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INTRODUCTION

Field work on a detailed, basic soil survey for Saline county

was completed in the fall of 1949« The soil map, yield data,

opinions, and experiences of agricultural workers in Saline county

clearly indicated that there were certain low-fertility agricul-

tural soils which might be studied profitably under greenhouse

conditions.

A greenhouse soil fertility study of 10 soils from Saline

county and 4 soils from Jackson county was initiated during the

fall of 1949. The study was limited to those soils which, in the

opinion of the county agent and other agricultural workers in

Saline and Jackson counties, represented significant acreages and

common fertility problems. The Jackson county soils were included

in the experiment because they were known by the writer to offer

no special fertility problems. It was thought that the yield re-

sults from these soils would afford a satisfactory rreans for

comparing and evaluating the yields obtained from the Saline

county soils.

The objective of the experiment was to determine whether these

soils, when cropped to wheat, would respond to applications of

nitrogen, phosphorus, end potassium fertilizer materials. If

responses were noted, an attempt would be made to evaluate the

magnitude of response.



REVIEW OF LITERATURE

In 1949, Brown and Olson (3) reported work on some of the

more important Saline county soils with special emphasis on the

catena relationships involved. As a result of their studies,

several catena groupings evolved, based on parent material, chem-

ical and physical analysis. They grouped tne soils studied into

three separate catenas: the eliington Formation Catena, the

. linnescah Shale Catena, and the cuaternary ^oess Catena. The

Quaternary Loess Catena includes: Elmo silt loam, Berg silt loam,

and Lockard silt loam— all of which are important soils studied

in this experiment.

Elmo soils are deep, friable, noncalcareous soils which have

developed on undulating portions of the upland. These soils

occur on normal topography and are characterized by dark surface

soils, reddish brown subsoils, and brown friable parent materials.

There is no free lime within the upper four feet of the profile.

Berg soils are deep claypsn soils which have developed on low

undulating hills adjacent to areas of the Klmo soils. Such soils

occur on areas somewhat more fiat than normal toporraphy and are

characterized by dark surface soils, brown, hard claypan subsoils,

and brown, friable, silty clay loam parent materials. Lime occurs

in the B2 horizon.

Lockard soils are deep claypan soils which have developed on

level to very gently sloping upland fiats. They have dark, friable,

silty surface soils, brown, hard, blocky, silty clay subsoils,



and alkaline but noncalcareous parent materials.

In November 1950, Cline reported the following catena group*

ings for the Saline county soils studied in this experiment:

Berg , Ebenezer . Mies catena . This is a complete

eaten? grouping, ranked in order of degree of profile

development. These soils are developing in silty parent

materials that have been identified as loess of Feorian

e.

Lockard . ftokeby catena . It has been tentatively

postulated that the parent material from hich these

soils are developing is Peorian Loess. It has been

altered subsecuent to deposition and prior to soil devel-

opment by being subjected to anerobic conditions such as

mia-ht occur in shallow lakes or areas of extremely high

and continuous 'water tables.

Sdalgo catena . The Edalgo soils are lithosols de-

veloping from the soft clay shales of the Kiowa forma-

tion. It is the most common soil of this catena.

Lancaster catena . The Lancaster series is the

important member of the catena of soils developing on

Kiowa sandstone and shale.

Llmo catena . The Elmo series represents the most

important member of the catena developing from what is

thought to be loess deposits of Loveland a^e. More

'Arvad J. Cline, unpublished work presented to author in
personal communication.



properly, these parent materials may represent an inter-

mixture of Loveland silts, clays, talus, and outwash

materials from the eroding high plains escarpments.

Geologists fix the tentative age of these materials as

of ^oveland time. The Llmo series is the most immature

of the group.

Cline, in unpublished work, described all of the soils which

were involved in this study and indicated some of the mere import-

ant considerations pertaining to each soil.

Berg Series . The Berg series consists of greyish-brown, deep

claypan soils. They are developing on low, undulating hills in

and bordering old geologic terraces ?nd drainfgeways. The r.nrent

material is fine textured, brown to greyish-brown, loess-like

deposits.

These soils are characterized by very dark-brown, friable,

slightly acid, silty surface soils; dark greyish-brown to brown,

hard claypan subsoils; and brown to greyish- fcrovm, friable, silty-

clay loam parent materials. These soils have a well-developed

lime horizon and overlay loess-like beds of neutral to slightly

alkaline reaction.

Slope character for this unit is uniform and consists of

moderately sloping, convex ridges and hillsides usually lying

within or bordering on old established terraces.

The Berg series is one of the nost important agricultural

soils in Saline county. These soils are used for wheat, alfalfa,

sweet clover, corn, and sorghum, iield records indicate that



these soils have an average wheat yield of 13.9 bushels per acre

over e l n-year period. Kvidence exists that these soils will

respond consistently to phosphatic fertilizers, but the degree

of response is less than in some of the other upland soil types.

Eceiicsar Jeries . The Bbenezer series consists of greyish-

brown planosolic soils. These soils are developing on upland

slopes and ridpres from mottled pale-brown, siity parent material

believed to be of aeolian origin. These deposits are several feet

in thickness and rest on- Cretaceous or Permian shales.

The Ebenezer soils have dark-grey granular surface soils

underlaid by greyish-bro vn, granular, A
2 horizons. The soil aggre-

tes are stained and flecked with light grey. They have greyish-

brown, relatively thin but hard B horizons, which are underlaid by

pale-brown, mottled, silty parent -naterials.

This series is found principally along upland ridges and

slopes bordering major drainage channels. Slopes are moderately

short, convex, and of moderate gradient.

Agriculturally, the r.benezer series is one of the major soils

of Saline county, but it is only moderately productive. It is

used principally for wheat, sor^um, corn, alfalfa, and sweet clover.

Yield records indicate that this soil has a 10 year average wheat

yield of 9.0 bushel 9 per acre. Field trials indicate th^t it will

consistently show narked response to -hosphatic fertilizer,

accompanied by less response to nitrogenous fertilizer.

adaigo Series . The Edalgo series includes friable soils of

shallow to medium depth. These soils are developing residuaily



on steeply sloping, convex ridge crests and shoulders from yellowish-

grey to pale-yellow Dakota shales. here observed, the shale beds

underlying the. soils are noncalcareous but, occasionally some

members wer* found to be slightly calcareous. Interbedded soft

sandstone occurs occasionally, but comprises a very !!! part of

the parent materials.

The Edalgo soils have friable, weak-brown, mo-ierutely acid to

strongly acid surface soil. The upper subsoils are weak-brown,

friable, granular and moderately acid. The lever subsoils are

dark-brown tu moderate-Drown, hard, faintly prismatic to ver^

coarse granular or nuciform. The lower subsoil is usually found

to be moderately acid.

Rdalgo soils possess a low inherent fertility, field records

indicate that this soil has an average yield of u.4 bushels of

wheat ner acre. Field trials indicate that this soil respon

very well to both phosrtfiatic and nitrogenous fertilizers. hen

legumes are grown, an application of lime is necessary to secure

a good stand.

Elmo Series . The Elmo series consists of brown to reddish-

brown, deep, friable, noncalcareous, silty soils. These soils

are developing from deep, friable, loess-like parent materials on

undulating portions of the uplands. I ormaxly , the timo soils

have friable, granular, greyish-brown surfaces; bro*n to reddish-

brown subsoils; and brewn, friable parent materials. Fr< e lime

does not occur vithin the upper four feet; however, lime horizons

have been observed six or seven feet below the ground surface.



/uch LIjm horizon is usually one to two feet in thickness and

ides t lc^loreous I Lftl below.

Soils of tht 1 o series are important agriculturally and are

used principally for v-heat, sorghum, corn, and forage crops.

Yield roeofds indicate that these soils have an average wheat

yield of about 14 bushels per acre. This soil was reported to

respond wej.1 to ihosphr.tic and nitrogenous f ;rtilizers.

Lancaster series . The Lancaster series consists of deep,

friable, nature soils. These soils are developing on parent

materials t.xsthered fro.r; noncalcareous sandstones of the Dakota

fcrsi'tion. Roraally, these soils occupy broad, gtntly sloping,

convex rldgt tops end slopes throughout the uplands.

ils of this series are important agriculturally, especially

in the western portion of Salii.e county. They are used princi-

pally for wheat, sorghum, corn and forage crops. Under virgin

conditions, these soils support good rative grass cover of blue

grama, western wheat ;r:ss, and bluestem. The average wheat yield,

based on a 10-year period, is 9 bushels rer acre. These soils are

reported to respond well to phosphatic ana nitrogenous fertilizers.

An application of line is necessary to secure adequate stands of

uraes.

Niles Series . The !»iles series comprises deep, heavy clay-

pan soixs. These soils are developing from silty loess deoosits

on the top of undulating hills adjoining the junction of the up-

lands and major stream terraces. Surface soils are dark, friable,

silt loan1 . The u per subsoil is weak-brown, friobie, snd r.ranulaJr.



The lower subsoil ev. v^eakly-developed ^rey layer of

heavy, dense silty clcy loam. Parent materials are calcareous,

moderate yellowish-brown, silt lonm or silty clay loan.

Niles silt loam is used extensively for .let, corn, sorghum,

alfalfa, and sweet clover, iield records indicate that this soil

has a 10-year average wheat yield of 14.5 bushels rer acre. Field

trials indicate that this soil will respond to ;
hospliatic ferti

Ion. Seat response has been noted from the use of nitrogenous

fertilizer.

Lockard series . The Lockard series consists of weak-brown

claypan soils developing on old hi h terraces of -eolo -ic 'rain-

ftfW&Tl fro. moderate oa.ive-brown, plastic alluvial elays< 3o.ls

of this series are characterized by dark, friable, sixty surf ?ce

soils; weak-brown, hard, blocky, clay subsoils; and moderate

olive-brown alkaline, but not calcareous, parent materials.

