e!rnv 
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4 to 8 feet the parent loess is r eached. 'l'hi is a grayish sil t loam, r esembling 
t he surface soil in tcxtm e hnt being much li ghter in color. Carbon ates are 
present in this lower layer and often thru out the subsoi l. Th ey arc rarely 
found, hmrnver, in the surface layer. 

'l'h crc are man y variations in th e color and depth of t he su rfa ce soil in differ ­
ent parts of the county. In the r olling plai n south of Tabor the soil is dark in 
color to a depth of 12 to 16 inches, but in areas where erosion has oceurred to 
a greater extent the surface soil has been largely r emoved and the lighter­
colored subsoil has been exposed. On t he tops of riclgcs and on the n ppcr slopes 
the so il is often a brown to light bro,rn and the surface soil is only 6 or 8 inches 
in depth. In the eastern part of the county narrow bands of dri ft material 
on the slopes have been in clud ed with the typ e, as they arc often too small to 
show on the map. ·wher e such strips arc sufficiently wide , thc,r arc mapped 
as Shelby loam. 

In topography th e Marshall silt loam is gently rollin g to roll in g and hilly. 
Between the 'iVcst Nislmabotna and Missouri rivers t he areas ar c gcJ1Uy rolling. 
As the uplands approach t he st reams the land bcc:omcs more rolling to billy. 
The slopes of the rolling areas arc gentle nncl the ridges arc well rounded, but 
in t he hilly sections the slopes m·c steeper and the ricl ges arc nanow. On the 
latter areas there is con siderabl e er osion and frequently the snrf::i (•C soil is 
rapidly carried a\\'ay. Drain age of the type is genera lly acleq 11atc. Only in a 
few limited areas is ther e 11cccl for tiling. 

About 90 percent of the Mal'shall silt loam is uncler cultivat ion, the r emainder 
being· in hay and pasture. ln t he hillier areas along the creeks and larger 
str eams it is impossible to g row cultivated erops and th ese areas a rc largely 
in tree growth ancl used for pa~t urc. 'l'hc tree gro\\·th cons ists o[ on k, elm , 
maple, hickory and ash. A few groves of wa lnut, cottonwood nml lill(lPn have 
been planted around farmstea ds. Corn is the chic£ crop and yielcl s average 
46 bushels p er acre, with a range of 30 to 65 bushels. Wheat yields 15 to 25 
bushels per acre: Oats vnry widely in yields, depending upon the ,·cason and 
the soi l conditions. 'l'hey average 3-:1: bush els p er acre but yields as hi gh as 91 
bush els per acre are sometimes secured. Al f:a lfa , swcrt clover , r ed clovc t· ai1cl 
timothy are the principal liay e: rops . J\s maiiy as five cuttings of alfalfa , 
yielding 4 to 5 t ons per acre, are oflen obtained. 'l' he average yield of this 
cr op is 3. tons p er acre. Alfalfa is con sider ed a very Yal uablc crop on thi s 
soil. S,rnet clover is a n ew crop in the county and it is becoming p opular, 
especially as a pasture and green manure cr op. Clover and timothy hay 
usually yields about 2 to 2½ tons per a<:re. Minor crops grown i11 cludc rye, 
barley, sor ghum, potatoes ancl or cl1arcl fruit s. A few co m111L' rr·ial appl e orchards 
arc found on this soil. 

The Marshall silt loam is nat urnlly a procluctive soi l and crop yi elds arc 
genera lly satisfactory. It may be improved in product ivity, ho\1·cvcr, by 
proper methods of soil treatment. 'l'he use of farm nrnnurc is very desirable 
on the soil , and large in cr eases in the yields of farm crops will fo llow its 
application. The turning under of legume. as green mannrcs wi ll al so proYe 
of value in many cases in improving the soil c:on c.litions. 'l'li e soil is acid in 
r eaction in the surface soil, and the use of lime to r emecly thi s aci(l co ncli t inn 
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1s n ecessa ,·;-· fo r !lie best· gr owth of legumes, particularly alfalfa and sweet 
clonr . T,imr ma.'- hr of especial value in getti11g a stand of th ese crops. 'l' hc 
applie,1ti on of a 11li os pli ntc fe rtilizer " ·onld und oub trclly proYc p r ofi table, and 
1 rsts of r ock pl10spl1a!c :rncl superphosphate ar c r crommenclecl. The experiments 
r rpor tc cl rnrl ir r haYc sho,Yn the large Ynluc " ·lii ch may result from th e u se of 
1 hese frr i il izin~ nrni r rinl s. _\ clcli1i011 s of fa rm mamll'f', lim e and a phosplrni'r 
fe r tilizc1· ma.'· bring- ahout wn · consiclrn1hlc in cr eases in the y ields of grn cral 
fann crops. 

KNOX S 11 ,T LOAM (1]) 

'l'hc Knox sil t loa m is tile secon d largest locss so il a ntl 1hc fifth mos t c:xtcn ­
siYcly cle,·elopccl type in tli c co unt_\·. lt coyer s G. 4 p ercent of th e total area. 
H occurs ent irely in th e \\·cs tcrn part of the con n ly, on the bluffs borderin g thr 
:;\fissouri Riwr bot1 oms, along the lo\\·er courses of the Nislmaboi'na Ri ve rs, and 
east of Hamburg, just north of t he Missouri state lin e. The largest areas of 
th e type arc found on the hill y to strep bluffs along the broad Missouri bottoms. 

'l'lic surface soil of th e Knox silt loam is a grnyish-brown or brown friable 
silt loam, extending to a depth of 4 to 8 inches. The subsurface soil is a br own 
or .rcllowish-bro\\·n silt loam or hcn,·y s ilt loam, sli ghtly heavier in texture than 
tl1 e surface soi l. Below 18 to 2.J- imhes the snbso il is a grayish-yellow or g ray­
ish-brmrn loose s ilt loam . The subsoil is highly cnlcarcou s and the surface so il 
is also n snally high in lime content. 'l'he changes from one hl,'·er of soil to 
anothe r nrc n ot abrup t : ther e is u .· ually a gradual change and th e layers arc 
rarely sharply clistin gni shable. On'r th e greater part of the soil the dark 
surface soil is t hin ancl r ests d ircctly on the yellow parent loess. In many 
places 1 he surface so il has been cn1 ircly r cmoYc(l hy erosi on and the yellow or 
hrmrn silt loa m subsoil is exposed. 

In topography t he Kn ox s ilt lomn is rough to broken and t he slopes are steep 
nncl rnnTo" ·· 'l'he Janel is cnt by clce11 rHYines ancl littl e of the type is suitable 
for cnltivat ion. K a1 iw tirnlier of oa k, r im, l1ickory, walnut, basswood and ash 
coYer a large part of the soil. In ,ret seasons the bnclly eroded slop es suppor t 
a fair grmrth of grasses for past urc use, lrnt in cl r,v .'·cars the slopes arc prac­
tically banen . A f e,1· of the mor e gentle slopes, nnrrow r idges and bases of 
the slopes arc utilized for grmring corn , oats m1cl liay. Th e soil is ·well sui 1ccl 
to alfalfa ancl s" ·eet clovc1·, largely hccansc of t l1 c l1i gh l iin c eo 111 ent. Many of 
the slopes liaYe been succrs~fnll.' ' 1;crrlrcl to these legumes ,111c1 a re utili7,ed for 
pasture purpose . Spec ial crops, such as melons, s"·eet potatoes and truck 
crops, ar c " ·ell aclap!ccl to this soil and may be grown profitably with proper 
frrtiliza tion and satisfactor y marketing conditions. Commercial orcharding 
migh t be successful in 1his soil. On e orchard on the type is provin g p r ofitable. 

Yield s of general farm crops on the Kn ox silt loam arc much lower than on 
the Il1arsha11 silt loam ,rnd the better types in the county. l\1u ch greater yields 
may be secured by proper methods of soil treatment . 'l'hc addition of farm 
manure is Yery desira hle, and librral amoun ts of th is fcrtil i7,ing material may 
be used with large bendici::i l results. Th e tu r ning un der of legumes as green 
manures would also prove of value in building up th e supply of organic matter 
in the soil, and in adding nitrogen. The type is low in hotl1 of these const itu ­
ents. 'l'hc addition of a phosphate fertili zer would also prove of value, and 
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test s of s up crpb osp lw te m e rc rn rnm en cl ccl . \\There tru ck crop s are g rown, t he 
use o f a good eo,npletc corn m cTeial forli li zer ,vo uld uncl o11 b t ccll y p r ove pro:fi tablP. 
Brn mls m·c cm t he nrn ,·ke1 w hi eh m ar g i.Yc vn·.\· clrs in1hlc effects on in cliv i(l u:11 

1, ·uek cr op s. 'J' c,; ts of' 1lwse rnn fn ia ls 11 ,·c Yc·r y cl esirabl c. 

Terrace Soils 

Ther e a rc 1·our 1cn a cl' types in t l,e l'O nn1,v, dassific-d in 1\i e .J u cl ,;011, \Vm1 krs ha, 
Hrenw r mid llirn coc k se r ies, an(l t besc- \1·itl1 t h e sliall ow p h,,sl' o l t he ITarn·ock 

Ycr r -fin e san (\y loam a n d 1 he s lrn llo11· pl1asc of 1he IT nncock fin e san c1 make a 

t oh1 l of (-j sf'parn1 c te rra ce so il a reas. T oge th e r t he,\· COY (T 1~.1 p er c<•n t of th e 

tota l a rea . 
J UDS ON SI L T LOAM (1 31) 

T he ,Jllfl son s ilt loa m is t h e lc1rgcs t t cr raee tnw, cover in g -J .. J p en ·ent of t h e 
tota l a1·ec1 . l t occ urs in m1rn e ro11s a r ea s on t l1c J·e n ·,1 ces a djacen t to th e 1\'Ii ;;,ouri 

Hi \·er h ot to ms al1(1 alo11 g the bo1tomlmHl s of t h l' Yar i011s strea ms in ot h er pads 

of t h e em rn tr. 'J'h e la rges t c1cwlopm en1 oJ' th (' ty pe is alon g t br ::\1isso uri h ot­

toms south of Kn o:, an(l in t l1 c Yic ini1y of 'l' lm nmrn . :Knmr ro ns small a reas 
of t h e t:q1c occ1H a long t hl' ~ is hrn1hotna Hi,,cr ,; m 1(l th e il' Ya r iou :-; tr ih uta ri es 

arn111H'Y arc fonnd in p r a c1icnl ly all pc1 1·ts of 1h e <·O unty . 
T h e ~11r fa cC' so il of (1 1(' Jmlsnn .~ iH loa m is a da r k b ro\1· 11 or al most bla ck , 

friable :-; ilt lorirn , 18 or :20 inc·h r:-; i11 d cptl1. '.l' be s 11hso il ,s s imi la r in t ext u re 

aml c·olor t o th e s ur f ace soi l, l,eco m ing snrn e \1·lrn t lightcT in col or at t he lo,n~ r 

cl ep th s, ra n g in g fr om ii li ght brown t o a brmn1. 
Tn t opog l'a J)h ,\· t li C' .J rnl son silt l oam i;;; le \' el t o sligl1 t l,\- sl opi n g , an d drnin ag r 

is g oO(l. T l1 e t ,1·p c lies 011 t c· rrn ces from :2 tn 8 -feet be10\\' th e arlj ,1ecnt 1111lan cl-. 

Jt is n ot s11hject lo oYc•rA o\\'. Prndical ly al l of: tlt t' areas a r e urn1e t· c ul1 iva t ion : 

cor n . s m,1 11 gra in s nncl li <1 : - bei n g grmrn. On m an:' s1m 1ll c1rca s a t t li c base of 

th e 2\Tisson ri HiYl'J ' hln ffs, nw lon s, pot nt oes a n c1 or elrn nl fr u it,;. a rr grO\rn on 

th is type. 'l'h, ·e<' n p plc o r ch ,11·<ls locat ed l ,H·gcl:· on t his soil are jl l'OYing Yel',l-
"n'. 'i;1 ' ll'. ()11 n1l!e h of' t lw ' ;ind a long 1h e hlnffs, co r n all(l sm a :l g rai n s arc 

.. ' ll e(l c•r;1 ·f n11 rn, s1,\· 1o supply 1he farm ]1('C'cls a s t h e acl joini11 g: r ong h up lan d ~ 

'. 11 · c n t i' izC'd on \ fol' pn stun ·. 

The· -l n<hm sil t loam is 11 or1m1 ll ,\· a p l'mlnc li\·e soil , mi d yiclcl s a r e w i•:- mu ch 

1 he ,;nnw ns t h ose se:·urecl on t l,c ,\ fa rslrn Jl s iH loam. Jt , ,-ill lJC' h en d i1 ecl , h m\·­

,,\·rr, h:· 11pp'ic-,1tioJ1, of fa rm rn nnnre a ml t he turn in g nrnlcr of l egnmin ou :-:; 

·1·n" s · s g1 ·ee11 nrn1rn 1·rs. 1t i:-; ,l l'i d i n r cadio1 1. i1 :1cl l im e sl10 11\ (1 he a p11l;rd 

li 0 ··,, s1 µT, \1"1h of legu mes . H " ·011 lcl un cl oubtecllr r cs110ncl to t l1e n pp li­

_.,( ,,n 0f a JJ llD 'i" lrn1e fcrtiltzer. am] t ests of r ock 11hospliatr ancl s up c1'ph os p \J a 1c 

· ~-- J'e l'Cll! l11 ('11 cl Cc1. 

W AUKES HA SILT L O.\M (75 ) 

T h e W a 1tkcsha :-;il1 loa m is t he seconcl largest term l' e type, co\'er in g 3.3 pcr ­

ecn t of th e tota l area. It is cl eYeloprd most cxt cn siH'l:· along t he E ast a nd 

W est ).'islmabot 11 a H.iw r s . '!'h e la r gest areas occu r in t he Yicin ity of Randolph , 

J\nclc 1·s m1 , Il a rn lmrg, Fa rragu t an d a long th e Chi cago , B urlin gton and Qu in cy 

R ai lroa d behrecn I•\1 tT,1g·n t anc1 Hiverton. S evn al smiiller a r eas h ave been 

ma ])p ec1 a l m1g t h e Ni slrn aboim1 Riw r s, ·w alnnt Creek aml D eer Cr eek. 

