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ABSTRACT

Joha llarry ifioyert, Jr., Ph.D, 1951
Majors Soils, BDepartment of Agronomy
Title of Thesis: & Liming Study u1 Wine Prominent daryland Soils.

Thesis directed by Lr. J. l. fxley

Pages in Thesis, 9. liords ia abstract, 500.

A 1liming investiation was conducled on nine representative
soils of laryland. 7The impoertance of liming practices to agriculture
wore discussed along with a briefl historical review of liming invest—
izationz. The need for a comparative lime study as a reference f{or
making lime recommendations for “aryland soils was pointed out,

rield experiments were set up on 'fattapex silt loam, Latawan
sandy loam, Sassafras silt leoam, ‘onmouth loamy sand, .lenelg loam,
Chester silt loam, Luflfield silt loam, and Vmory silt loam soils,

These soils were invesiigaled over a three year period to determine

the iniluence of chemically equivalent amounts of coarse, medium and
fine grades of limestone, as well as burnt lime and hydrated lime.

Fach of these {ive linini materials was applied at two widely diflerent
rates., The effects of thesr varlous liming treatments cn crop response,
soil pH valves, and exchanfeable cations were exanined oy means of
field plot techinique and laboratory analyses.

It was revorted from the soil pH investipgations that all
liming treatments employed increased the scil pH above the plf value of
the untreated solls, However, the differences within the various
linming treatments were not shown to be very .reat. The hydrated form

of lime was shown to ;ive the i reatest efiect on the soil pH value.



The different ;rades of f{ineness of limestone in the heavier application
rates used in this investigation did not :ive sipgnificant differences to
soil pi, It was concluded that an increase in the quantity of liming
msaterial added to the soil produced a larger increase in soil pHe The
greatest chanie in so0il reaction was shown toc occur within the first two
to four months after the liming treatment.

The data, concerning the influence of liming upon the exchangeable
cations, indicated that liming resulted in & decrease of exchan-:eable
hydrogen in the soils treated with both lizht and heavy applications of
lime when compuwred with the untreated soils. it was estimated that
approximately two milliequivalents of the liminiy materials used were re-~
quired to replace one nmilliequivalent of exchan eabie hydro:en for the
acid soils studied. Soils treated with heavy applications o lime showed
a signilficant increase in exchangzeable calclum avove the values of the
untreated soils. the data, as analyzed for all the soil types, showed
no siymificant change in exchanugeable potassiunm, marnesium, or manganese
with the liming Lreatments employed.

The results indicated that there was no zeneral decrease in the
ability of any of the lime forms to persist in the soil over the three
vear period.

The hay ylelds of this experiment were generally increascd by
limingz. The heavier rate of application did not #iwve as greal a lLiazr
response as the lizhter application. This experiment showed no trend
toward increased yields of corn or wheat.

£k direct relationship between the pH and oercentage hydrozen-
saturation was shown to exist for a large group of Haryland scils. By
use of this »H and percentage hydrogen-saturation relationship, a rapid
and an improved method of estimmting the lime needs of Maryland soils

was proposed.,
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INTRCDUCTION

Lime is at present and has been in the past one o the most
inportant soil amendments, L8 use was recorded as ong of the earliest
agricultural practices. In anclent times it was noted that an applic—
ation of liming material to certain solls increasad the crop yields,

It is now known that lime benetits the soil not only by correcting
acidity but also by supplyin: the major nutrient elements of calcium

and magmesium, and improving: the zoll's shysical condition. I} brin-s
about smore favorable condlitions for soil micro~organisms and generally
pronotes optimum conditions of certain essent!al elements for plant
wrowthes The present importance of liming is shown by the consumption

of 29,162,200 tons (35) in the United States during 19Lé, lMaryland alone
used 230,000 tons {17} of liming materials in 19.L8,

In the imited States, lime investigations were amcn; the first
a ricultural experiments recorded., The {irst experiments on lime in
idaryland were made in 1839 at the ¥aryland Apricultural Fxperiment Station,.
The work of Veitch {61) in 1359 upon the lime requirements o!f soils was
accepted as a classic of the time, However, no tLruly conparative liming
studies have been carried out on the variocus prominent soils throughout
Haryland,.

bespite the abundance of world-wide lime investigations, the
functions and reactions of lime in a s0il are not too well understood.
The soils of the 'nited States vary consicerably in origin, texture,
profile development, crop adaptations and usc. These diflerences have
brought aboul varyins concepts regarding the uses of limin. naterials.
Farthermore, the resaulis of limin; studies in one state may or nay not
be applicable to tie solls of another state. This is due to soil and

environmental dit'lerences between the varions startes. These differenceas,



coupled with the controversial nature of many of the liming efrects,
have indicated the need for further limin; studies in Maryland,

The Haryland soil testing laboratory made approximately
6,500 analyses for the farmers of the state in 19L9. Future prospects
are for an even greater demand for this service. In nearly all cases
the farmer wants the testing laboratory to recommend the amount of
lime material to apply to his soll. This has led to a definite need
for an improved, rapid procedure for lime recommendations,

It has been estimated on the basis of past experience that
lime consumption in Maryland should be approximately doubled. In order
to increase the consumption of liming materials it is necessary to Jur-
ther show the farmer the benefits of 1liming. I{ a more efficient sys-
tew ol liming Maryland solls can be found, the larmer will be more easily
convinced of its true value, This research project was desigsned to
investigzate liming on some of the prominent soils of the state and to
serve as a reference for Haryland agricultural workers in recommending

liming practices,



REVIV: OF TTF LITERATUHE
Historical

Fdemund tuffin (L47), & practical farmer of Virginia, was apjpar-
ently the first American to report on lime usage. This farmer conducted
some practical field‘experimenta with lime and wrote an essay on calcare
eous manures in 1852, cheeler (465) usually receives credit for Lhe sus-
tained appreciation of the value and need for lime in this cnunﬁfy. The
¥aryland Agricultural Fxperiment ‘tation cublished work by ‘atterson (3%)
on the occurrence and compositlion of lime in ¥aryland in 1900. Later,
Patterson (LU) showed the use of lime to be economically feasible to the
farmer., The problem of lime loss from the soil was investigated by
Broughton (7). This worker found that the losses of various f{orms of
lime through drainage were in the following order: gypsum, magnesia lime,
and caleium lime, Eroughton, #illiams, and srazer (8) studied the effects
of different pgrades of fineness of uround limestone, The use of lime for
tobacco crops was examined by .arner and Srown (1hi). ¥#eCall (32) made a
gstudy of different forms of lime. iHe ranked pulverized limestone over
pulverized oyster shell and burnt lime in increasings the yield of alfalfa
on the eastern shore of iaryland. Probably the Gutstandiﬁg contribution
of the time in understanding soil acidity and liaing was by Truog (60).
The relative value of different forms and degrees of finenesa of liming
materinl on soil improveuent was studied by #hite and Gardner (/6), and
later by #ieger (13) in 192li, Many other important contributions to
early liming knowledge were made in studies of crop responses to lime.
Some of these were made by Joffe (20) and Autcheson and wolfe (19).

The dangers of overliming due to Lhe nonavailability of certain essential
minor elements has been siressed by Peech (L1). WHaftel (35} ana Parks

(39) have shown !rom field and laboratory results that an overliming



injury can resuvlt from a boron deficiency.

Influence or Limin: on pH

The bulk oY research in lime problems has revolved about studies
of the hydrogen-ion concentration. Spurway (G5L) compiled a convenient
chart relating the ontimum pH values of the soil for specific plants,

This work included the majority of our important agriculiural crops. Cne
of the earliest studies of hydroyen-ion concentration was by fleger (13).
This worker concluded that, with no exceptlions, all of the limestone app-
lications increased the pH value oi each soil tested. irom his liming
axperiment he also generallized that soll pH decreased regularly with the
depth of the soil sampled, Further, rleger stated that the finer the
state of division of the material added to the test plots the preater

was its effect on the hydrogen-ion concentration. Barnes (3) from his
work in Ohio concluded that the heaviest textured soll showed less change
in pH value per unit of liming material than did the soils of a lighter
texture. 4 more linelusive provlem was undertaken by Brown and Munsell

(¥) who made extensive observations of the lime effect upon soils sam-
pled at many regular depths. They also investigated effects of various
methods of incorporating lime with the soll. Lyon (2%) studied the rele
ative effectiveness of different prades of {ineness in raising the scil of
pli value. He concluded that the rate at which limestone increased soil I
was dependent on its degree of fineness, OJiallar resulis were obtained bty
shite and dardner ({6}, walker and Irown (63), Fierre (LS}, and williams
(6h)s tWorkers in other states have initiated similar research projects
studyin;; the effects of liming materials on the pH values of their nare
ticular soils. OIchollenberger (L3) in Ohio showed that [iner ;round

limestona gave a greater pll effect than the coarser material. Stevenson



L%

(56) in Iowa concluded that the lime requirement of a soils was not ine
creased by organic treatsents. Blair (L) and also Joffe (21} studied the
relation ol pil to lime requirement for Yew Jersey solls. The {ormer
workers concluded from their work that lime requirement could be predicied
directly from pid values while the latter cclentist disagreed with this

conciusion.

Relation of Base Saturation to pH

Pierre and Scarseth (46) studied the percentapge base saturation
of soll in relation tc pd valves, They showed Lthat in meny scils of the
same p. valve had Lhe seme percentaége base saturation of the exchange
complex, hese workers also concluded that soils of different mineral
composition with the same pil value could vary considerably in their per-
centage buse saturation. This relationzhip between pH value and percente
age ol base saturation is further substantiated by Herkle (3L), Yehlich

(33}, Peech (L1), and Peech and bradfield (L3).

’

Influence of Lime on Fxchanzeable Cations

There are many relerences in the literature concerning the effect
of llme on ine exchangeable cations of a soll. There is little agreement
upon the etfect of liming materials on exchangeable potassium. Uilligan
(16) concluded that liminyg increased the replaceable potassiuva by reducing
leaching losses, Abel and Ma:istad (1) also claimed that liming increased
replaceable potassium, but that the improved crop yleld removed more
potassiuat :Tom the Llimed scils. These views are opposed by Snicder (53)
who reporied lower replaccable potassium on heavier limed soils than on
hishly limed soils. Brewer and kankin (&) concurred with the {indings of

Saider. On the other hand, York and Rogers (67) concluded thet the add-



ition of lime to a soll could resuld in an increase or a decrease in
avalilable potassium depending on the ability ol the soil to I'ix applied
potassium and on the kind, amount, and solubility of potassium=~bearing
minerals in the particular soll. Other work concerning the influence
of liming materlals upon the availability of potassium has been conirib-
uted by Haclntire and his co-workers (2£), (27), (23), (2%) who concluded
that lime exerted a repressive effect on the solubility cof soll potassium,
According to Volk (62) liming led to the combination of potassium into
the insoluble potassium alunina silicate. Peech and Bradfleld (L2)
thoupzht lime might decrease the availabllity of soil potassivm by initiating
the process of transformation of exchangeable potassium to the nonexchan.e-
able forms,

Lion and ¥ann (11) and also ¥ann and wuastel (30) have advanced
& theory to explain the nonavailability of mangunese after liming, They
stated that there is an awvtoxidation of the availlable divalent manzanese
to insoluble or nonavalilable manzanese dioxide at a pH value above eight.
In less alkaline soils the divalent mangunese is oxidized to nonavalilable
trivalent mmanganese oxide. Manganese avallabllity is also discussed by
Sherman (52), leeper (23), and Steenbjergz (55) who attribute the decrease
of manpanese upon liming to the oxidation of the divalent form to a hicher

insoluble valency.