The Lockard soils ore some of the best upland v^heat soils of

the county. These soils have an avira.^e wheat yield over a 10-

year period of r.bout 16 bushels per acre. These soils have been

observed to respond to hosphatic and nitrogenous fertilizers, but

the degree of response is less for this soil than for some of the

other associated types. Farmers have reported j;reat difficulty

in establishing lasting stands of alfalfa or sweet clover on these

soils.

Aokeby Series . The :;okeby series consists of deep, very

dark-colored, claypan soils. These soils are developing on nearly

level stream terraces from fine textured, t nuvial deposits.



ch 30 ive deep, dark, friable, noncalcareous topsoils; hard,

blocky, none- j-c' reous subsoils; and deep, frj '_ rent materials.

Rokeby soil3 hav<- slow internal and external drainage.

The Rokeby soils are fertile wheat soils and have a 10-year

average I yield of about 16.5 bushels per acre. These soils

are used for sc, ,nd corn. Farmers report no difficulty in

tabiishin;?; lasting stands of alfalfa. No consistent response to

phosphatic or nitrogenous fertilizers hat been reported for these

soils.

The following soil3 are from Jackson county in Northeastern

Kansas, described according to the Jackson County Reconnaissance

Soil Conservation Survey (7):

arshall , Carrin^ton . These soils are deep, very dark soils

with friabii . .oderately friable, silty to clayey subsoils.

They are upland 3oiis of the prairie zone, derived mainly from

loess and glacial till.

•Irundy . oharpsburg . Pawnee . These soils are dark or very

dark soils with ti^ht clay or claypan subsoils. They are uplands

of the prairie 3oil zone derived mainly from loess and glacial

till.

abash , Judson-
1

. abash . These soils are very dark, or dark

with friable or moderately friable, silty to clayey subsoils.

These soils comprise most of the bottomlands of the area.

Buchard t Boone , Submit . These soils are moderately deep,

dark or v?ry dark soils with friable or moderately friable, silty

to clayey subsoils. They are upland soils of the prairie soil

zone derived from glacial till, sandstone, and limestone.
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Soil Sampling Procedure

The snlection of sample sites, fend t. _ field s'-npiing

of the 3oiln

,

completed curing the second week of I ovenber,

I "'49. Ch soil tr«f sampled in that portion of the county where

it was known to occur in greatest acreage.

The profile of the soil at the sara site was that which

was considered to be normal for the soil. T}ie areas selected

for fftapllrg were ell cultivated fr'elds. One hundred pound

samples each of the surface soil and subsoil wer en from each

location. A summary of the identifications of these soils is

presented in Table 1.

Design of the Experiment

The fertility ;;tudy was set up as a factorial design experi-

ment (12). Applications of nitrogen, phosphorus, and potassium

were made separately and in all possible combinations to each

soil type under study. Table \i illustrates t'^e a-noui-t, kind, and

combination of fertilizer carriers applied to each of ei^ht pots

for each soil type studied.

Greenhouse Procedure and Technique

All soil .riaterials >.'cre thoroughly air dried in the e;reen-

hcuse prior to screening. All materials were passed through a

one-quarter inch screen to remove dabris, rocks, ' re t!

e

size of excessively large clods.
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After screening, the fertilizer treatments were tabled into

the 4,000 gram soil samples after which the soil was placed in one-

gallon pots. One liter of water was added to each pot to thorou

ly moisten the soil. Planting commenced as soon as the soil could

be worked.

Fifteen kernels of spring wheat (
r usa 52 x Federation) were

planted per pot. All pots were planted by December 18, 1949.

Two weeks after emergence, ail pots were thinned to 12 plants per

pot.

Throughout the growth period of the wheat an attest was made

to maintain a daytime temperature of 75° to 80° F. and a night

temperature of from 40° to 50° F.

I attempt was made to add a constant amount of //ater to each

pot. Throughout the growth and maturity period of the plants,

sufficient water was added to each pot to maintain what this worker

considered an optimum moisture content.

Periodic spraying and dusting were necessary to control mil-

dew, red spider, and aphids. It was found thftt flowers of sulphur

dusted on the plants at weekly intervals effectively controlled

mildew. Red spider and aphids were effectively controlled by the

use of a liquid spray of Farathion.

Harvest commenced April 8, 1950. Pots receiving nitrogen

and phosphorus, and nitrogen, phosphorus and potassium were first

to mature. Harvest was extended over a two-weeks period until

April 22, 1950. All plant material was oven dried before weigh-

ing.
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Analytical Procedures

termination of pH and Lime iecuirement . Determination of

soil pK (9) and lime requirement (13) v/as made on all soils under

study. Ten grsms of soil, to which 10 ml of water had been added,

was allowed to stand for 30 minutes. The pK was determined by

rae?ns of a Beckman pH meter. If the soil had a pH value less than

6.1, liming was regarded as being necessary. The lime reouirement

test was made by adding 20 ml of oodruff ! s buffer solution to the

soil-water mixture, stirring and allowing to stand for 30 minutes.

The pH of the buffered soil-water mixture was read, i^very 1/10

pH unit that the soil depressed the pH of the buffered solution

below pH 7«0 corresponded to a lime requirement of 1,000 pounds

per acre.

Phosphorus Determination . Total available phosphorus was

determined according to Bray's (1) sulfonic acid reduction method.

Five grams of air-dry soil was extracted with 50 ml of solution

which was 0.1N HC1 and 0.03N NHj^F. -»ch sample v/as shook for 60

seconds on an end-over-end shaker and filtered immediately. A 10

ml aliquot of the filtrate was placed in a colorimeter tube to

which 1/2 ml of molybdate solution (P-B) and 1/2 ml of reducing

reagent (P-C) were added. The percent light transraittancy was

read on a Coleman Junior Spectrophotometer, at 660m , exactly

15 minutes after adding the reducing reagent (?-C).

Potassium determination . Exchangeable (Ammonium Acetate

xtractable) potassium (8) was determined using the Perkin-Elraer

Flame Photometer, Model 52.
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Ten grams of 10 mesh soil were placed in 125 ml erlenmeyer

flasks. Fifty ml of IN ammonium acetate solution were added.

The flasks were shook for 10 minutes on an end-over-end shaker

and filtered immediately. A 20 ml aliquot of each filtrate was

placed in a 125 ml flask and 2 ml of a solution containing 1,100

ppm of lithium were added. Potassium was determined on the Flame

Thotometer using the red sensitive photocell Ho. 918 and a stand-

ardization solution containing 100 ppm of potassium and 100 ppm

of lithium.

Base r.xchanr;e Capacity Determination . Base Exchange capacity

was measured by a rapid method as adapted from .iendig (10). Two

^rams of air-dried, 20 mesh soil were placed in 100 wl centrifuge

tubes and 25 ml of XI potassium acetate (adjusted to pli 7.0) were

added. This mixture was agitated for 30 seconds by means of a

rubber ball plunder attached to an electric motor. This mixture

was centrifuged at 2400 rpm for 5 minutes. This treatment was

repeated 5 times in order to completely saturate the exchange com-

plex with potassium. The soil was washed with 0.5 percent solu-

tion of potassium chloride followed by successive washings of

95 percent alcohol until the washings gave no test for chlorides.

The exchangeable potassium was displaced with ammonium acetate.

The solution containing the potassium was made to volume with

ammonium acetate and lithium. Potassium was determined on the

flame photometer using an internal standard of 100 ppm potassium

and 100 ppm lithium.
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Organic Matter Determination . Organic matter was determined

using Carolon T s modification of Graham's method (4).

One gram of 20 mesh soil was placed in a 250 ml erlenmeyer

flask. Ten ml of IN potassium dichroraate were added. This was

followed with 20 ml of sulphuric acid. After cooling and diluting,

the suspension was filtered. The filtrate was placed in colori-

meter tubes and the percent organic matter was determined using

the :..velyn photoelectric colorimeter.

.AL RESULTS

Chemical Analyses of Soils

The chemical analyses of the original soils are summarized

in Table 3* Organic matter, pH, lime requirement, total available

phosphorus, exchangeable potassium, and cation exchange capacity

determinations were made on all soils prior to the growth of e

crop of wheat.

Organic matter content ranged from 0.70 percent to a high of

4.32 percent. The Saline county soils were all low in organic

matter except for Lancaster loam, 13-30 inches; Lancaster fine

sandy loam, 10-26 inches; Niles silt loam, 0-1$ inches and 15-.

inches; Lockard silt loam, 0-14 inches; and Rokeby silt loam,

0-10 inches and 10-30 inches. All of the Jackson county soils

tested moderately high in organic matter ranging from 3*90 percent

to 4.31 ercent. So far as this worker could determine there was

no correlation between content of organic matter and response to

nitrogenous fertilizer.
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Hydrogen ion concentration results indicate that ail soils

were in the acid ran,~e except for tokeby silt loa:n, i.0-28 inches,

which had a pH of 7.23. Mi of the acid soils required lining ex-

cept for
i
silt loam, j.2-30 inches; : benezer silt loam, 12-30

inches; ;imo silt loam, 11-30 inches; Lockard silt loan 14-30

inches; and rtokeby silt loam, 0-10 inches and 10-26 inches. In

general, the acid Saline county soils vecuired moderate amounts

of lime to correct soil acidity ,/hile the Jackson county soils re-

quired heavier applications of list. No lime was applied to the

soils under study before growing the crop of wheat

.

In general Jiost of the soils from Saline and Jackson counties

were low in total available phosphorus. According to reconimenda-

tions established at Kansas State College Experiment Station (6)

wheat does not require addition of phosphorus if chemical tests

show 100 pounds or more total available phosphorus to be present

in the soil.

All of the Jackson county soils except the Marshall, Carring-

ton soil association group were below the •ninimum level of 100

pounds of total available phosphorus per acre. Of the Valine

county soils all were low in total available Dhosphorus except

Berg silt loam, 0-12 inches; Lockard silt loam, 0-14 inches and

14-30 inches; and Rokeby silt loam, 0-10 inches and 10-28 inches.

Kansas .State College fertility recommendations (6) indicate

that when exchangeable potassium is below 200 pounds per acre,

response may be expected from applied potaseium. " ithout exception,

all of the Saline and Jackson county soils tested appreciably
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higher than the 200 pounds per acre of exchangesbie potassium,

which is estimated to be a minimum requirement.