The su rfa ce soil of the \ Va nkcsh a silt loam is a \'er y c1a r k gra y ish -b rown s ilt 
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loam , e:-; kml i11g t o a d e pth of a bou 1- 12 in ch es. 'l' h e snbsu r fac e soil is a h eav y 

silt loam , c\mk g rn:· ish -hro\1·n in t he u p11er part rirn1 becomin g ,; ligh tly ligh ter 
" · i(h cl cp t l ,, c•x1<' 11 cl i11 g to iibon t 20 in ch es. B elo"· t his p oint ther e is a brown 
or y ello\1·ish-])l'(m11 h ea 1·,1· s ilt loam o r s ilty d a_v loa m . B c·l o11· :) () in ch es 1 he 

subsoil is ii s trn c· tnrl'l rss . friii hl c·, h ca\·y s il t loa m. 'L'l lf • t_qJ c is (g 1ite nniform 

th ruout the Y,l l' io 11 :-; m ea s, lrn t ocl'as iorn1ll.v small pa 1. ch vs m·r· fo un d in sli g h t 
c1epre::;s ion,; mi d m ore lcYel a r (' fl S 11-l1cr e tl1 e snrf il cc soil is cla rk-ln·0 \\' 11 or bl a ck 

anc1 exten(h to a <1e p t l1 o f' 1 G to 2-1, inch es . 'l'hc su bsoil in these ilreas j ,, a 
h 1·0,rn , h enYy , s ilt,\· l'lay lonm rn ottlcd ,Yith grn y il n cl ru s ty br o,\·n. On e a r ea 

of thi s n 11·ia(i o11 is fo1 m cl i11 Ncet ion 16 of Il i\·e r s ic1e 'l'mrn ship. A t t h e C'cl ges 

of t lie t en ac C's t l,c s 11l'fi1 cc so il is gen erall y somewh at s li al lo,1-cr an d in cr eases 
in cl epth ba C'k tmrn r cl t h e h i lls. 

In top og1·c1pl1.'- t h e "\\Tm1kesh a s ilt l oam is lcwl to slop in g, ,mc1 rl ra in ag e i s 

fair 1o g oo(l . 'l' he 1y p L' occ urs on terra l'eS well alJOYC oyer fl o"-, l:· ing from 20 
to 35 feet a bo,·e i h c sh ·cmns arnl 8 to 1:2 fret abow t h e aclja cen t bottomhm cls. 

Pra c1.icnl ly a ll of t h e \ \Taukcslrn. silt loam is 1rn <l f' r c ul1i \·a1 ion ancl gc·1H•ral 

fa rm cr ops are µTo11·n . Corn rielcls from -10 t o 70 lrn sh el:3 p er acr e a rn1 lrn .v 

fr om 1 1/:: t o :1 tom; JH' r acr e. Some alfalfa nn cl s" -c e1· cloYer a r c grnwn on th r 
typ e and excell ent ,1 ·ielcl s of 1 lll'se cr op s a r e scc•m 'f'Cl . 

\ Vh ilc the \ \Taukesl1n silt l omn is con s i(lcrc<l a h igh] .'· p rod ucti\'e soi l , la r g-e t· 

cr op yield s m ay he scc 111 ·c•cl t h rn p rope r soi l t rratmenh, . It ,vill r espon d to 

appl icati on s of farm m a 111 1n ·, arn1 li hr rn l nclcl it ions of th is rna teri nl a r c r ecom ­
mcn clecl . 'l'hc 1urn i11 g t1 11< lc·1· of Jegu rn ino 11 s cr ops a ,; g r ern m a nnres , ,-on ld n lso 

prow of Yalu e. 'l' hr t ,\-\W is ae i(l a rnl l ime sh o1tlcl be c1 ppl iecl , especially for 
th e hcst grnwt h o [ legTmws. Th e m e nf a p l10sp l1at c fe rt ilize r \l'On lc1 n m1on btccll y 
pt·oye p r ofit a b le, an cl tcs(s of roek pb os p lrn1 e nrnl s1111erp h osph ate ar c r c(' om­

m cncl cd . 

BR E M~ R SILT LOAM (88) 

'i''hr Lrc nw 1· s ilt 1011m is t h e thi l'cl tenace 1._qw . cov er i 11 g '..!. :"i pen·en t of 1\i e 
n' ,il il l'<'il Ti n<•(•n r ., i,1 11 rn i·e r o1 1s ,: r ea s o n t h e tn l'a ees nl on g 1 be ,- isl111, ilw ti 1a 

l", er~; 1:cl \" ,il 1111 t ( 'r, ·L•k . 'L'Ji e la rge, t cl c \' eloprn en t:-; o [ t he type a rc found 

l'a st of NidP c:" in sec1 ion s ](i, 17. '.2 0. '.21 a uc1 '.28 o [' P n 1iric 'l' o\rn s bi p , so n th 

of Hn llc1ol plt in H iYcr ;;icle '1' 0,Y11 sl1ip , illll1 so utl 1 of l,'ar r <1 g nt in F ish e r an c1 

H-iYerto n 10\1·n s h ips . T hei·e is nlso a cons icl erab le area sou t h of I farn bnrg 

ancl ot h er s a long the cou nty lin e n or 1 h of R ancl olph . S ma ll er a r ea s m·c• fo ull(l 
alon Q· vVa l11n1 C1·eek. 

'l'he su r fa ce soil ol' 1he Bre rn n silt loam is a Ycry clm·k g ra _1·ish -lH'o 11· 11 or 
bla l'k si \1 l o,1 111 , ex trll(l in g- 1o n (1cJitlt o f 8 or ]-1- in ch es. 'The snb , ur l'a rr so l 

is a li glit b row n , co 111p nct sill loam or :-; ilt,1· ela .1- l oam . 'l'li e s nbsoil is a cl a r k 

d r a b or gra y ish -b r ow 11 , i rn pen ·io us, waxr cla.\·, mott lecl ,Yit h b r ow n nn c1 

rust.'·- br own. \ \' i1 h t he t:-pe a s mapp r c1 , s ma ll area s of a l1 ern ·r -t ext1u ecl soi l 

baY e b ee11 :i11 cl 11c1ccl because of their sma ll extrnt. I n th ese depressed a r ea s 
t h e surfa ce soi l is 11 silty ch1,1' loa m . 'l'he la ,·:,res t of t h ese v ari at ion s occ ur s 
in sec ti on s ]-J., ] G a 11c1 :2~ of Hiv c r1- on '11 0\1·n shi p. 'l'wo sma ller c1 rcas a r e 

mapped in sec tio11 s ] G all(1 :21 of Pra iri e 'l'o wn sh ip , an d a n oth er is m a pp ed 

on e-ha lf m i ll- w u1 11 of' ITa 111b n rg. 
I n top ograph_,- t l1 c B r emer silt l oam is leYel Jo slop in g . Dra in a g e is fa irly 
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well estn blished bn t is 11oor on the leYcl to depresse(l arras. TJ1 r t·_q1<' ocr· u 1·s 
on terracrs 10 to J ;"j feet fl boYc the st ream channels m1cl from :J t n (i f:rrt cJ ho1·<' 
t h e fl ood plnins oI the s1rrflms. It is n ot subj ect to n1·f' rA o,1· 

Prnrtif'nlly all of the soil is under cultivation. C'ol'll, oats ,111d ,r li <' at nn· 
g rown on tl1e l>rtter cln1i1wd ar eas, " ·hil c th e p oo rl_1· <l n1 i11 r d srct ions a1 ·r' 
ntilizrd for pastnrr. Corn _1·iel cls from 40 to 70 hw-d1r•l s pr' r anr . o,1ts fr om 
20 to 4-!'i lrnsh els prr arrc ancl wheat from 15 to :ti lntshPls \ H'I' ,1r•1·< •. ·1,:x­
rell e111 lia ,1· _1·ielcl s arr srr11rrd fl ll(l on th e more poOl'l.1· <lr,1in<'<l are,1 s good 

pflsturcs arr nwintainrd . 
Th e fi r st treatrn c11t needrd h.1· nrn11_1· of the ,1r<·<1s of' 111 c Bre11H·r 1-- il1 l (),1 111 

is artificial cha inage. 'fili11 g is necessary to r r rn o1·r 1 he rx<·rss 111o ist tir e ,111rl. 
when clrai11ag:e is accompl ish ccl , yield s of genernl farn1 n ops arr goocl. S rnnll 
ap11Jications of farm mmrnrc ar e of Yalne on 11C'\rl_1· llrnin ecl a rcns to s1i111nh1tc 
th e production of aY8i lnhlc plan t food. Th e so il is 11cid in r enction. nnd lim e 
is necessar_v for th e h es t gTo,1·th of l ei:rumes . Tl wo 1il cl nnclo11bt ccll_1- r espo ncl 
to the apJ1lication of a phosplrntc fer tilizer, arnl tests of rock iiliosphatc alHl 

sup erphosphatc nrc recomm en ded. 

HANCOCK VERY FINE SANDY LOAM (139) 

'J'lt0 H ancock Yery fine sand,1· l oam is a mill or 1.1·pr in th(' ,·o t111t_1·. co 1·er111g 
less thnn l percent of t h e t ota l ar ea . It is fo1111<l 011 tcrrn(•cs at tl1r ha se of 
the }fissonri RiYer blnffs. being locatrd ,1·herc t 11,, ~;t r,•n1 n,; fr om 1b e a<ljacc 111· 
nplan cls flo1Y into the boHomlanc1s. 'fhc mos1" in1por h1 11t .in'a or the t_qlc is 
11 1., mi les east of the 1cnn1 of Bartlett where the ·w anbonsic C'rcr-k en t er s th 0 
b~ttomlnncl. Smaller nreas are mapped \\"C'S t of JC11 ox. so ntl1 of Knox , north 
of ITarnbnrg ancl sonth of Thurrnfln. 

Th e surfarc soi l of the H ancock Ycry fin e s,111(1,1' loa m is a hro,1·11 01· d,1rk ­
hrow11 , friable. Ycr:v fin e snnd~- loam. cxtencling 1o a cl cpil1 of 1-1- or Hi in r hrs. 
'l'l1e snhsoil is 11 ligM hro,1·11 -ver y fine sandy lnnrn t n s ilt lonlll. B ot h 1"1 1P 
snrface so il anc1 1l1c snbsoi l arc ca lcareous. 

In topographr the Tfa nroc·k vcr:v fine sa ncl,1· loam is nPnr l.Y lHel. " · i1 Ii snn1e 
slope toward the bo1tomla11tl. Drainage is gonrl. ' l'lw 1rn :1ccs lil' -~ to 8 
feet aboYe tlic acl;jnccnt bottomlancl mid ar c Yrr_1· nm·l.1· flno(ll'<l. 

Prarticfllh· nll of th e soi l is under cnltiva1i on tr1 ro rn. snrnll g rnins and 
alfalfa . R11~a l1 acreages of melons and olhcr i.l'll r k C'l'ops ilrr 1:-n·o,rn . Corn 
Yields from 20 to f.iO hush cls p er acre , d cpcndi1q:t 11 pon seaso nal conditions. 
Oats yield from 15 to 30 busl1 cls per acre. wl1rilt from 10 tn '.!:> bnsl1 r ls per 

acre and alfalfa from 21/:2 to 4 tons per acre. 
Tl1i s soil is particularly in need of or gani r rnatl<'l' lo he maclr more pro­

ductiYe. Liberal fl])plications of farm manurr wonld be of Ya lnc. and the 
tnrning under of leguminous crops as gree n manures ,ronlcl improYe the 
fcrtilitv of the soil materiall y. Th e use of a pli osph ntc frrti li zcr , rnnld un­
doubte.clly proYc of Yaluc ~ncl tests of snp l' rph osphatP are r ecornrnencl cd. 
Where truck crops nrc grown , 1he use of a complet e comrnerr inl fcrtil i:,:er 
might proYc of larg-r ya Jnr . ancl tests of a braml prepnrecl for the part;cnlar 

crop flre clcsirahlr. 
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HAN COCK VERY FINE SANDY LOAM ( ~HALLOW PHASE) (224) 

'l'his is a minor type, coveri11 g less t han 1 p ercent of the total area. It 
occurs in a numb er of areas alo11 g the bluffs adj acent to t h e l\lissomi Riv er 
bottomla ncl, being· d evelop ed most cxtensi-vcly south of Thurman, soutlnrcst 
of Knox, north of IL1 mburg and east of Bartlett. 

'l'hc surface soil of the shallow phase of the H an cock Yery fine sand_\· loam 
is a yellowish-brown or d ark gra,rish-bro11·n , friable Ycr y fin e sancl.1· lo,1rn 
8 or 10 inch es in d epth. 'l'hc subsurface soil is a dark-brown or black, heaYy, 
compact silty clay or clay. Below a depth of 20 or 2-1- incli cs the subsoil 
is a dar k, drab or grayish-brown, h eavy, impeniou s c la y. Th e sur face so il 
is cal careous an d the s ubsoil slightly calcar eous. 

Practically all of the area east of Bar tlett is under cul ti-rnt ion, but the 
r emaining areas occurring alon g ditch es and in settl in g basins are utili zed 
mainly as pasture lands. 'l'hese ar eas may be farm ed successfully ill clr_v 
seasons but ther e is always a possibility of fl oodi11 g and loss of the cr op. 
Corn is th e chief crop grown on the area near Bartlett, a ncl yields range from 
45 to 65 bushels per acre. Small grams, hay and alfalfa a re gTow n, wi th 
very satisfactory yields. 

The best use of the areas lyin g within the settling basi11s o!' the ditch es 
is for pastmc purposes. For other areas of the type prnfit aulc crop yiel ds 
may be secured with the application of farm nicmtn·e i11 lib e ral 11rnotmts, 
the tun1ing under of leguminous cr ops ns gi· ecn n1a11urcs a11(1 I li c a pplir,1-
tio11 of a phospl1ate ferti lizer. T ests of s upcrphosphat c arl ' 1Tvo1m11e11 rled. 

HANCO CK FINE SAND (SHALLOW PHASg) (225) 

The Hancock fiu e sand, shallow phase, is a minor 1ype, (•01·eri 11 g onlr O.:l 
p ercent of the total area. It is mapped in two ar eas, one in ~E'(•tio11s :!CJ , :2 1, 
28 and 29, and the smaller in Section ] 8 of Benton 'l'ownsltip . 