Line Recommendation Procedures

Various methods of making liming recommendations have been used
by difierent investigators. One of the first studies on the estimation
of lime requirement was that of veitch (61) in 1902. Veitch developed a
method of predicting the lime requirement of a soll lrom the estimation

of its acidity by titration with a2 standard solution of lime water., OCther



approximate methods of lime recommendation were devised by iruog (59) in
1915 and Comber (12) in 1720. Truog's test was based on the reaction of
zinc sulfide with soil acids to form hydrogen sulfide which could be detected
with lead acetate paper. Comber's principle was based on the éalubility

of iron in an acld soil, This scoluble iron was detected with potassium
thiocyanate, thus iziving an estimate of the soil acidity. Later, Joffe
(21) and Johnson (22) concluded that lime requirement could not be directly
predicted from the pll value of a soil. Hardy (17) conducted an experiment
on the supar cane soils of Trinicad. from his results Hardy constructed
simple empirical i raphs correlating the lime requirement with the pli

value of the experimental plots. Hardy and Lewis (18) developed a rapid
alectiromelric method for neassuring the lime requirement of soils., An
evaluation of limestone for lime recommendations was developed by Scholl-
enberger and “alter (L9). this evaluation broujht the variables of
composition, time for the desired reaction, and fineness of materials to-
gether for the practical use of lime recommendations to farmers. 7robably
the most accurate means of estimatin: the lime requirements of solls was
the chemical method devised by ‘'eech and bHradfield (43). This method
involves only a pH seasurement of the soil along with the use of empiri-

cally determined constants.
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Soil Types

The solls selected for this study differed widely in soil
profile characteristics. Coils representative of the important ap-
ricultursel areas . the state were chosen, There were nine soils of
eizht aifferent soil types selected. The location and soil type of
each o the test farms are shown in Table l. +rigure ) shows the
approximate location of these soils on an oulline map oi the state,
In Table 2 the chemical analyses of the surface scils prior toc lime

treatment are presented for the nine diiferent locations,

TABLE 1

Location and Soil Type of Experimental lots

Farm Location County S0il Type

by Towns
Princess Anne Somerset Hattapex silt loam
Salisbury vicomico Hatawan sandy loam
Cordova Talbot tatawan sandy loam
Chestertown Kent Sassafras silt loam
¥ariboro Frince eorge |Yonmouth loamy sand
Jarretsville Hariord dlenelg loam
Sparks Baltimore Chester silt loam
Froederick Frederick uffield silt loam
Haserstown daghington 1j*?mary silt loam




Fieure 1
Geographical Location of Experimental Plots
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Fxchangeable Cations and Total
Surface Soil on the lot Areas ‘rlor to Lime Treatment

TABLE

2

Fxechange Capacity of the

| Exchange- | Fxchange- Exchange- [xchange- xchange- Total
soils and Location able able able able able ’Emhﬂnge
H Ca Hg ¥n K Capacity
f.e./1 Ogn |m.e./100m [m.c. /100gm j.e./1005m ;.e. 71 Cam  |m.e./100.m
(rincess Anne)
Hatawan 1.?6 2,01 9086 0.00 Oo(}a LQZI
(Salisbury)
Matawan 2.48 1.85 0.31 0.00 0,20 L8k
(Cordova
Sassafras 2.2 3008 087 0.12 0.08 Y
(Chestertown)
gﬂﬂmﬁath hoh? 5'3? 01{33 0093 0071 11.21
(uariboro)
slenelg 107 3,90 0469 1402 020 8.38
{Jarretsville)
Chester 6413 7.7 0490 0409 0400 15.19
(Sparks)
Iuffield 1.21 7.32 1.25 0.0% 0,24 10,13
(#rederick)
fmory 1,35 7459 0.70 007 0.25 9,96
(Hagerstown)
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Liming Materials

Three cheaslcal forms of .7 Leulbural liming material were used.
The first [orm was ground limestone which is predominantly calcium car-
bonate., Jround limestone was chosen because 1t is the major liming material
used in Maryland and could be obitained in varying ceyrees oi iineness,

This study included three grades of limestone whose sieve analyses are

shown in Table 3.

TABLE 3

Sieve Analysis of the Three Limestone Jrades
Used in the Liming Treatments

Grade rercentage of Limestcone Retained on the Different lcreen Sizes %
5 10 35 5 100 50 00 Thru 200
iesh | Hesh “esh jesh  JMesh esh e sh esh
Doarse 0 17,69 L L2.77 D367 | Lol $oem 5eTH 18,82
redium 0 1L.30 | 39.80 [2.90 | L824 7.33 20413
%10 mesu 18 eqﬁivalent to 1.0 om, size opening.

Secondly, the vurnt lime form of material, which is mostly caleiun oxide
obtained from the kiln-heating of limestone, was included in these f{ield
tests, The third material added was hydrated lime which is fundament-
ally calcium hydroxide. The latter two chemical forms are thought to
zive & more rapid reaction with the soll as they are more soluble than

the limestone forsm.

Determination of wuantities of Lime Applied

Bray and Deturk (5) found that the sum of the calciua and mag-

nesium on the exchange complex was approximately 30 ner cent of the total
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exchange capacity of the soil at or near neutlrality. As a starting point

in this experiment this criterium was assumed to be the optimum condition,
Thus, based on the chemical analysis of the untreated soll, and assuming
complete solubility of the lime, the amount of lime necessary to attain an
80 per cent calcium plus magnesium saturation of the total exchange capaclity
was apnlied. Likewise, in & second treatment, enougn lime to zive a 160

per cent saturation of the total exchange capacily was apwliad. This zave
twoe levels of chemically equivalent weishts of the various materials so

that the effect of quantity could be observed upon the soil. In the cases
of Tmory silt loam and Imffield silt loam, the soll already had & saturation
of the exchange complex of 30 per cent. In these instances, the lighter
treatments were omitted and only the heavier applications made,

Furthermore, based on the work of Loew (2L), there are some who
feel that the ratio of calecium to magnesium in the exchange complex misht
have an apprecliable effect upon crop growth. In accordance with his views,
this value was adjusted to an approximate 10:1 ratio so that this would
not be a variable in the consideratiocn of the results. The exchangeable
calciunm and ma.nesium was détermined on the soil from each group of test
plets, 4 mixture of hizh-calcium lime and dolomitic lime which would
give a 10:1 ratio of calcium to magnesium in the exchange complex of soils

was then applied.

fxperimental Plots

The location, soil iype, and crops of each of the test farms
are shﬂﬁn in Table L. The experimental plois on these farms were ireated
in 1947 with the exception of the farm near Harlboro. The plots on this
farm were started in 19L8. It was'impessible to keep the method and time

of application as invariables since the cooperatin: farms were under
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entirely different systems and farming practices, 7he method of appli-
cation was necesgsarily changed in order to f£it into the schedule and
rethods practiced by cach of the inaividual faramers. In Table 5, &
summary is prescnted of the application methods, the time of the application,

and the number of test plots upon each of the test ifarms,



TABLS b

Location of Plots, Soil Type and Crops Jrown Puring First, fecond and Third Year.

Farm Location Soil Type virst Year Second Year Third Year
by Towns Crop=-1947 Crop~1948 Crop-1749
Princess Anne Hattapex silt loam vheat Timothy~clover | Pasture
Salisbury datawan sandy loam Clover Corn Corn
Cordova Matawan sandy loam Corn ’ah@at Pasture
Chestertown Sassafras silt loan Corn vheat Timothy-clover
darlboro tonmouth loamy sand (Yo (rop) Altalfa Alfalfa
Jarretsville Jdlenelyg loam Timothy-clover | Corn wheat
Sparks Chester silt loam Corn heat iiheat
Frederick tuffield silt loam Clover Corn Barley
Haygerstown Fmory silt loam Tluscthy-cliver { Corn iheat

e



TABLE §

diethod of Lime Application, Time Applied, anc Number of ’lots Used In This Study.

Soil

¥ethod of Application

Time Applied

Kunber of 2lots

Hattapex silt loam
Srincess Amne

“mtawan sandy loam
Galisbury

Katawan sandy loan
Cordova

Sassairas silt loanm
Chestertown

tonmouth loamy sand
Harlboro

Glenelg loam
Jarretsville

Chester silt loam
Lparks

mffield silt loam
Frederick

mory silt loam
Hazerstown

Top dressing to wheat

Top dressing to
Top dressing to
then disked in

Top dressing to
then disked in

Une half disked
under, Second

clover

plowed field and

plowed field and

in and then plowed
half then thor-

oughly incorporated by disking

Top dressing te

Top dressed and

hay crop

DiskeD

then pleweeé under

Top dressed to clover sod

2

Top dregssing to hay crop

Apr. 26, 1947

Hay 2, 1947

Apr. 27, 19]&?

dug. 25, 198

Apr. 11, 1947

hpr. 16, 1947

day 16, 19N7

Lk

bk

L

hiky

2k

3 4
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Figures 2 through 10 show the patternsg ol the plot layouts
on each farm. These 2lots were virtually cne-hundredth of an acre,
being 1l feet wide and 31 feet long. The plot treatments were not
randomized, but were placed in a regular orcer. =ach treatment was

quadruplicated on every farm.

So0il Sampling “rocedure

There wag ingufficient Lime to conduct & cheaical analysis
of all the plots on each farm so only one of the replicates of each
treatmenl was sampled. The first sampling of the scil was undertaken
two to four months after ireatment which was usually aiter two or more
zo0d rains. The second soil sampling was nade one year after liming.
A third sampling was carried out after two years and & fourth sampling
undertaken three years after liming. Since the plots on the konmouth
s0il were started a year later, only three so.l samplings were made
here, iepresentative soil samples of these plots were collected by the
method advoecated by the A,0.4,C. (2) and taken to the laboratory for
analysis. Both zurface scil and subsocil were gathered from the treatacnis,
1ne surface soll was taken with a soil auger at a depth of 0 to é inches
on &1l but the Monmouth loamy sand. As this was a deeper soil it was
sampled from O to 10 inches. 7The subsoil samples were taken at & to 12
inch depths in all plots except the Yonmouth soil where a depth of 10 to
22 inches was sanpled. The hydrated lime treatment on the Sassafras,
dlenelg, and Chester #olls and tne fine rade of limestones on the Sassa-
afras soll were sampled at re ular depth intervals of O to 2-inches, 2
toa L inches, ! to ¢ inches, and 6 to 10 inches, respectively, in order to

deternine the dovnward movement of lime in the scil.
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Figure 2 lot Lesigns Showing the Arrancement of Plots, sorm ol Line, and
have of Treatment on Mattapex $1ilt Lean, Latawan . andy Loam
(valisbury), “atawan Sandy Locanm (Uoraova;, and Sassafras 11t Loa:

S 13 22 ¢ -1 1

& * Lt C - L 23 2 C - L
66 M- H L5 2L M- H 3

67 L ¥ -1 25 L ¥~ L
63 F - H L7 26 F ~ i g

69 W 7-1L 27 6 ¥ - L
70 B = H &9 ?8 B -0 7

71 50 B-L 29 3 B =L
7?2 Ny - H 51 30 Hy - H 9

73 527 Wy - L 31 1o Hy - L
74 Check 53 Check 32 Check 11 Gheck
7% ¢ - L 5L 33 ¢ =1L 10

76 85 ¢ - i 3l 13 O =
77 M- L 56 35 U~ L Ry

78 57 H =H 36 15 ¥ - H
79 F - L 53 B 37 ¥ - L 16

go 59 F - H 3“; 17 F =H
1 B L 60 39 B - L 18

82 61 B - H Lo 19 B ~H
83 Hy - L 62 Wl Hy - L 20

3k 63 Hy - I h2 0] Hy - H

# Unletiered plots have other treatwents not used in this study.
G refers 4o coarse zround limesstone
¥ rer’ers tc medium ground limestone
& refers to fine ground limestione
B refers Lo burned lime
Hy refers to hyorated lime
H refers to heavy rate of lime caleculated to vive 1407 exchanye
gaturation
I veers to low rate ol lime caleulated to sive 30% exchange
saiuration
Check refcrs to no lioe treatuent
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Figzure 3 Plot Design Showing the Arrangement of Plots, Yorms of Lime,
and #ate of Treatment on Konmouth Loamy Jand.

1o® 18 iy - H g 52 iy - H
2 G-l 19 36 ¢ - L 53

3 20 8 -1 37 Sh B - &
L <Check 21 33 ¥ - L 55

5 ¥ -4 22 ¢ -1 39 _ 56 ¥ - H
6 23 o F - L 57

7 ¥ ~-L 2L ¥ -H Ll B - L 53 ¥ - H
8 B - L 75 ¢ - H 2 Hy - L 59 ¢ - il
9 Hy - L 26 Check L3 0 Ty - L
10 27 Hy - L L ¢ -1 61

11 ¢ - i 28 Lg 62 B - i

12 29 B =L + | L6 Check 63

13 ¥ - 30 | Wi ¥ e H &y F - 1L

jH 31 F =1L LB 65  Check
15 F - H 32 L T - 66

16 B - i 33 ¥ - L 5008 - 4 67 U - L
17 by - H 3i ¢ -L 5L Hy -1 68 C - L

# Unlettered plobs have other ireatment not used in this study.

re.ers to coarse ground limestone

refers to medium sround limestone

B refers to fine yround limestone

B reiers to burncd lime

Hy reiers to hydrated lime

H refers to heavy rate of lime calculated to pive 160 exchan.e

HE e

saturation
L  refers to low rate of lime calculatec tc give 80Y exchanwe
saturation

Cheeck refers to no lime trestoent,



Pigure i Plot Desiyn Showing the Arrangewent of Plots, Forms of Line,
and Hate of Trestment on dlencly Loam,

21 Chech Lz Hy - H 63 a), Cheek
20 iy - A by G2 Wy =L A3
1 R Lo Wy - L £ o Check
12 B -1 19 Fiy B o= H 91 Check
17 B _B -1 Sy o F -k
16 F -1 37 G o B 739
15 36 _F-k 51 y ook
i ¥-d 35 g6 M- i 7
13 2y H - L 55 76 H o= L
12 t-d 33 sy S =4 g
ps) 326 -% 53 W &=
10 My - L 31 s 73 | —
3p Wy -H 51 72 -
5 B-1 29 g B-x 71
{ o B - U )9 70 & o= U
6 ¥ -4 27 yg £ =L 53
5 26§ ~ i 1z an ¥ =4
L H-k 25 b T b €7,
3 2, o= A e &F. - i
2 U =i 23 by -k &5 ,
1 2o C - H | b3 gy b - H

# Unleilered plots have other treataecnts not uscd in this study,

C refers Lo coarse ground limestons

#  refers to medium ground limestone

F refers to fine ground limestone

8  refers to burned line

iy refers to hydrated lime

d refors to heavy rate of lime calculated to cive 16079 exchanze
saturation

L refers to low rate of lime calculated to give 30¢¥ axchange
gaturation

Check refers Lo no lime treatment
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Plot Design Showing The Arrangement of i"lots, Forms of Lime, and late of Treatnent

on Lhester Silt Loam.