In general the cation exchange capacity of the surface soil

samples was lower than that of the subsurface soil samples. Ap-

parently the subsurface 3oil samples contained a higher clay con-

n did the surface soil sajny^ies thus explaining the higher

base exchange capacity.

tlgt silt loam, 0-6 inches, and Lancaster fine sanoy loam

->und to have very low base exchange capacities. Chemical

tests T nve values of 9.9# m.e. ;>er 100 gm and 9.30 m.e. per 100 gm

respectively.

Analytical .Jesuits compared with Those Obtained by Brown (3 )

.

Three soils used in this work were also studied by Brown. The

three toll* were: Berg silt loam, i^lmo silt loam, and Locksrd

silt loam. The following table ^ives a comparative summary of the

ults obtaired by Brown and this worker.

Table j*. A comparative summary of results obtained by Brown end
Bohannon, working independently on Berg silt loam,

i-r&o silt loam, and ^ockard silt loam.

Soil type J2iL

: Bohannon : Brown

Cation exchange
cap. m.e./lOC

Bohannon : Brown

Total available
F lbs/acre

Bohanron: Brown

Lockard silt loam 5.70 6.30 21.0 20,0 157.6 16.33

Pf silt loam 5.08 5.75 20.7 20.0 104.0 13.09

.o silt loam 5.70 5.72 11.45 17.7 32.9 16.15



The results obtained for pH and cation exchange are in gener

accord, however, greatest differences show up ir. phosphorus results.

The difference is probably due mainly to fact that Brown used

chemical test for phosphorus as .roposed by leech, Alexander,

n end Reed (9) *hils this worker used Bray's suiphonic acid

method. Furthermore, Brown sampled virgin soils whi- e soils

used in this study were all obtained from cultivated fields. Joil

stapling variation plus culture 1 treatment differences as a result

cro pear to be t st likely cause of variation in results.

Tot---i vailable .suits . I'otol avaiia. - hos-

phorus (2) . ruinations were made on all soiis under treataant,

within each soil type after the growth of a cror of N: -t. Table 5

presents the summary of these data.

A cursory glance at the nhospiorus content of tVe original

soils sho.vs that ..ost of the soils under stuc; ~e low in total

available phosphorus. On a basis of the total available phosphor-

us content of the various soils, these facts become apparent:

1. here nitrogen is applied singly, more phosphorus is

-9ri up by the whaat plrnts than is taken up on the no tr

cultures.

2. re phosphorus is a xied singly there is a marked

increase in totax available phosphorus content of the soil. In

view of the fact that aonooaleiua phoa ~-ed at

rte of 1000 poun p i.cre, it is apparent that the buiid-up

of total available phosphorus is not additiv* . rsntl]

,

phosphorus is readixy fixed and reverted to less soluble fc ' lite
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r pidly, depending upon the texture, of the soil, organic -iatter

content, etc.

3. "otassiura applied Ly, stimulated an increase in uptake

of phosphorus as contrasted with no ti mt tests.

4. T*e nitrogen waa applied in combination with phosphorus,

there was increased uptake of total available phosphorus by the

wheat I s. .lost every instance the total available phos-

phorus content on the nitro^en-p-.osohorus pots was lover than the

total l\ bie phosphorus content of the ' ots where phosphorus

B used singly.

5. "itrof.en and potassium applied in combination ^ave quite

erratic results insofar as phosphorus uptake uas concerned.

pots where phosphorus ?nd potassium ..ere applied in

c bii ation, dsium did not seem to stimulate phoaphorua ui?take

to an appreciable extent on soils originally low in phosphorus.

;:n soils baring over 100 pounds of available phosphorus per acre,

potassium, apparently, contributed to increased uptake of phos-

phorus 2S contrasted with tre<: t re phosphorus was used

alone.

7. Total available phosphorus content on treatments involv-

• the use of nitrogen, phosphorus ?nd potassium in combination

was consistently lower thrn treatments Involving the use of

nitrogen and phosphorus, phosoi.orus and potassium, or phosphorus

;e. rently, the use of nitrogen and potassium in co^bir -

tion with phosphorus contributed to increased uptake of phosphor-

us.



.^changeable Potassium Results . .xchangeable potassium (6)

determinations were run on aii soil types used for the greenhouse

study. After the growth of a crop of wheat, exchangeable potassium

was measured on aii soils involved in l set of treatments for each

soil type. The results are summarized in Table 6<

A critical survey of the data presented in the r tove-mentioned

table indicates these facts:

1. Analytical results of the original soil ssairies revealed

that ample quantities of exchangeable potassium were present in

all soils prior to the growth of a crop of wheat,

2. Uptake of potassium was appreciably increased where nitro-

gen was applied singly as contrasted with no treatment results.

3. Uptake of potassium where phosphorus was applied singly

did not consistently contribute to the uptake of potassium to the

extent that nitrogen did. Generally speaking, potassium uptake

was consistently greater than on the no treatment cultures.

4* Additions of potassium consistently increased the ex-

changeable potassium level on alx soils. Increased levels of

exchangeable potassium were not additive. Appreciable quantities

of the applied potassium, apparently, were tied up in less readily

available forms by aii soils,

5. In general, nitrogen and phosphorus applied in combin -

tion stimulated a m'-rked increase in potassium uptake, as indie -

ted by a reduction la the amount of exchangeable potassium present

in the soil.

6. Treatments involving the use of nitrogen and potassium

showed a marked increase in exchangeable potassium on surface soils
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as contrasted with treatments involving the use of potassium

singly. In general, uptake of potassium from subsoil samples

treated v;ith nitrogen and potassium was found to be less marked

than on the comparable subsoils where potassium was applied singly.

7. Phosphorus and potassium applied in combination gave no

uniform trend insofar as potassium uptake was concerned. In

general, potassium uptake was not as marked as on nitrogen-

potassium treatments. ; owever, potassium uptake was generally of

greater magnitude than on treatments involving the use of notas-

siura alone.

#. Potassium uptake on treatments involving the use of

nitrogen, phosphorus and ot-ssium in combination was consist-

ently greater than on soil treatments involving the use of potas-

sium alone, nitrogen and potassium, or phosphorus and notassiom.

Potassium uptake is apparently markedly increased where the other

essential elements, nitrogen and potassium, are applied in ample

amounts.

Yield Data

Pictorial Record of Growth Response . During February of

4-9, a set of pictures, Plates I through XIII, was taken which

appear on the following pages. They are visual evidence indica-

ting growth response on the various soils studied under the

various cultural treatments employed.



PLANATION OF PLATE I

A. Berg silt loam, 0-12 inches, showing response of wheat to fer-

tiiizer treatment:

1. No treatment

2. Nitrogen

3. Phosphorus

4. Potassium

B, Berg silt loam, 0-12 inches, showing response of wheat to fer-

tilizer treatment:

5. Nitrogen and phosphorus

6. Nitrogen and potassium

7. Phosphorus and potassium

6. Nitrogen, phosphorus and potassium
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EXPLANATION CP PLATE II

A, Berg silt loam, 1^-30 inches, showing response of wheat to

fertiliser treatment:

1. No treatment

2. Nitrogen

3. Phosphorus

4* Potassium

B. Berg silt loam, 12-30 inches, showing response of wheat to

fertilizer treatment:

5» Nitrogen and phosphorus

w Nitrogen and potassium

7. Phosphorus and potassium

8. Nitrogen, phosphorus and potassium
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ttPUKATlQ* OF PLAT:

A* Ebeneear ioaa, ml -i»ee
f ehowins reeponee of wheat to fer-

tiliser treatment:

la ft IfMlmi

. Nitrogen

3, .>orue

4* otsaaiua

8. Ebenezer loo*, •13 ^i.cee, tfttfl&J reeponee of wheat to far-

?*r treat MN \

5 . it rofen an4 phoe r 1 * oru

s

i
A
*ro. «n a; i ;.0tM5uiU.-:

7* orus and potveeitia

6. HlltH> t phoaphorea m4 pot*t»eiua
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B



EXPLANATION OF PLATE IV

A. 'benerer loam, 12-30 inches, showing response of wheat to

fertilizer treatment:

1. No treatment

2. Nitrogen

3. Phosphorus

4. Potassium

B. Ebenezer loam, 12-30 inches, showing response of wheat to

fertilizer treatment:

5. Nitrogen and phosphorus

6. Mitrogen and potassium

7. Phosphorus and potassium

6. i-iitrogen, phosphorus and potassium



PLATE IV 36



natar oixt io«i| •! lh#i t
r«aponsa of wheat

fertii:z«r treatment:

. treats*.