The surface so il of t h e slt all ow pha se H ancock fin e sand is a yellowish­
gray or dark grayish-brown fine sand from 8 to 14 inch es in depth. 'l' l1 c sub ­
soil is a brown, compact clay s1a i11 ed wilh rusty-bro11•11 . ·w hen wet the sub­
soil appear s a ch ocola te-brown i11 color. 'f l1e surface so il, ancl usu ,illy t h e 
subsoil, is highly calcareous. 

In topography the type is lc1·c l to sli ght!.)· t111c.lulati11 g. lt li es above the 
sm-rounding· types an d \\·ell ah ovc overflow. Tt is not c.lroutli y, owin g lo 
the heavy subsoil coml i tiou s. Mos t o E the soi l is en lti vatcc1 and corn is th e 
<: lticf crop . Yield s of 23 to -:1:0 bu shels p er ac re arc obtain ccl. Small grai 11s 
do not do w ell and arc , th er efor e, gTow 11 on ly to a limited exte ut. Alfa lfa 
grows , rell alld yi elds from 2 to 21/ :! tons per acre. 

'l'he type is particulai-ly in n eed of org;-mic matLer to make it satisfactorily 
productive. Lib eral add it ions of farm manure a re very desirable, and the 
turning under of legu1u es as green manures would prove of valu e. 'l'he add i­
t ion of a phosphate fe l'lili zer , rould undoubtedly prove profitable an d t ests 
of superphosphate ar c recommended. 

Swamp and Bottomland Soils 

'l'h cr e are 13 swamp and bottomlancl so ils in the co unty, classified in th e 
Wabash, Tmmou re, Cass and Sarpy se ri es . 'l'h cse. with th e areas of collnv ial 
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pha se "\Va bash silt- loa m ancl RiY cnrnsh. rn ak (' a tot<:11 of 1.j sc paraic soil arr ,, s. 

'l'ogcther they coyer .JJ.G pcr ceHt of th e total ar ea . 

WABASH SlLT LO AYI (26) 

The "\Y alia sh si lt loa m is !hr most cxtcn siYc bott ollll1111(l soi l nrnl 11·it li th(• 
collu1·ial phase, is tl1c second la rgest t_,·pc i11 th e l'O u11 t.1 ·. Th e t _,·pical "\\' ,iha s li 
silt loa m coYc rs 8.D p erce nt of t he total ar ea. It 0(•(; urs on the boito rnl,rnd s 
along practical!_\· all tb r sln',rn1 ,-; in tl1e co u11ty. "\\'i ll (' ,H P,,s 11rr fo nnd al ong 
thr B.i s t ancl "\V es t l\ ishw1b otnn Ri w rs all(l a lo nµ: \Yalnu t . D eer. lfon c.1· a11d 
l\[ill creeks. "\'ume1· ous iso l,i!ecl are,1s ocl· 11r on t he ;\ I issot1ri HiY er bot tnm­
lflnds. 'l'he most irnportant- ,11· ea of th e soi l i1l011 g tlw 1\ I isso uri Ri n ·r is fo 111 1d 
1\' l'St of 'l'lnuman " ·h ere Plum Creek enters the b ot tom l,rn lls. The soil is al so 
rna ppcd c:den siY<•ly a lon g t l1 c smaller in te rmi tlcni s tr e,1rn s tluuont t l1 t· np-

Jancls. 
'J'h c s urfa ce soi l of t li r "\Y aha sl1 silt ]on1 11 is ,1 cli1rk g ra.1·is l1-hro\\'n to ::i l­

rn ost b lack si lt loam . cxte 11 cl i11g- to a depth of' 1-1- to '..!O inl'li es . The s11IJsoi l 
is a l igh t-bro,rn or g ra.1·ish-brn\\' 11 . li caY_1· to i111p cn ·ions, s il t _\· c la.1· or cln.1· . 
Bla c: k a 11<1 rust-.Y -IJ 1·01rn iron sta i11 s m·e fou 1Hl 1l1ruout t lt e ]01\"(' l' s ubso il. 111 
t li e l(l\\·c r. poorl _\· <lra in ecl ,1rew; th e srn·f ,H·e soi l is llark r r, ,ls a nll r . and is 
cl ce pn. Jn fop large a r<·ns a long vVal11llt ('n•c k and tlt c "l\isl1m1h ot 1rn Hi1·<· r , 
th e s u1·filec soil is hr o11· 11 or tl11rk-lirowll , 1111d t li e s 11 i>soil is grc1y and dr,11>. 

rnottlccl \\· ith hro11·1 1 ,llld n 1st y-hrn11·11. 
l11 topog rnpl1y tl1 e \\' ;iJi,1 ;.; l1 si lt loam is l<•Yc l to ;.; Jop i11 g <1 11d , 11"itl1 th<' l' X('('Jl · 

t ion of: a fr11· of th r 111 on · l<•1·c l a1·c•a s. t h<' so il i;.; fa irl.1· well drai11 l'cl . AU-ho 
it is a firs t li oltom soi l. it is not su lij ed to OH' rA 011· <':,;( ·r pt in ah 11 orm,il se ,1 so 11 ,; . 
'l'li e stre11 rn ch a 1m els li,1v c h<•e n st rnighk ne<1 a nd dcP pe1H•<1 a 11 cl n1rcl.1· <l o 

the st- ream s flo ocl the t_\·pe. 
1\ bout 7:3 p c re(•n t of f-li l' t_,·pl' i,; U]l(l cr cultirnti on , tl1(' r e1naimler lw i11g 

in pa sture ,!llcl tim lwr . The timb er gro1dh co11 sists of <·lm. <·ot to 11 11·oocl. as l1. 
111aple. \\'alnut ,llld 11·ill o11·. Co rn is th l' 111 ost impOl'tant <·rop a nd y ir l<l s 
-1-0 to DO bus]1cls p er ,lC·rc. Oa ts _\ ·ieM from 2-> to ,iO lrnsli els per aere lrn( tht'.\' 
arc apt to loclg·c a11 ll ,in• 11 ot gr 01n1 1·<·r.1· cxtc11 s i1·e l_\·. \\'h <• at _\· ic•l (l s l'rn 111 ~O 
to 40 bushel s p er ac rr. 'J'li is (•rnp is g 1·011·11 s uc·ccssfu ll.1· on ll1l' l1i µ· li c1·-l.1·ing 
areas on the Missouri niY er bottoms. 11·l1 err th rrc· is li tt le <1a ngN ol' ol'crffow. 
Ex cell rnt _\·ielcls of ha,1· e rops are sec ured . 11 11d t·IH' soi l supp o1·t;.; a goo cl 

g roll't h of bluegrass on tlt e areas u t ili zccl for 1rnst ur r. 
'J'h e "\Vnbash s ilt loa m is natnrnll.1· a proclu c·ti1·r soil ,111cl " ·h c·n not 01·r 1·­

fto,1·<• cl ,ri ll giY e good cn1p _\·ie lcl s. Some ,n eas a rc in 11e<·<l of <lrnina gc• ::i ncl 
t ilin g is nec:essary befo re culliYat ecl c rops ar e s uC'(;('Ss fnll ." p roclnc:e d . Sm,ill 
applica tions of farm mannr r \\'Oulc1 h e of va lue i 11 s ti111ul at ing t he protlu c­
tion of aYa il ab le plant food. 'l'hr t_\·pe is aeicl iili(1 lim e is 11 eccl c<l fo r t h<• 
best g ro,dh of leg umr s. Tlt c nsc of a phospl1<1t (• [(' r(ili zr r \\'Oulil u11cl ouh ted l_1· 
pro1·e of Yalue , a11cl tests of rock ph os pha t<· an cl sup r rph osp lrnt e 111·c des irnbl e. 

WABA SH STLT LO AM ( COLLUVIAL PHASE ) ( 26a) 

Th e colluYia l plrnsl' of th e "\Y ahash s il t loam is !hr thi rd largest i>ott o 111 -
Jand soil c0Yeri11 g- G.-1- pe n·e11t of th e total m·c,1. It- ol·L· urs in many m11To11· 
strips a lon g th e Ya ri nus cr eek s ancl minor st n ·n ms in th e c:o nnt_\·. It is most 
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cxlc nsi,·r lr cl e1·elo11ecl a long t he smal ler tribu tm·ies a ncl interm ittent drain­
agell'ays a nd is fo und t br uout the uplands a long' these cl rninage \\'ays. 'fh er e 
:-11· c n o .large arens of t h e ty pe . 
. 'J'he surfa ce so il of tl1 c ty pe is a \·cr y dark gn1 yish-hro1Yn or black m ellow 

s il t loam , extending lo ;i ll Ppf li or ] 8 m: 10 iml1 l's. ' l'h e s ub so il is a ,·erT dark 
broi\'11_ or black, ,,·ax.,·, li ea\';1~ cl fl_\ · loa m. 'l'h r r l' .i r e mc1n _\" 1·ariati~i1 s in 
the so il as mapped, o\\·i ng to the co ntinuous de pos ition on th e surface of 
so d ,rn slt ed clo\\' n from thr acljae cnt upla11cl s. ::\Ian>· of these Yariations migh t 
be r la ssc<l ,nth on e or the other of th e typical so ils of th e ·w abash or Judson 
seri es. Th e en tire ar eas co 1·cr ccl , ho1Ye1· er , arc so narrow ilrn t i t is imp ossible 
lo sr parat e _t h e ntri ous soil:; co ntaill ecl 1Yithin th r m. J<'rom the onter edge 
0 _f t hese slnps t her e arc first 11mTow areas of t l1 c collm·ia l phase vVabash 
s1~: l~am ;_ t l1~1~ are::is_ of th e Wabash sil t l oam ; and, fin::illy, 11 ca r the str eams, 
:' c1b ,rnh Silt .) clay loam 01' "\V abas lt cla .1 ·. The prcd ominc1ut t extur e, howev er , 
is a s il t loa m, and h e nce all t h e nriations are in clud rl1 within the colluvial 
phase of the "\Vabash s il t loam. 'fh cr e ar c variatio ns also in th e subsoil 
accorcli11 g to th e 11a t urc of thr so il bmiecl by the sil t loa m 1rnshcd dow n fron; 
the upla1~cl, but th e g realr r parL of t lt c typ e luis a h ca,·r black clay subsoi l. 
On th e hi gher slopes the s il L loam surfa ce so il thin s ou t and th e h eavy s ub-
soi ls are ex posed. · 

In t li e bet ter clra in c' d 1 • l ] t l l , t eas ;111c a 011g 1(' outer C'f /!'l's of tlt e ,,· ct ::i r r as , 
the so il is fa rmed with the Marsl1 all s ilt 1011111. 'l'li e poM l.1· drain r cl s trips 
ar c a llo,rrd to r emain in g iw,s and nr l' 11.~ed ;i s p;i st 1H1' l,111d. ' l'hr chief 11rNl 
of tl,i s ~oil, to b e sa li sfacLoril y cro 1) pr rl . is for nll<·q11 ,1tr cln1i 11 11gr . Small 
appli cations of far m rn::inurc would stim1 tl at e L11 r prorl11dion of al',ii lab lc 
plant. fo~d. 'J'he typ e is acid and in 11 rccl or lirn r , if leg umes ,ire to be gr own. 
AppLi catrnn s of a phosphate fe rtili zer 1rnuld umloub tccl l,1· be of value, and 
t es ts of superphosphat e nrc rr<'o mmenrle(l . · 

LAMOl l!1l•: S ILTY CLAY (215) 

Th e l ,a 1:1oure sill .1· c l.1.1· i;.; lh <' S( '(·o 1HI farg-r s t bott nml a ncl soil coHrin g G.0 
f)~rcrnt of th e totn l a r<•,1. It o,·curs in 1·r r,1· rx tc·11 s in' c1 r e11 s 011 the Mi ssouri 
River bottomland, thr larg<';.;t Pxte 11d i11g frn m 11·r;.;t o f' 'J'hurrn<111 in a genrral 
s?n thcn ste rl _\' direct ion i11 ;1 11H11·l' or less cont inuo us ar ra . 1ri ,lr11ing ont con­
s:drr a~Jly so uth of Kno :,,: .1 11<1 1rn1·1·0\\'i11µ; t01rn rcl th r ro unt·.v Ji11 r 11 cm· Hnrnhurg. 
N um ci ou s small areas or t Ii (' t y pr ,ll'l' fo urnl in o( li er p::i rls of t he 1\1:i sso nr i 
bot-t oms an d also along 111<' !<: ,1st ;i11 c"I Wrst K ish1111 l1nt 11 a Ri,·r rs. 

The snrfa:e soil _of tli r l,;1n1 011 1·e si lt,,· cla.1· is ,1 1·r r .1· clii rk grayish-bro\\·n 
or black , stick y, s il ty (·l,1 .1· , 111 Hfrrl a i(l at ,1 (lepth o f' 1::? to 1.i in ches b,· 8 

compact, st icky, impen ·io11s <' i:-1,1· . dm·k -cl rn h or s l,1tc-gTa y , mottl ed \Yitlt. dr::iy 
and brown. Both the sur l',H· e so il ,ll7c1 1hr suhso il ,1r e lrigltl,1· calcareou s. 
Wher e the type occur s arl .iacP11 t to t l1 e "\Y<11rnsh so ils there is a moi·r or lcs-, 
g rnclu al transition fro m 011 r t_\ ·pr to !li e oth er, a nd t l1 c bon11clnries are fre ­
quentl y p laced r ath r r a rhil rc1ril_v. l11 thr area n1ollg tli c Mills Co nnLy bonn cl ­
ary, the Lamonre s dt.1· eln.v lonm nrn11pecl in that county is not continued in 
~rem on t Coun t _\ · hccausr o f' its snrnll _<•xten t hnt is in cl nclccl w ith the La rnoul' e 
s il ty cla_\'. Small n11 i111porta11t· areas of lighler -tcx turccl soils a r e included 
with this typ e. These Ya r iations ar e fo und on sli gh t elevations in th e bottom-
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lands anc1 nrc less than 3 acres in ext ent. Th e subsoil varies in color d epen ding 
upon the lime content. Wher e there i;; a la r ge amo unt of lime the color is 
a light gr ay or sla te gray, while in other areas t he color is a dark-gray or 
cl r ab . 