% Unlettered plots have other ireatzent not used in this siudy

G relers to coarse ;round limestone

4§ refers to mediun ground limestone

¥ relera to fine sround limestone -

b refers {o burned lime

Hy rofers to nydrated line o

it refers to heavy rate of lime calculated to zive 140 exchan;e saturation
L refers toc low rate ol lime calculated to sive J0.

Uheek rofers to no lime treatrent

exchan;e saturation
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Fignre & Plot lesiyn Showing The Arrangement of ’lots, tforms of Linme,
and Hate of Treatment on Duffield 5ily Loam.

1 & 12 ¢ - 23 3 ¢ -H

2 ¢ -4 |13 2h ¢ -4 35

3 1 - 25 36 i -H

Lo owa.y 115 26 ¥ 37

5 6 F -H 27 3B F-H
16 P -H {17 25 f « H 39

7 Check |18 Check 23 Chsck 0 Check

3 B~y |12 30 B -H L1

9 20 B -u |31 L2 B -H

10 Hy - #}21 32 Wy -H L3

11 22 4y - H |33 L Hy - H

# inlettered plots have other treatsments not used in this study.

C refers to coarse ground limestone

¥ refers to medium :round limestone

F  refers to fine ground limestone

B refers to burned lime

Hy refers to hydrated line

H refers to heavy rate of lime calculated to vive 160%
exchange saturation '

Check refers tc no lime treatment .



Figure 7 Plot lesign Showing The Arrangement of Plois, Forms of Lime,
and Rate of ireatment on Ymory Silt Loam,.

1 Check | 12 23 ¢ - H 3L

2 C - VH 13 ¢ -H 2L 3% ¢ -H
3 * 1h 25 M4 36

L ¥ -H 18 Check 26 37 -1
5 16 ¥~ 34 27 Check 33 Check
6 F - H 17 23 P - i 39 |

7 b RS 29 WO ¥ -1,
8 B-H 19 30 B -H L1

9 20 B - U 31 k2 B -H
10 #Hy - H | 21 32 Hy - d L3

11 29 Hy - H 33 W Hy - H

# Unlettered plols have other itreatments not used in this study.

refers to coarse sround limestone

refers to medium mround limestone

refers to fine rround limestone

refers to burned lime

refsrs to hydrated lime

refers to heavy rate of lime calculated to give 1607
exchange saturatien

Check refers 4o no lime treatsent
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Laborataqy Drocedure

To investigate the effects of limin; on the replaceable
cations and the pH values the following procedure was used:s The soil
sanples were air-dried, passed through a liu-mesh sieve, and mixed to
pive a unifors sample, The pH values were run with a Beckman pll meter
using & 2:1 so0il to water ratio as outlined by ason and Obenshain {21).
The laboratory determinations of excnangeable cavions were made for all
s0il types on samples taken two to four months alter the limins material
had been applied. In addition, the Sassairas gili loam at Chestertown
and the lighter textured onmoutn loamy sand at X¥arl oro were also an-
alyzed one year and two years after the liming. 7ihese sampling intervals
were used to investigate the influence oi the form of lime, in relation
to time, on cations of the various sclls studied. Gince no eirfect of
liming was observed on the exchangsable potassium in the first soll
sanpling, this caiion was omitted in the subsequeni analyses, %he
validity of iLhis omission was supported Ly work of Sen Jupta (51) on
a Beltsville 8ilt loam soll in daryland. The ammonium acetate method
ot Jchollsnberger and Simon (%71} was used in leachiny the soil to re-
place the exchangeable ccetions. Schollenbergerts orocedure was also
employed to determine the exchangeable hydrogen, calciun, and nansénese,
Hagnesiun was determined Dy the titan yellow method advocated by willam
(15). Dbetermination of potassium was mace by the flamephotometer. The
flamephotometor was also used in analyaing the total exchange capacity.
In this method the soll was saturated with potassium by leaching with
1 % potassium chloride and then washin  with alcohol until no test was
given for chlorides., This potassium was displaced by ammonium ions and

subsequently determined by the {lamephotometer.
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The pi values were determined on soil samples taken in 1947,
1943, 1919 and 1957, [xchangeable hydrogen, calcium, ma nesium, man-
canese, and potassium were determined for all soils in the year that the
lime was applied, I!lydrogen, calcium, magnesium, manganese and pH values
were determined on the 1917, 1910, and 19,9 samples of Sassairas silt
loam, and on the 1948, 19L9, and 1950 samples of the Wonmouth loamy sand.

A11 of these analyses were carried out in duplicate.

nethod of Leportins Crop Yields

Harvest yields were obtained from each plot in order to study
the influence of the various liming materials on the crops. These ylelds
were taken for all farms over a three-year period except for the Llenelyp
801l where only two years' resulis were cbtained and the ionmouth soil
for which only one yeart's ylelds were taken., DBoth the corn and hay yields
were carrected to a 27 per cenl molsture basis. 4ll results reported are
an averaye of our replicabtes. As these plots were not randomised, stat-
istlical treatment could not be applied to the results. The crop yilelds

were compared with the corresponding pil values of the soil,
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RUGULTS

pi Determlinations

The soil pi values of the plots from all of the {arms are pre-
sented in Tables & through lli. The results in these tables are for both
the surface soil and subsoil. The data in Tables 9 and 10 are nplotted
in Figures B and 9., These {irures seemed Lo be representative of the
graphe eof pH versus lime treatment for all soils studied,

A summary of the effect of light and heavy lime applications
on the p%i_valu@s of the surface soil is presented in Tables 1% through
18. These data show the influence of the dirfferent liming treatments,
the diiference between soil types, and the effect of time on the pil
value of limed soils,

For light applications the results indicate thst all of the
liming waterials increased the soil pH values significantly above the
values of the untreated plots. Also the light lime applications of
hydrated and fine limestone treatments showed a significantly hicher
soil pH than the coarse and medium limestones. The burnt lime produced
a soil pil whlch was not as high as the pH from the hydrated and fine
limegtones but higher than the soll »H produced by the medium and coarse
limestone, however it was not significantly different irom any other
treatment except the untreated plot,

For the heavy lime applications a significant soil uH Increase
wag shown by all liming materials above the scoil pid of the untreated
plots. The hydrated lime gave a significant increase in soil pll over
the three limestone treatments, but not over the burnt lime treatment.
Although burnt lime tended to increase the soil oH abbve the valueg from

the limestone treatments, this increase was not si;nificant. There vas



The pil Values As Influenced iy Di'ferent Liming Treatments On lattapex 5ilt Loam S0il, 19L7 to 19l9.

(frincess Anne)

TABIZ. &

Q

Line Applied

“Time Clapsed between Limin: ireatment and 1ne (0il campling
(8] £

Treatment Tons/Acre Surface Soil Subsoil

2 tionths] 1 Year| ? Yeard 3 Yearq 2 Yonths{ 1 Year| 2 Years,3 Years

Coarse [imestone 165 x k.97 5.21 5,051 SJL9|  Le76 | 5.17 | .00 2,01
L35 xx 5.30 5 .32 5.03 P Lo81 32 1620 .02

Yedium limestone 1.70 5.5 5620 ©,00 5.03 L85 Le99 5,02 5609
L0 L.89 557 ©.12 £.19 L8089 Le28 5.05 5e29

Fine Limestone 1075 503h 5.15 5092 5.9‘3 iio?é }4-911 5120 5.22
l1o30 he97 537 5,211 9.851 h.75 | 5.12 .30 5 .06

Burnt Lime 1.15 5433 556 .96 503 Le71 5,05 693 2409
3.00 5.24 56 5,20 574 L.65 503 Lo Th 5,10

Hydrated Lime 1.20 5e27 522 5.25' el L5338 Le3k LeT0 5,02
3.15 £.39 5.72 5.,10]  7.25) L.68 | .32 5.00 C.71

ﬂﬂtreatﬁd O.C}G 2.; 0611 E’: O{K} }.j 085 -}-S . %1 1«3 .f)’? goﬁﬁ &.59 5 OOO

x A1l of the lighter applications are in chemically equivalent amounts,
xx All of the heavier a-plications are in chemically equivalenl amounis.



TABIE 7

The pH Values As Influenced Ly Liming Ireatments on Latawan Sandy Loam Soil Over 4 Three Year ‘eriod.

{5alisbury)
Lime Applied Time Zlapsed Between Liming Treatments And The G011l camnling
Treatnont Tons/icre Surface 5o0:1 Subgoil

2 Months| 1 Year: 2 Years| 3 Years| 1 Year | 2 Years]| 3 Years
Coarse lLimestone Ge62 6.58 £,18 64,50 5,98 6.31 5415 7.06
2.25 6.6 Yol D 6485 6490 6434 6430 6487
Medium Limestone {}.62 6&?(\ 5.25 f“.C’JO v 6073 ) 5-11 5.{)2 ) 6363
Fine Limestone 0,62 6.8 6.20 6,79 6e30 5.90 £.35 6,79
‘ 2025 603? 60§6 7002 7:39 509;; 6.25 f oéill
Burnt Lime Oi3 £.36 6.09 (.85 5,51 6409 5,95 6,70
1055 - 60240 ?'30 7-20 gt'l"? 601{3 ?'1{)
Hydrated Lime 05 6494 606 {459 7.83 5e59 570 6.26
1.30 7.05 £.51 £.75 7.39 6.23 5«60 7.16
Untreated 0.00 6,49 5e76 £.50 6475 567 538 6,10

Le
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The pH values As Influenced Iy Liming Treatments On Matawan Sandy Loan Soil Over & Three Year Period.
{Gordova)

iime Applied Time ~lapsed Between Liming Treatment And The Soil Samnling
Treatrent Ton/Acre surface 5011 Subsoil

i Hontng) 1 Year 2 Jears| 3 Years | i tear | ¢ Years| 3 Yoars

Coarse Limestone 0e35 STk 6.,02] 5,683 5e82 6425 6.18 3
2-78 ,";093 ‘ﬁc}-e(? §.85£ 50355 ;‘3.52 6.1.2 6.3?

Yedium Limestone 0.85 HeTh 6.16] 5,83 5.65 £.32 5492 606
2.718 6.17 6.36] 5.5 6.1 6019 593 650

Fine Limestone 1)o85 59k 0] .96 553 641 6,15 £.58
2.78 6,53 6.0 6.10 6,92 ) 6,03 6.59

Burnt Lime Y £.08 TIL) B.75 5429 €418 5490 578
1.7 6452 64851 6,00 6436 6,62 : 8.15 6.39

Hydrated Lime | 0.67 6,15 6,24 £.80 S48 432 6417 5e96
2,18 716 6.83( 5.71 £.99 643k Sa76 5.79




The pHl Values As Influenced By Liming Treatments On Sassafras 5ilt Loam Soil Over 4 Three Year Period.
(Chestertown)

Lime Applied Time L iapsed Detween Liming: Ireatment And The 5Seil Sampling
Treatnent Ton/Acre Surfage So0il _Subsoil

-‘L Honths 1 Year ¢ Years H} Years 1 Year ¢ Years 3 Years

H
%oarse Limestone | 1.15 509 55 [sko | sy 1o |ses | 6.06
3.55 £400 £al 595 £.25 16,00 5,70 6.21
Jﬁiedium Limestone 1.1 5.90 6,09  |5.70 5,10 16,22 6,00 €409
3,45 5.86 b0 112 6.19 16,2 |6.1h &7
fine Limestone 1.15 6429 £..3 5.7k 5,82 14,06 6,10 6.02
355 .81 £J56 16,60 6.50 16,35 6,05 679
Pornt Lime 0,70 h.25 5,21 |5.50 .69 15.82 580 5499
2,25 6.8l £.33 | 6.32 £,79 1662 |6.70 €.97
Hydrated Lime 0.95 Co06 .72 15.60 .62 (6,26 |5.80 £e73
2.85 7401 6435 6oLi5 7.17 £a2h 6.58 6.50
yntreated 0.0 S.lb 5e75 | 5405 5.8 5.95  [5.50 5elil

62
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Figure 8

The Relationshin Between Five Forms of Lime Applied to Saceafras
511t TLoam Surface Soils =nd the Resultings pH After Each of Four Dirferent Periods
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The i Valunes is Influenced By Liming Treatments On Nonmouth Loamy iand Soil Over 4 Two Year Period.

