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The smount of soluble potasczium relained by the exchuunge complex
of soils receliving various zpplications of poinsh, supsrphosphate, line
and @ mizture of minor clements wus studied, Crop response from thece
trestments was obzerved on plots loeated on some repressntative soil
soriss of the state, Following the ficld investigation, soil semples
from some of the plots were tuken into the lasborstory snd asnalyzed for
exchangesble calcium, nagnesium, potassium snd bhydrogen. Hepld soil
tests were also used to estimate the avallzsble potassium znd othsr Lons
held by the exchange complsxz of these soils.

Crop response varied wiih the different soils zs well =s with the
varions trezitments. The field resulis, as & whels, eophasized the ime
portancs of providing o sulficiend supply of the essentizl nutrients asm
a2 necesse?y Factor in maintaining o fertile soil. The iabar‘s:ﬁ;tory i i
vestigations dasonstrabed the «ffect of lime znd wmuperphosphate on the
availability of potsssium, and other catiosns, Superphosphate decreased
the asmount of asp-lled potassium retained ss the exchangesble form in the
najority of the scils. The highest sprlication of phosphorns and potach,
in most insiznces, lowered the amount of exchangeable magnesium to 2 marked
degree, The combined effects of lime and superphosphsate sloo decressed
the smount of applied potzssium sbsorbed by the exchange complex of soils
having = anell smount of exchengesnble hydrogen, The resulis of the ropid

g0il %tests when compared to the gxthengeable datz gzve 2 gpod indicstion



of the available plant food. The results of this study, in generel,
show thet soils should be analyzed for sll available nutrients, and if
any are found to Be deficient they should be supplied in guantities that
»ill allow all the necescary eclenenis to be available in sufficient
quantities to produce good plant growth.



Rame

Degree and date

Date of Birth

Place of Birth
Secondsry education
Collegiate Institutions
University of Earyland

Publiecations

Positions held

¥iTa
dohn Paul Wintermoyer
Doctor of Philosophy. 1942,
Hovember 16,1913,
Ee&geevﬁie, West Virginia.
#¥illianmsport Hill School, Williamsport, Hd.

Dotes Degree Date
Sept. 19%1-June 1933
Sept. 1936~Feb., 19 B, S, June 19
Feb, 19 June 19 ¥, 8, June 1
Jone 1940~ May 1942 Ph. D, May 1942

Hone

Grzduste Assistantship with Soil Conservation
Service, Division of Hillculture Resesrch, Wash-
igggﬂn, D, G,, from Februsry 1938 %o Anril

1940,

Greduste Assistantship with the American Potash
Institute, Washington, N. C. from 2pril 1940
to May 19042,

A% present, a position as anslyticzl chemist
with the U, 5, Pepartment of Interior, Burean
of ¥ines, College Park, Marylamd.



A STUDY OF SOME OF TH: FERTILITY FACTORS
AFYECTING AVAILABILITY OF
POTASSIUM APPLIED TO
SOILS

By
John Panl #intermoyer

Thesic sulmitted to the Feoculity of the Graduste School
of the University of Maryland in partial
fulfillwent of the recuirements for
the degree of Doctor of Philosophy

1942



UMI Number: DP71180

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript

and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

UMI

Dissertation Publisheng

UMI DP71180
Published by ProQuest LLC (2015). Copyright in the Dissertation held by the Author.

Microform Edition © ProQuest LLC.
All rights reserved. This work is protected against
unauthorized copying under Title 17, United States Code

ProQQuest

ProQuest LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbor, M| 48106 - 1346



The writer expresses his sppreciation to Mr, 5, I, Gray of the
Americen Potash Institute, ¥Washington, D, €. and the Agronomy Depari-
ment of the University of Maryland for making thie study possibdle,

He zlso expresses his tlenks to Dr, B, P, Thomas who directed the
research and made constructive criticisms in the preparation of the
manuseript; to Mr. H. B, Winsat who directed the fiold investigation;
to the cooperating farmers vho contributed space on their farms for
the loestion of experimental plots; to Miss Mary Fllen Grey for her

services as typist, and %o many others who zided in securing these
é&tao

sz,

SR N,

Fal



Table

1.

S.

11,

LIST OF TABLES

Title Page

The Farm Humder, Loecation and Soil Types of Farms
Cooperating in the ProjJect...c.ccoeiiii o L. e i9

The 1940 Yields of Tomatoes Obtained from Cooperztive
Farm Plots Recelving Different Amounts of Phosphoric
Acid, Potzsh and Minor Element Mixture.......cccovuv.... 20

The 1940 Yields of Corn Obtained from the Cooperstive
Farm Plots Recelving Different Amounts of Phosphoric
Actd, Potash and Minor Blement Mixture.ceceveeee.o.. .. .23

The 1941 Yields of Barley Obtained from the Cooperative
Parm Plots Beceiving the Second Application of Phos-
mﬂs w'idm%M....’.........O‘O...’.l....l“..‘.23

The 1941 Tields of Wheat Obtained from the Cooperative
Farm Plots Receiving the Second Appliesation of Pho
phoric Acld and PotasB.iceeieeenoeonneneanas -

The 1941 Yields of Corn Obitained from the Cooperative
Parm Plots Beceiving Different Amounts of Phosphorie
Acid, Potash, Lime and Minor Flement Mixture........... 2%

The 1941 Yields of Soybeens Obtained from the Coopera=
tive Farm Plots Receiving Different Amounts of Phos-
phorie Acid, Potash, Lime and Minor Zlement NMixture.....27

The Hilliequivalents of Exchangeable Caleium, Mag-

nesiuvm, Potassium and Hydrogen found in the Soil from
Cocperative Farm Plots Receiving Phosphorie Acid aznd
Pﬂw L 2R 3E IR BN BN NE N R B N B B .I‘I'.l‘-OQIQDCOCO..'.Q..QQa

The Hxchangeable Czleivm, Magnesium, Potassium and
Hydrogen Found in Soils from Plots Recelving Phosphorie
Acid and Potash Fertilizer, Expressed in Percent of the
Total Exchange Capaeity. .. covivcececsacnccee. ncssnacss 30

The Exchangesble Potassium Rxpressed in Pounds of

K. 0 per Acre =nd the Percent of the Applied Potash Ab-
efrbed by the HZxchange Complex of the Soil from Coopera-
tive Farm Plots Receiving Phosphorie Acld and Potash...32

The Exchangeable Calecium, Magnesium, Potassiva and
Bydrogen in Soil from the Cooperstive Farm Plots Re-
ceoiving Phosphorie Acid, Potash, Iime snd the Minor
Elmtnimrﬁin 19’41;.5.00..-.0.‘.00.00.'.to ------- 4-3'3



Pable
12.

13,

1k,

Title Psoge

The Percent of the Hxchange Comnlex Occupied by the

Averafe Amounts of the Zxchangesble Crtions, and the
Bxchangesable Potassium Sxpressed ian Pounds of X 0 Per

Acre in the Soil from the Cooperstive Farm Plot

Receiving Phosphoric Acid, Potash and the Hinor Hlement
Mixture in 19HML. .. . .ceiiienorennennannn e e .35

The Available Ions by Rapid Soil Tests znd the pH Value
of So0il from Cooperative Farm Plots Receiving Trentments
of Phosphoric Acid snd PobBSR erevur. ooncrsooransocannennan. .36

The Available Xons by Bapid Soil Tests and the pH Value
of Soils from Cooperative Farm Plots Receiving Phosphoric
Acid, Potash, Lime and a Minor Klement Mixture in 1GM1...... 38



Lol OF CONTAETS

THTRUICTIUR, L e nevnen
REVIgY OF LIVEBATYRE ..
DIICUSHIVE it eveones

Feld Vata seve..ns.

M’@&Yﬁﬁ)ry m&%‘a “nso

L I R T R

ﬁz%i&:wzwﬁm, - FOEN Oy

-



INTRODOCTION

The meintenance of & sufficient supply of available potassium
&8 well =28 other soluble nutrients is generslly recognized zs z good
s0i1l fertility oractice, Potassium in an available form ie needed
tc satisfy both the regquirements of soils and crops. This aveilable
or exchangeable form of potzssium 1s only one of the essential ions
in the exchange complex of soils. The smount of this exchangeable
element held by the colloidal complex may be greatly zffocted by the
addition of other soluble mutrients, The removal of crops znd loss
Yy leaching are primarily responsible in eausing = deficit in the
suoply of avellable plant food. This supply of available nutrients
can be restored by the aspplication of fertilizers. In Haryland, ab-
normsl responses have beon observed with potash fertilization. PFotash
ireatments on soils deficient In asavailable potassium 2¢ shown by the
usual soll tests, produced excellent ylelds, while other soils show-
ing siwmilsr needs gove no response. The response of crops to various
applicstions of potash with snd without other fortiliszers, was ob-
served in this investig:ztion om various soil series through-out the
state, The relation of exchangssble potassium $o other sxchangesble
cations wmas studied with respect to ite avallability in proportion
to other plant putrients. An attempt was a2lso made o estimate

the potassium needs of some Maryland soils.



REVIAY OF LITARATURE

The availability of potassium in soils ks been the subject of
much investigation. HNany investigators heove related the svailability
of this element %o & process in which ruglaceablé potassium is cone
verted to a fixed or non-replacesble form in soil. This has been
demonstrated by the failure to recover potash applicstions zs exchange-
sble potassium, Some investigalors recognize an equilibrium between
the replsceable and non-replaceable forms of potassium in which one
form will revert to the other depending orn the supply of each, 5till
other investigations have shown that individual ione, such ss the
mh jon, soluble aluminumm and available calcium are intimately associated
with the solubility of potash, The exact nature of potash fixation
iz not definitely known, zlthough many investigstions have shown this
phenomenon to be associsted with the clay minerals or colloidal fraction
of solls.