In topogr aphy t he Lamo ure silty clay is lcYel and rn1 tural drainage is 
poor. Op en d itches :rnd tile dra ins haYc been es tab lished thruout the Jen i 
boitoml an cl s and ma ny lrnnche cl arr es oI fertil e land have b een r erlaim ccl. 
Ab ou t 7:i percen t of the tota l a cr eage is U]l(l cr cnltiYation . 'l'he remaimler 
is p oorly drain ed , nnsui tahlc for cultint ion and snppor ts a h eav.1· growth 
of wil d gTassrs . Large_ acrc,igcs ar c n ti lized as p m;tur c lan d . Corn and 
,1·i n tcr wh eat arc 1he m ost imp ortant cro p::; ; :viclcls of corn aYeragiu g 3G 
bu shels p er acr e arn1 nmgin g from 30 to 50 bushels per acr e. \Vheat riclcls 
from 20 to 38 bushels p er acr e. Under Yery favora ble collC1i t ions much l1iglier 
yields ar e fr e(Jucntly seem ed. Oat s y ield fro m ~O to 3J b ushels p er ncr e. 
Alfa lfa yields from ~1/:2 to 4 tons per acre and wild hay fr om 1 t o 3 tons 
per acr e. Some rre ,rnd some ba rley ar e gr own. 

The Larnoure s ilt.Y cla~r is a productive soil, when well drain ed . Unt il 
adequa te clrnin agc is brou ght about crops ,vill be poor and in nrca s wh ich 
are too w et tiling is n cccssa17. Th e t_1·pe r equ ires specia l ntten t ion in plow­
in g mHl cnlt iYati ng in ord er t o put the soil in ihe best ph ysical cond ition . 
Fall p lowin g is consiclrrecl prcfrr abl e in tha t th e alt ernate fr eezing ancl thaw­
ing during t l1e wintrr months ,vill break u p t he clods which are f ormed . 
It is very important tha t moi si ure conclitions be r ig·h t wh en t he soil is p lowed 
or cultivated, to preYcnt puddling and clodcli1 1g. Sma ll applications of farm 
manure would be of Yalue in stimul ati ng the pr oduction of available plant 
fo od. Th e use of a 11hos11hate fertilizer might prove profitable, and tests 
of r ock p hosphate and su prrphosplia te are r ecomm en d ed. 

WABASH SILTY CLAY LOA!\;[ ( 48) 

The "\Yabash silty cJ;1 y loam is the fo nrth largest bott oml an cl t ype, coyer ­
in g ,J.4 p er cent of tl1 e total nr c:i. It occurs on 1"l1 e firs t bottoms along the 
E ast and "\Vest J\' islrn abotna HiYer s, in a f ew isola ted spo ts on th e Missomi 
Ri Yer bottoms ancl along "\V alnut Cr eek in t he northcnstern par t of the county . 
'rhc largest developm ent of the t~·pc is along t he "\Vest N ishnabotna River , 
sout hwest , wes t ancl 1101"1.hwcs · of Riverton , nor thwest of S idney, nor th of 
Ra ndolph nnd nor theast of Farragut along t he E ast Nishnab otna River . 

The surface soil of the "\Vabash silty clay loam is a dar k-brown or bla ck 
sticky silty clay, from 10 t o 16 inches in d ep th . The subsoil is a heavy, 
impervious, waxy ch1:y, dark-drab or gray ish-black, mot tled with brown 
and r usty-brown. I ron con cr etions ar c found in the lower part of the sub­
soil. I n sma ll d epressions, ar eas of a heavier-textured soil h ave been inclucl eel 
·with the type, as they ar e too small to be included on the map. 

In topogra phy the "\Vabash silty clay l oam is level or slight ly depressed 
and th e natur al dr ainap:e is poor. vVat cr stan ds on the land for long period s 
follo wing rai11s. Until it is propcrl_v d rained , the soil is unsuitable for cultiva­
tion. On th e m1cln-1incd 11ortions ,,,.ild grasses gr ow and ar e cut fo r hay. 
·when ad ec1uate drainage is provided, general farm crops ar e gr own su ccess­
fully , as the soil is naturally ri ch and f er t ile. Corn yields from 50 to 95 
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bushels p er acr e mid whea t fro m 20 to 38 bushels per acre. Some lrn y is 
g rown in addition t o the wild hay on the unchained areas. 

'rhe first t r eatment Heeded by t his soil is fo r adequate cl r aiuagc. \ \' h e11 
this is acc omplish ed, small amounts of fa r m manur e would pr ove of yalue 
in s timula ting the pro duction of ava ilable plan t fo od. The type is acid and 
lime must be ap1ili ed if leg um e::; arc t o be grown . 'l'h e add ition of a pb o::;-
11ha t c fertili:,: cr would unclonbtccll .r proYc profitable, a11 c1 t est ::; of rock p hos­
phate and superphosphatc ar e ur ged . 

CASS SIL T Y CLAY (216) 

'l1 he Cass silty clay is the fif th lar gest bottomland soil, covering 3.6 per cent 
of the total area. It is found entir ely in the l\Iissouri River bottoms in asso­
ciation with the Lamoure and ·w abash soi ls. The largest a reas are south of 
Bartlett, near P er cival and west of H amburg. Numerous small areas have 
been mapped thruou t the bottoms. 

'rhc surface soil of t he Cass silty clay is a very dark brown or black, stiff , 
waxy silty clay, extending to a dep th of 8 or 12 in ches. 'l' he subsm face soil 
consists of a layer of silt , sand an cl clay in varying proportions, gr ayish or 
yellowish-brown in color, mottled with brown, rusty-brown and black. This 
layer usually extends to a depth of 18 t o 24 inches. Below that point the sub­
soi l is a yellow and gray fine sand. 

'l1 her e are many variations in the soil in t he different areas. 'l'hc dep th of 
the surface soil varies fr om 6 inches along the l\Iissom i state line west of H am­
burg to 18 inches in the lar ge area near P er cival. The lar ge area ,vest of Ham­
burg includes a variation in which the soil is a dark-brown, silty clay fr om 10 
to 14 inches deep , underlaid by pure sand to a depth of 32 to 31 inches where 
it r ests on a gray calcar eous clay loam or clay . 'rhis area has been mapped 
with the Cass silty clay because of its small extent and its similarity to t his 
type. 

The topography of t he Cass silty clay is level to dep r essed. 'l1 hc natur al 
drainage of the subsoil is good, but t he surface soil is heavy and impervious 
and percolation is ver y slow. 'rhe soil occur s in old, abandoned channels of 
the river and hence in many cases it receives the water from the surrounding 
areas ancl is apt t o be covered with water fo r long periods. Some of the areas 
ar e farmed withou t ar tificial cl r ain age, but t he large areas arc clrain ecl by open 
ditches. Only in extr emely wet seasons are crops damaged by excessive moisLu rc. 
Th e type is not subject to overflow except in abnormal seasons. 

E xcep t for the extr emely low arcns and small patches of cottonwood, wi llow 
and elm, the type is u t ilized for general farm crops. Corn and winter wheat 
ar e grown most commonly . Corn y ields from 40 to 65 bushels per acre, wheat 
from l G to 30 bushels per acr e. Some oats are gr o,vn, yiclclin g from 2G to 40 
bu::;hcls per acr e. Alfa lfa is pr oduced to some exJ-ent and y ields 2% to 4 tons 
per acr e. 

The Cass silty clay is chiefly in n eed of cl ra i uagc fo r good lT OJ) wod uc·tion. 
It must be worked car efully to prevent puddl ing· and cloclclin g. It m ust not 
be plowed too wet n or yet when 1 oo clry . Fall plowin g is very clcsirablc to 
exp ose the soil t o t he alternnte frerzin g nml thawing of t he winter months. 
Small appli entions of farm manure would prove of value in shmnlating t he 
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production of ava ilable pla11t foo d . 'l'li c n se of a phos ph ate fe rtilizer ,1·ould 
undoubtedl y pl'Ol'C' o[ valt1c, a nd !C' ;;ts of s11p L' l'Jll10.s phaf'e al'e reco mmend ed. 

SARPY VERY :F' L:--JE S.'\:'si'DY LOAM (28) 

The Sarpy ver y fin e san dy loalll is tlw s ixth lar gt•st botto ,nlarn.1 soil , coverin g 
~.G p e1·cen t of (\J c tob1 \ an•,1. Jl 0L·c· 111·s e11t i1·c· l,1· 0 11 tlic• ho11orns 11 \0 11 g- t he l\Ii s­
so uri River, in numerous arua s varyi11 g w itl ely in ::; ize. The most cx1ern;ivc 
deYelopment of the type is in Henton 'l'ml'nship. 

'l'he s urface soil of the Sarll)' ve1·y fin e sn ncl y lomn is a gr ;1y or yellowish ­
gray ver y fine sandy loam . '.L' he subsoil is a yclloll'is\1 -grar fin e sand. B oth 
the surfa tc soil all(1 s ubsoil m e highly calcareo us. Iue;ludc(1 with the a r eas 
of th e type as mappccl are sm all pn J-c\J es of rce;ently dep os ited alluv ial m aterial. 
This alluvial ma terial is di st inctly yariuhlc. B eneath the sm1cly surfa ce layc·1· 
is a lay er of s ilt a nd clay, :-,orn etim ('s excee<lin g 1 1/:; irn::h es ill t hi ckn ('SS Rncl 
OL'(; lllTin g at differ en t depths. 

Th e ty p e is level to gently undnla !in g iu Lopog rapl1 _\· a11d dra in:1 gc is good 
to excessive. Abo ut GO p er cent of' t li e so il is 1111<l cr (' ultivat ion , tlte re mainder 
being in t imber aml p asture Janel. 'l'h c t ree g rowt h ine;lnd cs ash , elm, birch, 
oak, basswood, cotton wood and wi llow. C'ol'll , oats an c1 a lfalfa , arc ihe ch ief 
e; r OJ)S grown on t he culhl'at E' c1 a r('a a 11(·1 W 'l'~- sat isfactory yiclcls <II '(' sc<·urcd 
in favorable seaso11 s. Corn y icl<ls from :z:i to -Hl lrnshels per ae; re, oats fr om 
20 to 35 bn shcls pe r aer c, an cl a lfa lfa fr om :J to -1-\ -'.2 t ons 1w r ai -rr. In dry 
seasons cr ops a r e <lp t to suffo r fr om a lack of moisture. 

Th e chief n eed of thi s soi l is fo 1· the int:or pon1 Lio11 of ur gau ic matter. L iberal 
applicahons of farm m anure wo 1tld i) (' of vah 1e ancl the turning 1m cler of 
leguminous trnps as g reen rnmrn1·<'s wou lcl ;il,;o irn·re;1se u1·op ~-ield s mHl lesse n 
the danger of injury in <h-y seasons. ' l' lw use of a plrnspliat e fcrt ili 1/.e r \\'OU ld 
undoubted ly prove of Yalu e, and tests of sn pnpli os p\Ja( e il l'l ' 1·, ·t:0 111111 L·rnled . 

Hl\'l~l t \VA SIT ( G:1) 

'l'he area of Ri verwash in the county ,1111 01mts to 2}i percent of tlt e total 
ar ea. 1t is mapped in n arrow st l'ips al ong the Nis lrnabotna Rivers and in 
lar ger areas on the bottomla]L(ls ad jatent lo ilw nf isso uri Ri \·c r. 

RiYerwash cousists of a mi x h11·e ot' s ilt , sm](\ nml c· lay arnl is snh ject to chan ge 
aft er each ove rflow. 8ancl ba r s are fornH·cl mHl a1 ·r lll Ol'ed by t he nct ion of th e 
curren t, and large ar ('as of land form i11g tlt e bauks of t lt e st r C'am arc co11 -
stantly caving in an d be ing c·arri C'cl awa~· by t h e r iw 1·. 

'l'he olcl t:r san d ba rs a re ('Ol'l'l'ed \l' it h a hea vy grol\'( \J of 1n·r·<l s c!ll(l small 
willows. Jn some ar eas !he trcl'S a r e from 5 to 10 ., ·t'cl 1·s olcl. 1\ 1·cns ma11pec1 
as Mea c1ow in Mi lls County ci r e in elu tl t·Ll with 1\1(' l{i\·1° 1·11•;i s \J i11 th is c·o unty. 
H,i ver wasl, has 11 0 agri e11ltun1l Ya ill l' a11t1 l'.annoL be fa1·m e( \ 01· 111 ad e p1·ocln cti\'C. 

CASS VERY FIND: SAN D\' LO AN[ ( 'H7) 

'rl1e Cass yer y fin e sarnly lomn is " 111 i11<n· ly1 w i11 ! he· c:o u11t y, coYerin g 1.8 
per cent of t he total m·ea. His foun c1 onl.1· mt th e Xli ssonl'i l{i\·cr lJ01toms, being 
mapped in num er o11 s al'eas 1ltn1 011t tl1 p 11'l's1<·rn lo\1·11 s\1ips. 'l' li c rn os t exknsi,·c 
develo11ment of tli c 1,qJe is in t lw sout \111·L·stc n.1 to rn er of t \J e eoun15·. '.L'hc 
lar gest area is ll ea r Payn t'. 

FREMONT COUNTY SOlLS 

'l'he surface soil of ll1 c Cass Ycry fin e sarn ly loa m is a clmk-l1r o11·n , loose very 
fine sandy loam , extendin g to a c1r:pth of 8 or •lll i11e;l1 cs. 'l'h e s u!Jsurfac.:c so il 
is a mixed li ght-brown sm1d ancl s il l from 6 lo ]2 irn·hcs lli iek. 'l'he s ubso il 
below a cl cp th of 20 to 2-1- ind1c~ e; (m sists of a loose g rnyis lt -brown or yellow 
fine sand. Doth the s 111'faee soil all(\ s11 bso il a r t..: e;a le;arco us . Wi t h th e type as 
mapped ther e are small a 1· e[1s of a sand or loamy fin e sand occurrin g on the 
tops of knolls or ridges. 'l'hes(• a1·eRs a r c too small to 11<ap se parately. 

Jn topography the Cass ve ry fiu e sarnl y loam is hu1nmod,y or billowy. 'l'h e 
soil lies several feet ab oYe th e heaYie l' \Yali ash all(1 Larn om e ty pes and this, 
together with its san ely e;haraeter, in sul'es goocl drainage. T\Jc type, ho\\'cve r , 
is not drouthy . 