3phoru»

U. otaaaluai

benezar sixt loan, -li < oa
f aho :;ae of v

?.er trc t:

!>• orua

. ua

iiusa

it,, phoaphorua i«nd potaaaiuai



PLATE V 38



lilgo tilt ea, ah< 3 raapor.se of «be fer-

~.i asium

B» - i si it ioaa, -- :b*s
9

the onae rat to 1

t

:

5, Nitrogen and * hosphorus

7. **U8 a: ua

Itrogen, ue and potaaeiua
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B



LAI Al

:e, showing response of wheat to

.reat-

Tit

. Nitrogen

orus

4* ct- ssiua

, dal:o silt loam, 6-..') ...chea, showing rt ;e of wheat to

fertiliser treatment:

5. itrogen and phosphorus

B and notassiua

7. horus and 3ium

8* en, phosphorus, and potassiua
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B



EX:

• .-.-. caster fine 3andy loam, -x Lmohes, shoving response of

wheat to fertilizer treatment:

1. Re treatment

iltrogen

3. orus

4*
r

ota:-:

0. caster fine sandy loam, 0-10 inches, showing response of

wheat to fertiliser treatment:

5. /Nitrogen an ;3phorus

rogeo a: ..assium

7. •hesphoms sad pot am

6* nitrogen, phosphorus and potassium



PLATE VIII 44



. 1

caster fine sandy loom, 10-«;8 inches, shoving response of

cat to fertilizer treatment

1. No treatment

Uitro<ren

3- rus

4. ot&ssiusi

caster fine sandy lone, 1 -*:8 inches, shoving response of

vheat to fertilizer treatment

:

5. Mtrogen and phosphorus

6. NitrofOB and potassium

7. hoaphoruo and potassium

: iwro-en, hosphorus, un potftsoltn
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N \

-
'——^ —

k I «

B



TE X

A* ekard silt loam, -14 inches, showing rearcnse of wheat to

fertilizer treatment:

1. o treatment

. Nitrogen

' hosphorus

4* otusaium

o. I,ockard silt loam, 0-14 inches, showing response of wheat to

fertilizer treatment:

5. iircgen and phosphorus

and potassium

7. Phosphorus &nd potassium

Mtrogen, phosphorus, and potassium



PLATE X kS

B



A. iokaby allt io-ata, - »2B inchea, showing response of t-heat

to fertiliser treatment:

1. : o treatment

lltrogta

3# rua

4. Potassium

okeby silt loaa, 10*21 inchea, ahov.in^ responae of wheat

to fertiliser treatsent:

5« Kitrogen an naphcrua

6. B and slum

7. Phoanhorus nnd potaaaiura

•a, srhorua, fti taaaium
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E



A. Marshall, Car: m soil association, 0-12 inches, showing

response of wheat to fertilizer treatment:

1. eatment

2* Mtro^en

3 . Phosphorus

4*

Marshal I , ton soil association, inches, showing

response of t to fertiliser treetaei

6* Nitrogea and >sius

7» horus sad potaoaiua

Ltr .;en, phosphorus, and ssiua
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B



.11

sh, Juds'- - >ash soil association :rrouc>, »1 ei,

response of vheat to fertilizer treatment:

i. No treatment

en

3. aphorus

4* otc-sslua

•jh, Judsc - ash soil association sroup, -. inches,

showing response of vheat to fertilizer treatment:

5. Nitrogen and phosphorus

I and potassium

7. '.orus and potassium

Ltroge*, -bosphorus, and potassium
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.
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Calculation of Kissing r- It. il^ldf« ain yields wort ob-

tained by weighing the actual kernels of threshed seed, f!ov<ever,

before weighings could be completed, some of the grain samples were

destroyed by nice, inasmuch as the loss of samples was confined to

a given soil or a given treatment, it was not possible to discard

any portion of the dsta and still retain complete records for a

major portion of the experiment* Therefore, it was desmed advli

to substitute values for the missing grain yields. «vio end

Cook (5) have illustrated that it is possible to predict, rather

accurately, the yield of grain on experimental plots by making use

of the grain-straw ratio* Since all of the straw weights were ob-

tained, a prediction of the missing grain values was accomplished

in this experiment. The correlation coefficient was ascertained for

the ratio between known pairs of values for grain and straw, where

such complete weight data were available. The coefficient for this

relationship, for all existing values without respect to treatments

or soils, was found to be 0.9540. Confidence intervals were as-

certained to be /1U15 *nd /l.600 for the .05 and .01 levels,

respectively. Using the regression equation, I s bxv i / (X - .

it was possible to predict the missing grain yields, where the

symbols used in this equation h*d the following meanings:

X * estimated weight of grain

bXy * regression coefficient

I m known weight of at re*

X « mean known weight of t*raln samples

i
z mean known weight of straw samples corresponding to i
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32

30

28

26

24

22

20!

~I8
E

*I4|

5?..780Y-t-(X-.780Y)

(r..9546)

2^ 4 6 8 \0 12 14 16 18 20 22 24 26

GRAIN WEIGHT (gm)

Fig I Regression of grain yields on strow yields
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Table 9. The influence of nitrojren on the ;ield of wheat grain.

Sample:
•

Increased yield due to nitrogen itmi
Soil type N - no :

treat, :

- ! KK-K
;
bpi-pk! Mean

Berg silt loan
Berg silt loan

0-1*-

-26
7.43
0.07

11.49
19.52

5.50
0.09

12.35
7.76

9.19
6.66

.benezer loaa
1 benezer loaa

0-12
U-30

6.60
1.86

14.19
.43

7.61
1.40

13.27
16.23

1^.97
7.99

benezer silt loaa
benezer slit loaa

0-12
-30

0.12
-0.06

11.93
19.72

6.32
0.63

13.17
14.7*

7.69
6.64

>lso silt loaa
dalgo silt loaa

0-6
6-20

-2.67
0.42

1.76
16.36

-3.22
-0.21

10.79
13.47

1*67
7.:

Elmo silt loaa
o silt loaa

0-11
11-30

3.
-0.21

16.56
17.40

2.76
-0.24

15.19
16.. 5

9.54
6.60

Lancaster loam
Lancaster loam

-13
13-30

1.04
0.51

16.92
16.75

1.06
-0.35

14.42
13. SO

6.36
7.66

Lancaster fine
sandy lo-m

Lancaster fine
sendy loaa

0-10

10-26

0.30

0.67

15.11

15.50

^.03

0.

13.40

15.23

7.71

6.01

Niles silt loaa
Niles silt loaa

0-15
15-30

2.96
-0.61

7.02
25.09

5.13
-1.57

15.24
16.11

7.59
10. *5

Lockard silt loam
Lockard silt loaa

0-14
14-3-

1.37
7.26

16.11
2?. 09

15.31
7.04

15.59
16.72

12.09
13.26

tokeby silt loaa
aokeby silt loaa

0-10
10-26

9.45
1.66

13.11
13.80

6.43
3.42

14.15
1..94

11.29
9.01

Marshall, Garrington 0-12 7.26 14.09 -0.93 13.30 6.43

Grundy, Pawnee,
harpsburg

0-12 5.37 13.10 4.50 6.12 7.77

abash, Judson- abash 0-1* 11.04 13.03 -0.$6 12.63 9.06

Buchard, Boone,
linmit

0-12 .64 12.66 6.13 16.00 10.36
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Table 10. The influence of
frain.

phosphorus on the yield of %heat

•

Saaple '

1e

Increased yield ue to •
/ OS] h -ruc

[

doll type
•
•

- no

Ittaftj
: im - K

!

-
.

:

*
sag

Berg slit loaa
Berg silt loam

0-
12-26

-0.70
0.37 19.^4

- .35
11.04

4.50
18.93

3.-4

beneser loaa
beneser loaa

-12
-30 .47

U.19
.43

.93
0.39

6.39
15.

M
7.

beneser silt loan
1 beneser silt loaa

0-12
1/.-30

1.83
-0.06

11.93
19.7-

-0.7*
0.94

6.07
14.83

h.76
8.86

algo silt loam
lalfg silt loaa

0-6
-20

13.26
.23

17.69
19.19

4.27
3.

14.21
17.13

13.37
.75

o silt loaa
rimo silt loaa

0-11
11-

0.43
.86

13.37
It:.47

0.19
0.74 19.

6. la
.82

Lancaster loaa
Lancaster loaa

o-13
13-30

0.38
i«21

1 .3*
17.45

0.14
x.14

13.48
15.29

7.58
8.77

Lancaster fine sandy
loaa

Lancaster fine sandy
loam

-10

10-28

0.19

0.05

15.00

17.22

1.03

1.05

12.

lo.91

7.18

8.

fciles silt loaa
Lag silt loaa

0-15
15-30

5.7*
0.07

9.
-5.77

-0.26
-0.33

9.85
19.35

6.27
11.

Lockard silt loaa
Lockard silt loaa

0-14
14-30

0.02
.05

14*73
14.88

0.98
-57

1.
9.11

4.
6.15

Rokeby silt loam
ftokeby silt loaa

0-10
10—8

-0.39
2.60

3.^7
14.52

0.00
0.6*

5.72
14.14

17
7.97

Marshall, Carrington 0-12 0.62 7.45 xax 15.44 6.18

Grundy, Pav.nee,
i.arpsburg

.49 13.10 -0. 3.50 4.

abash, Judson- abash 0-12 .07 -.05 -7.58 5.81 0.11

Buchard, Boone,
Submit

0-1^ -0.52 9.: 0.04 9.91 4.73
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Table 11. The influence of potssium on the yield of wheat grain.

•

Sample**

depth!

Increased yield due to potassium
11 type : - no:

treat.: J
•

PK-P :

•
•

KPK-K.

;

•

Berg silt loam
Berg silt loan

0-12
12-30

1.32
.19

-0.61
0,21

-0.33
1.04

.53
-0.70

0.23
0.19

Ebenezer loan
..benezer loam

0-12
12-30

0.28
0.12

-1.07
-0.36

-0.47
0.04

-1.39
3.34

-0.66
0.91

-benezer silt loan
Kbeneser silt loam

0-12
12-30

1.04
-1.15

7.24
-0.24

-1.57
0.94

-0.33
4.15

1.59
0.93

<ilgo silt loam
algo silt loam

0-6
6-20

0.40
-0.04

-0.15
-0.59

-5.59
-0.26

0.44 -1.97
-0.69

o silt loan
o silt loam

0-11
11-30

0.46
0.05

-0.36
0.02

0.22
-0.07

-1.15
0.7a

-0.21
0.20

Lancaster loam
Lancaster loan

0-13
13-30

0.4«
0.22

0.52
-0.64

0.24
0.15

-2.3*
-2.80

).27
-0.77

Lancaster fine sandy
loam

Lancaster fine sandy
loam

0-10

10-26

0.13

-0.09

1.36

-0.05

1.07

- .39

-0.64

-0.36

0.61

-0.15

Niles silt loam
Kiles silt loam

0-15
15-30

0.6a
-0.07

2.65
-1.03

-5.30
-0.47

2.92
-7.45

0..