The fixation of potassium by minersl colleids as z result of
slternate wetting and drying of soils, has been demonsirated by many
workers (25,14,9,18,15,5). A mechsnism of fixation By drying scils, in
which the size of the ion and the contraction of the warishle lattice
of the montmorillonitie clay wre important mntr&ﬁati.ng faetors, was
proposed by Page and Baver (18). They found that the ionic sizes close
to the size of certaim free spaces within the latiice were closely cor-
related with susceptibility te fixation,

T™he non-exchangeable form of potassium as related to the crys-
t211line clay colloids having definite lattice structure was investi-
gated by other workers {25,15). Mineralogicsl studies, and chemicel and

x-ray analyses of soils recelving potash applieations over = psriod



of 50 years, led Volk {25) to conclude that = porticn of the added
potassium had rezcted with colloldal eiliecates to fors difficultly
soluble muscovite., In generzl, the effect of wetting and drying of
s0ils on the fixing of potash to & nonesxchangezble form has been
shown to be closely associsted to the crystalline collioldsl complex
of the soils.

Since some soils exhibit a2 high amount of fixation while others
do not, it has been advanced that an equilibrium exists between the
replacesble potassium and the noa-replzceabdle form (26,4, 2). The
presence of = secondary material with the property of difficult re~
placeicnt which ean release potassium whenever the easily replacesble
is lowered, or take it up as the easily replsceable potsassium becomes
too high has been suggested by Briy and DePark (4). Such zn equilib-
rium is considered important in the potash ecomomy of =oils (26) |,
since it is = means of conserving added potsssiwm by holding it in
forms which are relatively insoluble. These forms repleaish the supply
of replaceable potassium as it is depleted gradusally by the growing
erops.

Associated with the releass of potassium from a non-replacesble
form is the effect of freerxing and thawing investigated by Fine, Bailey,
and Pruog (7). They worked with various ¢lay minersls which had been
subjected to potash fixstion treatments previous to the freezing and
thawing process, Most of the clay minerals investigated, allowed the
release of considerable smounts of the noi-exchongesble potassium,

ILime, in many instances (17,10,20,1,6), has been demonstrated to
have 2 c‘t{gressing effect on the solubility of potussium. The low

productivity of highelime soils of Iowa has been attiibuted in part



to theo rel-tivdly low msmounbs of oxchamgeable pobussiuvm. “he invesfi-
gations of Allowsy =nd Plerre (1) showel that lows solls high in osd-
cium exvhenets have hidh rotrastiomefiving nower -hich no doubt exrlaine
the smell residus) effzelc obtsined Prom prmlizatians of pobmesiom
fertilizore. Tark with suck soils by ‘afield znd Conner (G}, however,
showed the grectest amounnt of oweilable wobaoszi-wm in the nresence af
lime thon in 1fs sbsance. Thie wee frne lawgsly with solls hovise
smell smounds of inorsepde sstoriad.

he lime-podzseiunm problem wes iamvestigoted by Jenny snd Shede
{13) who suzeasted the posaibility of microbiolozical fizatiocn of
potzsh., They contend that cslcium carbonnie incorporsted in the soil
1i%srates adsorbod posassiom valch in Sura mey be absorbed by mloro=
erzanisme, 4 similar sugrestion was made by Blume and Purvis (3) who
worked with coastsl plain esoile of ¥Virpginis., They found fization wes
grantest in the Portsmoulh 201l vhich contains o high perceutage of
orzanic metier, Since the variction in the smount of poiteassium fized
st various samnlings wes 30 grost, they suggested o wloerobliglecical
setivity feckor as belng lorguly responsidla.

the effenrt of diiTeremt ions on the conversicn of soluble potsseium
to = non-availevle form has Becn investigsted, ork om various prepared
conslexes ol ¥e, 4A), € and My vhosphsotes sugpested %o Joffe ond
Eolodny (1) thst the ?ﬁi‘% ton fu in some moaner rasporeible for the
fixation of podessivm. Thelir work with scils showed thet the plod
receiving scid phosphate glons, Tized the highost cusntity of voltossium.
On the other hand, the zoile vhich roceived nnnusl soolications of ECL
or 0L £ acid phosphate fized the lenci.

he vossibilily of tho slusimem ion affecting the fizstion of
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potassium wos studlied by Volk (24). By removing the free alumins from
various clays and minerals, the ability to fix potassium was decreased.
Upon replacement of this alumina the fixing power was restored, whieh
demonsirated that the sluminum ion may play a2 part in the avsilsbilitvy
of potassium,

A Telstlon existing between the arailability of potassium and the
exchonge capacity of soils was found by many workers (12,23,15,16). An
squivalence between potash fixption and decrease in exchange copacity
w-: found by Truog and Jones (23). A decrease in exchange cepacity with
potassium fixation wes also noted by Joffe and Levene (16}, but mo
squivalence was indicated., Contrary to these views, VWood znd DePurk
{26} reported =n increase im exchange capacily as 2 result of soluble
potash reverting to = non-repluaceable form,

Awailasble potassium in Maryland scile was investigated by Thomas
and Willisms {>2), using both gusntitative and rapid chemicsl methods.

A good agreecment was found between exchangeable notassium and thet
determined by the rapid soil test. The influence of fertilizer %restments
on the exchangeable potassium of some Earyland soils was studied by

Thomas snd Schueler (Z1). Their results indicate that the heavier scile

were shle to hold considerstle smountes of exchan

goslle potassium while
light textured soils retained smallser zmounts. This was zttributed
to the low exchange capacity of the lighter soils., The effect of cther
icns on the retention of awvallable potash was not considered in their
work, nor was the effect of potash applications on other exchangeable
cationa of the sorption couwplex invesiigated.

According to the literature, it is conclusive that the avallsbility
of potassium in soils varies as =z result of different existing soil

conditions, alternsts wetting and drying of soils has been used to



fix potassium to = non-replaceable form. This process is directly
associated with the erystalline colloids or inoygunle phase of s=oils,
That the exchangeabdle and noneexchangeszble forms of potassium exisl

in equilibrium with one another is also postulated. It is suggested
that one form supplies the other depending on the amount of soluble
potassium present, Different ions have been associated with the fixing
of available potash. The mh ion, ealcium and free alumins have 511
bedn investigziad as possible factors affescting svallable potassium,

The investigators, however, did not consider the relation of these ions

tc one snother as they affect the fertility level of soils,



EXPARIMENTAL, PROCEDURE

The effect of phosphorus and lime on the sveilsbility of potassiom
was studied in thieg investigation. ¥arious apolications of supernhos-
vhate, ground limestone and muriate of potash were made on different
so0ile in the state, =and the response was messured in crop ylelds,
Following tha field investigations, s0cil samples were secured from sone
of the plots on the various soils used in the study, These were tcken
into the laboratory and the exchangeable celcium, msgnesium, potsssium
snd hydrogeon were determined. The repid soil tests developed 2t Maryland
{22} vere slsc used to estimate the amounts of the different =vailsble
elemonts in these samples.

Plots were estzblished in the spring of 1940 on 13 cooperating
farms located in various parte of the state., An attempt wes mede to
get as large = variety as possidle of representative szcil tynez. Table
1 gives the location and soil tyvwe of each farm., In order to study the
effect of phosphorus on the solubility of potessium, various spplications
of different ratios of phosphorie acid end potash, as chown in Fables
2 and 3, wers applied broadeast on the surface of the plowed s0il and
then were thoroughly worked in by disecing. Phosphorus was spplied zs
superphosphate (20%), 2nd potassium was sapplied as wariate of potash
(60%). A mixture of minor elements was applied to each soil to see if
eny of the trace elements might be 2 limiting factor in plant growth,
This mixture, prepared by the Research Foundetion, Ine., Hew York, #.Y.,
tncluded = total of 6L elements all of which had besn found im plant
life in minute gusntities. Corn, with the exception of one erop of
tomatoss, was grown on thess plots the first season., 1In the fall of

1940, following the harvesting of the corm crop, a second spplication



of the same am-unt and ratioc of phosphoric acid and potash as glven
in Tsbles 4 and 5, was applied to each plot prior to the preparstion
of the seed bed for small grain., Barley or whezt was then planted and
the yields wers secured the following summer of 1941.

In order to study the effect of both phosphorus and calcium on
the availability of potassium, additional setls of plots were estab-
lished on three of the forms in the spring of 1941, Similar amounts
and ratios of phosphoric acid snd potash were applied to these plots
in triplicate, and in addition some of them received spplications of
ground limestone. Treztments of the minor element mixture were zlso
made on these farms, The amounts of these spplications sre shown 4n
Tables 6 and 7. On FParm Bo. 6-B, the fertilizer wazs thoroughly wwrked
into the plowed s=o0il by discing, and the plots were planted to corn.
The T ertilizer on the other farms was spplied on the saurface of the
g0il and then plowed under. Corn was planted on Farm Ho. 2-B and
soybeans were planted on Ferm Ho. 13,

The results of the field tests are given in Tsdles 2,3,4,5,6
and 7. Tables 2 and 3 give the 1940 ylelde of tomstoes and corm.

The barley and wheat yields of 1541 are found in Tables U and 5.

Pablee 6 and 7 give the corn and soybean yields for the plots on the
farme receiviag phosphorie acid, potash, and lime., Corn yields are
reported in bushels of dry shelled corn {(15% moisture) per acre,
tomatoes are expressed in tons per acre, soybeans are reported in
bushelz of dry besns per acre, and wheat and barley are given in bushels
of dry grain per acre., Straw yields are reported in tons per acre,

Poliowing the field investigations, represeatative soil szmples
were secured from some of the plots and taken into the lsboratory to

be studied. The ssmples were first air dried, screened and then



thoroeghly nixed, ALYl gravel, siones snd orgsmic frections which 38id
not pass through a ten-mesh ecreen were discarded,

The repid scil tesis as deseribed by Thomas and Willisms {22) were
used to estimete the soluble calcium, msgnesium, phosphorus, potassium,
nitrates, ammonia, iron, sluminum, manganese, chlorine, exrbonstes, and
sulfates. The pH value was obiained by the use of » Beckwman pH meter
{zlase electrode) on = 3/2 soil/water mixture.