Practically all of the so il is under eulti vaL ion or su pports a goo<l gr o\1·th of 
pastur e gr asses. The tree grmdl1 con sis ts of a few sc.:attrr l'd oak, cottonwood, 
elm, ash , birch ancl willow trees. '!.'b e t r ee gr ow th is II caYiC' r on 1'\J e areas close 
to the river. Con1 , o,1ts, \\'h ('at ,rn cl alfalfa ar c t \J r chi ef c 1·ops. Corn y ields 
from 20 t o 50 lrnsh cls p er acr e, \\' lt cat from J 2 to :2:i bu she ls. oa ts fr om 20 to 35 
bushels aud alfalfa from 3 to G tm .1 s p er al' l'e. J\ldons, pota toes and lrn ck 
crops are raised on sm a 11 acreages. 

'l'his soil needs ch iefi y or gani c ma tte r to mak e it rn ore procluctive. Libe ra l 
application s of farm rnanme w01 il d be of Ya lu e, an d th C' turning und er of 
leguminous gr een manures ,rnnld a lso impro1·c th e p 1· 0Llue;1 il'e p ower of th e 
soil. The u se of a p hos pha te feriili ze 1· wo nld be of ya \ue, and tes ts of super ­
phospha te ar e recom mcncled. \ Vhere truck c.: rnps a1·c g l'ow 11 , a good complete 
commere:ial fe rtili ze r mi gh t 1n·oye profi tab le. 

WABA Sl-l CLAY (72) 

The 'N abash clay, a min or type, L"O\'Cl's 1.!'i per ceu t of ihc to1 al a r ea. It is 
found only on the l\Iiss011ri Hi,·er bottoms in c.Jose cl.~soc: it1tion wi l h t he Lamoure 
silty clay. 'l'hcre arc nnrn er ous areas of th e type scatt er ed thruout th e bottom ­
lands, t he largest OCC lllTin g cast 0 1· P l'n· irn l, cmd so utliwest , west. and northwest 
of 'l'hurman. 

'l'hc surface soi l of the \Vaba s h <'. lay i::; ct n t·r clal'k brom1 lo b lack clay, 8 or 
10 i11ches in dcpih. 'l'h c sllhsoil is c1 h eal'~-, i11'1wr vio us, wax :y c lay, cl a rk gra y 
or drab , mottled w ith lJl' own ancl r11sty-b r o11·11. 'J'h c ty pe is lcwl to cl ep1·e,;sed 

in topograpl1 y anc1 natural draina ge is poor. 
Much of the type is p oorl y Lhained arnJ 1rnsuib1bl f' fol' cultivation . Th ese 

wet areas m e uiili 1/.c c1 as lw ? land. '!' h e yielcl of wild \1<1 )- is ('Onsicler able. \ Vher e 
drainage condi t ions ar e mlequak , co1·u ancl w i11 !c' r wheat a1·e groll'l1. Yi elds 
of co m ran g·(' fro m 50 to 90 bn sh els p er ae;r e ,1ml of wheat from 20 to 3~ bu shels 

per acre. 
This soil is chiefi y in n cecl of a(kquate drainn ge. to be m allc mor e 1wodll ctivc. 

Srn aJl amounts of farm nrnm1 re wonl c.l be of Yal ue in stimn!Rting t he prod uct ion 
of available plant foo<l 'l'J1 e type is acid and in 11cecl of Jim(' if legum es arc 
to be g r own . '.L'he use of a phos ph ate frd ilizc r wo 11lc1 unlloubtecl ly prove of 
value, and tests of s up (' rphosphatc a r c 1:('c·ornm r mle<1. 

WABA SH VETIY F I NE SANDY LOAM (192) 

The '\Vabash yery fin e samly loam is a min or lype in the colrnty, cover ing 0.9 
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p ercent of the total area. It is mapped in a number of small areas on t h-.: 
Missouri River bottoms and along the Nishnabo tna Rivers. 'l' he most important 
areas ar c fo und nor thwest of H amburg, west of Randol ph, nor th of l\IcPa ul, 
sou tlnvest of 'l'hu nmm ancl in the area surroundi ng t he vi l lage of Payne. 

'.L'hc surface soi l of the ·w a bash very fi n e sanely loam is a dark grayish-brown 
fr iabl e very fine sandy loam, e:s:tencling to a dept h of 18 to 20 inches. The 
subsoil is a brown and gray mottled clay loam, Ye1·y compact and waxy in tex­
ture. In some of 1.h c areas on the l\Iissouri River bottom s, the subsoil is very 
similar in color and texture to the . urface soi l. ·w it.hin ar eas of tl1e t y pe a:; 
mapped ther e are small patches of soil having a sanely subsoil. If suffil: icnt 
in size, these areas ,rnuld have been mapped as C'as. · ver y fine sanely loam. 

I n topography the soil is undulating or hummocky, and natural d rainage is 
good. 'l'he type is not ch-on thy. P ractically all of the soil in the Missouri 
River bottoms is under cultiva tion, and gen eral farm crops ar e gr own . 'l'hcsc 
ar eas ar e n ot su bject to overflow. The lan d along t he Nislmabotna RiYcrs is 
subj ect to overflow and i. utilized mainly fo r pasture. 'l' hcre is a sparse growth 
of timber , consisting of co1 tonwoocl, elm and wi llow, on some of the areas used 
as pasture land. On the cultivated areas corn, oats and hay ar e the e:hi cf crops. 
Corn yields from 25 to 45 bushels p er acr e, oat.s from 20 to 40 bu <hels p er acre 
and hay from 1 to 2 ton · p er acre. 

The chief need of this soil is for organic matter, and libera l addi tions of farm 
manure ,rnulcl prove of large va l ue. The tur ning under of leguminous cr ops 
as green manures would also help. The soi l is acid in r eaction and in n eed of 
lime, especially for the gr o,dh of legumes. 'rhe m;e of a p hosphate fc r t i lizcr 
would uncloubledly prove of value, and tests of supcrphosphatc are r ecom­
mended. 

WABASH LOA'.\1 (49 ) 

The ·w abash loam is a minor type, cover ing 0.6 per cent of the t otal area. 
·w ith the e:s:ception of one small area in Section 8 of Riverton 'l'mrnshi11, along 
the '\Vest Kishnabotna River , it occurs only on 1.hc l\Ii ssouri RiYcr bottoms. 
Th e largest area is in Section 9 of Benton T ownship. Two smaller areas arc 
mapped northeast and sou theast of Payne. 

'l'he surface soi l of the "\Valrnsh loam is a dark-br own fria ble loam, extend­
ing to a depth of G lo 10 inches. The subsmface soil is a bro,rn or grayish­
brown silty clay loam l:On! aining some iron staill s. 'l'he subsoil is a heavy, 
waxy, clay loam or day, cla rk-clrab in l'.Olor , mottled with gray, brown, n1sty­
brown and yellow. 

In topography t he "\Yabash loam is level to sligh tly undula ting and drainage 
is good. The soil is not droutliy. About 90 percent of the type is cultisatcd, 
and corn, oats, wh eat and hay are grmrn . Crop yields arc fairl? satisfactory, 
being some,Yhat larger than those secured on the "\Vaba~h very fine sandy loam. 

'l'his soil n eeds organi c ma tter, and liberal additions of farm manure would 
prove of large value. The turning under of leguminou s crops as green manures 
would also improve the producing power of the so il. 'l'he type is acid and in 
need of lime for the best grow1 h of legumes. 'l'hc use of a phosphate fertilizer 
would nndoubtcclly pr ove of value, ancl t ests of sup crphosphate arc r ecom­
mended. 
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CASS LOAM (18) 

The Cass loam is a mi11or type, 1:overing O~G p en :c nl o[ the total arc,1. It 
occurs in the l\1issonri River bottoms. Ther e are n o large a reas of 1hc t,qic liut 
it is found in a nurn hcr of small areas chiefly in Ht' n1on, Scott , aml ffoh w.1· 

townships. 
The surface soil of the Cass loam is a dark grn .'·ish-lirmrn friable loam , 8 io 

10 inches in depth. The subsoil is a mottled gra?, ycllO\r ancl hrom1. fine sancl. 
Doth the surface soil ancl sHhsoi l arc calcareous. In many places 1 hr snhsoil 
contains a mixtur e of sand anc1 s ilt clcpositecl in la.'·crs 2 im·he-. m· l t•ss in t hitk­
ncss. Th e surface of the soi l is smooth or slightly 11rnlnlatinll·- 'J'h{' an•,is arc 
4 to 6 feet aboYe 1.hc smrounding soils and arc " ·ell <ha i ncll . 

Practically all of t he type is uncl cr cultivation arnl g-enrrnl .[a nn t r ops ,1 n· 
gr own. Yields arc ycry s imilar to those secured on t he ( 'ass wr.'· fine san ely 
loam. Alfalfa grows well 01~ the soil and is an impor 1 ai1 t crop. 

'l'hc chief need of the Cass loam is for add itions of' fcr1 ii izi ng mater ial-; sup ­
plying organic matter, ancl liberal amounts of farm urn nm·c may he ,ippl ie<l 
with pro.fit. 'l' he turning und er of legumes as green ma n ures wonlcl also proYc 
of value. The u se of a phosphalc fertilizer would urnl ouh1 C'cl ly proYc 11 r ofitablc , 
and test.s of superphosphatc arc r ecommended. 

LA:\10URE LOAM ( 11 2) 

The Lamoure loam is a minor type, cowr in g 0.5 pcrccn L of Hie 1-otal area. 
It occurs in the l\Ii ssouri River bottoms in a m1nil Jl'r of s1m1 ll ,H·cas loc-a te(l cast 
an d south of P ayne, and west of P ercival. 

'l'he surface soil of t he Lamourc loam is a dark g rayish -br oll" n fr iahlc loam, 
extending to a depth of 5 to 8 inches. 'l' hc subsurl'c1ec so il is a li ght-hrown 01· 
gr ayish-bro,Yn h eavy silt loam or silty clay loam. 'l' hc Jom' r part of the s11 h­
soil is a mottled gray, yellow and brown compact clay loam m· cla.'·- Both the 
surface soil and the ubsoi l arc high ly calcareous. On thl' outrr e<lg"l'S of il1 c• 
areas of the type the soil is very silty but, owing to 1.he s rn all exknt of this 
variation , the soi l is all mnppccl as the loam. 'l'he type is lt·w l to sli gh1l _v 
1111dulatin g in topograpl1y anc1 drairni gc is ,wll establish ed . 

'l' he Lamoure loam is all under cultivation, gen eral farm crqps bei ng grown. 
Co rn , oats, wheat and alfalfa arc th e chief cr ops and th ei r yiclcls arc ve r y 
satisfactory. Applicat ions of farm manur e would prove of valu<·, h 0w<'Yt'r. fo r 
increasing cr ops. 'l'he application of a phosphate fe rtili zer ·would unclo1 1btccl l_v 
proYc profitable, ancl test s of supcrphosphate are r ecommended . 

CASS SILT LOAM (106) 

'.L'he Cass silt loam is a minor type, coverin g 0.2 percent of t bc total ar ea. 
It occurs in a few small areas on the Missouri River bottoms. F our ~mall areas 
have been mapped along the county lin e north of Bart lett, and one ,Yest , three 
north and one north east of P ercival. 

The surface soil of t bc Cass silt loam is a dark grayish -brown, smooth silt 
loam, extending to a depth of 6 to 10 inches. 'l'he subsoil is an open, porous, 
yellow mid gray sand. 'l'he surface soil and subsoil are calcareous. 

Practically all of th e type is under cultivation and gen er al fa r m crops are 
grown, Corn, oats and hay yield about the same as on the Cass loa m. 'l'reat-
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menl s which arc of rn ln e on t he so il in(' lt1dc the use of fn rrn manure. t he t urn­
in g 1111,l er of IC'gll rn cs as gr een 111 ,rnures ;111,l , po.,s ihl r. 1he ;1pp lien tion of super­
phospha1c. 

SA IH'Y SILT LOAM ( 8'9) 

The Sa rp_\· s ill loa m is a min or type. co\·c rin g 0.2 percen t oJ: t he total a r ea. 
It occu r s on the Misso uri HiYcr bottoms in six small areas aclja cent to 1.hc Snrpy 
w r y fine sandy lomn and the Cass s ilt_\· cl11.v . 'l1he areas are loca ted % of a 
mile west and 2~~ lllil cs so uthwest of Bad lrtt; 11;,~ miles west of \Vabo 11sic 
Lake; alon g th e l1iglmny north of the Cl1ie.tgo, nurlington ,111d Quin cy Hailr oacl 
bridge across the l\Iisson r i Rivet· at 1\'rhraska C'ity ; arnl in t he southwestern 
c:o rn cr of the connty near H amburg. 

'l'hc surfac-c so il of the Sarp? silt loa m is a lig ht-g rny s ilt .loam lo a cl epth 
of 6 or 8 in ches. It contains so me vc r_\· fi ne s,tll(l . The s11bsoi l is a gray and 
yellow mottled sand . 

l\1u ch of th e soil is in tim!Jrr or a heavy g rn wt lt of sma ll ,1·ill ows, and less 
thnn '.?] p er cen t is un der cultivation. .Alfa! 1·a is the c:hid' crop, nnd some co rn 
and wh eat ar c proclncerl. 'l'lt c y ields arc somewlrnt hi gh t·t· than on th e sanely 
types of the Sarpy scri rs, ancl 1hcrc is li ttle clan ge r of i11 jn ry fr om clro11t l1. The 
soil will rcspoucl to applica tions of farm manure, and li beral auditions of this 
nrnLeri al sh ould be maclc. The turning under of leg umes as green manures 
would also be of ,;al.uc. 'l'hc application of a phos pha te fertilizer wo11lcl 1111-

doublcclly prove profita ble, and tests of snperphospha tc arc 11ccommcndcd. 

APPENDIX 

THE SOIL SURVEY OF IOWA 

What so il s need to mak e th em hi ghly prod uc tive and to k eep them so, and ,]low th e ir 
needs may be supplied , a re problems wh ich are met co ns lantly on the farm today. 