TABLL 10

(Harlbore)
Lime Applied Time Flapsed Between Liming Treatment And 1he Soil oampling
Treatument fon/Acre , Surface Soil ~ Subsoil
2 donthsi 1 Year 2 Years 2 ¥onths| 1 Year | 2 Years

(oarse Limestone 1.7 5,22 575 SeliS L8z 11490 L.92

565 5.8l £.10 64,20 551 5455 530
sediun Limestone 147 5425 5.25 5030 | 5.2¥ 5«08 1490

5e&h b 65 L85 595 Sel3 81 508
Fim Iimstune }-DL? [3’0?2 5:0&’5 6-9“ li.?“: 5010 S¢39

.54 5.68 £.50 6ubis L9y 6430 5418
Burnt Lime 0.98 519 5452 5ol 5,08 90 5.10

3.50 665 6460 7.10 5e54 €400 he52
Hydrated Liue 1.18 Se5l 6402 6400 5e26 .96 512

liea32 Lo T8 700 7450 5,09 6.15 6420
Untreated 000 Lie39 1195 5.02 5e17 Le95 Lie9S

1€



Figure ¢

The Relationshio Between Five Forms of Lime Apnlied tq Monmouth
Loamy Send Surface Soils and the Resulting pH After Fach of Three Different Periods

6.0 r Lisht Avnnlication ///

Value
u' ) i ! | S |
8ntreated Coerse Med fum Fine Burnt Hy%;ated
Forms of Liming Material P
- -~
_
S
/
7.0 ¢ Heavy Apvlicetion / o
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/ -~
/
//_,
7
6.5 //
;’/
va m~ < /
1 S~
alue //\ ~ ~ 7y
Legend
Z Monthe
1 Year e
2 Years — — — —
5 ' ] 1 ] A
°8ntreated Coarse Medium Fine Furnt Hydrated

Forms of Liming Material



TABIE 11

The pd valuves ks Influenced iv Timing freatwents on lemel: Loau So0il Gver & 'ne Year ‘eriod. (Jarretsville)

' Iine Applied fime Liapsed Detween Liming Treatmeris and the Soil Samulinz,

Treatment Ton/Acre Surface Soil Subsoil
! donths 1 Year I, Honths 1 Year

Coarse [imcstone 1.2¢ t o83 — S eh® ——
Le90 586 — 5o S
Medium Limestone 1.2¢ te51 £495 Se3l Le53
2}.9{} ?:.216 5080 g-gl 5‘21‘
Fine Linmestone 1.25 €l Y79 5 efil S eli0
Burnt Lime Je835 G55 81 525 {02
53400 5450 5e72 5676 5,28
Hydrated Lime 1.00 5453 5e77 Setl 5 o06
‘ 3 05{} ’{;079 6-86 f‘n’ ', '502?
lntreated D00 S eli7 S50 5.21 L.31

1



The pH Values As Influenced By Liminyg Treatments on Chester Dilt Loam Joil Over A Three Year Feriod,

TABLE 12

(Sparks)
Lime Applied Time Mlapsed Between Liming Treatment And The Soil Sampling
Treatnent Ton/Acre Surface Soil ____Subsoil
T, Honths: 1 Year. 2 Years 3 Years| L Months | Vear ¢ Years,; 3 Years

(oarse Limestone 0.68 £ 405 6.9 6.70 6.70 © .80 6,29 £.37 6,55

5,50 46,50 £.31 6,70 7.12 6.10 6.17 {039 £,70
Yedium Limestone 0,63 6,20 £.57 £.70 £.86 6.10 629 £.60 £.60

z:.‘f;s 70;{4{) 70}4? 7 -}.53 ? Ozé ?oh(} ?-hz 7OLS 7 04:-!‘3
Fine Limestone Q.63 6.40 .51 1 6.70 6495 6420 657 £.50 £.69

L.?S 6.50 folil {).90 ?,}5 6_Q§ 6.26 £..31 6.;1
Burnt Lime Gohz 6.6’3 60&9 ?o‘-)'? ?008 {{‘.05 6.22 \’.52 {*-67

2.75 6.98 7.01 7.1 7.22 5.70 6.1 6,59 7e12
Hydrated Lime 0a53 6.35 £1i3 7.01 | 6.91 6.39 6.391  6.70 6,69

1.85 T37 7 .35 7.h1 7.2 &40 .09 6,91 725

Lad



TABLE 13

The ol Values 4s Influenced Hy Limins Treatsents On uifield 5ilt Loam Soll Over 4 Three Year feriod.

(Fredericks)
Treatzent Life ?pplied Time Elapﬁed“%etwgeg Tining Treaiments éné The Soil Saanling
Ton/Acre uriace coll SubSOoLL

2 donths| 1 Year{ 2 Years| 3 Years| 2 Honths| 1 Year| 2 Years | 3 Years
Coarse Limestone 3.95 7.60 7.51 1 7.35 755 | 7420 7.2k 7425 7.28
Yediu - Limestone 3.95 7430 730§ 6.80 7.38 | 7430 701 6.59 7422
Fine Limestone 3.95 7.30 7.30 | 7.05 7.5 7.10 6.98 6492 710
Burnt Time 2,10 7.10 £.931 £.85 7.28 | 6.60 7.37 6.80 7.09
Hydrated Linme 3.05 7410 7.50} 6.80 7.63 | 7.20 7.50 682 7..8
Untreated .00 6.60 663 6.55 6.75 | 6.6l 6.71 6.5 6499

# One weight-level only of liming material apn»lied on this farm,

js)
Ly



TABLS 1k

The pH Values As Influenced by Linminz Treatments On Emgry £ilt Loawm Soil Cver A Three Year Period., (lagerstowm:)

Time Applied Time Ilapsed Detween Liming jreatoent And jhe Colil samoling
Treatment, ton/Acre Surface Soil , Subsoil

2 Wonths| 1 7ear] @ Years| 3 Years| 2 Honths) )l Year] 2 Years! 3 Years
Coarse Limestone Li.05 679 7.10 | 7.01 706 | —mem 6.53 6.70 7.09
vediun Limestone 415 700 | 7.0 | 720 | 721 | 7.0 | 7.00 | 7.0L | 7.39
Fine Limestone L.kS 6.51 7,08 | 7.5 | 7.50 | 6.31 £.90 .92 7.20
Burnt Tine 2.30 756 | 7.63 | 7.68 | 182 | 1.6 | 7dr | 70| 7.7
Hydrated Lime 230 7.69 6.79 | 7465 791 | 7.72 7.61 7.71 7.96
Untreated 0.00 6470 677 | 6480 6,79 | 6,88 £.66 £.60 6.71

# One welrhi-level only of lining material applied on this {arm,



Effect of Light Lime Applications on pH Values Compiled for All Sampling Dates as Avrraged for latlapex,

TABIE 1%

Yatawan (Salisbury), Latawan (Cordova), Sassafras, and Chester Soil Series.

Average pH for Treatment

Treatments H’Datea
2 to L, Honths] 1 Year | 2 Years | 3 roarg———
Coarse Limestone 5,78 5.9 5492 5,10
Hedium Limestone 6.0k £.08 %98 L8
Fine Limestone £.1h £l £,22 &,2?
Burnt Lime £.16 6,06 6,06 Ce92
Hydrated Lime £.18 6,12 6406 6.30
intreated 5.6l 5,68 566 572
Average pH for datd 5.99 6,00 S 6.0k

5a9k
602
6.18
6,05
6.17
5.68

L.S.. (between treatments) = Jel5

Ho sisnificant difference beiween dates

AS



Effect of Light Lime Application cn pH Values as Averaged for All “ampling bates for kattapex,
(Salisbury), Yatawan (Cordova), Sassafras, and Chester Soil Series.,

Hatawan

Soil Series Average pH
Treatment, Kattapex | iatawan Hatavan Sassafras Chester | for Treatment
(Salisbury) (Cordova)

Coarse Limestone 5420 €459 B30 5.60 6450 5.9k
Hediun Limestone 5.18 6.60 573 5495 £.60 €02
Fine Limestone 560 660 £,99 £.08 665 £.18
Burnt Linme .25 6,13 5.78 K93 £.83 6405
Hydrated Lime H.34 £.35 5493 6.00 R £.17
Untreated L8B3 ) g.63 S o5 6,08 768
Averaze pH for soil series Sk 6459 5.31 5.3 6.55

L.SJU. (between farms) = 0.1

ge



TABLE 17

Effect of Heavy Lime Applicalion on pll Values Compiled Tor 41l Campling Jates as Averased for Haitapex,
¥atawan (Cordova), Sassalras, Chester, (wfiield and Emory foil feries.

{reatment 2 to l Yonths | 1 Yearﬁa gsyeam 3 Years |Average pH for Treatment

Coarse Limestone £.53 672 | 6432 6455 6450
Yedium Limestone 6.5 6,75 { 6437 £.78 6.59
Fine Limestone 6.50 6455 | 6452 6492 6 .62
Burnt Lime 6.70 6.73 | 6.62 6.37 E.74
Hvdrated Lime 7.13 6.35 | £.53 7.40 6.99
Untreated 5.83 62 | 5.87 5.90 5.90
Average pH for date £.52 6,61 | 6,37 €7k

Lo5.De {between treatuments) = 0,23

.5 (between dates) = 0.12

6¢€



TABIE 18

Effect of Heavy Lime Apulications on pH vValues as Averaped for A1l Sampling Dates for Lattapex, Hatawan
{Cordova), Sassafras, Chester, Iulfield and Fmory Joil leries,

Seil Series

Average pii

Treatment Mattapex Matawan | OSassafras| Chestery Duffield] Fmory | for ireatazent
{Cordova)

Coarse limestone 5.58 5493 6.23 6478 7453 7.00 6450
Yediunm Limestone Selib 6.15 e20 7.40 7420 7.13 £.59
Fine Limestone 538 608 G55 6,74 7.30 7o 15 £.62
Burnt Lime 540 6.5 6,80 708 7.05 7.68 67l
ilydrated Lime 6.13 £.63 | £490 TeLi0) 7.33 7453 6.98
intreated 133 | 5.63 5.5 f08 | 6468 6,78 5.90
Average H for soil seriep 5.ub 6422 6.37 6.92 7.13 7.21

LeeDe (between farns) = 0,28

01
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no significant pH increase resulting [rom any one [ineness rade I limestone
above thali of any other limestone grade in these heavy lime ireatments.

It has been shown that all the lime treatments employed in this
investi ation inereased the soll pH significantly abouve the values of the
untreated plots. The amount of liming material applled influenced the DI
value of the soil., As would be expected from the law of wass action, each
of the soils showed a larger pi increase from the heavier lime applications,
In general, there was not much difference shown within the different lime
treatmenis. The soils treated with hydfated lime were an excestion to
this generallization, The reason for the greater action of the hydrated
form of lime is probably twolold: the hydrated lime was morc soluble than
the carbonate form of lime and its exiremely {ine state of division was
thousht to sive it a lar:er efrective swface area.

surnt lime did not tend to change the pH values as much Bs the
hydrated form although the difference was not statlistically sisnificant.
This trend was thought to be due to the greater de:ree of {ineness of
the hydrated lime and the iendency of the burnt lime to aggrepate, or
plaster itrelfl inte larger particles when it contacted the molst soil. 4
comnariscn of heavy application of burnt lime and the limestores enerally
showed jreater pH changes for the burnt liwme, but the differences were not
statistically significant., This pH eflect was attributed to the fact that
burnt lime is more soluble than the limestone, The trend from the results
of the heavy llme treatments indicate that the soll reaciion is influenced
the most by the hydrated lime, secondly by the burnt lime, and to the
least extent by the limestones. This trend is shown in Tables 17 and 18
compiled Ifrom the solls studied and the sequence is better illustrated by

the Sasszairas and Monmouth solls of Fipures 8 and 9, 'hese fipures of



Sasgalras and ‘onmouth solls are penerally repregsentative of the graphs
of pH plotbed avalinst lime treatment for all sclls studlied,

The influence of the deisree ¢! {loeness of the ilimestone upon
the soil reaction is included in Tabdles & through lh. Only the 1licht
application of 'ine limestone .ave a si milicant pil effect amons the
limestone treatments., 1In general, however, there was a trend foward
slightly larger inereases in pl values with an increase in the state of
division, This jreater reaction could be predicted due to the increased
solublility resulting Irom the larper surface area. It should be mentioned
that the line limestone was {rom a different source than the coarse and
medium limestones so that a possible solubility difference mizht exigt
between Lhe limestones o differant sources.

“he work of ILyon (25) at Cornell has indicated that the degree
of fineness has a much larger eiffect upon the pi change than this ox-
nerimental data for the heavier lime anplicatlons exhibits. Yhis Jdiff-
erence nisht be exp ained by an examination of the sleve size analysis
of the three limestones as previously given In Table 3. The coarse liane-
stone and nedium liznestone are too similar in analysis to sive an extensive
difference., In all three ;rades of limestone .sed, iLnere was a laryge amount
of the [inest portion, i.e., the portlion which passes throvgh & 200-mesh
sieve, This is believed to be the situation encountered Ly the farmer when
he purchases well-ground limestone. w#hen these limestones were applied to
the s0il in large quantities as used in this experiment, there was an exe
cess ol this Uiner material which could saturate the soil solution and
cive gimilar results upon the soll reaction. In investications upon the
eflect o {ineness of limestone, such as iLyonts study, the limestones used

were screened so that each Lested naterial was all of the same approximate



L3

diameter. These sieve separates gave quite an appreciable difference in
pH value of & soll when compared to another size range of limestone.