Izxchengeable ezlciux, magnesium and potassium were destermined on
the leachate obtained by extrzeting 100 grams of ten-mesh soil with 600
nl. of normal neutral smmonium zcetate, Thie extract was eveporated $o
dryness and the organic matter was destroyed with asgua regia. After
removing the iren a2nd alusicunm wlith smuonis, the lesachate was then made
up to 2 definite volume., From this leachate calcium was determined by
preciplitating as the oxslate and titrating sgainst standard potassium
permangenate {8). The magnesium was precipiteted with S-hydroxyouinoline
and titrated agsinst stendard potassium permangsnste {8). Potassium
wae precipitated as the coballiinitrite and titrated sgainst standard
potassium permsaganate (19). Hxchmngesble hydrogen wes extracted from
a separate charge of spll using normal neulral smmonium acetate, This
wes done in = closed syztem to eleminsete any possible change in the pH
vzlue of the extracting solution., After the soll wis extracted, an
sliquot of the leachate wee titruted with standard sodium hydroxide
using s Beckman nE meter, BExchangesbdle hydrogen was cslcoulzted from the
smount of base necessary io bring the leachate back to the neutrsl
poink,

The results from the determinstions of exchangezble calelum,

magnesium, potszssiuwm and hydrogen are given in Tables & and 11, These
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are expressed in millismuivaients (m.e.) per 100 grams of soil. This
ensbles one to cowpars the ammount of one slement with snother., Since
thase four elements meke up the greatsr portion of the ention exchenge
of Maryland soils, o coluan giving the total s found on each tsble,

ihoe results of the rapid soil tests are reported in Tables 13 and
1k, Since the solls contalned no chlorine, sulfstse or carbonates,
these ifons ar:s omitted fron the tebles, The smounts of the wviricus ilons
gre not expressed guantilatively, since they are only estimates, For
this reason, symbols are used to reprecent the relative smounts of the
aveilable alenontn. To odblain sm aversge for triplleste remilts, a
numericsl value wes given to esch symbol end son sversge was thevaly
caleninted. The following mesninge are given to each symbol:

- Fone

Deteotable
Yory small smount
fnall smount
Hedium amount
HKigh smount
Very high amount

MoOoM B O oM .



DISCUSSIVE

Althouch the danta are more or less solf exnlanatory, the following
discussion is given to emphssize the points of grestest importance. For
convenience the discussion of the date isdivided into two headings, the
Field Data snd the Leboratory Data. The Field Data include the crov
vields obizined from the fertilirzer investigotions with plots located
on 13 farms through~out the siate, The yields are diccussed with reference
to the response of crops Yo various treatments of polash s affected
by zmendments of phosphorus snd lime. The Laboratory Dats include the
results from the chemical snalyses made on soil samples taken from some
of the plots of the field investigation. Thess data show the effect
of the fertilizer treatments on the amount of exchangosble potassium
and other catisns held by the exchsnge complex aof the soils used in
this study.

Tables 2 and 3 give the tomato and corn ylelds for 1941, The
vields of tomztoes (Toble 2) were cignificantly better from the 100,
200, HOO and 500 pound treatments of potash when compsared to the check
plod Ho., 13. Zcually as go0od s yield was obizined from Pleot 11 which
received 500 pounde sach of EQG aad 2’23 « In generzl, the soil in these
vlots showed o definite response %o potash as expressed in both the
yield and cuality of tomstoss. Since t«ama,tae; are heavy feedsrs on
votaeelivm, one might expect = lorge percentage of the pobtash =mpolied
on plots 1%,15,16 and 17 %o be held in the exchengesble form. Replzce-
zhle potzssium in o Sassafrss sandy loam was found by Hesber and Shelton
{11) %o be = good index of the potacsium availsble to tomstoes.

The corn yields of Table 3 show no significant incerease zbove the

check plots ags a result of potash fertilization szlone. Farm lNo. 2-A



is =n erxception cnd show = definite response to potassium. The highest
¥ields for exch fars are uswelly sssocizted with combinstinn trestments
of phosphorus znd potash. The average of the corn yields in Pable 3
show no significant difference between plois. OUne can sssume from
these results that an cdequate level of plant nutrients is necessary
for goond crop production, snd it is difficult to memsure the influence
of = single element by means of crop yields,

The minor element itrestment of 150 poumds per szcre on plot 12 when
compared to plot 6 of Table 2 showed = marked increaze in the yield of
tomztoes on Farm Fo. l=A., The corn yields in Table 3 indicated ir-
regul sT responses from the trace elements., Farms Yo, § and 7 made
noticesble incfeases above the ylelds of plot 6, The minor element
treatnent on the majority of the farms growing corn showed 1ittle increase
in yield., The response of tomzloes was, however, significant although
the yislée wereo not as large as sone of the heavy potarh trestments,

The 1941 barley a=nd wheat yielde obt=ined from the second application
of phosphorie =zcid znd potash, 25 given in Tadles 4 and 5, indicate
responses simllar to the corn yilelds of Table 3., The extremely poor
vielde obtzined from Farm Npo. 1-B is stiributed primarily to late
planting snd = poor stznd. WNo one trestment gave consistently hish
resulis with 211 farme. In genersl, the larger yilelds for most faorms
ware obtzined from treziments of both phosphorus and potach or from
phosphorus slone. The averszges for the barley snd vheat yields zlse
show the szme effect. This lesds one to believe that superphosphate
=nd sonetimes potash corrected the limiting factors im the growth of
the small grain erops.

Tables & and 7 give the yields of ecorn and soybesns from nlots

receiving phosphoras, potach, lime and the minor element mixture, The
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fertilizer on Ferm No. 6=B wns dlsced into the surfsce of the plowed
poil, while the fertilizer on ¥Yorm Fo. 2-B wasg plowed under., There
were no indications of =elt injury since the yields were lazrger on
Farm ¥o. 6-B, A response with corn was not obieained from 511 lime
treatments, HNowever, the largest yields for each farm wss obiained
from a trestment of eguzl cgusnitities of phosphorus and potash, amd two
tons of limestone. The corn crooes on both fams were affected by
drought, =nd lock of woisture may have been =z limiting factor in crop
growth, The effect of the minor element itrestments producsed no notice-
2ble increzse in the crop yilelds. Soybeans in every instance {T:ble
7) responded to the =zpnlicstion of limestone, ’i"hes lzrgeat sverage
yield of besns was obtained from sn a@@limtion?ef 100 pounds of

?265 , 500 pounds of 'Kzﬁ end two tons of ground limestorne. From these
dzts, o sufficiency of avallable potassium and caleclum sppear to be
very essentizl in the production of o legume, such as soybezans,

The field dsta, in genersl, do not show z decided resnonse of
croves to potash treatments szlone. The reculis demonstrate the necessity
of & sufficient level of recuired nutrients for good erop production,

A deficient element mey be = limilting factor in mony instances, but this
deficlency may be cazused Iln nart, by the excess of snother element which
may affect its aveilsbility in the soil, Thue, in sttempling to restore
fertility of a2 soil, an inventory should be made of the matrient supvly.
Deficient eleunents must be sup lied in sufficlent quentities, but nod

%o an cxcess 3 %o csuse them to be & limiting factor in the availability
of =amother.

Laborstory Batas

The amounts of ewxchangenble calcium, magnesium, poitassium 2nd hy-
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drozen in the soils receiving ghosphorie zmeld =2nd votash treatmentis are
given in Tsoble 8. The effect of these trestmonts on the exchangasble
calcium c¢=n be seen by comparing the values with the untrerted plot 13.
Superphosphete increcsed, in most ilnstances, the exchangesble ealcium.
Ho doubt this was supplied from the ealcium contazined in superphosphste,
Potach alone, plot 17, showed & deprisecing effect on the exchangesble
ealcium 23 2 result of the displacing power of the potsssium ion. The
effect of sne counterbzlances the effect of the osther to some extant
wvhen both superphosphate and potash are spplied. 7The impertance of
calecivm in the exchangs complex of ssile is demonstrated in Table 9.

In most of these soils, this eclement occupies from 50% to 50% of the
sorpiicn complex.

The most noticezble effect of these fertilizer treztments on the
exchangesble magmesiuvm is found with plot 11 vhich received on most
farms, o toial of 1000 pounds esch of ?305 znd 336. In meny instances
the smount of exchangesble magnesium was decreased over 50% vhen com-
pared to the check plot 1%, This loss of magnesium was not zs large
on plot 17 vhich received, ususlly, = total of 1000 pounds of KEG.
These dada indicate thet the caleium of sunerphnephste when spprlied
in =zddition %o hesvy appliestions of potash eczused 2 decresce in the
exchangeable magnesium, Thic exemplifies the displacing power of high
appli catiocns of fertilizers and the possible depletion of this essentisal
elenent when proper smendmente of magnesiz or dolomite are ngt made.

The variztion of exchangesble hydrogen with differont t;'raamants
for ozch soil wae not consistent. There wzs no definite correlztion
between the exchongesble hydrogen snd smount of potzssiuw made available.

Hydrogen in many of the solls cccupled s large portion of the exchonge
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gomplax. 4 shown in Table 9, values for the more a0ld soils ronged
from HO to U5 percent %o 1% and 20 pevcent in the less seid soile,
Zxchongeasble potacsium is given in Tsble 10 in pounds of Kze per
acre., The effect of mmerphosphate additions alene, nlot 7, can he seen
by compaving 1% with check plot 13, Jwerphosphate wimm enplied slone
showed 1ittle effsct on the smount of eomchangesble polassium in the soils
on thece farms, Howaver, nnéﬁ"amﬁ 4,8, and 10, thers was a decresse in
the smount of this swmhangesdle ion. Of parsiculsr interest is the
comparison of plot 11 with plot 17. Plot 11 which recelved 2 total of

10 pounds esch of P sad X t:i has, in every @oll, less exchungesble

ﬁ
potassium than plod l?ﬁmieh re¢eived only the 1000 pounds of Kgﬁ « This
indicates the possibllity of = conversion of celuble potach %o & Dol
exchangontle fora in sowme of the soils in this study., The date in Teble
10 slse ineluwde the percent of the potash irn esch spplication that wo
abeorbed by the emchange complex of there soils, Thie csaleuwlotion did
not consider the differonces im crop yield as a facter affecting the per-
esnt of the sprlied potassium that was sbsorbed., The percenizges were

obiained in the following mannsrs

Poundo of imchangeshle -~ Pounds of exchangecble X O
Kg@ found in check Pilot 13 2

' ' = % of applied K
Founds of 1&29 sapylied in the fertilizer trestment absorbed
Iin mepy insbencas, ounly 50 to JO percent of the spplied polousium was
abzorbed by the seile which recelved 1000 pounde anch of ?gﬂ‘j snd ggg'
The sverage percent values for eight of the famms in Tsdle 10 show almost

o complete revovery of the potash zpplisd slone on plot 17, +hile only
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70 per cent was gbsorbed Uy the exchange complex of the wil in ¢lod
11, 4 similar effect was produced by a comparsble %rezﬁfmsmt an nlod
§. Suvperphosphate which wes supplement d with potash in there treat-
sents, spoecrs to have s decressing effect on the sorptiocon of the notznesivm,
This 12 in sgroement vith the findiags of Joffe zad Eolodmy (14) whe
sssociste ihe Pﬁh ion with the fization of potacsimm, The extent to which
this decresse in 2vailsble potoesium is found in differemt soile is

shaw: by exsaining each fars. The ©o0il on Farms Fo. % sad 4 rebsined

the greatest porition of the zpnlied rotash in the exchongesble form.