To ena ble every fa rm er to solve tbese problems fo r hi s loca l conditions, a complete sur­
yey and study of th e so il s of the s tate h as been un de r taken , the res ults of which will be 
published in a ser ies of county r epo r ts . This work in cl ud es a deta il ed survey of th e soils 
of each county, following whi ch all th e so il types , s trea ms, road s, railroads, et c. , a re 
accurately located on a so il m a p. Thi s portion o[ the work is bein g carried on in co­
oper ation with th e Burea u of So il s of the United States Department of Agr iculture. 

Samples of so il s are ta l,en and exa min er] m echa ni call y and chemically to determin e 
thei r characte r a nd co mpos iti o11 a nd to lea rn th eir neerls. Pot ex perim ents with th ese 
samr,les a re conducted in th e greenhouse to ascerta in th e valu e of the use of manure, 
fertiliz ers, lim e a nd olh er m:i leria ls on the var ious so il s. Th ese pot tes ts are follow ed in 
many cases by field experim ents to ch eck tlie res ul ts secured in th e gree nhou se. Th e 
meage rn ess of th o fund s ava il a bl e for s uch ,-.·ork has lim ited the extent of these fi eld 
studi es a nd tests have not been poss ibl e in each county sur veyed. F a irl y complete r es ults 
ha ve been secured, how eve r, on th e main types in the la r ge so il areas. 

Following th e sur vey , ~ys tern s o[ so i l m a nagem e nt \\'hi ch s hould be a dopted in th e 
var ious counti es and on th e differ ent so il s are worked out , ohl m et hods of t r eatm ent a r e 

Fig. 4. l\Tap o[ Iowa sho\\·in g t h e co un t ies surveyed. 
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emphasized as n ecessar y or their d iscontinua nce adv ised, a nd n ew m e thods of p roven 
va lu e are s uggested. 

PLANT PO OD IN S OILS 
F if teen diffe ren t ch em ica l clem ents a re essent ial for pla nt fo od , but many of th ese 

or cur so extens ive ly in soil s a n cl a r e u sed in such sm all (] ua nti ti es that ther e is p rac­
tically no clan ger of th e ir ever runnin g ou t. Such , for ex a mpl e, is th e case with iron a ncl 
alumi nu m , pa s t ex peri en ce s ho w in g t ha t t h e a m ount of Lh ese elements in t h e soi l r emai ns 
practica ll y con s tant. 

F urth erm ore , there can n ever b e a shor ta ge i n th e e lem ents ll' hi ch com e pr imarily fr om 
foe air, s nch a s ea rbon a n cl oxygen, for t he su pply of th ese in til e a tmosph er e is practi ca ll y 
inexhaus tibl e. Th e sam e is t ru e or n i t roge n, wh ich is n ow known to be ta k en d irectl y 
[rom t he alm os ph er e by well- in ocula ted legum es an d by cer t:l in mi cr oscopic organi sm s. 
H en ce, a l tl10 many crops a re unabl e t o secu re nitrogen from th e a i r and are forced to 
d r a w on t h e s oil s up ply, i t is possib le by the pr ope r and freq ue nt grow in g ot' well -in ocu­
lat ed leg u m es a nd Lh eir use a s green m an ures, to s to r e u p s uff ici ent of th i s e lem eut t o 
s upply a ll th e n eeds of s ucceedi ng n on -legum es. 

THE "SOI L DE RIVED" ELEME NTS 
Ph osph oru s , potassi um, ca lc ium a nd s ulfur, kn o wn a s " so il de r iv ed" elem en t s , may fr e­

L! Uentl y be la ck in g in so ils , a nd t h en a fe r ti l iz in g mate l'i a l carry ing t h e n ecessary eleme nt 
uins t be u sed. P !J os ph oru s is th e e lem ent mos t lik ely to be defic ient in all soils. This is 
es pec i>il ly tr ue o t' Iowa so il s . P ota ss ium fr equen t ly is la cki n g in [J ea t s a nd s wa m py s oil s , 
bu t norm ed soi ls in Iow a a nd e lse ll'he re a re u su all y wel l s upp lied wi t h thi s elem en t. Ca l­
cium m .,y be low in soi ls whi ch have born e a bea vy g ro \vth of a legume, es peciall y a lta l1a; 
bu t a shor tage of t h is elem ent is ve ry un like ly. lt seem s poss ib le fr om recent t es ts 
t ha t s u lfur m ay be lackin g in ma ny soi ls , for a ppli cat ion s of s ulfu r fert il ize r s h ci ve prov ed 
of valu e in so me c~ses . How e ve r , l it tl e is kn own as ye t rega rd in g the r e lation of t h is 
ele ment to so i l ferti li ty . E hl ter studi es s ho w ils i m por ta nce for p la nt g rowth a nd its 
deficien cy in so il s , su llur fe r t il izer s m ay com e to he cons id ernd of m u ch v:a lu e. 

AVAILAB L E AND UNAVAILAB L E P LANT F OOD 
F requ en tly a soi l an ,ll ys is shows th e prese11 ce of s u ch a bun dan ce of the essen tia l p l.,nt 

fo ods t hat tile con d us ion m ig ht be d ra wn tha t cro ps should he pro pe rl y s uppli ed t'o r an 
ind efini te per iod . Howe ve r , applica tion s of a t'ert ili ze r con ta in ing one of th e e le ments 
presen t in s uch larg e quantiti es in the s oil 111 ay br i ng a bou t a n app r ec ia ble an d eve n 
pro fi tab le in c re ,, se i11 crops. 

The explauati on of t his peculia r s ta te of a lfair s lies in t h e fa ct t ha t a ll th e p la nt foo d 
show n by a 1rn ly~is to be preson L i n so ils is not in a us :i !J le t' orn1; i t is s ii,l LO be 1w a util­
al, l e. Pl an ts c:1 11n ot tak e up foo d u nless it is in soluti on ; hence avu ilau l r plaut toocl is 
th a t which is in solu t ion . A n a lyses show no t only t his so lu bl e or ava ila bl e por tio n , bu t 
also th e ve r y m uch la rge r inso lu bl e or una vaiL, ble 1,art. T he tota l a m0 Lu1t ot' pl a nL (ooll 
in t he so il 111:,y , t h erefo re, be ab un dant for n um ero u s cro ps , bu t if it is nol m ,,de availab le 
rapid ly enough , p la n ts will s ufter for prnp er fo od. . 

Bacteria a nd m olds a r c th e agen ts which bring a bout t he change of in solu ble, una va il­
ab le mate r ial into a va iL1ble form . If condition s i n th e soi l a r e sat is factory for th eir 
vigorou s g row lh and s u!Tici enL t otal plant food is p resent, th ese organis ms wi ll bri ng 
a bou t th e prod uct ion oi: enoug h soluble m a terial t o support good crnp growth. 

REM OVAL OF P LANT F OOD BY CROP S 
'fhe decrease of pl a n t foo t! in t h e soil is th " d ir ect r es ult ut rem oval by crops, althc. 

th ere is o[ten s ome loss by leach ing a lso . A s tudy of the am ounts of nitr ogen , phos­
ph orus, a n d potassi um r em ov ed by some of t h e comm on [arm cro ps will sh o w how r apidly 
th ese elem ents are used up u nder ave rage fa r m in g con d it ion s . 

Th e amounts of t h ese e lem ents in vario us [,a r m cr ops are given in Lable I. T h e pu1ount 
of calcium a n d sulfur in the crops is n ot in clu clecl , as it is only r ecently that the r emo\·a l 
of t hese elements l1 as been con s id er ed important en ough to warrant ana lyses. 

T ile flg ures in the tal.J le show also the value of th e th r ee e lements con t a ined in tt e 
d iffe rent crops, calcubted fr om Lile market va lue of fer t i lizers conta in in g th em. Thus 
th e va l ue of n itrogen is fi gured at 16 cents per pon n d, the cost of the elem ent in nitrate 
of s oda; ph osphorus at 12 cents, t he cost in sup erp hospha te, and potass ium at 6 cents , 
t h e cost in m uriate of poti1sh . 

It is evident fr om tile t ab le t hat t he con tinu ous growth of any common fa r m crop w i th ­
ou t returnin g these t h ree impo rta nt eleme n ts will lead fi nally to a , ho r tage of p lant food 
in th e soil. T h e ni trogen supply is d rawn on th e mos t heavily by a ll the cro ps, but in t h e 
case of al falfa a n ti clover on ly a small par t s houl d be tak en from t h e soil. If t h ese 
l <>e:u mes are in oculated as t h ey should be , th ey w ill t a ke mos t of th eir nitrogen from t he 
;t7nosphere. T he figures a re th er efore ent irely too hig h for th e n itrogen taken fro m t h e 
soil by thes e two crops , hu t the loss of nitrogen from th e soil hy r emoval in non -lE,gu m i­
nous cr ops is considerabl e. T h e pho sph orus an d pota ss ium in t h e .,~:! a r e a l so rapidl y 

FREMON T COUNTY S OILS 59 

TABLE I. P LANT F OOD IN CRJJPS AND VALUE 
Calculating Nit rogen (N ) at 16c (Sodium Ni trat e 1NaNo, ) ), Phosphorus (P l at 12c 

(Snpcrphosph ate ), and Potassium (Kl at 6c (Potassium Chloride (J{Cl) ). 

P lant Food, Lbs. Value of P lant Food I 'l'ot al 
Ya luc 

Crop Yield of 
Nitro- Pbos- J 

Potas- Nit ro- P hos- [ Potns-
1 
P h111t 

gen phor us sium gen pborus s ium I Food 
I --

Corn, grain 75 bu. 75 

I 

12.75 14 $12.00 $1.52 $0.84 $14.3, 
Corn. stover 2.25 'l'. 36 4.5 39 5.76 0.54 2.34 8.b4 
Corn. rrop ---- -- - 111 17.25 53 17.76 2.07 3.18 23.01 
Whent. grnin 30 bu. 42.6 7.2 7.8 6.81 0.86 0.46 8.13 
Whent. strnw 1.5 T. 15 2.4 27 2.40 0.28 1.62 4.30 
iVhrn t. erop - ------ 57.6 9.6 34.8 9.21 1.14 208 12.43 
Oat~. g rni n 50 bu. 33 5.5 8 5.28 0.fi6 0.48 6.42 
Oa t". str:nv 1.25 '1'. 15.5 2.5 26 2.48 0.30 1.56 8.2S 
0Ht;,, rrop - - - - - - - 48.5 8 34 7.76 0 96 2.04 14 .70 
B ar] Py. gr:iin 30 hn. 23 5 5.5 3.fi8 0.110 O}l3 4. nl 
Bnrl,•y. ~trn w 0.75 'l'. 9.5 1 13 1.52 0 12 0 78 2.42 
B a rk y. f'ro p ---- - -- 325 6 rn .5 5.20 0 72 J.11 7.03 
Rye. grai n 30 hu. 2!l4 6 7.8 4.70 0.72 046 5$8 
Rvc. ~t rn w 1.5 'l'. 12 3 21 Ul2 0.3fi 1.26 35-1 
H,•r. <'rop ------- 41.4 9 28.8 6.R2 1.08 1.72 9.4 2 
P otn toP,- 300 lm. 63 12.7 90 10.08 1.25 5.40 1700 
Alfn lffl. hny 6 T. 

I 

300 

I 

27 144 4R.OO 3.24 8 64 5988 
'f' irn oth y. hay 3 1'. 72 9 67.5 l 1.52 1.08 3 95 l ii 55 
CloYPr. lrny 3 1'. 120 15 90 19.20 1.80 5.40 16 40 

r erlu r r rl by tl1 e g r01vth of orrl i n~ry crops. W hi le t h e n it r ogen , n nply m ciy be ke pt np hy 
th e use of legu min ou s g reen ma n u r e cro ps. phosphoru s a nrl potassium must be s u pplier] 
by t he 11s e of exp0ns i "e commPrcia l fp rtil i7ers. 

T l1e ca sh n 1lue o !' th e pl ·n t fonfl r emover] f rom soil s by th e is ro "·th a nd sa le o f va r iou s 
r· r ops is cnn s i,Jpr · hlP. E\·pn wh Pre t h e g rn i n a lone is s ol rl anrl the cro p r es id u es a r e 
r e tu rn Pd tn the ,o il. thP re is a large loss o f fnti li t y. an d if t he entire c rop is rem oved 
il nrl no r e tn rn made . th e los, is al m ost rl oublerl. 1t is evirl ent.. th e refore, t h ·, t in l'a lt u­
lating rhe a<-t ll a l in co m e from t he sa lp of f-irm crops . t h e vRl u e of t h e pla n t food r e­
mm·prl f rnm the soi l s ho ulrl !JP s 11 bt rn r terl fro m th e proceeds. a t. le:i s t in th e cnse of co n­
sr i lli<'nt < 11·hii h 11• n s1 l1p r ep! r ed a t th P prPs,., n t ti ·11P. 

Of course. if th e crops prorl ur erl are fed on th e h rm ,, 11el th e ma n ur e car efu ll y prese r ved 
a nd 11 ,e rl . " lar c: e part of tllP v ,1uah]p matt e r in lh e r-rop s will he re t n r np,J In t ' " soi l T h is 
h the casP in l h ·es to r k a nrl rla iry fa n nin g wl1e re th e produ ct s sold conta in only a por • 
ti nn or th e valn- •ble e lem e nts o f pla nt roorl re moved fro m t he so il. In ,;-r ii n fann ing, 
h oll' eve r. g-ree n m an urP cro ps a nrl co mm er c ia l fe rti l ize r s m us t li e rl cpenr!Prl n pon to S llP· 
pl y pl;,nt fn nd rlpfi ri pn r· ies in tl1p soi l. It s '' r 11 lr] hp menl inned lh I 1lw nrnnp•· u se of 
crop re, irln es in th is lat te r syste m of fa r min g r edu ces con s id erably pl a n t fo od los ses . 

REMOVA L F l10,1 10\VA SOILS 

It ha, hPPn con se r vati ve ly es t im a ted tha t t he pla nt foo d ta k en fro m Iowa soi ls Hil d 
s·h ipperl out of th e sta te in g r:i in a n1o unts to ab out $~0. 00 0.000 a n nu a ll y. Thi s c ,Jcul at ion 
is baser! on t he es tim :it e of th e se creta ry of th e \V es te rn Gra in De;i ler s ' Associa t ion that 
20 per ce n t of th e corn a nd 35 to 40 per cen t of t h e oa ts produ ced in t he s ta te is s hipped 
o ff th e fa rm s. 