-2.25

Lockard silt loam
Lockard silt loam

0-14
14-30

-0.21
1.33

13.73
1.11

0.79
0.71

0.27
-4.66

3.64
-0.36

riokeby silt loam
>eby silt loam

0-10
10-23

-0.45
-0.50

-1.47
1.40

-0.06
-.4$

0.96
0.66

-0.^5
-0.23

I'tarshall, Carrington 0-12 0.23 -7.96 0.82 0.03 -1.72

Grundy, Pavnee,
harpsburg

)-12 0.94 0.07 0.33 -4.65 -0.83

abash, Judson- abash 0-12 7.64 -3.96 -0.01 -0.21 0.86

uchard, Soone,
:mmit

0-12 -2.75 2.74 -2.19 3.15 0.24



Table 12. The influence of nitrogen on the yield of wheat straw.

pit.

(iCDth.

Increased yield to
il ty : - no:

treat .

:

:
•

- !
-

•

Berg silt xosun

rg silt loam
0-

12-30
10.94

.46
ii

14.77
7.93
1.01 •97

Lbenezer loam
'benezer loam

-12
12-30

H.31
2.96

14.
16.53

.55

.70
.36
.41

>Jbenezer silt xoam
nezer silt loam

12
-30

0.04
1.57

14.41
.73

.71
1.10

.35
30. 14.

o silt loam
L ;o silt loam

0-6
6-20

.31

.17
11.
15.36

-0.
0.15 1^.50

;o silt loam
o silt lo r

0-11
11-

5.
0.22

19.43
.34

4.45
0.41

• 51
11.74

Lancaster loam
Lancaster io

-13
13-30

3.46
0.

.07

.05
• 40

0.06
17.74
17.

Lancaster fine sandy -12 3.47 .02 .10 14.46 ,

loam
Lancaster fine sandy 12-23 0.27 - , 0.59 15.46 8.

loam

'iles silt loam
-9s silt loam

0-15
15-30

7.84
0.79

3.34
.27

. .65
-0.07

15.
.67

6.^7

Lockard silt loam
Lockard silt loam

0-14
14-30

14.
.19

17.94
^5.97

18.53
7.79

.10

.30
17.
17.06

itokeby silt loam
ftokeby silt loam

-10
10-26

10. .'.5

3 . 50
15.04
20.35

11.64
3.91

20.
24.15

14.
12.98

shall, Carrlngton - 7.92 .50 - .22 .87 .

Grundy, Pawnee,
Sharpsburg

-12 6.00 13. 4.69 ,
11.91

T

abash, Judson- abash 0-12 —
. -3 --10.45 .01 3.55

Buchard, Doone,
Summit

0-J 5.55 15.79 5.42 . .
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Table 13. The influence of phosphorus on the yield of wheat straw

Sample.-
•

depth
:

jncrec-sed yield due to phosphorus
- L t pe : - lo:

treat.

:

NP- -K
:

- an

Berg silt loam
Berg silt loam

-12
-30

0.59
0.02

1.76
^4.61

-0.24
14.43

.46
24.39

1.14
.86

^benezer loam
>-benezer loam

0-12
12-30

2.0$
0.70

5.54
14.25

1.52
0.88

.33
16.79

3.86
.16

-ibenezer silt loam
benezer silt lo

-12
12-30

.32
0.92

1 . .69
23.08

0.53
1.1?

.17
30.12

7.93
13.83

. o silt loam
L -o silt loam

0-6
6-20

4.
4.10

15.55
19.29

5.57
4.37

17.93
23.72

10.82
12.87

o silt loam
iO silt loam

0-i±
11-30

0.77
1.04

14.55
24.06

0.44
0.80

15.55
23.37

7.83
.32

Lancaster lo
Lancaster loam

-13
13-

1.02
1.36

19. -I

.55
0.00
X.27

I .14
18.99

9.69
10.54

Lancaster fine sandy
loam

Lancaster fine sandy
lo

0-12

12-26

1.05

1.51

13*60

0.36

0.62

1.27

13.00

16.16

7.07

4.82

-es silt loam
es silt loam

0-15
15-30

.54
1.29

4.
26.77

0.67
0.80

9.25
23.74

5.o3
13.15

Lockard silt ±oam
x^ockard silt loam

-14
14-30

1.16
0.,

4.80
18.58

1.28
-0.77

3.85
17.74

2.77
9.09

<eby silt loam
<eby silt loam

0-10
10-28

-0.62
3.75

4.77
20.60

0.38
0.95

9.13
21.

4.41
.60

Marshall, Carrington 0-12 1.83 4.41 0.74 19.83 6.70

mdy, av.nee, 0-- 1.72 9.39 0.44 19.02 7.64

abash, Judson- abash 0-- — -4.49 -9.12 17.34 0.93

i.ard, Boone,
Summit

0-12 0.13 20.41 0.47 lo.43 9.36



Table 14. Vbe influence of potassium on th< id of whert straw.

•

Sample!
depth!

increase in id due t<

oil type : - no:
treat .

:

-
! . . -

, ! Mean

Berg silt loam
Berg silt loam

- .57
0.19

-1.44
- .

-0.
13.

- .74
-0.90

- .47
3.-

benezer loam
'benezer loam

0-
12-30

-0.55
-0.

- ,

-1.15
0.02

- >.49

-1.
.39

-1.
- .

benezer silt lo
.••benezer silt loam

0-12
-30 - .26

8.85
- .73

1.61
0.01

4.33
6.31

3.74
1.34

o silt loam
- o silt loam

0-6
S-2

.55
- .05

0.14
-0.10

1.90
o.. 4.36

X..

1.11

o silt loam
,o silt loam

O-li
11-30 -0.3*

- i

0.03
0.09

-0.30
1.17

-0.
0.23

- .33

Lancaster loam
icaster loam

0-13
13-30

0.59
0.47

-3.-9
-0.26

- .43 -4.76
- .

-1.97
.31

Lancaster fine s ndy 0-12 .35 -0.52 0.. -1.12 - .

loam
Lancaster fine sandy

loam
12-26 0.14 0.46 - .10 2.74 0.81

es silt loam
es silt loam

-15
15-30

1.28
-0.

0.08
- .96

--.59
-0.59

5.30
-4.99

0.02
-1.66

Lockard silt loam
Lockard silt loaa

0-14
14-30

0.37
1.61

4.60
1.21

0.49
.04

3.
4.37

2..

1.

lokeby silt loam
<eby silt loam

-10
10-28

-1.
-x.10

0.11
.69

0.28
-4.

4.47
-0.

0.
-1.15

-shall, Carrington 0-12 1.43 - .71 0.34 -.71 - .06

Orundy, Pawnee,
Sharpsburg

0-12 0.q5 -0. - .63 8.97 .08

abash, Judson-' abash 0-12 — -14. - .3? .79 - .74

nuchard, Boone,
Jummit

-12 -1.88 -1.97 -1.54 4.05 -0.33
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The validity of u such procedure to calculate the missing

'•in values ••singly is reasonably well established when consid-

ration is given the confidence limits. It is, of course, apparent

t considerable error is involved in predicting the small-sized

yield values because in such instances the yield of T'.in,

as calculated by the correlation coefficient, was in several cases

less than the magnitude of the confidence interval. J.ovever, most

of the missing values were large in size, so it may be assumed

t a reasonably accurate prediction has been acco; pxished.

.issing ^rain yields are indicated in Table 7 by veing untier-

scored. The regression, X = bxyI / (X - bxy i
)

, is plotted in

Fig. 1.

Lyaluation of the ffect of Various Fertilizer Treatments .

In order to evaluate the response of .-.heat on the various cultures

to each of the fertilizer elements, four comparisons were made

nh respect to each element. The following comparisons were

made to evaluate response to nitrogen:

1. Nitrogen minus no treatme.

2. Nitro.p;en-phosphorus minus phosphorus

3. litrogen-potassium minus potassium

i+. I'itrogen-phosphorus-potassium minus phosphorus-

TOtassium

The following comparisons were made to evaluate response to

phosphorus:

1. Phosphorus minus no tre? t.'.ent

Nitrogen-phosphorus minus nitrogen

3. Phosphorus-potassi inus potassiu



4. Nitrogtn, pbosphorus-rota3sium minus nitrogen-

pot assium

The followin ^arisons were made to evoluate response to

potassium:

1. Potassium minus no treatment

2. IJitrogen-potassium minus nitrogen

3. Phosphorus-potassium minus phosphorus

4. Nitroren-phosphorus-potassium minus nitrogen-

phosphorus

Summaries of the above comparisons to indicate the influence

of the various fertilizer elements on rr; in yields are shown in

Tables 9, 10 and 11. ilar summaries for the influence of the

various fertilizer clener.ts on straw yields are shov;n in Tabic

12, 13 and 14.

In general on all soils, very marked increases in the yield

of grain resulted uhenever nitrogen was used in combination with

phosphorus or in combination with phosphorus and potassium. In

some instances the use of nitrogen alone ond in combination with

potassium also gave sizable yield increases. Such increases

were noted for the Berg silt loam, 0-12 inches; for the ..benezer

loam, 0-12 inches; for the Wiles silt loam. - 5 inches; for the

Lockard silt lea , -14 inches and 14-30 inches; and for the

Pvokeby silt lc , 0-10 inches. Smaller increases of this same

nature were noted for the -benezer loam, 12-30 inches; for the

o silt loam, 0-11 inches; for the Lancaster loam, 0-13 inches;

for the soil of the Crundy-Pawnee-Sharpsburg association and for

the soil of the Buchard-3oone-Summit association. In some
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instances there was parent response to nitrogen either when

this element was used alone or when used in combination with

potassium. /ever, these instances were fev r^nd appeared to be

erratic. Therefore, it logically may be concluded that the soils

may be divided into two roups. The first <?;roup includes those

enumerated above where response to nitroren was noted in all

instances where the treatment included nitrogen, irrespective of

t other elements mi^ht have been in combination with it. The

other group of soils can be considered aa responsive to nitrogen

only when phosphorus is used in combination with this element.

1 soils not specifically enumerated above apparently fall into

this category.