“hese foils were the Frronkstown sznd Montslte sevies respectively, which
hsve » hesvy %ezﬁ‘%re. The remsining scil series exhibited woyving desrees
of potosh sorplion as sffected Uy superphospheate treatmente, OF

perticalar interest are the scils on Farms He. € =nd 11 which re%: ined

& wory smsll percentage of the rmlied potnzh ars exchengeshle polsscium,

Thig was tras Soth in the nresence »ud sbsence of swerphosphate. The
g0il on Vare Ho. 9 was 2 zondy losm hovins & low sxchange conzeir and
B 1 4

the 041 on Parm Ho. 11 hed 1f: exchange eouplex highly ssiursted with
cxdcim =2nd magnesium. Thece mey hove been the limiting faeters cousing
the low percsntage of =hoorbeld pobassiunm,

The combined affects of phosphorug snd casleium on the svailability
of poitassivm are given in Tehles 11 and 12, The aver:ges of the ex-
ehongesble data, Tedble 11 (Cont.), show that the amounte of exchange-
able eslelm snd magnesium were increacsed as = resuld of limestone
additions. There wes slso & correenonding decresce in the exchongee
able hpdrogen. This ia to be expected since calcium znd masnesium could

enter the exchange complex to displzee the exchangesble hydrogen. The

effert of thoss trestments on the exchangeable votassiun, in Toble 12,
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is very similsr to some of the results siven in Table 8. Since 211 of
the spplied potash was not recovered as exchangeesble polnseivm on the
majority of the plots recelving 500 pounds of KEQ, it is sugsested that
& part of the soluble poltassium in these treatments had been converted
to = non-reoplacesble or fixed form. Thie is very true with the limed
plots on soils having &« comparstively low perceniage of exchsngeszble
hydrogen (Table 12). On Farm Ho. 13, the lime was spparently active
in displseing ths exchangesble hydrogen of the complex rather than
entering into a fixstion resction with ssluble polzesium as vostulated
by some investigators (1,6,20).

The effect of the minor slement treatments on the oxehongesitle
cztions of these three soils iz shown in Table 11. The plot receiving
the minor element mixture when compared to & check plot, produced no
differences in the amount =zmount znd proportions of the repnlacesble elements,

The use of the rapid soil tesis ze z means of indexing the supely
of zvallsble ifone is given in Tebles 13 and 1k, These tests for sveil-
sble calecium, maognesium, nd potosciom ggree very well with the ox-
chengesble data., The pH velues vhen compsred to the percent of the ex-
change complex occupied bt hydrogen indiczte some sgrecment., The smound
of awaileble phosphorus was not determined in this study Yy 2 cusntitative
method, but the rapid method has been shown by Thomes snd Willisms (22)
to give & good imdicztion of the amount of this element, In genersl,
the rapid soil tests give o good indication of the avsilable polassium
and other elements absorbed by the exchsnge complex of the soils uszed in
this invectigation.

From 2 practiecal standpoint, this investigation demonstratcs the

necessity of providing = sufficient amount of availeble plant mutrients
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for the maintenance of o fertile soil. Ths zmount of availsble
potassium in this study veried with different soils and different fertili-
zer treatments, 4n application of 500 pounds each of ?20 and X O
lowered the zmount of exchangezble megnesium. %o prevmga m&gﬁisitm
deficiency, a2 z result of heavy fertilizstion, soluble magnesis
smendments should be made., Thieg same fertilizor trestment decressed
the percent of ezpplied potas:ium abeorbed by the complex of most of

the soils studied. Vhen muperphosphate is needed by these soils, extrs
potach must be epriled in order %o compensate for the potassiwm that
will be converted %o o mon-exchongesdle form. Zdme should be suprlied
in sufficient vusntities to neulralire soil acidity -nd to correct a
csleciwm deficiency. An excess, however, mey affect the aveilsbility

of potassium. In generzl, 2 soil analysis should be msde to deteuct
deficient slement:s, and these tesls must be supriemented with z fertili-
zer recommendation that will restore the soll with 2 sufficiency of
aveilabdle plant food,
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TABLE 1., The Farm Number, Location and Soil Type of Farms Cooperating
in the Project.

Farm Ko, Location Soil Type

1-A Chestertown-Kent Co. Sassafras Silt Loam (Butlertown)
1-58 Chestertown-Kent Co. Sassafras 5ilt Loam (Butlertown)
2-4 Chestertown-Kent Co. Sassafras Silt loam

2-B Chestertowm-Kent Co. Sassafras Silt Loam

3 Willjamaport-Washington Co. Frankstown Silt Loam

4 Churehville~Harford Montalto Clay Loam

5 Rocks-Haxrford Co. Chester Loam

Gk Ashton-liontgomery Co. Hanor Loam

6=-B Ashton-dontgomery Co. Hanor Loam

7 ¥t, Airy-Carroll Co. Manor Gravelly loam
8 Jarrettsville-Harford Co. ¥smnor loam (Glenelg)

9 Salisbury-¥icomico Co. Keyport Sandy Loam

10 Germantown-¥ontgomery Co. Chester Loanm

1 Knoxville-Frederick Co. Ashe Loam (Myersville)

12 Hagerstown-Washington Co. Hagerstown Silt Loam

13 Spencerville-ifontgcmery Co. Szssafrss Fine Sandy Loam



TABLE 2. The 1940 Yield of Tomatoes Obtained from Cooperative
Farm Plots Hecelving Different Amocunts of Phosphoric
Acid, Potash and Minor Element MHixture.

Fertilizer Trestment

Pounds Fer Acre o Yiel
Plot PO Ko Hiner
No. ® 3 i Element Farm No. 1-4
Tons
1 160 — e 7«85
R 160 100 ——— 6.98
3 160 200 — 9.32
4 180 400 — 7.87
8 500 — — B.90
[ 70 50 —— 4.54
7 80 — o 540
8 80 100 v 7.91
9 80 200 —— 5.45
10 80 400 — 8425
11 - 800 800 ——— 10.37
12 70 50 150 8.87
13 ——— — — 6.91
14 — 300 — 11.75
15 — 200 ——— 8.49
18 — 400 — S.49

17 —— 500 — 10.76



TABIE 3., The 1940 Yields of Corn Obtained from the Cooperative Farm Plots HReceiving Different Amounts of
Phosphoric Acld, Potash and Minor Element Mixture.

o

Fertilizer Treatment

Pounds per Acre Corn Yields in Bushels Shelled Caxm per Acre by Farm Numbers

iiinor
Flot PO KO  Element
No. 85 % Mixture 1-B 2-h 5 4 5 7
Buo :Li 'S Eu. Bu- m. Eﬂ.

1 160 rormon —— 71.3 €5.0 67.4 68.0 65.2 80,0
2 160 160 — 48.8 53.9 67.4 66.1 8.2 74.6
3 160 200 e 72.8 61,0 62.2 2.6 65.6 5841
4 160 400 — 67.9 66,3 708 67.8 51.8 6642
5 §0C — —— 72.8 €047 65.4 62.6 59.9 68.9
6 70 SQ ——— ?905 5108 75.6 5905 4906 65 08
7 80 — —tan BR.8 55.4 76¢.8 55.8 T .7 TR.€
8 80 100 - 85.1 69.2 67.4 56.4 06.5 68.8
8 80 200 —— 4% .5 €8.6 4.8 6645 714 51.6
10 80 400 —— 51.0 51.8 65.8 72.0 54.0 8E.9
11 500 500 — 40,5 €5.7 Cled 6049 6448 87.5
12 70 50 1580 65.8 55.4 68.7 62.8 61.6 788
1% —— — - 74.6 59,2 727 47.5 6ol 68.9
14 - 100 —— 67.9 52.7 61.4 58.0 71.9 728
15 e 200 —— T0.8 61.0 TG 70,0 58,0 54,8

17 S— 500 ———— &36 64.8 &8.7 6107 Szcﬁ 62-1



TABLE 8 (Cont.). The 1940 Yields of Corn Obtained from the Cooperative Farm Flots Receiving Different Amounts
of Fhosphoric Acid, Potash and ¥inor Flement Mixture,

Fertilizer Treatment

Pounds-per-Lere Corn Yields i, Bushels of Shelled Corn per Acre Ly Farm Numbers.
kinor
Plot ?20 Ko Element
Ho. 5 2 Mixture 8 ) 10 11 12 __iverage
Bu. e Bu. Bu, Bue Bu.