T his loss of fe rti l itv is nn evpn ]y rl istribut erl over til e s t.a te. vary in g ~s far mers rln m ore 
or less li vestock a n d da i ry farmin g or grain farm in g. In g ra in fa rmin g, wh er e no 
m ,1n11 re is prorln red an rl t ile ent ire g rain cr op is solrl. t he soi l ma y ve r y qui ckly becom e 
cl e Ar· ient in ce rtain necessa r y p lant food s. E ventu a ll y. howeve r . a ll soi ls a r e de pl ete d 
in essenti a l food m a ter ial s, wh a tever sys tem of farmin g is fo ll owed. 

PET?JJ ANENT PEllTTL TTY TN 10117 A S OTLS 
Th e pr elimin ary s tud y of I owa soil s , al rea rl y repor terl, revea lerl th e fa ct that th er e is 

not an in exha us tibl e s upply of ni troge n . ph osph oru s an d po tass ium in the soil s of t h e 
s tate. P otass ium was fo unrl in m u r h l a r ger amou nts than th e oth er two elem en ts, a nd it 
was con clnd ed, t h e r efore. t h a t attenti on shou l rl be cente red at th e pr esent t ime on nit ro­
g(rn and ph ospho ru s. In sp ite of th e fact t h a t Towa soils are s till com par ative ly fer t ile 
a n d crops a re st ill large t h e re is a bun rla nt evid en ce a t ha nd to pr ove th at the best pos­
s ible yields of certa in crops a r e not being o btained in m a ny cases beca use of t h e lack of 
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necessary plant foocls or beca use of the lack of proper cond itions in the soil for the 
g ro11·th of plants and th e production , by bacteria, of available pla nt food . 

Proper systems of farmin g will i nsure the product ion of sati sfactory crops and the 
maintenance o[ permanent ferti lity and the ado pt ion of s uch systems should not be d e­
layed until th e crop y ield s are mu ch lowe r , for then it will involv e a long, tedi ous and 
ve ry exp ensive fi gh t to bring the so il back to a fertile condition. If [)roper m ethods are 
put in to ope ration whil e comparatively large amo un ts of ce rta in 1J! a n L foods a re st ill 
present in th e so il, i t is r elat ively ea~y to keep them abundant and attenti on may be 
cen te r ed on other elements l ikely to be limiting facto r s in cro p producti on. 

Soils m a y be kept permanently fertil e by a doptin g ce r ta in practices whi ch will be 
s umm arized her e. 

CULTIVATION AND DRAINAGE 

Cul tivation and drainage are t ,Yo of the m ost important farm ope ration s in keeping th e 
soil in a favorabl e co ndition fo r crop prod uction, la r gely because they help co ntrol the 
moi sture in the soi l. 

The mois ture in so ils is one of the most important factors go vernin g cro p product ion . 
If th e so il is too dry, pl ants s urfer ro r lack of water necessa ry to bring them th eir food 
and a lso for la ck of availa.bl e pla n t food. Bacterial activities are so res tricted in dry soi ls 
that th e produ ction of availab le plant food pract ica lly ceases. H too much moi sture is 
present, p lants like wi se r efuse to grow properi y beca use or th e exclu s ion of a ir from the 
soil and the a bsence or ava ilabl e food. Decay is ch ec ked in the a bsence of a ir , all bene­
ficial bacterial act ion is limited and humus, or or ga ni c matter, co n tainin g phnt food 
constituents in an unavai lable form, accumul a tes. Tb e inferti li ty of low-ly in g, s wampy 
soil s is a good illu stration of tlic action of excessiv e moisture in r es t ri cting plant g rowth 
by stopping aeration a nd limitin g bene fici a l decay processes. 

Whil e the amoun t of moisture in the so il depend s very largely on t,he T•ainfa ll , any 
excess of wa te r may be r emoved from the soil by drain age a nd the amount of water 
presen t in th e so il m ay be co nsen ed (luring th e period s of dro uth by th oro cultivation 
or bile maintaining of a goo d mulch. Th e need for drainage is dete rmin ed partly by the 
nature of th e so il , bu t more particu la rl y by the subso il. l[ the s ubso il is a heavy , ti gh t 
clay, a surface clay loam will be rather r ead ily affected by excess ive rainfall. On the 
other h a nd, if tll'e ,sur face so il is sa ndy, a he:i.vy s ubso il will be of advantage in pre­
venting t h e r ap id dryin g out of th e soil a n d a lso in ch eckin g losses of valu a ble matter 
by leaching. 

THE ROTATION OF CROPS 

Experie nce has sho wn many tim es t hat bh e co ntinuous g row t h of on e crop ta kes th e 
fertility out of a soil much m ore rapidly than a rotation of crops. One of the most im­
portant farm pract ices, t he refore, fro m th e stand po int of soil fertil ity, is th e rotation of 
crops on a basis suited to th e so il , cl imatic, farm and mark et conditions. The ch oice of 
crops is so large· that ll O difCi culty s ho uld be ex pe ri ence d in select in g those suitable for 
a ll conditions. 

The re a re a number of explanations of th e value of rotations. It is claimed that crops 
in their growth produce cer tain s ubstances called "toxic" which a re injurious to the same 
crop, but have no effect on cer ta in oth e r cro ps. In proper rotation s the tim e bet ween two 
diffe rent crops of the sa m e plant is long eno ugh to a llow the " toxic" s ubs tances to be 
di sposed of in th e soil or made harm less. Thi s th eory has not been commonly accepted , 
chiefl y because of th e I:1ck of co nfirm a tory ev id enc . It see ms extr e mely doubtful if the 
amoun ts of th ese " toxi c" su bstances could be large enough to br in g about the effects 
evid en ced in conti nu ous cropping. 

But, whatever th e r easo ns for tbe bJ d effects of co nt in uous croppin g , it is ev id ent that 
for a ll good syst ems of farmin g some definite r otation should be adop ted, and th:it rota­
tions should a lways contain a legum e, beca use of th e value ot' such crops to the soil. In 
no other way can th e humu s an d nitrogen conten t of soil s be ke pt up so cheaply and 
satisfactorily as by th e use of legum es, either as r egul a r or "catch" crops in the rotation . 

MANURING 

Th er e mus t a lways be enough humus, or organic m atte r , a nd nitrogen in th e so il if 
satisfactory crops are to be secured. Humus not only keeps the soil in t he ,bes t phy :, ica l 
condition for cro p growth, but it su ppli es a considerable por tion or nitrogen. An abu n­
dance of humus may a lways be cons id er ed a r eli able indication of the presence of much 
nitrogen . This nitrogen do es not occur in a fo rm available for plants, but with proper 
physical conditions in the soil, th e nonusabl e nitrogen in the an imal and vegetable 
matter which• ma kes up the humus, is m ade usable by numerous bacteria an d changed 
into soluble and avai lable nitra tes . 

The humus, or orga nic m a tter, also encourages the activities of many other bacteria 
which produce carbon dioxid e and various acids wh ich dissolve a nd make available t he 
insoluble phosphorus a nd potassium in the soil. 
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Three mater ia ls m ay be used to supply th e organic. m atter a nd nitroge n of so il s. Th ese 
are farm ma nure, crop r es idu es and gr een man ure, the fi rst two being much more com­
mon . 

By_ usin g a ll th e crop re~ idu es, a ll th e manure produced on the fa rm , and g iv ing 
well-rnoculat~d l~g~1 rnes a pla ce in bile rota tion for gr een m anure crops, n o a rtificia l 
m eans of m a 1ntammg the humus and nitrogen con tent of th e soil s need be resorted to. 

TH.ill USE OF' PHOSPHORUS 

I owa soil s a r e no t abund a ntly s upplied with phospho rus. Moreov er, it is not poss ible by 
th~ use of ~rnnv res, gr een manures, cr op r esid ues, str a w, stover, e tc., to r et urn to th e 
soil the entire :cm ount of that element removed by crops. Crop res idu es, s tover a nd 
~i raw mer ely rE -~urn a portion of the phosphorus r emoved, a nd whil e th e ir use is im ­
/)ortant m checlung the loss of the elem ent, they cannot stop it . Green manurin g add s 
no phosphoru s that was not used in th e g r owth or the gr een manure crop . Farm man urc 
r eturns part of the phos phor us r emoved by crops which ,a r e feel on th e fa rm but not 
a ll _of it. Whil e, th erefore, immediate scar city of phosphorus in Iowa soils ~annot be 
pos1t1vely shown, analyses a nd r es ults of exp erim ents slrnw that in the more or less 
d istant ,futur e, phosp horu s must be appli ed or CTO[J-S will s uffer for a lack of this e lem e nt. 
Furth~rmore, th er e are ind ic:a tions t hat its use at present wou ld prove profitabl e in 
some 111sbances. 

Ph osphorus may be appli ed to so ils in three commercia l fo rm s, ,bon e mea l, s uperphos­
P:lrn~e a nd r ock J?ho s•phate. Bone m ea l ca nn ot be used generally, because of its extremely 
Iu111 te~l product10n, so th e choice r ests between rock phosphate a nd s uperp•hosphate. 
Expenmen ts a r e now und er way to show whi ch is more economi cal for fa rm ers in th e 
s ta~e. Man~ _tes ts m us t be co ndu cted on a la rge vari ety of soil types, und e r w id ely dif­
fering cond1t10ns , and th ru a rather long period of years. It is a t present impossible 
to. n:ialrn t•hese exper imen ts as complete as des irabl e, owing to s mall a ppro­
priations for s uch work, but the results secured from the tests n o,w in progr ess will be 
publis hed from tim e to t im e in th e different county r eports. 

Until s uch definite arlvice can be g iv en [or individua l soil types , it is urged th a t farm ­
ers who are inter es ted m ake compari so ns of rock phosphate and s uperpho sphate on their 
own fa rms. In thi s way they ca n determin e at firs t hand the r ela tiv e valu e of the two 
materia ls. Information and suggestions r egarding th e ca rryin g o ut of such tes ts m ay be 
secured up on application to the Soi ls Section. 

L IMIN G 

Practically a ll cr ops grow bette r on a soil which contains lime or in othe r \\·ords on 
one which is not ac id. As soi ls become a cid, cro ps grow s m a ller ,' ,bacteri a l activities' a r e 
re~lu ced a nd the so il becom es infertile. CTops a re differ entl y affec ted by acidity in th e 
soil ; som e refuse to g row at a ll ; oth er s g row but poorly. Only in a ve1 v few in stan ces 
can a satisfactory crop be secured in the absence of lime. Th er efo re, the addition of 
lime to so ils in which it is lackin g is an important principl e in pe rma nen t soil fe r t il ity. 
All soils gradually becom e acid beca use of th e losses of lime a nd other bas ic materials 
thru leaching and the production of acid s in th e decomposition processes cons tantly 
occurring in so il s. Io wa soils a re no exce pti on to the gener a l rule, as wa s s hown by the 
tes ts of many represe n tative soils rnported in Bulletin No. 151 of thi s sta tion. Parti cular ly 
a r e the soils in th e l o,wan drift , Mi ssi,ssippi Ioess a nd So u thern I owa loess a r eas likely 
to be acid. 
. All Iowa so ils should th e refo re be t es t ed for acidity be for e th e crop is seeded , par­

ticularly wheu legumes, such as alfalfa or red clover , are to be g rown. 
a ppli ed to neutrali ze t he ac idi ty in th e surface soil. 

SOI L AREAS I N TOW Jl 

There a r e fiv e la r ge soil areas in Iowa, the Wi scons in d rift th e Iowan drift tht Mi s­
so uri loess, the Mississippi Ioess anrl the Sou thern Iowa loes~. These fiv e lli~i s ious of 
t he soils of th e state are based on th e geological fo rces which brough t a bou t the forma­
tion of the various soil areas. Th e vari ous areas a r e shown in the map, fig. 8. 

·wi tb the excepti on of th e nor theas ten~ part of th e sta te , the whole s urfa ce of Iowa 
was rn ages past overrun by great co nt111cntal ice s heets. These great m asses of 1-.:e 
moved slowly ove r the la.nd, cru shing a nd gri ndin g the rocks beneath and carr ying a lor,g 
with them th·e ma teria l which th ey accumulated in th e ir prog r ess . Five ice s heet., 
invad ed Iowa a t diffe ren t geo log ical eras, coming from d ifferen t directions a nd carrying, 
therefor e, differ en t rock materia l with th em. 

The deposit, or shee t, of earth debris left a fter t he ice of such g laciern m elts is called 
"glacial till" or "drift" a nd is eas ily distin gui shed by the fact that it is us ua ll y a r ather 
stiff clay containing pebbl es of a ll wrts as well as large boulders of "nigger heads." T wo 
M these drift a reas occur in Iowa t oday, the Wisconsin clTift and the Iowan dr ift, cover-
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ing the north central part of the state. The so ils of these t"·o drift a r eas are quite 
different in chemical composition, due primari ly to the different ages of the two ice in­
vasions. The Iowan drift was laid clown at a much earlier period and is somewhat poorer 
in plant food than the Wisconsin drift so il , having und ergone co ns iderable leaching in 
the tim e which has elapsed s i nee its formation. 

T he drift deposits in the remainder of the state h ave been cover ed by so-called loess 
so ils, \'ast accumulations of dust-like materials wh ich settled out of the air during a 
period of geological time when climatic cond iti ons were very differ ent th a n at prese nt. 
Th ese loess soi ls are very pornus in spite of the fine texture and th ey ra r ely conta in 
lar ge pebbles or stones. They present a strnn g contrast to the drift so il s, whi ch are 
somewhat heavy in tPxlure and filled \\' ith pebbles and ston e. Tb e t hree loess a r eas in 
the state, the :\ l issouri, the Miss issippi and t!ie Southern Iowa , are disti ngui s hed by dif­
ferences in texture and np11carance, and th ey Yary co ns illerably in value for farming 
purposes. Tn some sPclions the loess is very deep, while in other 11laces the und erly ing 
leached till or <lrift is very close to the surface. The fertility of these soils and their 
needs are greally influenced, therefore, by their depth. 