In general on all soils, very marked increases in ^rain yield

resulted whenever phosphorus was used in combination with nitro-

gen or in combination with nitrogen and potassium. In some

instances, Dhosphorus used alone and in combination with potassium

;e a material response. here phosphorus was used alone,

^ked increases were noted on Edalgo silt loam, 0-6 inches,

while a moderate response was noted on the o silt loam, 6-20

inches, and Miles silt loan 0-15 inches. eak response to phos-

phorus alone waa noted on Kbenezer loam, 0-12 inches; "benezer

silt loam, 0-12 inches; and Lancaster loam 13-30 inches. here

phosphorus waa used in combination with potassium, a marked in-

crease in yield waa noted on Ber^ silt loaat, 12-33 inches, "oder-

ate to weak increases due to phosphorus, ..hen used in combination

with potassium, were observed on o silt loam, 0-6

inches; Lancaster loam 13-30 inches; and the : ;arshali.-Carrin^ton



soil association <rroup.

Except for the few above-mentioned instances, it is clear

that on all soil types studied the greatest r- se to phosphsr-

us is achieved only when it is used in combination with nitro~en

or nitrogen rnd potassium. Inasmuch as potassium hns not been

found to materially increase grain yields, it is doubtful whether

it contributes to phosphorus response.

In general, potsssiw was found to rive no consistent marked

increase in yield, when used alone or in combination with other

elements. There were several exceptions in that pot i ap-

plied in combination with nitro m gave a marked response on

Lockard silt loam, 0-14 inches; benezer silt loam, 0-12 inches;

and abash, Judson- abash soil association r up. The Ruchard-

Boone-Jummit soil association p;roup p;ave a weak resronse to

potassium when applied in combination with phosphorus, and nitro-

n and phosphorus.

:cept for isolated instances, the evinence indie that

potassium fertilization did not consistently and materially

incre I rain yields.

The Relationship of I heat field iiesoonse to xe
Plant Nutrients as Measured by Chemical :'eans

It was readily apparent that the various soils used in the

experiment were responsive especially to added nitrogen and phos-

phorus. There was considerable evidence to ir te that certain

of these soils were deficient in phosrhorus and much evidence to

indicate I lack of organic matter u-on the basis of chemical
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ses. In g> ~
y
no deficiency of exchangeable potassium

was indicated. ver, inasmuch as the ul' e practical value

of any chemi ethod for assaying soil fertility depends upon

the suitability of that method for predicting plant irovth

response from the addition of a ^iven nutrient, it was decided to

attempt to evaluate the relationships between these factors. The

principles outlined by Bray (2) and Smith (12) were used in these

evaluations. In the case of each of those fertilizer elements,

rcentaae yields were calculated by comparing the yield on the

culture where one element was omitted from the treatment, but

->re the other t- re included, with the yield on the culture

ere the element under consideration was added in the presence

of the other two. Thus, in order to evaluate nitrogen response

the yields from the phosphorus-potassium cultures vere compared

with the nitrogen-nhosohorus-potassium cultures; in order to

evaluate phosphorus response the yields from the nitrogen-

potassium cultures -ere co/ pared with the nitro^en-phospliorus-

potassium cultures; and in order to evaluate ^otassium response

the yields from the nitrogen-phosphorus cultures ere c ^ed

with the nitro c n-phosphorus-potassium cultures.

The- relationship between organic matter content and response

to added nitrogen is shown in Fig. 2, Apparently there is no

definite relationship between response to added nitrogen and

mic r content. There are no indications that the subsoil

-s, which in re somewhat lower in organic matter

content than the surface soils, * re any more responsive to added



nitrogen than the surface soils. As a •
. r of fnct, the Derg

silt loam subsoil with an organic natter content of only 3.97

percent was the least responsive to added nitrogen.

t is not easy to explain why there was not somewhat renter

relationship between these two factors. However, t oints need

be considered. First of all, most of the soil rv t ri Is were

very low in organic matter content. For this reason it may be

assumed that there was not an adequate distribution of samples so

as to represent soils which were hir:h in organic matter content.

Secondly, 11 of the soils were very responsive to -ced nitrofen.

Perhepe these soils were more responsive to added nitrogen than

is normal for -.heat producing soils or perhaps the growth of

wheat under ^reenliouse conditions permitted somewhat more response

than usual. Thus, an e ration of response night have been

indicated. N< ,rertheless, it is apparent from Fig. 2 that there

is a definite lack of relationship between these two factors, so

it must be concluded from the results of this experiment that

chemically measured organic matter content of the soil is not a

:̂
ood measure of the ability of the soil to supply nitrogen for

the re th of wheat.

The relationships betv.een total available phosphorus content

and respor.se to added phosphorus are shown in Fig* 3» ina-

tion of the plot of joints indicates that the various soil

t-erials do r.ot behave similarly. The surface soil i Lei from

line county seem to xie rather close to the curve plotted for

these samples according to the equation:

lc - I) « log I - cxbj_
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where I = yield when p] osphorus is not deficient ( , I = yield

when no phosnt orus is added (UK)
f

b^ = soil test value for total

available phosphorus and c^ * the proportionality const nt.

Inasmuch as all values uere known except those of c^, it was oos-

sibie to calculate these. Using the mean of the c^ values, it

was possible to plot the curve indicated in Fi£. 3. A statistical

lysis of the various c-^ values is given in Table 15

.

Table 15. Statistical analysis of c^ values
for the various soils of Saline
county.

Statistic
Value
of
.istic

en
V

^I (actu:

^ (percent)

.0053

. 10JX

19.50

/. 00326

/6.15

Calculation of the st ndard error of estimate [ave a value of

.15. ticates that the chemical measurement of available

phosphorus in the surface soils of S?line county rrovided a satis-

ctory 3 of predicting probable phosphorus response,

st' ndard error of estimate of ro.15 percent compares favorably

with similar v;lue of A..H percent obtained by "mith (1*.) for

a I :er of samples involved in a phosphorus study in

. ic standard error of estimate of T5.0 percent reported



by Bray (2) for his potassium studies on toacwhat 1 r sample

of Illinois soils. I obvious that the subsoi- )les frc

Lj it county do not fall close enou-h to the curve to be regarded

in the same category. e, there apparently was no similar

close curvilinear relationships between available phosphorus ; nd

percentage yield in the subsoil materials as was true for t:

surface sanoles.

oarently, the phosphorus contained in the subsoil materials

of Sail] e county was relatives ch less m that

present in the surface soils. is fact is s ~ested by the

distribution of points in . 3 representing the subsoil nat•rials,

because every ore of these points falls well below the correspond-

ing surface sample* Inasmuch M the subsoil materials gave a much

greater parcantage response than the surface sample, it Bust be

concluded th^t there much lower decree of availability of

>sphorus in the subsoil than in the surface. ith the exception

of a very few samples, it appeared that the subsoil materials of

county soils were not capable of furnishing very r:uch

phosphorus for the growth of wheat* l be postulated that

badly eroded soils of this area would be especially responsive to

phosphorus. Likewise any chemical test to neasure available

phosphorus apparently would be much less valuable in thtse in-

ices than it would be when used on normal surface soil materials

because of the exposure of subsoil materials with relatively un-

liable forms of phosphorus.
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rel between e* eeble "otassium c nd

response tc *d is shov»n In . it e

immediate-.. ' . 'ret, it ia obvious that there was no
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nitrogen-f' osphorus-potassiurn treatments gSYS the greatest growth

response.

.eld data showed that r in and straw yields were materially

increased on the nitrogen-phosphorus and the nitro~en-phosphorus-

potassium tr nts. a surface soil showed a marked response

to nitrogen, but ser response to phosphorus* Berg silt lo:

surface soil apparently possesses a comparatively 1 ,ount of

available phosphorus. I DtSSSiua .vas found to :^ive no materi

resnonse of any treatment.

Greenhouse results indicate that yields on tl. soils

were significantly increased by the application of nitrogen rnd

phosphorus. The most marked increases were obtained through the

use of nitrogen and phosphorus in combination.

benezer -oaa . 'Greenhouse observations during the growth

riod of ths wheat crop indicated that nitrogen-phosphorus and

nitro r;en-p]jOsrhorus-potassium treatments ^ave the greatest rrowth

response.

^ld results indicated that nitrogen aopxied singly and in

combination to the surface soil increased the yield of straw and

in. st phosphorus response was noted when this element was

used in combination with nitrogen. r otassiura did not p:ive an in-

crease in ?rain or straw yields.

-eenhouse results indicate that this soil will respond to

applications of nitrogen and phosphorus, bu ive no signifi-

cant yield increase from potrssium. The yield data indicate that

response was obtained from nitrogen when used alone; hov/ever, the

use of nitrogen and phosphorus in combination ~ave the greatest



to

yield increase.

ibenezer 3 lit reenhouse observations rowth

period of the wheat crop indicated that nitr-. - ad

nitro^en-phosphorus-potassium treatments gJ ields

of ^rain.

Yield results showed the surface end subsoil ,";ave yield i -

creases from applications of combinations of fertilizer materials

which included both nitrr osphorus. The subsoil gave a

more marked yield increase than did the surface soil, b'ised on the

mean yield dat . n onae to potaeaiua was noted on the sur-

face soil .-/hen this element .vas used in combination with nitrogen,

but it is ouestionrble v/hethcr it il r...fic nt sir.ee other

binations in which ~ot.r.ssium was cv ,ed did not behnve

simii- rlj

.

Greenhouse result icate that t . r d to

applications of fertilizers supplying both nitre or-

us. It will ve but slight or no response to potaealu ,

.'dal^o 3 i It Lo:< . iroenhouse observations ur growth

period of the whaat cro: indicated phosphorus used f.

phosphorus, and nitro~en-rhost>!"oru3-rotassiu;n tr

rked h response. Apparently, ~>st of ansa

was due to phosphorus in the case of the surface soi*.

ield results t a and rus r.ave yj

increases on both surface and subso The surface soil gave a

•r response to phosphorus, •" iie the subsoil resrondc It

to nitrogen. tassiua rave no yiexd re3pons« .
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eenhouse yield results indicate, that Bdalgo silt io?m will

respond to applications of phosphorus, used sin.Tly or in combina-

tion vith nitro-en.

Jl -t Q ?ra » Greenhouse observations during the growth

period of the wheat crop indicated that nitrogen-phosphorus and

nitrogen- rhosphorus-rotassium tr; nts gave the .est yield

response.