& hizhly sipgnificant difference was shown between the soil H
values of the various 30il types which were similarly limed. Since the
liming moterials were added in amountis thal were calculated to raise the
soil pH to the same approximate value [or all solls this significant
difference which resulted was unexnected. There are anparently twoe reasons
for this difference between soils., ~irst, there was a relati.n shown
between the initial geil »H prior to liming and the soil pH alter liminc.
S50ils with a low initial pH value did not respond as @uch as those solls
of a higher initial pH even thouph more liming material was added. This
is in agreement with data published by Chio (37) and Virginia (L4) which
showed that more lime is required to raise a soil pi one unit at a lower
pH value than is needed to increase the same soil one nd unit at & higher
piH value. USecondly, the twe [factors of slow solubility of the liming
materials and the different amounts of applied lime could have influenced
the replucesent of exchanieable hydrogen of the soil. Thus il woula seen
that & lime recommendabtion method should include an empiricsl factor to
compensate for this slow solubility. Juch a factor is reported in the
followin section oi, & fugrested Lime Hecommendalion llethod.

Tables 15 and 17 also indicate the eifect of time on the pil
value of limed soils. %o significant change in soil »H occerred between
sampling dates for the light lime treatmenis during the three year period
included in this study. For the heavy applications no significant differ-
ence was shown in solil nH measurements taken after the Firvst few months
and after one year, However, after twe years a siniificant decrease

occurred in soll »H value for the hesavier iime treatments., At the end



Lk

of thres ysars this soil pil inoreased and was significantly higher than
the soil pﬁ at u11 pmviaus sampling d.&%aa Kmvtr, ﬂw ahmgea in
soil pH between sampling dates was small md prﬁhably or lﬂ.nle agromio
gignificance.



Exchan eable Cations

The values of the exchanieable cations as determined for all
nine solls are reported in Tables 19 through 31. A statistical analyses
of this data shows highly significant differences between the various
s0ll types for all cations studied, 7This could be expected since the
soils were different in exchanye capacities as well as in their inherent
states of fertility.

The effect of liming upon the pH value of a soil is related
to the exchangeable nydrogen. 4 summary of the influence of both the
light and heavy lime a.plications on the exchanjeable hydrogen is pre=
sented in Tables 32 and 33,

Light applications of all three grades of limestone reduced
the exchanseable hydrogen of the soll but the decreases were not give-
nificantly lower than the untreated plot values. 1In soils treated
with light applications of hydrated and burnt lime the exchangeable
hydrogzen values were decreased significantly velow the values ol the
untreated moils, Although the exchangeable hydrogzen of the soil treated
wit - tydrated lime was lower than the value of soils treated with
burnt lime, this difference was not significant. A significant decrease
was shown in exchangeable hydrogen {or those soils treated with hydrated
and burnt lime below the values for the solls treated with coarse lime-
stone.

The soils treated with heavy applications of coarse and medium
limestone, burnt lime, and hydrated lime all ave siynificant decreases
in exchangeable hydrogen when compared with the exchangeable hydrogen

valnes of the untreated solils. Fine limestone did not cause a sig-
nificant decrease in exchangeable hydrogen below the value of soils which

were untreated,



TAGLE 19

The ¥xchangeable Cations fs Influenced iy Liming ireatments on Hattapex Silt loam ‘urface Soil

(Princess Anne)

Lime Applied ! ~xchangeable Cations After 2 lonths _
Ireatment Tons/zcre Jif Hgr ¥n K
m.e./l00gm  |m.e./200zm  {n.e./100qm | mee./100m Mee o/ 100z

Coarse Limestone 1.65 5.37 2.84 0.3 0.10 0,13
L35 2430 5.30 0.53 0,01 0613
%%eﬁium Iimestone 1.70 L6l .31 0.55 0.11 0el3
f'ine Limestone 1.75 IR 3.71 0463 0.0} D.06
L .30 LaS7 2.61 057 0.01 JelU
burnt Lime 1.15 2.75 5@ 076 0.03 0,07
3.00 3.?1& So%l 0092,& \3.81 O.B
fydrated Lime 1.20 L6l 3.50 0.91 0402 2403
3.15 1.87 £.56 0.53 0.01 0412
intreated .00 6,22 2.61 D57 0,02 0,09

EAll



TARIE 20

The Fxchangeable Cations As Influenced by Liming Treatments On jfattapex Silt Loam Subsoil. (frincess Anne)

oo i

Exchanczeable Cations After ¢ ‘ionths

ireatment Lime Applied i Ca i e in £

Tons/here 546e/100gR Ne€o/1008m  M.0¢/1000m | meeo/100¢m | mee./1200m

Coarse Limestone 1.55 557 2.20 D27 Dol 0.07

L35 528 2493 G228 {60 0417

| Hediua Linestone 1.70 Selily 2.7 (a3 el 0e.5

Lo 5.10 2,66 02 000 0,08

Fine Limestens 1.75 559 2423 0432 012 0.0L

Burnt Lime 1.15 6,00 2,00 0.1k 0403 0.03

3.00 6402 2,52 0.36 0,01 .11

Aydrated Lime 1.20 L1886 3.05 0.21 0,02 0.0k

3,15 He9l 2,70 0.75 0400 0.08

Untreated 000 5000 28 427 0.01 0,06

A



T&BIE 21

The Exchanpeable Cations As Influenced By Liming Trealiwents On Jatawan Zandy Loam “urface Soil, (Salisbury)

| Exehanggaable cations Aiter 2 Lonths

Treatment Iime Applied i Ca g n K
Tons/Acre m../100ze | weeo/100m | mee,/100gm | m.e./100m | m.el/100:m
Coarse Limestone el 1.87 2.20 064 0.00 0,12
2.25 2.38 2.06 G.L;ﬁ QQ{X) G.Q’.&
tYediun Limestone 0.62 1.45 2013 0.77 000 0.U7
2.25 wm———— - m— v —a—— ————
#ine Limestone D62 1.L2 2.8 0.97 001 0,08
2.2% 1.80 1.76 0.bi7 0.00 0,06
Burnt lLime 0.3 1.83 1.76 0.61 0,01 2,08
105; S—— ——— ————— A ———— o
Hydrated Lime 0.0 1.29 2.23 0.79 0.00 0.06
1.30 134 2.01 0.86 .00 007
Untreated 0.00 2.16 2,01 0.86 0,00 0,08

&1



TABLE 22

The Exchangeable Cations As Int'lwenced ty Liming Treatments On Uatawan Sandy Loam Surface Seil. (Cordova)

Lime applied

txchangeable Cations After L 'onths

reatment Tons/4cre 1 Ca Wy i K
Me€o/100z3]  Heeo/10 @ @.6./1005m Tef ./},0%;}37_-;;;21 046 o /100 m
Coarse Limestone 0.8% 2.22 2.0 0.30 0,00 0.07
2.73 1.51 2450 04k 0,03 0.09
Hediun Limestone 0.85 1.63 246 0438 0,00 0.06
2.78 1.3k 2.07 045! 0,03 3.0
Fine Limestone 0.85 103’4 2a99 G.’Jg 0.00 0.12
2.78 1.28 2.92 1.72 0.0l 0.11
Furnt Lime 007 1.10 358 0,36 0.02 0,07
10?1 1.)&5‘; 2.?5 ()ogﬁl {}002 3.12
Yydrated Lime 0.,h7 1.99 3.09 045k 0.00 007
2.18 0,00 2,48 2ili 0,02 0.13
Unireated 0600 1.67 2453 0,51 002 3,10

61



AR TILEE Mk
TARLE 2

The txchan:eable Cations As Influenced iy Liming Treatment: and iime on Zassairas
(Chestertiown)

511t Loas Swurfasce Soil.

i i T ta iig T K
freatment Lime Applied m.e./100zm . m.e./100mm m.e./100zm m.e./100zm Mo /1008
Tons/Acre Ly 12 1. 2 L1 2 1 172 1 Vos.
Hos, Year Years lfog)p Year, Ye %oal Yeay Yearsg Hos,| Yeaf Years
! ; | N
Coarse 1.15 2.0 —=4 2.57 3.0 i e 0,67 0018 wemk 0,02 0412
Limestone LIRE 2.2l 0.9¢ 2.0 P 0,59 9.71 0,081 0.03 0,02 0,04
i
Yedium 1.15 1.820 2.2] 2.% i 0.7 0,64 0,101 0.06 0.03 D.12
|
Fine 1.15 1.39 =+ 2.5% L 03wt 3,71 Q00 st 0,03 0,12
Limestone 3e65 0,00 =t 0,00 £.3 B —mmd 0,67 0,01 -—f 0.01 0.11
Burnt Liwme 3.70 1.33 2,34 2.h4 : éf”}.fi&. 0,54 0.11] T.08 0,00 1,10
2.2’; "_).(}Q {).{}C, {}.:} RPN ul ",}.;32 gq?). ‘:}003 {}QO%; Oo&“i J009
Hydrated Liﬁ% 0495 159 1.15 ;z'.zé Jof J{ 060 ©.93 0.12] CL08 0.3 0,09
2.8% 0.00 0,80 0,57 4 g _2{ W71 0054 G058l o8 CL0L 0.16
Lntreated .00 2.h2 2,39 2.0% ﬁ.ﬂ? D78 003 0.12] 007 0.02 1o 08
|
H | 1

g



The Txchangeable (ations As Influenced By Liming Treatnents And Time On Sassafras Silt Loam Subsoil.{Chestertown)

TABIR 24

H ; Ca K ¥n
freatment Lire Applied f.8./100gn B.e./100m u.e./10080 Tee,,/ 100m

Tons/Acre "1 Year | ¢ vears | L Year, ¢ VYears| 1 Vear| ¢ vears | 1 Year| 2 Tears

{oarse limestone 1.15 —— 2.35 ——— LohiB ——r 1.0k SN 0,00
3.65 1.97 2.24 Le7h Lo92 0.91 1.17 .02 0,00

Sedium Limestone 1.15 2,35 1.67 3.55 5403 1.04 1.07 Ge8 0400
3.65 1.94 1.55 L85 533 0.951  1.20 0,021 0,00

?'im limestone }..}.S 1075 1053 5038 24.1}3 0063 Gaﬁi 0.06 0.32
3.65 2.0l 1.53 Se3k 54,03 1.19 1.17 03 0,00

Burnt Limestone 0,70 1.99 2426 LelsB 3.7h Doty 0.66 006 Ge01
Hydrated Line (3.95 1.61 227 1} 420 3692 0,02 Oe72 C.a07 000
2,85 174 2.0 Le38 5,73 3. 67 (.91 R 3400

Untreated 0,00 2.37 2.31 Le29 Le08 0.81 1.07 0.03 0,60

&
-~

T



The "xchangeable Caticns is Influenced iy Liming Treatments (n Honmouth Loamv -and furface
i a s £l

TASLE 28

Suile (¥Yarlboro)

8 : Mg ) Hn

Lime Applied f1e® o/ 100ym ! m.e./100g0 1.e./100g8 | nee./100zm

Treatoent Tons/heres Yos4 Year Ye&r1 Hos, ¥ ¥osy Year Yearp Mos, Year Years
2 1 2 2 2 1 4 21 1 2
Coarse Limestone 1.7 2.39 2.1 2.;;1[ 5o 1.6Y 2,.3 1.19 03 0. % 0,01
Yediun Limesione 1.47 3.24 292 3.14 L.80 D620 1.7 t}.:‘15 0,06 0.0} .01
W5k 2.00 0.91 1.95 5.4 0,37 1.69 b 5.0f 0402 0,00
Pine Limestone L7 3.34 2.58  1.74 3.66) 0,701 0.5 0.53 2.08 0,02 o001
HOS‘& 2091 1.1,3 lol}q 5.’39 20{)(} 1-97 }'DL \} Hl {J.f}:. k}.:}O
Burnd lLime 198 2,200 2.33 z2.48 3.71 0.621 0,58 0,: % O .03 S.01
3.50 0.00] 0,87 0.00; 8,22 96 T 1.7 ; 0.0 0.0 5,00
;Y}'ﬁi}’at@d fgim }.,13 2.32 ?.zﬁ 1092 %21.22 i}ogé 0.5] ‘L‘o(’$ {)o‘) 1“‘.‘{32 ‘Jow
he3d G.531 0.0 0.00] Sl 1.51) 2,1 z? 0.0 .04 0.00
]

Untreated 4400 3,350 3.14  3.69) 3.23 0.58} 1.24 0.?{’ D.08 0,01 2,01




The Fxehan eable (ations As Infleenced

By Liming ireatuents (n Nonmouth Toamy fand Subsoil. (¢

TABLT 26

‘arlboro)