Tt \\"ill be se<'n that the soils of tile state may be rough ly divided into two classes, drift 
soil s a nrl lo css soi ls, an,l that furthrr division may then be macle into various dr ift and 
loess soils he<"ausc of rlil'fercnccs in period of formatio n, characteristics and general 
composition. !\lore accurate information demands, however, that further divisions be 
mad e. The rlil'ferent 1lrift and loess so ils co ntain la rge numbers of soil types which 
vary among tllemselves, and each of these should receive special atten tion . 

THE SOIL SURVEY BY COUNTIES 

It is apparent that a genera l su rvey of t he soi ls of the sta t e can g ive only a very gen­
eral idea of so il co nditions. Soils vary so widely in cha racter a nd composition, depe nrling 
on many other factors than the ir so urce. t bat definite knowledge concerning their need s 
can be secured ou ly by tboro an1l ('Om plete s t udy of I.h e m in place in small a rea s. Cli­
matic co nd iti ons, topography, rl epth and characte r of soil , chemical anrl m echa nica l com­
pos ition and all other factors affecti ng crop prnduction must be considered. 

Thi s is what is accomp li shed by th e soil surv ey of t i:e sta t e by count ies . and hen ce 
the needs of individual soi ls a nrl proper systems of manageme nt may be worked out in 
mu ch g reater detail and Ile much more complete than \\Ould be poss ib le by merely con­
s id erin g the large a rcas separated on the bas is of the ir geological ori g in. ln other wo rds, 
while th e unit in the general sur vey is th e geological hi s tory of the so il area, in the soil 
sur vey by counties or any otlier sma ll a r ea, the unit is th e so il type. 

SOIL AREA.5 Of !OW.A 

Fig. 5. !\Tap showing t he principa l soil ar eas in Iowa. 
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So il types possess more Go1;~!~1L· S_OIL CHAR~CT RISTICS 
in the fi eld, a l tho some lahorator/fif i\e c? a racteris t1cs which may be determined largely 
li ne of separation between ad joinin ; uc_y is necessary fo_r final di s position . Us ually the 
to locate the type bo undaries I "'soi l types is Quite di st inct and it is a s impl e matter 
type to another and then t he· bo~1~o~e cases, how~ver, there _is a gradation frnm one 
e_rror introduced into soi l surv e wo~\iesf .may b_e fixec'. on_ly with g reat difficulty. The 
li ttle concern. Y ( 1 om th1 s so ui ce is very smal l an d need cause 

T he factors \l'h ich m us t be taken int · 
en u m era tee! by the Ill ino is Expe r imento itct~unt. Ill _establ_ish ing so il types !Jave been well 

1. T he geolog ical origin of tb . a ion JU its Soll Report No. 1. They ar e : 
co llu via l or cumu lose. e so l! , whether r es idu a l, glac ia l, loessia l, a ll uvial, 

2. T he t opography or lay of the land. 
3. The s t rncture or depth and chancte r f th . • 
4. T he phys ical and mecha ni ca l co~pos · / ~ sm_fac , s ubs urface a nd su bsoi l. 

t he per centages of grave l, sand s ilt cla ~d~ 11

0
~. di_ffer ent strata_ composing the so il , as 

5. T he texture or poros ity, grant;lati[i1 fri a bifi~mc ;31a,tte_r whi ch they C0JJtain. 
6. T he co lor of the st rata. ' Y, P as.icity, etc. 
7. Th e natura l dra inage. 
8. T he agricu lt u ral valu e l.Jased npon its t 
9. :\'ative vegetat ion. na nra l productiveness. 

10. T he ul tima!e chem_ical co mpos iti on anrl reaction. 
T ile common soll co nstituents may be g iv en as fo! lows:j' 

Orga n ic matter f All partia lly des troyed or rl ecomposed 
l vege tabl e and anima l mater ia l. 

In orga nic matter 

r Stones- over 32 mm.* 

I Grave l-32-2.0 mm. 

1
/ Very coa rse sancl -2.0- 1.0 mm. 
1 Coarse sa nrl - 1.0- 0.5 mm. 

Medium sancl-0.5- 0.25 mm 
F' ine sanrl- 0.25- 0.10 mm. · 

l Ve ry fin e sanrl- 0.10- 0.05 mm . 
S ilt- 0.05-0.00 mm. 

" SOILS GTTOUPED BY TYPES 1 he general g roups of soil s by types a r e inrli catecl t hus by 
P eats-Consisting of 35 . th e Bureau of Soils. 

more or less sa nd or soil. pe1 cent or more of orga ni c matter, some tim es mixed with 

. PPa t.11 Loams- 15 to 35 per cent or<>a ni c 
h t tle clay . "' matter mixed with much sanrl and s il t and a 

_clnlu.cks-2_5 to 35 per cent of partly cleC'omposed 
an som e s ilt.. organ ic m:itler mixed with much clay 

Clays-Soils with more t h;rn 30 
more than 50 per cent si lt a n rl ch1;_cr cent clay, u suall y rnix01! with mu<·h silt; always 

S'ilty C. lay Loams-20 to 30 per cent clay an<! 1no1·e tl1a 11 Cl 1 50 per cent silt. 
_ay ~oams-20 to 30 per cent clay a nd less than ~o IJe1· s lt f v cent si lt and some s •ncl 

i ,oams-20 per ce nt clay and more th·111 50 . . . ,. . 
L oams-Less th a 20 . ' per cent s il t mixed with some snncl. 

Per cent sand. n pe1 cent clay and less than 50 per cent c 'Jt l f 
J I anc rom ::o to GO 

Sa_ndy Clays-20 per cent s ilt and small amounts 
F S of clay up to 30 per cellt. 'ine ancly Loams- Mor e than 50 r 

less than 25 per cent very coa/ se s pe cent fin e sand anti very fine sand mix ccl with 
li ttle clay; silt and clay 20 t~ 50 p!1~ c~e1~~~rse sand and medi um s1 11d, much s ilt ancl a 

Sanely Loams- More than 25 • 
cla y 20 to 50 per cent. pei cent very coarse, co:trse and medium sanrl; silt and 

co;re;; [~1£ !1a:~furr:'1~~~<{11f!}~1iaei~, iin~e~.n~e~~n~il~11
~

11
~es~h~~~ 11 25 per cent very coarse, 

Fine Sand-Mor e than 50 per cen t f1 1 
coa rse and m ed ium sand less t ha n 90· m e sam '.111d less than 25 per cent very coarse, 

, ~ per cent silt and clay. 
Semel-More than 25 per cent very • , • • 

cent fin e ,sand, less than 20 per cent sci~t!~•c1 cil~;_e and medium sand, less than 50 per 
Coarse San.cl-More than 25 per cent ver 

50 per cent of oth er grades, less than 20 p~~, ~~~i~s~,il~o:
1
~~e c~!1il medium sand, less than 

Gravelly Loains-25 to 50 per cent very coarse sand and muc~ sand and some silt. 

* 25mm equals 1 in. t Bureau of Soils Handbook. 
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Gravels- Mor e than 50 per cent very coarse sand . 
Stony Loams- A large nu mber of s to nes over one inch in di ameter. 

METHOD S USED IN THE SOIL SURVEY 

It may be of some interes t to s ta te briefly th e m ethod s whi ch a re fo ll owed in the fi eld 
in survey in g the soils. 

As has been indicated th e completed map is in tend ed to sh ow th e accurate location a nd 
boundaries, n ot on ly of a ll soil t ypes but al so of the s tream s, road s, r a ilroa ds, etc. 

The first s t ep, th erefore, is th e choice of an accurate base m ap a nd an y ofCi cia l map 
of the county may be chosen for thi s purpose. Such maps ar e alw.Jys checked to corre­
spond correctly with the land survey. The location of every str eam, road and r a ilroad 
on the ma,p is likewi se carefull y ve rifi ed an d corrections arc fr equently necessa ry. When 
an accurate base map is not available the fi eld party must firs t prepare one. 

Th e section is the unit area by whi ch ea ch coun ty is s urv eyed and mapped. The di s­
tances in the roads are determin ed by an odometer attached to the vehicle, and in the 
fi eld by pacing, whi ch is don e with accu racy . The direction s o[ l11e stream s, roads, rail­
roads, etc ., are determined ,by th e use of th e com pass and th e plane table. Th e character 
of th e so il types is ascer tai ned in th e sect ion by th e use of the auger, an instrument for 
samplin g both th e su r face soil a nd the subsoi l. The bounth, ri es o[ each t ype a re then 
ascerta ined accurately in th e section and incli ca ted on th e map. Many samplings are 
frequently necessary, and individu al ,section s m ay contain severa l soil types an d require 
much time for mapping. In oth er cases, th e entire section may conta in only one so il 
type, which fact is r eadi ly ascerta in ed, and in th at case the ma pl)ing may proceed rapid ly. 

W,hen one section is comple1ted , the party passes to th e next secti on and t he location 
of a ll soil ty11es, str eams, etc., in th a t secti on is th en check ed with their location in the 
adjoining a r ea just mapped. Careful attention is paid to th e topographi c feat ures of the 
a rea, or the ".Jay of the land ," for th e character o[ th e soi ls is [ound to correspond very 
closely to th e co nditions und er wh ich they occur. 

The fi eld party is composed o[ 1two men, a nd a ll observati ons, meas urements and so il 
type boundari es ar e compared a nll ch eck ed by each ma n. 

The deteTmin a tion s of soil t ypes are verifi ed a lso by inspection and by co ns ulta ti on 
with those in charge of the work a t th e Bureau of Soils and a t th e Iowa Agricul:t ural 
Expe ri ment Station. When th e entire coun ty is completed, a ll th e secition m aps of fi eld 
sheets a r e assembled a nd any va riation s or quest ion able boundari es a re ve rin ed by fur­
ther observations of th e particul ar ar ea. 

Th e completed m ap, th er efor e, shows as accurately as possible a ll soils a nd so il 
boun daries, and it cons titutes a lso an exact map of the co unty. 

IOWA AGRICULTURAL EXPERIMENT STATION 
PUBLICATIONS DEALING WITH SOIL INVESTIGATIONS IN IOWA 

(Those followed by a * are out of print, but are often available in public libraries.) 

BULLETINS 

N;S Drainage Conditions in Iowa.* 
BS The Principal Soil Areas of Iowa.* 
96 The Maintenance of Fertility with Special Reference to the Miaaouri Lgess. * 
98 Olover Growing on the Loess and Till Soila of Southern. Iowa.* 

119 The Gumbo Soils of Iowa.* 
124 A Centrifugal Method for the Determination of Humus.* 
160 The Fertility in Iowa Soils.* 
160 The Fertility in Iowa Soils (Popular Edition). 
161 Soil Acidity and the Liming of Iowa Soils.* 
161 Soil Acidity and the Liming of Iowa Soila (Abridged).* 
167 Im:{>roving Iowa's P eat and Alkali Soila.* 
161 l,lamtaining Fertility in the Wisconsin Drift Soil Areas of Iowa.* 
167 Rotation and Manure Experiments on the Wisconsin Drift Soil Areas. 
177 The Alkali Soils of Iowa. 
183 Boil Erosion in Iowa.• 
191 Recltiming Iowa'• Push Soils. 
218 Iowa S7stem of Soil Management.* 
221 Crop Yields on Soil Experiment Fields in Iowa. 
232 Field Experiments with Gypsum. 
286 The Economic Value of Farm Manure as a Fertilizer on Iowa Soila. 
241 Crop Returns Under Various Rotations in the Wisconsin Drift Soil Area. 

CIRCULARS 

2 Llmins Iowa Soils.* 
7 Bacteria and Soil Fertility.* 
8 The Inoculation of Legumes.* 
9 Farm Manures.* 

10 Green Ma-nuring and Soil Fertility.* 
16 Teatins Soila in Laboratory and Field.* 
S4 Fertilizing Lawn a,nd Garden Soils. 
48 Soil Inoculation. 
61 Boil Surveys, Field Experiments and Soil Management In Iowa.* 
68 Use of Lime on Iowa Soils.* 
82 Iowa Soil Survey and Field Experiments.* 
89 The Pasture Problem in Iowa. 
97 The Use of Fertilizers on Iowa Soils. 

1011 Inoculation of Legumes. 

RESEARCH BU:ULETINS 

1 The Chemical Nature of the Organic Nitrogen in the Soil.* 
2 Some Bacteriological Effects of Liming.* 
8 Inlluences of Various Factors on the Decomposition of Soil Organic Matter.* 
4 Bacterial Activities in Frozen Soils.• 
6 Bacteriological Studies of F ield Soils, I.* 
6 Bt_cteriological Studies of Field Soils, II.* 
8 Bacteria at Different Depths in Some Typical Iowa Soils.* 
9 Amino Acid and Acid Amides as Source of Ammonia in Soils.* 

11 Kethoda for the Bacteriological Examination of Soils.* 
18 Bacteriological Studies of Field Soila, III.* 
1 'I The Determination of Ammonia in Soils. 
18 Sulfodcation of Soila. 
a• Determination of Amino Acids and Nitrates in Soila. 
26 BacMirialActivitles and Crop Production. 
84. Studies of Sulfodcation. 
86 Effects of Some Manganese Salts on Ammonification and Nitrification. 
86 Inlluence of Some Common Humus-Forming Materials of Narrow and Wide Nitrogen-Carbon Ratio 

on Bacterial Activities. 
Carbon Dioxide Production in Soils and Carbon and Nitrogen Changes in Soils Variously Treated. 
The Effect of Sulfur and Manure on the Availability of Rock Phosphate in Soil.* 
The Effect of Certain Alkali Salts on Ammonidcation. 
Soll Inoculation with Azotobacter. 
The Effect of Seasonal Conditions and Soil Treatment on Bacteria and Molds in the Soil. 
J!lltriAcatlon in Acid Soils. 
The Color of Soils in Relation to Organic Matter Content. 
The Relatlonshipa between Hydrogen Ion, Hydroxyl Ion and Salt Concentrations and the Growth of 

SeYen Boll Molds. 
A 8tu9 of the Secondary Effects of Hill Fertilization. 
Some Effects on Methods of Applications of Fertilizers on 0orn and Soila.* 
The Numbers of Microorganisms in Carrington Loam as Influenced by Different Soil Treatmenta. 
8'udiee on Nltridcation and Its Relation to Crop Production on Carrington Loam Under Different 

Treaanenta. 
PhJaioloiical Studies on the Nitrogen Fixing Bacteria of the Genna Rhizobium. 
Sojbeaa Inoculation Studies. 