Yield results indicated that the straw and >~r?in yields were

increased on the nitrogen, nitrogen-phosphorus, and nitrofcen-

phosphorus- potassium treatments, iield data indicate that . lno

silt ioarn gave the reatest response to nitrogen while the subsoil

responded most to phosphorus. Potassium did not -ive increases

for straw or grain yields.

reenhouse results indicate that fields on the Elmo silt loam

were significantly increased from the use of nitrogen, used singly

or in combination ..ith phosphorus, and from the use of Dhosphorus

when this element wee supplied in combination with nitrogen.

Lancaster Loam . -enhouse observations during the growth

period of the wheat crop indicated that the nitrogen-phosphorus,

and nitro-en-phosphorus-potassium treatments gave the best results.

;ield date showed that {rain and str ields were increased

on the nitrogen-phosphorus and nitrogen-phosphorus-potassi

treatments. Ther ifl no appreciable difference between the sur-

face soil and subsoil regarding response to nitro-en and phosphor-

us. The surface soil and the subsoil gave no response to potas-

sium.



-enhouse results indicated that i. ids on the Lancaster

loam were cignificantly i^cre-' sed by the application of nitro ren

and phosphorus in combination* ^assium was, apparently, of no

benefit.

Lancaster Fine o andy Lcam . Greenhouse observations dur

the th period of the v.heat crop indicated that nitro cn-

phosphorut and nitrogen- phosphorus-potassium treatments :ave the

re growth response.

eld data showed that n and stra ere signii

cantly increased on the nitro -en-phosphorus ~nd the nitrogen-

phosphorus-potassium treat merits . :ssiu;:, however, v.as found to

gire no response when this element vas evaluated individual! .

The Lancaster subsoil showed somewhat more response tc nitrogen

and phosphorus than did the surface soil.

enhouse results indicated that ^ds on the Lancaster

,e sandy loam were increased by fertilizer treatment. The Boat

pronounced yield increases resulted fro;a the use of nitroren and

phosphorus in combination* Li ss marked response resulted ..hen

nitrogen and phosphorus were used singly. apparently, no response

can be attributed to jsium, especially on the subsoil.

* iles -iiit Loaau Greenhouse observations during the th

period of the wheat crop indicated that nitrogen < orus

ve a response whether used alone or in combination with other

elements in the case of the surface soil.

?ld data showed that rain end straw yiolds were signifi-

cantly increaeed where nitrogen and phosphorus had b,en used. The
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surface soil responded vail to nitr-' nd phosphorus, but the

subsoil showed a much graatar response to combinations of nitro-

gen and phosphorus, "either surface nor subsoil showed a lar

increase due to otasaium.

henhouse r 8 indicate that yields on the fliles silt

loam wart significantly increased by fertilizer tn t it. The

most pronounced increases resulted from the use of nitroren and

phosphorus in combination. Less marked response resulted when

nitrogen and phosphorus were used singly.

Lock. Jilt Loam . Greenhouse observations during the growth

period of the wheat crop indicated that nitrogen applications gave

very definite response. There was some alight evidence of phoa-

orus response.

eld data ahowad that grain and straw yields wara signifi-

cantly incrersed by nitrogen and phosphorus ap lications. Nitrogan,

apparently, was responsible for the greatest part of the response

attributable to the combination of nitrogen and phosphorus.

otassium was found to r^ive no response on the subsoil, but gave

a response on the surface soil when used in combination with

nitroren.

Greenhouse results indicate that yialds on the Lockard soils

were increased by the applications of nitrogen and phosphorus

fertilizers. It is questionable whether ->uld consist-

ently gira a yield response. The most marked responses v. ere ob-

ned thr the use of nitro -en and phosphorus in combination.



Rokeby Gilt Loam. r enhouse observations during the r ro..th

period of the whe<?t crop indicated nitrogen .• nd phosphorus

applications .?,ave the -re <t< c;t response.

Yield data shoved that grain and straw yields were increased

by nitrogen and phosphorus applications. :eld increases on both

urface soil and subsoil v.ere due rily to nitrogen.

bassiua gavs no r< s^onse on either surface soil or subsoil.

Greenhouse results indicated that yields on the tokoby soils

re incrc bj tl plication of nitrogen and phosphorus.

n and phosphorus applied in combination gars the greatest

yield respor.se; but, nitrogen used alone was \ effective in

incrc yields on this soil type, especially in the ce

lay .

l-Ca rin /ton . Greenhouse observations dunn~ the

rvth period of the wheat crop indicated that nitro Lie

tions /.'ere ivi. o rth ,nzo. Visible response to phosphorus

..ere not too evident, "otassium applications gave no apparei t

nse.

Yield data showed that grain and Btrai yields v ere signifi-

cantly increased by applications of nitrogen and phosphorus.

Potaasis L not incre ields. itrogen gave the ost -;ed

yiexd response, while phosphorus response was slightly Lesi aark< .

.enhouse results indicated that this soil association ^roup

gave greatest yield increases fron th< ic ion of nitro

phosphorus in combination. Potassium is not 111 ve a yield

response.
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. rundy , Sharpsbur r
. and Pawnee. Greenhouse observations dur-

ing the ro.,th p< riod of the wheat crop indicated that appiicrtions

of nitrogen and phosphorus, applied together, ^ave response. It

vas, also, apparent that nitrogen, used alone, gave a growth re-

soonse.

Lield data showed that D and straw yields were increased

by applications of nitrogen and phosphorus in combination, iield

data indicated that the greater portion of the yield resnonse was

due to nitrogen v.ith a lesser amount attributed to phosphorus.

eenhouse results indicated that t^is soil association ^rcup

w% a significant yield increase from the use of nitrogen and

phosphorus fertilizers in combination. otassium is rot likely

to ^ive consistent yield increases.

abash , Judson- abash . Greenhouse observations during the

growth ueriod of the wheat crop indicated that nitrogen and phos-

phorus cave a yield resronse. Nitrogen used alone appeared to

ive marked res- ons<: .

Yield results showed that ,^rain and straw yields were in-

creased by the use of nitrogen and phosphorus applied in combina-

tion. Totassium cave no l onse for atra ids, but did show

a resronse when used alone. However, this effect trai absent when

t-assium was used in combination with other elements.

Greenhouse results indicated that this soil association ^ave

a marked response to nitrogen, .vith a lesser decree of response

due to phosphorus. Potassium may ^ive a ,^rain yield response.
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Bur , Bocme , i >it . reenhouse observations dur

growth period of the i r.eat crop indicated that nitro ive a

marked yield response. red to be giving a so.ne-

t less response while potassium showed little res-

old data s rain and stn- I -re increased

by the use of nitrogen and phosphorus in in^tion.

gave no respons .

reenhouse results indicated that tl La soil, associati ve

marked response to nitrogen an ap. orus ap-lied in combination.

Catena Relationships

The che L test results of all soils, by catenas, from

Saline county, Kansas, are summarized in Teble 1 .

The pH of all surface soils vas weak to rately acid.

Generally speaking, the pK values of the subsoils indicated they

\ ere less acid than the surface eous. neral, the subsoils

from the dal ;o and Lancaster catenas were Cjuite acid as con-

tr ith the soils of the Berg, 'benezer, Llea ctena; t

Lockard, 3okeby catena; and the Elmo catena.

attar determinations indicate these facts:

1. ooils of the Lockard-'lokeby catena were relatively hi

in organic matt-

id. Soils of t;:e Bcr;, benezer, Nile! he Lan-

ei ater catena vera tedium to low in organic matter

.

3. Joils of the i-lmo catena and the - o crtena were 1

in organic matter.



7

PO
o o
-

-C
u
H
c

.-
: i

0)
- •

,n h
Cm CO CJ

O CD

• c 5*

CO CD

x» x - •

o

H CD '1!

u
P JO u
O CD

P -

•H u
• CD

CO >
40
J

P O
C •H u
a C «
u CO p
u
a l« a
- O

a

a x:H .P
cj

e

CO

C
CD

P
CO

O

Q-* IAO O O
C^CM -4-c*> 3 -

• • • • • • • •

o o c-~p^ 3

•M c\ J H N CM H

to "I

o o O «^voh oo
• • • •

V H

IrtO OtO OtO rllA h o- CM .M

O -4

r^-4

^-4-

O e*\ i/mt\ OH r*-u*\ 3 O OO

Lf>0 MNsO IAIA U"\ O JN

tooOH
• •

O o

^O

-4-^

O w\
to o

• •40

too
tO CT> • t>- CAO UACM to H
O-* -4-0 «*><*> |s.H
CM CM OvtA xr\ lt\ N -

LTvC*^

-4 o H O t>H O -4 r^c^ H -4 O O o C^
o o- tr-o 00 w ir\ S IT\H CM O CM -

H -HH HH

^c- C"\tO -4H C^-O CM t>- -4-r- r<-\-4" O CM
r^-o ONH O-d- r<"NH O -4" OH H w\

• • • • • • • • • • • • • • • •

H H HH <*VM -4-CN2 r^, H H H CM

to ^ oo oo o to OO oto oo 0--4
vO CM CM U> oto -4-i.M C-H CM On-O U^OA

u-\ m

M O CM O M O N O -40 oto o r^O
H p"\ H C\ H CA H r^ H r^\ H CM M H r^

1 1 1 1 1 1 1 • 1 1 1 1 1 1 1 1

O CM O ,M O CM O CM O -4 OO OvO O r-\

H H H H H H H

CO

CO

c
CD S B CD

H co CO P B S
—i o o C2 CC CO B S B SH H B B O o o co co Co co

g CD (Z, H H o o o o £0 B e
A P P o o » r-^r-i H H c (0 cO

U O O H H H H ^ P P CD O O
CD H H .-I .-- O O CD H H P P CO P P p H H
N to CO H H P P J£ •H -H HH c H H CO

CD P P H H O CO 0) •H -H CD •H H o fc C4

H H u u, Ih t- •H -H CO tt) p CO CO CD CD

a •H H <r <d CD CD •O TJ CO u P P
JO ct CO CO is; n N N •> Jh 5^ >» >> O O O CD CO CO