1 160 — — 65.1 49.8 78.0 8%.8 22.5 64,1

3 160 200 -—— 49,8 51.2 69.0 €7.9 17.% 58.8

4 160 400 - 48.8 44.9 80.1 66.8 29.1 60,0

5 500 -——— ——— 4708 46.9 9007 6806 51.9 5g.6

7 80 — — 57. 2 5108 ?500 79.9 2548 €5 .7

9 80 200 -— 44,9 52.6 71.4 €544 18.9 £8.1
10 80 400 — 59.1 4645 758 67.1 2.6 B8

12 70 50 150 48,9 42.6 758 89.1 25.1 60,8

13 —— — —— 4?08 51.6 69-2 %05 36.0 6008
14 — 100 e 58.4 45.9 s 85.8 2.6 59.9
15 o k00 — 66.5 50.5 7.4 75.8 2.4 6le5
16 — 400 — 56,7 4%.8 7.0 83 .3 27.0 60,0

17 — 500 —— 55.4 55.0 76.8 B4.4 29.6 5847



TABLE 4. The 1941 Yields of Barley Ubtained from the Cooperative Farm Flots Receiving the Second Application
of Phosphoric Acid end Potash.

Fertilizer Treatment

Flot Pounds Per Acre Berley Yields Per icre by Farm Numbers
RO.
Paos 1{20 Farm No. 8 Farm No, 10% Average

Bu,. Tm Buo Tms Buo Ton’

Orain Straw Grain Straw Crein Straw
1 160 — 5446 J«5B 4540 1.13 5S40 1.00
2 160 100 9leb 0.88 37.1 0.90 54,3 0.39
8 180 200 277 0a76 3646 0.94 32.1 0.85
4 160 400 26.9 0,88 45.4 1,17 5641 1.00
5 500 WBermann 35 .5 \)085 5402 1048 45 .9 1.14
7 80 —— 50.8 0.83 55 .3 006? 5205 0075
8 30 100 767 0.77 3940 0.78 35 ot 0,76
g 20 200 518 099 4148 C.88 56,5 OuS4
10 80 400 2798 0.82 45.5 1,00 8547 0,851
11 500 500 528 1,10 45.6 1.1l 59.1 1.11
15 — ——— 2508 0075 42.1 1.02 54‘0 0.89
14 — 100 58,5 1.21 56,0 0.86 5848 1,09
15 ——— 200 52;6 6085 46.9 1.12 5908 0099
16 — 400 2046 105 § 425 1,08 . 5146 0088
17 —

800 51.5 0.88 47.1 1,40 5848 1,19

# Plots on this ferm did not receive the second applicatlon of fertilizer.

€2



TABIE 5. The 1941 Yields of Wheat Obtained from the Cooperstive Farm Flots Receiving the Second Applicstion
of Phosphoric Acid and Potash,

Fertilizer Troatment

Pounds Per Acre Vheat Yields Per Acre by Farm Numbers
Flot . .
?‘o. Pgos Ka() Farm NO. I‘B Farm NO. 3‘1’1 Farm NO. 4 Farm 300 5
Hde TOnB Bu. Tens 3%1. Tm Bu . » Tms
OGrgin  Straw  Orain  Straw  Grain  Straw  Graln  Straw
} 160 — GaT 038 21,5 Q.94 31e8 1.4l 2048 1,85
2 160 100 DR 0488 2245 0,92 30,86 1432 22.8 1,29
& 160 200 TR 087 19,2 0.94 378 1,85 R6.8 1,62
4 160 400 €.5 0.41 R2.8 1,02 88,7 1.5 22.8 1,48
) 500 — 10.2 Q.58 21,0 1.08 30,8 1,38 50.8 1,47
7 80 ———— 8‘7 G.SQ 24.5 1013 59.2 1.59 1‘718 1;17
8 80 100 €.8 0s46 2.8 1.07 5440 1.48 175 1.07
9 80 200 840 0.82 26458 1.58 5445 1458 15,0 1.04
10 80 400 842 0.58 19,8 1.08 5047 1,56 20,7 1,32
11 500 500 948 0.43 19.7 1.07 50,5 1.51 18,5 1.17
13 — — )8 0466 2245 1.19 22,2 0,99 18.0 1,25
14 — 100 11,0 0.70 22.8 1.14 - 28.8 112 2045 0.68
15 —— 200 11,0 0,78 2.2 1.06 29456 1.28 18,5 1.62
le —— 400 18,8 0.89 1.8 1.16 288 116 18,7 1.08



TABLE 8 (Cont.) 7The 1841 VYields of ¥heat Obtained from the Cooperative Farm Flots Receiving the Second
Application of Phosphoric Aecid and Fotash.

Fertilizer Treatment

Pounds Per Acre ¥heat Iields Per Acre by Isrm Numbers
Flot
Moo 50 K0 b
25 ¢ Farm No. 6-A Farm No. 7 Farm [o. 8 hverage

Bu. Tons Bue Tons Hu, Tons B, Tons
Grain Straw Grain Straw Grein Straew Grain Strsw

1 15}0 —— 2605 100? 4&305 2-14 43105 2056 26.5 1.41

2 160 100 81.8 1.65 41.5 2.10 52.8 l.6% 26,6 1.58

ke 160 200 24,0 1.55 51.8 1.7 14.9 0.86 25,0 1.19

4 160 400 27.0 1.18 £29.8 1.42 20.7 0.8% 28.6 1.

5 500 —— 2802 1-2? 4205 1085 5508 1-50 28.0 1029

7 80 e 24.5 .12 8.2 Re I 44.2 2.10 26.0 1.51

8 80 100 28.2 1.829 52.5 1.84 40.0 2.08 26.1 1.53

] 80 200 2.5 1.08 51.0 1.70 24.8 1.1 22.9 1.17

10 80 400 22.0 1.0 29.2 1.33% 22.5 087 21.9 .06

11 500 800 26.0 1.56 40.8 1.94 20.5 1.16 28.1 l.21

15 —— —— 34.0 1.04 5802 107? 2708 1053 %01 1.?0

14 ——— 100 22.5 1.45 87,0 1.85 518 1.72 24,7 1.24

16 —— 400 17.5 0.76 27.0 1.27 18.7 Q.81 2047 1.02

17 ——— 500 22,0 1.02 27.2 1.29 .5 0.80 22.1 1,07



TABLE €, The 1941 Ylelds of Corn Obtained from Cooperative Farm Plots Receiving Different Amounts Of

Yhosphoric Acid, Potash, Lime and Minor Flement Mixture.

Fertilizer Treatment Yields Udven in Bushels Shelled Corn Per icre
Pounds Per Acre F N B ..
avm_Nos 6~ farm So. =B _
FQ EQ Ground Flot Corn Flot Corn Flot Corn Average Plot Corn rlot 8orn FPlot Corn Aversge
25 % limestone Mo, DBu, _Wo. Pu, Mo, Bu. __ Bu No, Bu, No. Pu. Mo, Du.  Bu,
1 3%.8 12 %5.4 23 44.9 38.0 .

100  ——ew e 2 47.6 13 %8.6 24 43,6 43.%

w100 ———— 4 51,7 15 46.8 26 24,7 42.1 e — — .
100 100 =wm—e 5 54.4 14 42.7 25 40.1 45.7 1 %9.8 11 31.8 21 21.0 30,9
100 100 4000 8 37.3 19 41.3 30 55.8 44.8 2 45.6 12 55.2 22 33,56 88.1
500 =ee oo 5 50.0 16 48.4 27 6.4 45,5

—— 500 mm— i 21.0 18 5009 29 57.8 5605 S
100 500 s n——— 5 55o9 15 59.1 23 52.7 5502
100 500 4000 — 4 26,0 14 28,7 24 21,6 25.8
500 100 —~——- — — 5 25,7 15 84.4 25 14.0 24.4
500 100 4000 S —_— 6 26,2 16 2B.7 26 20.8 23,6
500 500  —-- 6 46.6 17 47.4 28 56.6 4E.5 7 89.4 17 4.4 27 11.8 4.8
500 500 4000 9 6l.4 20 61.0 81 44,9 55.b 8 %7.5 18 35.5 28 18,9 30.6
e 11 40.7 22 40.0 3% 44,8 41.8 —— —
100 100  w——=® 10 38.9 20 18,6 30 27.6 29.0

# This plot received in addition 400 pounds of a kinor Element Mixture.



TAULE 7. The 1841 Yields of Soybeans Obtained from Cooperative Farm Plots Receiving Different Amounts of
Phoephoric Acid, Potash, Lime and #inor Element Mixture.

Fertilizer

Ireatment Yield of Beans and Straw from Farm Neo, 1B
Poumds per Acre
- - - Average
PO . KO CGround Flot DBesns Straw Flot Beans Straw Flot Gbeans Straw Besns Streaw
R 2 Limestone No. DBu, Tons No, Bu. Tons No. Bu. Tons Bu., Tons
100 100 —— 1l 10,8 1.89 11 15.4 1.71 21 9,2 1,79 11.8 1,79
100 100 4000 2 14,6 1.97 12 18,1 1.85 22  13.5 1.88 5.8 1.89
100 500 e 8 15.0 1.78 13 14,0 1l.64 B 12.3 1.58 13,8 1.64
100 500 4000 4 16,8 2,06 14 16,7 1495 24 18.8 1.7% 17.2 1.81
500 100 — 5 10,2 1,26 15 11.9 2,06 25 10.8 1,34 11,0 1.55
§00 100 4000 6 15,0 2.11 16 13.8 2.81 26 18.2 1.86 16,2 .09
500 8500 —ne 7 10,2 1.48 17 11,5 1,98 27 18.1 1.86 153 1,76
500 500 4000 8 18,3 2.1 18 14,8 2.56 28 046 1.60 14.2 .02
100 100 ——t 10 18,1 1.48 20 6.5 1l.21 30 8.1 1.59 9.2 1l.41