{ H | Ca g ¥n
Lime Applied m.e./100zm P om.e./100gm. n.e./100m m.e./1002m
Treatrent Tons/Acre 2 1 2 2 1 , 2 11 2 2 1 2
‘losd Year !'Years | Hos, | Year |Years | Hos, | Year Years | Hos, | Year | Years
Coarse Limestone 147 5.3 L18) La15 | 64600 7.1L| €.h ] 1.00 ] 1.50 1.93 | 0.00] 0.01 |0.01
NeSh 1.981 1.78] 2.03 | S.831 L.82| h.hd | 1.27 1.4t 0.70 | 0402 | 0,00 | 0,01
ediun Limestone 1eL7 2,791 2,731 2,91 1 L.E3] 2,961 2.93 | 1.13 | 1.95 0.7L [ 0402 | 2.0kL 0.0
f;‘f;zi ;J.m 1-73 ?.9!; 5.5)9’ 5065'; Ai-ST lo%l 2 l 10.-.5 0.(32 :’Q{}}a 0.0{}
Fine Limestone 1.L7 3.83 ] 2.220 2.19 | L.230 2,998 3,741 1.10 .h? <58 10.03 | 0402 | 0,01
5.5k .81 3.1 3.60 | 5.96] 6.08) f.52 | 1.6 2.,0i 1,18 {0.00 | 0.01 |0.00
furnt Lime 0498 2,731 2,31 2,53 | Le15] 3.22] 3.L8 [ 1.23 | 0.70 0474 {0402 | 0.02 {0.01
3.50 3,001 1,801 2.65 | 5,371 £.15] 4,20 1 1,00 3.61 2.10 10001001 |5.00
!
Tydrated Lime 1.18 2.52 1 2.70) 2,63 | 5.10 1.00) 3.62 | 1.13 | 0.7050.70 [ 0.2 | 0.02 {0400
La33 2.201 1451 1.35 | 4. 060 9,911 Y5 | 2.20 .)331 27 10,00 | 0.00 10,09
ntreated 0,00 2.55L 1 2,681 3.06 | 5.33] 3.28] 2.57 11.A1 93 36 10,02 10,03 [0.0L
8
i
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TABLE 27

The Exchan;eable Cations As Influenced By Liming Treatments On Jlenely Loam Surface Soil. (Jdarretsville)

Exchan-eable Cations Alter | Honths

Treatment Lime Applied H Ca Mz ¥n K
‘i‘ens/ficres m.e./100em n.e,/1000m m.e JS100m | nee./100mm n.e./1 em

Coarse Limestone 1.25 3.05 Le38 1.22 0415 0,08
L4590 2.67 L 67 1.35 0410 0,09

Medium Limestone 1.25 3.1 li 75 1.h5 0,07 0.15
li.% B.K:E; 307? 1026 0.16 ,_).12

Pine Limestone 1.25 3,15 L8 1.2 0.31 0.1k
13099 Bc].? S.Q? ':7078 Q.?D (}.1{)

Burnt Lime 0,38 3.1 Lo3l 1.11 0,17 0.12
L.00 ! 4e5 110 0.91 0,17 Uel2

Hydrated Lime 1,00 2.98 Loh9 1.17 213 0.1
3050 30215 huzl ‘3091 G.Ei) ().11

s



TABIE 28

The Fxchangeable Cations As Iniluenc d By Liming Ireatnents (n Chesier 35ilt Loam Curface Soil. (Sparks)

Fxchangcable Catdlons After I Vonths

Treatment Lime Anplied H Ca p ¥n K
Tons/Acre n.e./1000m B.8./100/m | mee /1000 | w.e/100:a | 5.0./1 020
Coarse Limesione 0,68 b5 7632 1.12 0«0k 0.26
5.50 3.75 9.36 1.22 007 0426
Hedium Liwestone 0.68 3472 9.7k 1.4L9 0.0l 0,20
Z;.gf; Q.Oﬁ 13.12 1;81 O-‘G’é 0;2@
fine limestone 0.68 517 8ol:2 0439 0.20 0451
}‘1055 2.15 7 076 Endf} Oeiith G-Bh
Burnt Lime Q.42 Te78 5418 l.12 Ge00 0421
2.75 1.13 13.03 0.95 0.05 0e21
Hydrated Lime s 2.6 7.30 1.05 De 1l 3,16
3.85 0400 1h.06 0o 7k 060k 035
Untreated 0400 A4l 747 0490 Qe 0460

3



TABIE 29

The kxchanzeable Cations As Influenced By Liming Treatments Un Chester 5ilt Loam Subsoil. {(Sparks)

“xchanveavle Cations After ! Wonths

Ireataent Lime Applied i Ca M ¥n K
Tons/Acre 148 o/ 100 M€,/ 100gm n.e,/100 m s.e,/1000m n.6,./10:m
Coarse Limestona 068 525 L 25 0.56 007 0.15
5,50 5437 6,68 0.39 007 0617
dedivn Limestone 0,68 5457 6.3 0.77 0.0 0,57
13055 1076 1@.5’9 1.37 0.02 C}Q].L'
Fine Limestone 0 H8 6455 7.12 1,53 1602 0,37
}e65 3.37 6oBL 1.22 (607 0423
Burnt Lime f},h? 30(5 5077 3066 Ocal‘xz 3-25
2.75 5e2h £ 76 1.05 0,07 0,16
Hydrated Lime 0653 2,605 6406 1.15 0.10 0e23
s P Le32 720 1,09 406 0.18
Imtreated Do) 641k 642 Okl 03,09 0.16

95



TAZLE 30

The Txchanveable Cations As Influenced by liming Treatments Un juffield 511t Loan Sodl.w (Frederick)

xchanyeable Cations After 2 ¥onths

Lime Applied i Ca Mg bin K
Treatnent Tons/Acre mee./100m m.e,/100m | m.e./100:m moe/100zm | m.e./100zm
Coarse Linestone 3.9%
Surface Soil 0.00 92.07 1.Lk 009 0,15
Subsoil 0.35 9,05 1,19 0.13 0.2%
Hedium limestone 3.9%
Surface Soil 0.00 9.28 1.Q7 {)011 0029
Subsoil 0¢35 8.95 1.03 0.09 0.09
Fine Limestone 3.95
Surface Soil 0,00 9,21 1.07 0.11 036
Subsoil D685 .45 3495 0.18 Del3
Burnt Lime 2.40
Surface Soil 0.89 200 1.52 009 0.15
Subsoil 1070 ?066 0.86 0-1)4 3013
lydrated Lime 305
Surface Soil 0.00 8,77 1.56 9,09 (7033
Subsoil 0,00 10.35 1.19 0.18 0.24
{intreated 0,00
Surface Soil 1065’ .'37 10221 0&08 {}.}}6
Subsoil 027 R,36 1.99 0,0% .27

% One weight-level only of liming material amlied on this farm.

LS



Tably 31

The Fxchanreabls Cations As Influenced By liming Treatments On Tmory Silt Loam Soil. # (agersiown)

Fxchanreable Cations After 2 lonihs

Trratzent Lime Applied i Ca 5 ¥n K
Tons/Acre mee o/ L00sm n.e./100:m 0.6,/300zm | m.e./100sn | m.el/100gm
Coarse Limestone L .05 .
Surface Soil 0.00 7.66 1.82 0.02 Oulib
Subsoil
Hedium Limestone he15
Surface Soil 0400 813 1.03 0.11 039
Subsoil 0.0 762 0.86 0,00 0.21
Fine Limestone heli5 _
3urfac& Sﬁil "}066 3 005 loha 0.09 C)'].S
33‘05011 00?1 6000 007}4 OOGO Golh
Surface Soil 0.00 8.03 1.32 0,06 0455
Subsoil 0,00 7.7¢ 0.70 0,00 0.23
Hydrated Lime 2.90 ‘
Surface Soil U600 6.99 2.59 007 0e31
Subseil ¢ 000 6439 1.6k 0,00 0.16
Untreated 0,00
Surflace Soil 1.35 Te59 0.70 0,07 0425
Subsoil 0.68 7490 D495 0,00 0.21

# (ne welght~level of liming waterial ap;lied on this rarnm.

8s



TABIE 32

Tffect of Light Lime Treatments ¢n xchan-eable !ydrogzen [or Uattapex, Matawan (Salisbury), ‘atawan (Cordova),
Sassafras, lonmouth, .lenelg, and Chester Foil leries,

Treatnents
Unireated| Coarse ledium Fine Burnt ydrated Average Valuve
Soil Type Limestone! Limestone { Lismestone| Lime Lime For Soil Type
m../107g1 nee./100gt mee. /100 o BRI /10070 me ks | nee./100 m He€ o/ 100ims
Mattapex S1lt Loam 6,22 “e37 Lol L6 2.75 Liebl La72
datawan “andy Loan 2.16 1.87 1.L5 1.2 1.83 1429 1.67
(Salistury)
(Cordova)
Sassafras 5ilt Loam 20132 2.3«?0 1.82 1.35 1.33 I-S‘}' w.82
Monmouth loamy Sand %435 2,39 326 331 2420 2e32 2 e39
Glencly ioam 3.02 3.0% 3ol 3.15 3.1 2 7% 3.13
Chester £ilt Loam 6,13 £.1i5 372 £.17 5.78 2.6 Le95
Average value for Tmaﬁmnl 3,55 3.7 2.35 2.9 2.59 2,06

|

i

LeSiulle (Between Treatments) e 0,78



TAEIE 33

Effect of Heavy Lime Treatments Cn Exchanceable iHydrogen for Mattapex, llatawan (Uordova), lonmouth, Ulenelg,
Chester, uffield, and Imory Soil Series,

v Treatment i
e Coarse sediwn - Fine — | urnt— {—?ym'm?d"'*“ Avera e Value
Soil Tyve Untreated | Limestone | Limestone [Linestone |Lime Line For Seil Type

mee./100zm | mee./L00gm | m.e./100gm oo/ 100gmi mee./100m m.e./100gm | m.e./100zm
dattapex 511t Loam 622 2.30 525 Le57 3.7k 1.7 3.99
¥atawan Sandy Loam 1.67 1.81 1.3k | 1,20 Lol5 0,00 1.26

(Cordova)

.ﬁonmouth TLoamy Sand 3.35 2,01 2.00 2.91 0,00 058 1.51
Glenelz Loam 3.02 2.67 3.55 3.17 }ie25 3.k 1.3%
Chester “11t Loam 6.13 3.78 0.00 Le15 1.13 0,00 2453
Duffield 5ilt Loan 1.5 Del0 0,30 0,00 0.59 0400 o 0.h2
Emory 5ilt Loam 1.35 0400 0,00 0466 (3400 G400 Oe3h
Averaze Value Jor Treatwent] 3.3k 1.80 1.72 2.39 1.5k 084

LeS.D0e (Between Treatments) = 1.22
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Fxchangewble calcium was the onlv cation other than the hydrogen
jons to be simnificantly changed by heavy app;lications of liming materials,
A gummary of the results from the heavy lime applications on the erchanpge-
able calcium are presented in Table 35. Here it can be seen that soils
trméted with burnt and hydrated lime vave significant increases of ex—
chanceable calcium above the value of the untreated soil. Hedium limestone
also ghowed a simiticant increase over the untreated plot in the soll's
exchanyeable caleium, The hydrated lime and burnt lime -ave the reatest
increases of exchanieable calcium as might be predieted from the influence
of th? liming waterlals on the pH value of these scils., In peneral, very
little difference in amounts of exchan:ecable calcium was shown by the
various degrees of [ineness of limestones.

The applications of liming material had no si:;nificant influence
on the exchan.eable ma nesium &8 shown by a statistical analysis conducted
over all soil iypes at the first sampling date. The only reneral increase
of exchan.eable marnesiun seemed to be for the individual sells where
heavy applications of dolomitic liming raterial »ore apglied, Here 3light
increases were noticed on the Monmouth, Chester and mory soil series,
However, the d ta was not statistically analyzed lor these ihree solls,

An overall statistical treatment for all soils investi:sated
showed no significant decrease of exchan.ecable manganese with the liming
treatments emploved,

Potassium apparently was not uniformly affected by lime treate
ments. Albthousnh there were several cases in these results where the exe
chan eable potassium seemed to be either increased or decreased, there
was no signiticant change of exchangeable potassium caused by any of the

liming anplications,



TABIE 35

Effect of Heavy Lime Treatments On Exchangeable Calcium for Hattapex, Watawan (Cordova), Monmouth, Chester,
Duffield, and Emory Soil lerles.

Treatnent
Coarse lHedium ¥ine Burnt Hydrated Average Value
Soil Type Untreated Limestone| Limestone | Limestone| Lime Lime For Soll Type
mee./100m | m.e./100gm| m.e./100g8 m.e./100m m.e./100z1 m.e./100gm m.e./100gw
Mattapex Silt Loam 2.6 5.80 3.3k 2.61 5.81 6.56 Liolib
Yatawan Sandy [oam 2,53 2.50 3.07 2.92 2.95 2.18 2.74
(Cordova)
Monmouth Loamy Sand 3.28 5.1l 565 5.09 8.22 5ehils 547
Chester Silt Loan 7417 9.86 13.12 7476 13.03 14,06 10.83
Duffield Silt Loam 737 9.07 9.28 921 9.00 8.77 3478
Emory Silt Loam 7459 7.66 8.L3 8405 8.03 6.99 7.30
Average Value Far
Treatment 5.1 £.67 7.15 5.95 7485 7.38

LeSele (Between Treatments) = 1.60

S



Persistence of Lime Im Soill

At the beglimning of this pnroject, it was thought that the influence
of the more soluble forms of lime would decrease in the soil within the
three vear experimental period. By examining Tables 15 a&nd 17 which summar-
ize the influence of lime on uH and Tables 23 and 25 which show the effect
of lime on the exchan eable cations of sassafras and ‘onmouth solils, it
can be seen that there are no indications of lack of maintensnce ability
by the more soluble hydrated or burnt rorms of limin: material during the
period studied, The eifect of all treatments on the pH, exchangeablﬂ hy-
drozen, calcium, and other cations of this investlgation gave evidence
that the greatest change ocourred during the first few montas after treat-
ment. These data indicated that trhe liminy in{luences remained fairly
constant the two to four months angd after three years tie liming elfects
5131l persisted., However, this work has not been carried out over a
sufficient length of time to :sive a final answer to the questicn of maine

tenance abllily of lime materials in the soil.