;.. C CD CD CD CD CO CO t3 CO CD &£> -:
I

• p CO CO

CD bO bC c c C C CD CD c ^^ CD O O H H CO o o
•%P h Ih CD CD CD CD H H cc CJ o J*:.y CO CO co c c

CO £
.0.0 £> £2 •H -H *z o o o o H -a t3 o CO 05

*-, is u .a J H CO a *1 A
a o -a CD

m ^ M •-J



u

o B

o
1 -

-
. I

CD

rH a>
-

o <y a
• c i~

. o

H o

4-> <-\

•H t,

OT > a|

c -h u
a> c o>
O qj 4->

*h co

O E

a

x:
H 4->

c
a

c
a;

cr

o

c*N

cv
c
CM

CM

cr\

o
O

U^N

o

umtv

)

Om*n
V C\J vO ~t

vr\ O fV
• • • •

H <*> CM -4"

v rH r^i .1

o O

rH O

O v\

o to rH OH CM H c<\
1 i 1 1

c OH

C c
9
CO to

o
c a a
a> •H o o
-p «M «M
«O e, s- 4 P 4->

cd c a H HU • 4J P a> •rH •-»

CO CO K
4-> W CO

4-> o r; CO CO tf
in c (1 c o o o o o

o -
o O cfl o rH rH
c- -

J



89

Ch | result? indicated that soi±s of t; rd,

abj Cr-Una I r; c .p. r&tively high in total avai ] phosphcr-

e soils of the Ber
,

benezer, ; iies catena are medium to

lo\. in totrl available phosphorus. is of thi -.go, o,

and the Lancaster catenas are very low in total available phos-

phorus in bo1 .rface and subso-is.

Comparisons of excl ble potassium content of the various

soil^: ted that soi^s of the Lockard, Rokc py

Ln exc pota^. i . . otaaaiiua c ntent

of soils for the Ber,?;, benezer, Niles catena was hi^h to vor,

;h, and hi?;h for soils I d, the l\o, and the Lan-

caster catenas.

Cation exchange capacity resuxts i q ted that soils of the

ena had cuite a low exchange capacity. oils frv

: c .onas studiad were rately high, r from

15 to J2 . e. per 100 gm. .c M ;e capacity of t iter

fine loan surface soi^. 1 quite low; however, the subsoil

cation axchan city trately high*

^ld results, tenas, for ail fertilizer treatments are

summarized in Table 17. in evaluation of the data presented in

t is t-ble brittga to t several facts worthy of note:

; itrogan applied sin - ave response on the surface

soils of the Berg, I benezer, Llei catena, .vhile the response wai

very alight on the subsoils. 1 of the - , the Filmo, and

thfl ,ter catenas gaTa but alight response to nitrogen applied

sir ] .
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2. Phosphorus applie< Ly, parentlj , ve but

yield i. surface and subsoils of r , beneier,

ies c-:ten- . Sella of tie Lockard, ena i ntly

/e no response to phosphorus lone except for the

subsoil of the rtokeby silt loam where P ~e response w

noted. The surface soil of the member of the Edalgo catena -:;ve

Tked response to phoaphonia appxied sir. 1th oper-

ate response by the subs : 1 1 . Solla of tl ^mo

did not -ivf: ippreolablc raaponaa to jrus appllad

singly.

3. Potaaaiuja ^,ave no tarkad yield increases for any soil of

the catenas studied,

4. Nitrogen and phoaphorui led in combination consist-

ently - vr vi ' nrked yiel

catena! studied. Subsoils, of soils, re

responsive to nitrogen ?nd • orus bination, than

the surface soils.

5. Surface soil of the Berg, ar, 11 i c tena c a-

sistertl. e a : bi itrogen and potassium I led In

bination. oubsoils consistently .^ave no response, all soils

of the Lockard, tena gave a response t ions of

nitrogen and potaaaiun In combination; ho-.ever, the res of

l subsoils waa of lesser ...- 'nitude than that of the surface soils.

Lis of t , Lgo, nd thr _ter catenas 'ave

response t t response to ons of nitro nd

potassiu lied in combination.
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In reneral, to la of the Ber, Jf benezer, I'iies catena

»ave no r 'ise to a pp xj cations of phosphorus and potassium in

ion. Likewise soils of the Lockard, iiokeby catena save no

response to phosp' orus and potassium applied in combination.

Soils of the o, the Elmo, and Lancaster catenas gave from no

response to alight response to phosphorus and potnssiura applied in

combination.

7.
|

phosphorus, and potassium appxied in combina-

tion c nsistently [>;ave very marked yield increases on ail soils

for all catenas studied.

The results of the fertility research project on bob* Salina

and Jackson county soils, growing a crop of wheat , may be summar-

ized as follows:

1. The application of nitrogen alo:;e resulted in grain yield

increases for many, but not ail, of the soils studied.

Th< Lion of phosphorus alona resulted in grain

yield increases for many, but not all, of the soils ctudied.

3. jsium did not give a marked yield increase on any of

soils studied.

4. Verj marked yield increases in ;-rain yield resulted, ir-

respective of soil type, when nitro nd phosphorus were ap-

i in combination.

5. Very marked yield increases in ^rain yield resulted, ir-

respective of soil type, when nitrogen, phosphorua and potassii



were applied in combination. B any pi rt of ti

yield increL' I otributabie to potassium.

general, chemical i-yses B ted that the total

liable phosphorus content, for most of the soils studied, ,<ere

low. All soils were found to be ruite well bu ith ex-

changeable potassium.

7. Statistical analysis, contrasting ^rain yield with straw

yield, gars a correlation coefficient of 0.95- This hi !T;h cor-

relation allowed the predication of the missir. - in y if Ids with

a high degree of confidence.

6. Catena relationship studies indicated that, in general,

soils of the Ber,^, '.benezer, Tiles catena and the Lockard,

ftokeby catena might be considered as possessing a r inherent

fertility than soils of the Elmo, the Edalgo, - nd the r

fine sandy loam catenas.

9. Catena relationship studies conclusively eated that

all soils, irrespective of catenas, consistently 'av^ narked

response to appl Lons of nitrogen and potassium applied in c

bination.

10. ocellent agreement was established between r^lant -rowth

response to phosphorus and chemically iff -hosphorus in

surface soils of Saline county. HowsTsr, there v finite

lack of relationship between plant ^rowth rsspoi se and chemically

available rus in the subsoil, between plant growth re-

sponse to nitrogen and organic matter content of the soil, and

between plant growth response and exc' able potassium content

of oil.
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A soil fertility study was conducted on 10 9oil types from

j.ine county end 4 soil association group! from Jackson county.

The ^urpose of the study vas to determine whether these soil types

would respond to a plications of nitrogen, phosphorus and it s-

siun applied singly and in all possible combinations. ",h

response vas studied by ^ro Lfl I crop of trhoat and stv the

differences in straw yields ano in yields resulting from the

ious fertilizer treatments,

oil analyses -ere run on all soils prior to the growth of

a crop of >;e r!t. Joil analyses were also run on all soils in-

volved in the fertility study after ^ro-vth of the wheat cro- .

is information, it was possible to study nutrient uptake

eat under the various fertilizer treatments. Additionally,

it ossibie to determine whether heavy applications of ferti-

lizer contributed to an appreciable build-up of the various

ele:.;o:ts applied, in the soil.

The greenhouse study was set up as a Factorial I esi^n xr>eri-

t. A crop of wheat was tTro •. n to maturity and the weight of

straw and -rain was determined for each treatment. Response of

the wheat to fertilizer applications wat evaluated ril] from

thf |TSto yield data.

During :. rvest <-7 :rain samples ••ere destroyed by -nice. t

was necessary to evaluate these aissil D yield values by

utilizing the h'rr-in-strav ratio since the straw s- were not

destroyed. . regression ecuatior. determined which tile :ed

the estimation of ^rain values from str -. lues. /> correlation

of ..9546 was dee.ned sufficiently high to justify placing



a relatively hifh d* of conf e on these estimater n

values.

The results of the fertility research proji ct on so line

and Jackson county soils, ;np; a crop of ;.'heat, nay be summar-

ized as folio

1, The a . tion of nitrogen alone resulted >~ain yield

increases for y, but not all, of the soils studied.

c The apnlication of phosnhorus aio juitrd in

yield increases for many, but not all, of the soils studied,

3. Potassium did not >Tive a marked yield increase on of

the soils unaer study.

4. rked yield increases in ,/rain yield r< suited, ir-

respective of soil typo, n nitrogen and phosr v orus were applied

in c<"» bination.

5. Ver. -ked yield increases in -rain yield resulted,

irrespective of soil t J
• c , , pn nitro-en, phosphorus and -otas-

sium were applied in combination, in no instance was any -art of

this yield increase attributable to rotassiu.n.

In general, chenical analyses indicated V it thf tot

available phosphorus content, for most of the soils studied, was

i soils /ere found to te ouite well supplied with ext

able potassium.

7. t tistical analysis, ralatli ~ain yields to straw

s, jave e correlation coefficient of 0.9546. This cor-

relation allowed the prediction of tie Risoin in yields ith

a hi ezree cf confidence.



8 # C Lp studies in Leated that, in genera,

soils of the Ber ,
r, Lies >ena end the iockard, liokeby

catena mt - be considered as possessing a higher inherent ferti-

lity tl an soil3 of the Blao, th< L o, and the Lancaster fine

>nas.

9. Catena r Dnsblp studies conclusively indicated t>

ail soixs, irrespective of catenas, Lstentl) r .-narked

nsf. to applications of nitrogen and phosphorus applied in

bination.

10. cellent agreement was established between plant rrrowth

response to nhos^horus and chemically available phosphorus in the

surface soi^s of Seline county, "owever, there wrs ? definite

•'< of relationship between plant chemicoix>

tilable nhospl.orus in the subsoils, between plpnt growth response

to nitroren and organic matter content of the soil, and between

plant h response and ex. eabie potassium content of the

soil.
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