# This treatment received in addition 400 pounds of Minor Element Mixture.



TABLE 8, The Milliequivalents of Exchangeable Calcium, Msgnesium,
Potzssium, and Hydrogen Found in the Soil from Cooperaztive
Farm Plots Heceiving FPhosphoric Acid and Potask.
Fertilizer
Trestment The Hillieguivalents of Exchangeable Cations per 100
Totsl lbse. OGrams of Soil for the Bsspective Fara Humbers.,
Per Acre
Flot .
Hoe 1’205 K0 Ca Mg K H Total Ca Hg K E Total
BeCo NieQe
Farm lo. 1-B Farm t0s 2=A
8 160 200 4.0l 0e80 0,30 2.25 7.44 4,00 Q.62 C 350 2,15 7.07
10 160 3800 B.55 0.71 1.10 2,02 7.38 372 029 0.80 2.62 7.43
11 1000 1000 4.66 0.31 0.55 2.42 7.%4 4,22 0,10 0.65 2.42 7.59
15 ——— = 2,87 0.95 0.15 2,21 7.18 53452 0Tl 0,15 2.08 6.46
17 --—— 1000 2.86 0.61 1.30 2.08 6.80C 2.11 0,56 1,10 1.91 6.48
Farm No. B Farm Ho. 4
7 160 --- G455 0o54 0425 1.23 11.57 5,10 2.83 0,20 1.56 13,19
8 160 200 5e51 0.47 0.50 2.33 B8.81 8.60 2.57 0.80 2.38 14.15
10 160 800 4,77 0e49 1,40 3.66 10.32 7.24 2.01 1.60 2.08 12.98
11 1000 1000 6.6% 0,17 1.30 4.29 12,39 3.49 1.25 1.40 2.84 13.98
15 A S ———— 5t48 0048 6025 2.45 8.65 7-88 2045 0.40 1»?5 12046
17 =—— 1000 5,85 0,52 1.70 3.14 10.71 7.22 1.92 1.75 2.29 15.18
Farm No. § Farm Ho. &=4
8 160 200 4,72 1.09 0.40 1.82 38.08 5465 0412 0,15 5.26 7.16
16 160 800 4.58 092 1408 2408 BaBT 3425 0.15 0.70 5,50 7.60
11 1000 1000 5.99 0.64 0495 259 10,17 5.93 0.08 0.65 3,10 7.76
17 === 1000 4.25 081 1.50 2.48 8.84 5,16 0.17 0,80 3.56 7.49
Farm No. 7 Farm KNo. 8
T 180 ——— G153 1.45 015 47 1220 3.89 114 0415 5.08 B.26
8 160 200 7416 140 050 2,59 11445 4.19 113 0425 2,90 8.47
11 1000 1000 8.58 0.84 1.15 5.26 13.8% 547 0.7 0,98 5.47 10.60
1? —— lm 8.16 1018 0.90 2.85 1.5.0‘? 5055 0095 1.29 201? 7.65



TrslE 8(Cont.,s The xilliequivelents of Exchangeable Celelum,
bagresivm, Pobossium and dydrogen feund in
the Soii :rom Couparciive Farm rlobts Hecelving
Phosphoric Acidé and Potash.

Fertilizer The #illieguivalents eof Exchengpesble Cations
Treatment pey 100 draus of Soll for the Haspective
Total lbs. Farm Kumbers,
FPer here

Flot Paiﬁs KO Ca g K H Total

Ko, 2 BeCo

Farn He. g

7 80 —— 2.78 0.60 0.20 1.81 <8

8 80 100 .61 C.81 C.20 1.87 5.59

10 80 400 2.58 0.8¢ 0.30 1.76 5.48

11 500 500 2.58 0.35 0.20 1.26 4,58

15 ——— — 2:58 3'65 9.29 2.02 SU‘%ﬁ

17 — 500 2.38 0.81 0.50 1.2 4,67
Farm No. 10

80 T— ?.15 Gbg'? 0-30 3.12 16.42
80 100 7.18 Ce85 0.285 2.838 10.78
80 400 6.53 Ce4 1.10 2.47 11.09
0.85 0,90 2,50 11.08
— m—— ?005 0091 0025 1183 10&%
o—— 5(}0 5066 9086 1.00 2.0{) 9.52

RGeS
g
g
>
&

Farm Jo. 11

80 100 12.43 1.88 0,15 1.78 16.29
80 400 10.04 1.55 0.25 1.17 12.01
8.18 1.17 0.20 0,60 10.15
————— — 3.16 lom 9.15 0‘65 1@.35
mi— 500 7:91 00% 0&29 {)146 ‘3»5@

SERE®Y
o
g
N
g



TLBLE 9. The Exchangeable Caleium, Magnesium, Potsssium and Hydrogen
Found in Soil From Plots Receiving Fhoesphoric iAcid and
Potash Expressed in Percent of the Total Exchange Capacitye.

Fertilizer
Treatment The FPercent of the Exchange Complex Occupied by the
Total 1bs. Various Castions for the Respective Farm Humbers.
Per Acre.
ot K Mg X B M ¥ H
Ko. ¥_0, C Ca Ca g j
2’5 2 5 % & % £ % % %
Yarm No. 1-B Farm Ko, 2-4
7 160 - 54,7 1ll.8 2.0 31l.5 67.1 3.7 2.3 26,9
8 160 200 §55.9 12.1 4.0 B8040 56.6 8.8 442 30.4
10 160 800 48.1 Fe6 1449 27.4 50,1 5.8 10,7 55,8
11 1000 10600 58.7 3.9 6e8 30,5 57.1 l.4 8.8 352.7
15 e — ——————— 55.8 1:’5 02 2&1 5’0.9 54.5 11.0 205 5202
17 -— 1000 42.1 2.0 18.1 29.8 48.0 F.6 17.C 29.4
Farm No. 3 Farm Ko. 4
7 160 - 82.5 4.7 2.2 10.8 €S0 17.7 1.5 1l1.8
8 160 200 62.% Beb 5.7 2645 60,7 16.7 5.7 16.3
10 160 800 46,2 4,7 13.6 35.5 5640 15,5 12,4 16,1
11 1000 1000 B3 .8 l1sé4 10.5 3%4,.6 80.7 8.2 10C.0 20,4
15 - — Rassnntaennd 65.5 5.5 2.9 2805 65-2 1907 5.2 1309
17 - 1900 SO.G 409 1509 29:2 54.8 14-6 15 05 17 05
Farm Hoe 5 Yarm No. 6-4
? 16’0 s 6204 léog 3.5 aol 5005 5.1 105 44:9
8 160 200 58.8 13.8 5.0 R2.6 50647 1.7 2.1l 45,5
10 160 80C B2e4 10,7 125 23.6 42.8 2.0 Pe2 46.0
11 1000 1000 58.9 6.5 e85 28.5 50.6 1.0 8.4 40.0
3-5 ———— ——— 54.5 1500 2.5 5000 49-8 5.2 105 45.7
17 ——— 1QOO 4801 902 14.? 28.0 42.2 205 10&7 44.3
Farm Vo. 7 Farm lo, 8
T 160 —— 66,6 1l1.9 1.2 20.3 47.1 13.8 1.8 37.%
8 160 200 2.5 12.2 Re8 22.7 49,5 15,3 3.0 54.2
i0 160 800 5%.1 8.9 5.9 26,1 45,1 11,0 11.5 82.4
11 1000 1000 62,0 6.l 8.5 23.6 8l.6 6.7 9.0 32,7
15 S — 59-4 12.5 103 2?.9 4104 120? 209 4:5 06
17 ————— 1000 62.4 9‘.0 609 a}.o? 45 05 1204: 15.7 28.4



TABLE 9 {Cont.). The Exchangezble Calcium, Magnesium, Potassium
and kEydrogen Yound in Soil From Flots Receiving
FPhosphoric iclid and FPotash Fertiliger Expressed
in Percent of the Totsl Exchange Capacity.

- . The Percent of the Exchange Complex
;zziiliggf %ﬁ:aﬁiizt Occupied by the Various Cations for the

Flot Respective Farm Numbers.
3 P Xo C X B
Foo  Te% T : s i 3
Farm No. 9
7 80 e 51.6 11.d 3.7 44,9
8 80 100 46,7 14,5 5.6 35.2
10 80 400 47.1 15.8 S5 52.1
11 500 500 £8.8 8.0 4.6 23 .6
15 47.5 1l.¢ 37 7.1
17 e 500 48,9 17.% 6.4 G4
Farm No. 10
? BO — 6804 9.5 109 2’00&
3 80 100 66.7 8.7 23 225
10 80 400 58.% 8.5 8.9 2245
1 500 500 61.6 Te7 8.1 22.6
13 €9.9 9.0 25 1846
Farm Ho. 11
7 83 —— 76.5 1008 105 11.4
8 80 100 765 11.8 0.9 11.0
10 80 400 772 11.9 1.9 9.0
11 500 800 BO.6 1l.5 2.0 5.9
15 88.7 o2 1.4 5.7
17 ——— SOO 85- -5 908 201 408
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TABLE 10. The Exchangeable Potassium Expressed in Pounds of X 0 Per
Acre and the Percent of the Applied Potash Absorbed™by the
Exchange Complex of the Soil from Cooperative Farm Flots
Receiving Phosphoric Acid snd Fetash.

- - — e -

Fertilizer Founds Fer Acre* of Exchangeable Potassium Expressed
Treatment as X O snd the Percent of the Applied Potash ifound
Tetal 1bse in tfe Fxclesnge Complexe

Flot Per Aera“ . _

Hoe Pzt)s Kzﬂ Exchang— Applied Axchang- Applied Exchang- Applied

eable Kgo @able 0 eable 0
Kza- At8orbed X O Ahgorbed KZG AbBorbed
1bs. 4 1bs. g lbs, b3
Farm No., les Farm Ho. 2-a Furm Ho. B
7 160 —— A ——c 141 — e 255 ——
8 160 200 283 71 283 71 471 181
10 160 800 10%8 112 758 77 1318 158
i1 10600 1000 -5i8 28 812 47 1224 g9
13 —— ee—— 143 — 14) —nem 255 —
17 - 1000 1224 icg 1056 20 1€01 137
Tzrm No. 4 Fsrm Ho. © Farm No., G-
7 160 --- 188 — 188 —— o4 —
8 160 200 753 igs 577 85 141 4
10 16C 800 1507 141 989 100 659 73
i1 1000 1000 1318 o4 898 71 612 52
i3 — e 57T i 188 — 94 ———
17 =-——— 1000 1548 127 1224 104 753 66
Farm Ho. 7 Farm No., 8 hverage i
7 160 ~——— 141 — 141 — e ——e
8 160 200 288 Ti 285 0 —— 80
10 160 800 708 7L 1066 100 — 101
11 1000 1000 108% 54 895 66 — 70
le == = 143 —— 2586 —_— — -
17 -—-—- 1000 847 71 1150 o0 ——e g9
Farm No. 9 Farm No. 10 Farm Ho. 11
7 80 ~-——— 1B8 — 188 — 141 —
8 80 100 188 (4] 255 O 141 0
10 80 400 288 24 1088 200 258 24
11 BG0 800 188 J 847 122 188 9
15 — —— 188 — 25 — 141 —
17 --- BOO 283 19 942 141 188 12}

% An Acre depth of ¢ 2/3 inches of soil is assumed +to weigh
2,000,000 pounds.