Hovement of [ime in the Soll

Sampling was not extensive enouph to allow a statistical analysis
of data on lime movement, but Uables 20, 2L, 26 and 29 sive some indication
of the movement of lime intc the subsoil, These results seem Lo indicate
thal there was some movement of lime into the subsocil bocouse in zeneral
the heavy anpplications of 1lime oroduced & higher suisoll pH and more ex-—
changeable calcium than occurred in the subsoils with light applications.

The lime movement was studied JTurllher on ti.ree ol the farms by
taking samples at repular depth intervals, 7These are summarized in Table

3¢, These results seem Lo indicate that the limin: eflects decreased



TABLE 36

Lime Yovement £8 Indicated by the pH and “xchangeable Ions at Lifferent Depths ror “ome i The Leils And

Treatnents Studied,

Treatment _>
So1l Type Fate in | Time after i Ca Mg n
Tons Acrp Kinc of Limd Applicatign pﬂi n../100ime| mee./100gm m.e./1007m m.e./100zm

Sassafras silt loam !

Depthss 0=6 in. 0,00 lintreated ly mos. Se 2412 Lo 08 GeB7 0.12
0=2 in. 2,85 Hydrated L mos, 6.9 0600 648 0.91 0.03
2"1,! in. 6.9 1077 53-89 0.8? 0002
Xi"‘é in. 5.0 1“{‘1 il.?é 0.97 0.09
6—*8 in. 508 0056 )io79 11{)9 0.0S
8"10 ino So? 108? 3«5.15 l.ias Q.D?
53""14 ino 1.15 S-?im ]. yro {’.h 1075 5.38 0063 {3006
L=8 in, bo 2.49 Y635 D72 0.08
8"12};{1' 6. 2.20 }-i028 1.{){) G.Q?
0=Y in, 3.65 Fine 1 yr. 6.6% 0.96 513 0,58 006
h—& in. 605\ 00815 [;'9‘3 Q.?é 0400
8"12 in. 6.3 20')22 5.31& 1.19 OoOB

Glenely Loam

Depths: 0-6 in, 400 Untreated Y mos. Y 3.02 70 D.70 3018
0-2 in. 3.50 Hydrated L mos. £ o69 0600 10,70 1.35 Oell
2"'23 ino f‘ohs ![1068 7.36 1.2§ h»}‘ll
6-1¢ n. 5.53  L.OS 3.57 0.95 Do

Chester 8ilt loam

Depths: (=6 in. 0.00 Untreated L mos, 5«30 6,13 747 0,90 (409
D=2 ine 3.85 Hydrated L, mos. TeX (.00 1L.60 0,96 0,06
2= ine 7429 0400 1858 0,70 ek
L=6 in, 649 1.55 16.72 1.09 0408
6~ in, £oli] 32 7620 1.09 0406

3’{1}



&5

regularly with the soil depth., However, lack of check plot data and pi
measurements previous to lime applications make this data cifficult to

analyze.

Harvest Yields

Tables 37 throupn LY give the crop ylelds as aifected by the
various lime treatments cf the nine soils. Taule ;6‘15 a summary of Ll
average relative ylelds of corn, wheat and hay for a#ch cron season investe
irated, and Table L7 is a sumnary of the relative yl:i?lds avera:ed Jor the
three years of the study.

The three year average of ihe hay crop yields from limed soils
was higher than the yields Irom the unlimed soils. 7The nay crops ol the
i'iret year were limed by top dressing itwo months prior to harvesting.

The results show that the hay plots which were harvesied a year afiter
liming jave the "uruest yield increases, This might support the practice
of liming land a year ahead of the hay crop. These data also indicate
that the hay »lots cut two years after liming pave virtually the same
yield as did the untreated plots. It should be emphasiwxed that only
one ifarm was in hay during this year, so the values for hay yilelds two-
years after limin: in Table L6 represent only that one farm (Sassafras
silt loam), 7Framination of the results for pH values and exchangeable
cations, as well as visual inspection of the field plois, gave no
explanstion for the apuarent lack of response to lime in 1v19.
ipparently wheat and corn yields are not appreciavly affected by
the “orms or amounts of lime material used in this study, since only
very slisht increases were noticed. However, theres was an anpreciable

increase of the wheat straw where the lime had bteen in contact with the



TABLE 37

Hesponse of theat and !lay to Lime Ireatwments On “attapex Silt ‘oam 5oil. # (Princess Anne)

Wheat (2 mos. aiter application)

Timothy~-{lover

e e - {1y o-afber application-

Treatment Lime Applied Straw Grain Yield
Tons/Acre pH mElattye — ————Rrtative o — e~ edative-
. Tons/Acre | Value Bu/hcre | value ! Tons,/Acre | Value

Coarse Limestone 1.65 Les7 1o 108 11,7 118 5.21 0,66 300

L35 .50 1 1.L0 10k 10,6 107 5,82 0,57 259

Yediun Limestone 1.70 5.5 1 1.19 88 9.3 9l $.20 0,60 273

Loko ho39 1 1.35 100 11.1 112 557 0.57 259

Fine Limestone 1.75 Se3l 1.2} 92 91 92 5,18 0.6k 291

L.80 Lo 7 1.35 100 9.9 100 537 0.65 296

HSurnt Lime 1.15 £.33 1.34 99 8.0 81 5e56 0.75 35k

3.00 .2l 1.23 102 8.4 89 Selb 073 332

Hydrated Lime 1.20 G271 1.48 109 9.9 99 G422 0459 268

3.15 £439 1.49 127 10.0 100 6,72 D71 323

imtreated (000 Lefily 1.35 100 9 100 5400 0.22 100

» These -lots were put into pasture in 1949; therefore, no yleld data was obtained.
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TaBLE 38

Response of Hay and Corn To Line Treatments (n latawan Sandy loam Soil. (Salisbury)

; Clover (2 months after | Corn (1 year after Gorn (2 years after
Application) Apnlication 4oplication)
Treatment Lime Applied ; . Hlelative . Kelative helative
Tons/Acre | pH | Tons/hcréd Value pH Bu/Acré  value Bu/Acre value
!
Coarse lime- 0,62 f.Sﬂ 0,70 140 6,18 224k 127 31,% 85
stone 2.25 £.6 0,70 140 6,26 23.5 133 33,6 91
Hedium lime~ 0462 5.74 0.70 140 6.25 32,6 182 2.4 88
stone 2.25 - 0.70 1o £l 20,1 | 11k 336 91
stone 2.25 6.3} 0,80 160 6,56 2L.2 138 36,7 99
Burnt Lime 0.h3 6.3 0.0 30 6409 22,5 | 128 32.9 89
1.55 —  0.80 160 6110 23.3 164 © o3kl 93
Hydrated Lime 0.50 6.9 0,70 1Lo 6,06 13,6 | 106 37.5 12
1.00 705 0.70 Lo £,51 22.0 125 3343 10kL
intreated 0,00 6.y 0,50 | 100 5.76 | 17,6 | 100 3649 100




Ta:

d739

Eegponse of Corn and cheat o Lime ireatments (n latawan "andy Loan Soile ¢ (Cordova)

GCorn (L months after

wheat ( 1 year alter Application)

Application) Straw _ Grain
Kel:tive Relative Relative
Treatment lime Applied pH Tufhere | value pH Tons/Acre | Value BufAcre| value
tons /Acre

Coarse lime- 0.85 5.7k 71,5 103 64,02 1.1% 11k 9.8 82
stone 2 0?8 g 093 71.7 103 £ ol}é 1002:} 102 12.7 107
:Eedium 1%” 0585 {‘,‘;.?6 72 c!; 10§ é‘ .16 1:23 12{) 1009 92
stone 2.8 6.17 Tul 102 6436 1.21 119 12.9 108
rine limeetond 0.85 590 66,7 9 610 1.78 17k 12.5 105
2.73 6.53 72 .3 103; 50&0 1.36 133 l:‘?ti: 1.05;
“urnt Iime 047 6,051 69.9 101 ©o91 1.33 135 12.3 103
ll?l 6.52 7;‘?.6 111 ét‘.‘%g ltui 1}11 ]—4“03 12}-3
Mydrated lime| 0.67 65 70,3 | 12 6,21, 147 UL 15.1 127
tntreated 000 S.75 1 £9.2 100 £.90 1.02 10 11.9 100

# These vlots were put into pasture in 1949 so no yield data was obtained.



Response of Corn, -neab and Hay Lo Lime Treatwenis on Dassafras Silt Loam Uoil.

TALLE LO

{ChesLertown)

Corn uvheat Timotuy~Llover }
(L mos. arter application) | (1 yr, after application) (2 rrs. after
Lime T rrndn application)
Treatment Asplied Bu/ He lative onE ETALITE T/ T RR i ve Tons/ Z&ahtivﬂ
_Tons/herel pi | Acre Jalue oH | Acre valoe | Acre ] /alue ndlicre | value
Coarse Limestone! 1.15 Se49f 92.9 | 102 75| 1457 110 1.1 92 15.560 184 90
1,65 £,00] 92.9 102 R0 B W 101 13.8 90 ]5.99 2.33] 11k
Yedium Limestone{ 1.15 T.000  91.0 100 6,091 156 109 ¥ o2 106 15,79 2.2 108
fine Limestone 1.15 6.291 9L0 103 6.3 1.7C 12 1647 109 |5.74 1,500 83
3.*«65 {‘.Q’l 90 Qt; 99 £ cf)é 10(3(\ 105 1' .E‘ 1111 '{‘.f{?{] 2 .O;r 102
Burnt Lime .70 €251 39,2 28 2421 187 103 1Lk 94 }7.50 1,53 90
2.25 EJ8af 3740 95 7.231 1.6k 104 ik.6 95 [ £.08 2.0 102
ilydrated Lime 0495 £.06] 9742 106 £J721 163 107 1.2 93 15,50 1.54 91
2435 [P 9549 105 £l 55 .58 104 Lok gl 41 7,218 109
Untreated 3,00 skl 913 ] w0 5790 Las2 wo 1.3l o .08 2.0 100
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TASBLE L1

Hesponse of Alfalfa to Lime Treatmenis on Monmouth Loamy Sand Soil.
(tarlboro)

Lime Allaifaw (1 Yr,., after application)
Treatment Applied pi Relative
Tons/Acre Tons/Acre value
"oarse limestone 147 5.75 2.86 109
5.5k 6.10 2.7% 1085
Medium Linestone 147 525 2.73 106
5 -Sh E; - {ﬁS 2 ¢93 3.3.2
E“im Iimestone 1 .h? f:: 065 b oég 100
S5k 6450 2.61 100
Purnt Lime (0,98 Se52 2,50 95
3.50 £ <80 3415 120
Hydrated L 1.18 602 2.7k 10k
L.38 7,00 3.6 116
imtreated 0,00 L ,95 2.52 100

# Flgures given represent the sum of two cubtinugs,.




nesvonse of Corn and vhest to Lime Treatnents on Ulenely Loam Soil,

TABIE L2

(dJarretsville)

Lime Corn {1 Yr, after application) dheat (2 yrs. after asplication
" Applied Strav Jrain
Ireatrent Tons/hcr¢  pl Relative Telative Felative
BufAcre | Value Tons/hcre | Value Bu/Acre | Value
Coarse Limestone 1.25 e — 36.2 88 2.6 111 25.9 11
11490 D — Lha7 109 2.39 107 2642 115
Yedium Limestone 1.25 595 Lok 93 2.51 113 25,8 113
.90 S.80 39.2 96 2.15 97 223 93
190 £.21 L5.7 111 2.70 121 31.6 139
Burnt Lime 0.88 £.81 38.4 9k 2,54 11k 25.L 112
1;.00 e 38.7 ol 2.16 m 25.1 110
liydrated Lime 1.00 Ce77 27.7 92 2,50 113 26,5 117
; 3.50 £.86 33.0 93 2.33 107 2545 112
iintreated 0.00 590 LLl.0 100 2.22 100 22.7 100

% The croo yields of 19,7 were mistakenly destroyed by the iarrer,

T
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TASLE UL

Response of Hay and RParley to Lime Treatments on Duffield Sili Loam Soile # (. rederick)