#% This average is for the first eight farms only.



Tailk 11, The Exghangeable_ Calcium, Mzgnesium, Fotassium snd Hydrogen in Soil from the Cooperative Faym
Flots Receiving Fhosphoric Acid, Potash, Lime and the ¥inor Element Mixture in 1041.

rertilizer Treatment The Milliequivalents of Exchangeable Cetions Per 100 Grems of Soil for the Different

Younds rer Acre Flots on the Respective Farms,

PO KO Cround Flot Exchangeable Flot Exchangeable Flot Exchangeable

25 2 Lime- ko, lo. Ko.

store Ca g K B Ca Mg K H Ca Mg K H
Farm No. 6=B
e m— ] 4,55 0,10 0,17 2.42 12  5.86 0,41 0.28 l.d2 2 3,94 0.08 G,10 1.8
506 = e 5 6484 0,16 0012 0,76 16 7.81 0,06 0.14 0.98 27 5.78 0,51 0,13 2,850
— 500 w~— 7 10.82 0061 0041 —em— 18 6.41 0914 0039 0069 29 5018 0069 OQM 10%
100 100 4000 8 10,05 0,55 0,32 = 19 7.60 0,08 0.0 ==-= 30 065 0.64 0,16 o=
500 500 -=——- 6 6430 0,08 0,61 0.80 17 5482 0,08 0.48 2,02 28 5.25 0.87 Q.61 2.4
500 500 4000 9 8,81 0,47 051 =—- 20 T7e74 0412 044 —~— 31 9.6l 0.26 0u4b =wwm
— e me—e® 1] 5.01 0,36 0,17 1.81 22 555 0.06 0.12 0,99 35 4,46 0,19 0.11 2.9
Farm No. 2-B
100 100 -==— 1 596 0,10 0,17 2,52 11 4,15 0.41 0.21 2,52 21 5.6 0,40 0.2¢ 2,71
100 100 4000 2 6.1 0.56 06 1.25 12 6,30 0s66 0018 0,60 22 7.60 0,66 0.24 0.53
100 500 =——= B 3447 0,07 0.52 2.85 18 5452 0,38 0.56 3,24 B 4,16 0,48 0.41 3.34
100 500 4000 4 6e47 04,67 Oidd -— 14 5,76 0.42 0.35 0.98 24 6.69 0,78 0.48 0,57
500 500 4000 8 5465 0,24 0.54 2.17 18 5.62 0,54 (46 1.80 28 5,66 0.58 0,35 2.04
100 100 =i 10 3.52 044 0,17 2,57 20 %.85 0.34 V18 2,51 30 35.41 0.20 0,19 2.4
Farm No. 15

100 100 - 1 2,62 0,10 0,24 4.R2 11 2,51 0,08 083 4.7 21 3,25 0,12 0.25 3,54
100 100 4000 e .47 0,38 0,25 2,88 12 5,56 0.08 0.29 B5.27 22 4.07 0,19 0,18 2.24
100 500 --— 3 3,00 0.09 0.45 4,20 13 1.79 0,07 0.47 5,7R 23 5.26 0,10 0,41 5.0
100 500 4000 4 4,68 0,42 0,35 1.19 14 3,22 0,08 0.50 4.52 24 4,95 0,36 0,39 1.2
500 500 =——- 7 2,81 0,09 0,52 3,01 17 3,08 0.05 0.45 4.65 27 2.48 0,06 0,86 5.%4
500 500 4000 8 4,87 0,11 0.,49 1.85 18 5.40 0.42 0,44 2.29 28 4,60 0,08 0.57 1,69
100 100 == 10 2.42 0,14 0.28 4.8 20 2.78 0,10 0,20 3%.99 30 2,04 0,07 0.4% 5.0

* This trestment received in addition 400 pounds of linor Element Mixture.

114
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Tidlk 11 (Cont.). The sversge imount of Exchangeavle Uazlcium, Magnesium,
rotesgive and Hydrogen iv Soil from the Cooperstive
Farm ilots Heceiving Fhosphoric icid, Fotash, Lime
and the Hinor Element kixture in 1941,

e e - e

fertilizer Trestment The Millieqguivslents of Exchangeable Cstions Fer

Pounds fer scre 1CG Crems of Soll for the Lifferent flets on the
fespective lurms,

PO EO Ground Exchanveable

¢s5 2 Limestone Ca Kg B B Total

e et i st < 11" i e e e e 50 o o ok e - - I LR - P

Farm No. 6-B

4.72 0.20 C.18 le51 Be71

500 —— — 6.74 GQ% 6015 lo‘&}. 8.52
R 500 —— 747 0.48 Q.48 C.8¢ 9.5
100 100 4000 2,09 0.42 0.26 - 977
GO 500 ——— S.€81 0.18 0.57 1.78 3.51
500 500 4000 8472 0.28 Ced7 e De47
*® 4.34 0.20 0.15% 1.91 6.58

Farm Xo. 23

ieo 100 —— &.91 0.30 Ca21 Re52 6.04
100 10¢ 4000 Ge57 CeE3 Cel® 0.73 .28
100 500 —— 2472 C.31 086 %4 7.55
100 SQ0C 4000 6,20 C.62 0.42 C.B2 7.86
500 500 ——— 4.G2 C.285 O.48 2.52 Tel7
50C 500 4000 4350 Ce39 0.58 2.08 710

Farm Ho. 13

130 190 ———— 2.75 0.10 0. 27 4016 7. 26
100 100 4GC0 B.70 Q.22 C.24 2.88 .99
18C 800 — 2.68 Q.00 Co44 4,21 7«58
160 500C 4000 4.28 Q.29 C.41 1.55 ©.58

500 500 ——— 2«77 0.07 087 5.65 .84

500 500 4000 4.9¢ 0.20 (.50 1.94 7460
100 100 e T zc‘—il 0010 Oa:; 4] 4 . 64 ? 04‘5

% This ¢tresiment received in addition 400 pounds of Miner Element
Eixture.



TALBLE 12. The Fercent of the Exchange Comple Occupied by the
Average Amounts ef the Exchungesble Cations, and the
Exchangeable Potassium Expressed in Pounds of ¥ O Fee
Acre in the Scill, from the Cooperalive Farm Flofs Ru-
ceiving Phosphoric Acid, Potush and the linor Element
Hixture in 1941.

Fertilizer Treatment The Percent of the Bxchange Complex Occupied

Founds Per Acre by the Various Cations, and the Exchangeable
Potzssium Expressed in Founds of Kze per Acre¥¥
for t he Various Farm Numbers.

0 120 Ground Exchangeable Exchangeable
5 Limestone Calcium Magnesium FPotassium Hydrogen
% 4 % % Lbs.
Farm No. 6~B
7048 3.0 2.7 24,0 170
500 —— @ - 79.1 2.8 1.5 16.6 122
— 500 ~— . 80.2 5.2 5.2 9.4 452
100 100 4000 | 95.0 4.3 2.7 — 245
500 500 ——- 69.9 2.2 6.9 25.1 557
500 S00 4000 92.1 3.0 4,9 —— 443
%* 6640 5.0 2.0 298.0 122
Farm No. 2-B
100 100 -—— 5643 4.5 540 36.4 198
100 100 4000 80.6 7.6 2.3 9.5 179
100 500 4000 80.2 7.9 5.3 6.6 396
500 500 ———m 55.2 5.4 6.6 34.8 452
500~ 500 4000 60,6 5.5 Sed 28.5 558
100 100 % 53.8 5.0 2.6 5846 170
Farm No. 13
100 100 ——- 57.6 1.4 5a7 57.5 254
100 100 4000 52.9 g.1 8.4 40.6 226
160 500 - 55.6 1.2 5.9 57.5 414
100 500 4000 65.5 4.4 6.3 25%.8 %86
500 500 ———- 40.5 1.0 5.4 58.1 248
500 500 4000 685 2.6 6.6 25.5 471
100 100  ———i HR.5 1.5 4.0 62.4 283

* This treztment will receive in addition 400 pounds of Minor Element
Mixture

#% An Acre Lepth of 6 2/3 inches of soil is assumed to weigh 2,000,000,
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TAZLE 183. The Available ions by Rapid Soi, Tests and the pH Value of
Soils from Cooperative Plots Receiving Treatments of Fhos-
phoric Acid and Potash.

Fertilizer Treatment Available Ions by Rapid Soil Tests
Pounds Per Acre
Flot Ko. PO KO Ca Mg 41 Fe RO XH P K Bn ph Value
25 2 3
Farm Ko. 1-B
7 160 - ® H T T T T T T M 5.9
8 160 200 B ¥ T T T T T L L 5.9
10 160 800 L L T - T T T X L 5.9
11 1000 1000 X L T - T T H X L 5.5
13 ——— -— ¥ M T T T T - T L 6.0
17 -— 1000 T L L T T T - X L 5.9
Farm No, 24
7 160 ~— H ™M T - - - L T L 62
8 160 200 H ¥ T - - - T ¥ L 6.0
10 160 800 L B T - T - T X L Gel
n 1000 1000 H ¥ T - - - H X L 5.9
13 = ~- L K T - - - - T L 6.0
17 -~ 1000 T ¥ T - - - - X L 6.5
Farm No., 3
7 160 —— L M = - T - L T M Ged
8 160 200 X M - - T T L H K 6.2
10 160 800 H ¥ T - L T L XX M 6.0
11 1000 1000 X ¥ T - T - H IX M 5.7
13 — —— H K 7T - T - - T ¥ 6.0
17 -—-—= 1000 H L T - T - T XX N 6.1
Farm No. 4
7 160 — XX X T - T T T M ¥ 6.4
8 160 200 XX X T - L T T X E 65
10 160 800 X X T - L T T XX X 6.5
11 100 1000 XX W - - M T M XX ¥ 6.4
15 — _— XX X T = T T T M ¥ 6.6
17 -— 3000 X X - = T T T X ¥ 67
Farm No. §

7 160 — p 4 H T - - - T T X 6.1
8 160 200 X H T = T - T ¥ ¥ 6.1
10 160 800 H K <% - T - L X N 643
11 1000 1000 X ¥ - = T - B X W a2
13 —— -— ¥ H LI - - - T T L 8.6
17 -— 1000 ¥ M T - T - - X M 6.0
Farm No, §-4
7 160 -— L L T = - - T - W 5.6
8 160 200 L L L - T T T T X 546
10 160 800 L L T - L T T H M 5.6
11 1000 1000 M L T - - - L X ¥ 5.5
13 —— e L L L - - - - - ¥ 8.7
17 -—- 1000 T L L =~ T - - X M 5.7
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TalLE 18 (Cont.). The ivailable Ions by Rspid Soil Tests and the
pH Value of Soils from Cooperative Farm Flots heceiving
Treatments of Fhosphoric Acid and FPotash.

Fertilizer Tre:ztment hvsilable lons by Repid Soil Tests
rounds Per scre

Flot lios ??05 KEG Ca Mg A le i‘iﬂﬁ i P K Hn pH Value

4
Farm Ro. 7

7 160 T ¥ 4 BT - 7 T T T -1 Sed
8 160 00 (X H T - B T T L ¥ Sed
10 180 800 XIi H L - B - T E M 6.2
11 1000 1000 XX & T - L T L X 3 6.2
13 ——— - E¥ K T - M T L | 1 64
17 ——— 000 X ¥ T - M T T X H Ged

Farm B Qe 8
160 -— ¥ H T - L - T 9 M S.8
8 160 200 E H ¥ - T T L L u 6.0
10 160 800 L H 7T - T T by X ¥ Ee8
11 1000 1000 X B - - B T # X H 8.7
15 — -— L H T - H T - T H 5.7
17 -— 1000 T ¥ 7 - - - T M Gl

Farm ﬁ@ e B

7 80 — T M ¥ L i T i L % Bed
8 80 100 7T OB L L L ‘I L T 9%
10 80 400 T ¥ L T ¥ T L ¥ T B.2
11 S00 50 T L L - B T H = T 5.5
15 —— — T L B M B L L ¥ T 5.8
17 - 50 T E T T L T ¥ K ¥ 5.4

F arm Ho « 10
7 80 -— XX H T - T - T T M 63
8 80 100 XX H 7T - T - T T L 6.8
10 80 4cc I OB T - L T L X & 63
11 500 500 i B - - B T B I K 6.8
1z o — ki BT - T T T 7% 5 6.6
17 - 560 1 ¥ 7% - T T - X M 65

Frarm Ho. 11
7 80 —— XX BE - = T - T T ¥ 6.7
8 80 100 XX X T - L - M T L 6e7
15 80 400 XX X T - L - T 7 L 6.8
il so¢ 500 24 X =~ - 1 - L T b 6.7
B —— — 4 X - = L = T T L 8.9
17 = 500 AL H - - L - T T i 6.9
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Soile from Cooperative Farm Plots receiving Phosphorie Aacigd,

The Available Ionz by Bapid Soil Tests and the pR Value of
Potash, Lime and 2 Minor Element Mixture, in 19H1.

Fertilizer Treztment
5

Pounds Per Acre

?EG

FAELE 1h.
Plot
ﬂg .

NOGA MV MORD R0 WABM AKQQ BRIW

HBME HERHH BB MRS MM BB SR
B B9 B 1B g B Wbl SRR SR Al MBS
Beft T BB BB RS BB AR HAaRE (BN

BBt B BB BB AR B MBS BN
RGN ARME AL HaER ARAM A8 AR

BB B BB B MBI B BB BB BB MM
Wl e B BN HEBHE MBENT MBREN NRaAW
Mo HEmM WMM® MumMA NN MEaE wNEoN

Mitoulm  MIpdBIN MBIRIE MMM MBEE MMM x3ad

._
T R R S S
1 8 & &8 8
&8 I 8§ & &

1m%m &mﬂm ?mm_,m smm,,m 6nm.m. Smﬁm n&ﬁm

Hixture,

* This trestment received in sddition MO0 pounde of the ¥inor Element
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TABLE 14 {Cont.). The Available Ions by Bapid Soil Tests and the pH
Value of Soils from Cooperative Farm Plots Receiving
Fhosphoric Acld, Poiash, Lime and s Minor Xlement
Mixture in 1941,

A 4 s S e S O S e S A o e e i Sk i S S bt e

Fertilizer Trestment Availabdle Ions in 8o0il Samples from
__Pounds Per Acre Farm No. 2-B

Plot P0; X0 Oround Ca Mg A1 Fo KO, NH, P X Mn pH

¢

Boo . 2 _ _____Limestone _ Vzlue _

1

1
5 100 100 ——m-

hsve,

TV O

L ]

2
12

22 300 100 BOOO
Ave.

AT Al p]
. * .

23 100 500 ----

HEPME Midad P

L3

g
N OSSN W~

L)

*

oy 100 500  HOOO

g Mgk

L)

T
TV OO O CWIONOY  \GTWy

10

—
3 100 100
Ave,

L

o
o
HREP Ephp EEEPM BERE MERPPM pMdBEE pERD
b

ErER BEEEE EPpEE BPEERKE EMER BEEEE ZMEER
PEMM MM MM EaEE PR el prpe
WM MR M B aHMEa HEaNdE REeEd

L Rl o8

HI B MBME HHAHAN HEME BHAEE BHEE HYEEe
b
Wi

PR MEEM DHESMN FEGE G DHEMA arag
P EEREE EMME BEERE EpH apMmEa SHEl
Rl m+vw HRW wmw+ PO wm+m ol ul ol

(%
.
W

* This trestment received in 2ddition 40O poundes of the Minor Rl ement
Mixture.



TABLE 14 (Cont.). The Availzble Ions by Rapld Soil Tests and the pH
Value of 30ils from Cooperative Form Plots Receiving
Phosphoric Aclid, Potash, Lime and a Minor Element
Mixture in 191&.

. S " S o] S o i T it o P MU OR T A BV e Sh d | e S o o AT i S o M AN S e B Tor et S Wk oma T <) The A S e = 7 et e Y A G T T R 421 W o ho S

Fertilizer Troastment Avallable Ions in Soil Samples from
Pounds Per Acre Farm Fo. 13
Plot PO_ X,0 Ground C2 Kg A1 Fe NO P X ¥n pH
o, 25 % Limestone 3 AT PR e
1 T T H & L K . 1L 7T . 8
11 , ? T K % b9 M 7 L % 4,7
»n 100 100 -—-—- L L M L T L % T T 4.9
ive. £ * HE I L M T L ¥ 4.8
2 ¥} L H T ¥ T - T 4 5.0
12 L L. B L T* ¥ T L T 1
> 100 100 %000 ¥ 3 L ? 1L N T T T 2_;;
Ave, L L f 4 L L 7T T 5.2
3 L T BB L M L - N 7 4.8
i3 T £ H L T M . ¥ ?® b8
23 100 300 ---- L » L T L ¥ T ¥ L 2.1
Ave. L ? ¥ L L ¥ . M 7 .9
b L M L ® N T T L T 5.6
14 : * . E % L ¥ T 8 7 5.0
oy 100 500 BO0O  y y ¢ 2 ¥ L oL . 56
Ave. L ¥ L * ¥ L T L T 5.4
7 T T R % L L 1 L % Z.o
17 ; L L E B L L T KT .9
27 500 500 ---- * T H T M » L T 4.9
Ave, *T ?* H ? L L ® L T 4.9
g M L M T L M T N T 5.6
18 , E M L * 1L N T M T 5.
28 500 500 BOOO ¥ ¥ M P X T L M 5.3
Ave. ¥ N M T L L T M ;- 5.4
10 £ 1L B L b 4 ¥ T L L 5.0
20 ‘ R T ® H I 2 L - T % 4,7
3 100 100 £ £ H L T ¥ T L L kg
ive, T ® E 1L T M T L T 4.8

* This treatment received in addition 400 pounds of the Minor Flement
¥ixture.
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The responsae of crops to various appliestions of potash, super-
phoeohzte, 1ime and o minor elenent mixture wos observed on some repre-
zentative zcil series of the state. S50i)l samples from rome of thase
treatuents were taken inde the lodorstory to study the availability of
pobacelom as 1% wes affected Yy the 2ddition of other glesmonts. The
semples vore snnlysed for exchengechle celeium, mognecium, rodoseiom
znd hydrogen. The ropid s0il tests sy employed a2t Maryland {(#1) were
nged o detemine $the zvelilslle potsssliug ond other slesents held
Ty the sorplion complex of these soils,

The resalis of this study sucsest the following genersl conclusionst

1. & saffictient aupnly of 211 the reguired mutrionts is o essentiz
faetor in ¢rop production. The influsnce, therofore, of z zingls
slement in fertilizing fi0ld orove ie Aifficuld %o nessure.

2. Smpershosphsaie applisd wilh potach fertilizer decresres the
amcunt of pobosuium held in the oxchangeedle form. This offoct
iz moet noticesble in the Sasscfrac snd Banor moil aseries.

3. 4 large porticn of tho exchangesble magnesium is digpleced fron
the exchange complex of s0ils aes 2 resuld of hesvy potash and
phingsphoras fertilization., ¥ngresium smendmonis are thorefors
necessary to compensate for this loss,

k, Trestments of wuperphonsphate snd 1ime on moile low in exchango-
sble hydrogen sloo decrsuses the mmount of sprlied potesstum
reteined in the exchangeatle form.

in genmers)l, it is conclusive that n muffieient sunvly of svelle
gble plznt food is sn importent Tactor in maintelning o Tertile soil,
This sup-ly includes 11 the elewents used by plonts, snd when deficient
elemants sre noted by soil tesis, they chould be cuprlied in rmounte
thet vill result in o sufficiency of nl) the sveilsdble nubtrients for use

in crop growth,
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