Lime Clover (after 2 months Barlevy (alter 2 years)
Applied i Shraw srain
Treatment fons/Acre|  pi Kelative helative felative
Tons/Acre Valne Tons/Acre | Value P /Acre Value
Coarse Limestone 3.95 7.60 1.18 53 1.87 1y 25.1 11
Yediun Limestone 3.9% 7.30 1.18 33 1.7k 143 23.7 107
fine Limestone 3.95 7.30 1.18 83 1.88 111 23.2 104
Burnt lLime 2.Lho T.10 1.18 53 1.63 71 203 91
Hydrated Lime 3.08 740 1.38 96 1.25 il 17.2 77
Intreated 0.00 6460 1.h3 100 1.68 100 22,2 100

# The crop yields of 1948 were mistakenly destroyed oy the rarmer,

€



Resnonse of lay, Corn, and wheat to Lime Treatments on Fmory 5ilt loam Soil,

TABLE LS

{Hayzerstomm)

Line Hay (after ¢ mos.)  Gorn (aiter L yr.) wheat (artor 2 yrs.)
Applied : ; “Straw arain
Treatnent o Zelativh pH helative| Relative Felative
Tons /Acre Tons/Acre] Value | Bu/Lere | Value |Tons/. Acxé Valve | Tons/Acrelvalue
Coarse Lime- 14 .QS 6 0?9 0082 91 7 10 21.2 83 1.68 69 153 .0 ?S
stone
Hedium Line- .15 7400 0.98 109 7010 3.1 133 2.2 99 2047 97
stone
Fine Limestond  LJi5 | 6.81] 0.69 77 17,081 33.9 | 152 2.6l 108 21.); 199
Burnt Lime 2.30 756 0.36 96 7.63 1347 171 2.25 92 2le.3 99
Iydrated Lire 2.95 1 7.E9 1 0,30 100 L4791 hhi9 175 2.73 111 2h.k 11k
Untreated 000 | $.70 1 0,70 100 677 276 130 2.Ls 100 21.L 100




The ‘elative Fffect on Hay, iheat and Corn by Lime Treatments as Composited for All rarms,

TALIE L6

! v Averace ielative Values
Helativ Hay «heat Corn
Treatuwent Amount | after) alter: alter# Shraw | Grain
Applied | 2 mos| 1 yr.: 2 yrs.. 2 moSd L yrd 2 YIGe ¢ MOS, L Yl 2 UISa L H0Se L e 2 VIS,
Coarse Limestone | Light o 300 TS B T 1091 109 1113 431 118 100 1108 85
Heavy | 105 | 259 1L | 1k 106 g2 1107 o8t 99 10§10 21
dediun Limestone | Light | 140 | 273 108 ? 58 1 13| 111 | % 931 107 | 104 |l 83
deavy | 110 | 259 9k ¢ WO | 11| 100 112 1021 100 | 106 {11k 71
Fine Limestone | Light |[120 | 291 68 | 92 | 132| 1k | 92 | w02 16 | 1o |117 90
feavy {100 [ 296 | 12 | 100 | 120 112|104 W94 121 | 102 113b 99
| i
Burnt Lime Light 50 3zl 90 1 9% | 113] 110 | 81 o7t 111 | w03 [ 59
Heavy {113 | 232 102 102 | 123 1w | A e | 108 | 1ok 13 93
fycrated Lime Light Lo | 288 71 109 117} 112 1100 105 | 115 103 aly 102
Heavy | 112 | 323 169 122 1 123 111 {1m 102} 112 | 105 131 104
Untreated 100 ¢ 100 100 100 | 10| ¢ |100 wol 100 | w0 jwo 100

+ Values represent only one [ars (Sassalras silt loam) for this year.



Helative Effect of lLiming Materials on Hay, wheat, and Corn for the Combined Years of 1947, 1948 and 19.9.

TABLE 47

kelative Values

vay sheat Corn

Treatment light . leavy ,___~iraw Jrain Lizght Heavy
Late Late | tight Heavy Lizht leavy ~ate rate

. tate Rate Hate nate
Coarse Limestone 177 137 109 100 99 101 100 104
¥ediun Limestone 173 137 108 104 98 103 1L 108
Pine limestone 166 143 119 113 106 112 104 115
Burnt lime 175 15k 110 110 99 104 103 119
Hydrated Lime 166 154 11h 112 107 102 102 116
Untreated 106 150 100 100 100 10 100 100

9L



soil a year before harvesting. There was no trend in the resulis indica-
ting & superiority of any one form of limingy material over that of another

in its inflvence upon crop yields,

A Sugpested Lime Recommendation Method

A rapld and reasonably accurate method ol making lime recommend-
ations can be vased on pH measurements 1if agreement vetween the relation-
shin of oH to percentage hydrogen-saturation can be shown for the soils of
the state. "izure 10 is a yraph of pH values plotted against the corres-
ponding percentage hydrogen-saturation as determined for the nine soils in
this study. In order to check the agreement of this relationship lurther,
pY values and exchanpgeable hydrogen data ol another project were included
for 24 important soils of the state. ifour of these soils were from farms
used in this present liminy investipation. PFigure 11 gives this data, and
Table L3 shows the location and soil types presented by #i,ure 1l. It
should be emphasized that this data w»as obtained from an independent re-
search project and the analyses presented were performed by different
workers, 7he sc¢ils studied were of statewide locations, iving a sood
seneral picture of iaryland soils,

Plerre and Scarseth have shown that there was general a reepment
between the pH value of & .iven soil and its corresponding percentace base
saturation. It was felt that this relationship might hold in veneral for
the majority of the solls in Maryland. Figare 10 sihows that general
agreement of pi value versus the corresponding percentage hydrogen satur-
ation does hold for the nine soils studied. Application of the data of
Thomas, et al. (57) and Thomas and winant {58) further substantiates this
general agreement of ;i versus percentaze hydrogen saturation for 24

Yaryland solls investigzated. 7Thus {rom this relationship one could predict
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Fizure 10

Relation Between pH and the Percentagze 'ydrogen-Saturation
of Yine Maryland Soils

7.0
6.5
6.0 |~
pH
Value
5.5
5.0 |
1 i L ) { | vl
10 20 30 Lo 50 60

Percentage Hydrogen-S:turation of Exchange Capacity
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Floure 11

Relation Retween pH and the Percentage Ilydrogen~Szturation of Soils From
Thirty-four locatlons, Involving Twenty-four Meryland Soils Tvoes

Vﬁlue

-

i 1

A I
10 20 30 Lo 50 60

Percentage Hydrozen-Saturstion of Exchenge Capacity



TABLE L3

The State-wide Uistribution of t:e Soil Types hose Analyses are “resented in

LOUATION SOIL OXro
TOwH COUNTY

Salisbury wicomico Watawan sandy loam
Chestertown Kent fassafras silt loam
Chestertown Eent futlertown silt loam
Chestertown Kent Sassalras silt loam
Hayerstown e#ashington Hagerstown silt loan
Harerstown «ashington Ymory silt loam
Boonsovoro sagnington Duffield s8ilt loan
Delhkir Harford Chester loam
BelAir Harf{ord Glenel: loam
Soarks Baltimoere 3lenville loam
Sparks Baltimore Hanor loam
tanchester Carroll Yanor zravelly loam
Centerville {ueen Anne Butlertown silt loan
Churcnville ffarford wlenelz loam
Churchville Hariord Chester loan
Churchville Harlord Neshaminy silt loam
Ridyely {Caroline Fallsington sandy loam
Hidgely {aroline Ilkton loam
Lidgely taroline Cassafras sandy loam
Frederick Frederick Inffield silt loam
Frederick *rederick Hagerstown stoney locam
frederick Frederick wiltshire silt loam
Frederick Frederick Duffield silt loam
¥t. Alry {arroll Hanor slate loam
Nte Siry Carroll ulenely loam
farnestomn Hontomery Glenelg loam
Darnestown Hontgomery ¥anor loam
SHparks Baltimore Hanor loam
Sparks Baitimore ulenelz loan
Colesville Hontgomery Flioak loanm
Jarretsville Harford Jlenely loam
tye ills ueen Anne Gelts 8ilt loam
Princess Anne Somerget ¥attapex s8ilt loam
Hurtonsville Wontgomery Tlioak loam




the percentage hyurogen saturation of Lhe exchance complex from the . value,

A rapid estimetion of lime requirements is proposed {rom this re-
lationshin which is applicabtle to the soils studied. #ipure 12 is a general
sraph of pH plotted acainst the percentace hydrogen saturation as drawn for
the soils used in both this project and the research of Thomas, et al. Mow
with only & pH neasurement and this graph, the approximate percentare of
hydrogen saturation of a aryland soil can ‘e determined, Thus, if the total
exchanze capacity of a soil is known then the anount of exchan eable hydrogen
can be easily determined from a multiplication of ithe percenta;e hydrogen
saturation oty the total exchane capacity. This total exchanyge capacity can
e estimated accurately enocugh by an experienced worker who is familiar with
ihe arylend soils, Since lime recommendations are always ~iven in very
ceneral terms, this estimution of the total exchanse ca acity should not
introduce an efiective error. Once the amount of exchan.eable hydrogen is
known, it is simple to determine the quantity of lime material necessary to
reduce this exchan eable-hydrogen to that which is present at the desired
nil value,

As an example a Chester silt loam, which has an exchange capacity
of 10 milliegquivalents, might be taken. If its 54 value is 6.9, rirure 12
would indiecate that 2?0 percent of its exchange capacity, or (307 x 10 meo.=
7.0 mee4), is saturated with hydrogen, At a desired pi of 6.5, Figure 12
indicates that 15 percent, or 1.5 m.e., of toe exchange capacity is satur-
ated with hydrogen. 71his means enough lime rust be added to replace 1.5
milliequivalents of hydrosen (3.0 m.€e = 1.5 me0. & 1.5 m.0.) to raise
the soil pH from a value of .0 to £,5. Table L9 shows that approximately
two milliequivalents of the liming materials used in this oxperiment were

requirsd to replace one milliequivalent of exchangeable hydrozen on the
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Pigure 12

A General Plot of pH Againet Percentage Hydrogen-Saturation
Apnliceble to Maryland Solls

7.0r
6.5
6.0
pH
Value
5.51T
5.0
1 1 1 1 L 1
10 20 30 Lo 50 60

Percentage Hydrogen-Saturation of Exchange Capacity



Fstimated Williequivalents of Limin.: ‘aterials .equired to henlace 1 Hilliequivalanet of Fxchangeable Hydropgen
for ~ome Acid Waryland 3-ils

Limestone

|

Burnt Lime

dydrated Time

I 4.5, Adued vor

Hel o H Eﬁep laced

iere Burnt

T.E, H Feplaced

LS
Heble

H =nlaced

iieplace m.e, H

Seil Types Lombined Limee | bv This Lime- |lime Added | by Burnt Linme Lime Added by Hydrated
C stone Troatwment | stone Lime

Yatawan Sandy Loam ! 3443 174 1.21 033 1.21 0,87
{Salisbury)
Hatawan Sandy Loam 1.71 0.33 1.71 0.57 5456 1.67
. (Gordova)
“assarras 5ilt Loan 2.2} 1.07 2.2 1.52 2.2L 1.26
Yonmouth }-mmy Sand 5 ‘SS 2-2}. ?'9-;4 10&9 2-93« 107?
Chester 511t Loam .00 3.39 9.10 5400 1046 9430
Tatimated m.€. .
timin: Material 1o 1.99 1.00 1.9¢ 1.00 1.60 1,00

R

eneral overall estimate for all limins materials necessary to repnlace 1.0 n.s. of exchanceable
hydrogen s 2.0 nee.
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exchanse complex of the acid solils studied, Therefore, if ground limestone
is used on this Chester 811t loam then three milliequivalents of the lime-
stone should be applied, i.e., 1.5 m.e. of exchangeable hydrogen Lo be re-
placed multiplied by the 2 m.e, of limestone that is needed to replace each
m.e., 0 exchanseable hydrogen (1.5 m.e. X 2 » 3.0 m.,e.). Since one milli-
equivalent of limestone per one acre is equivalent to 1000 npounds this soil
would require 3000 pounds per acre, (3.0 m.e. x 1000 1lbs. = 3000 1lbs.)

tne milliequivalent of burnt lime is equivalent to 560 nounds mer acre so
that 1680 nounds are needed for this soil and since one milliequivalent of
hydrated lime is equivalent to 7L0 pounds per acre then 2220 oounds of

liming naterial are required.



DISCUCRICOT

This investigation has shown that all the lime treatments employed
inereased the soil pH simiticantly avove the pH value of the untreated plots.
ilowever, in general, there were only a few diilerences shown between the
various lime materials in their influence on soll pH, exchanieable cations,
or crop yielda., Host of these differences when thay did occur, were small
arnd probably of 1little practical agronomic importance. The hydrated line
treatments, althouh they were not similicantly differeni from other lime
treatments in all uses, showed a trend of greater inflnence on soill pil
and exchanseable cations than the limestone forms. Ihe reason for this
trend of the hydrated form is probably twofold: the hydrated lire was more
soluble than the carbonate form and iis extremely {ine state of division
waz thousht to give it a larger effective surface area,

Since thess results have shown such small di{ferences between
the different yrades of limestones used, it is indicated that it mizht
not always be necessary vo grind limestone too fine. If a limesitone which
is ground to pass a LO-mesh sieve containe enocugh fine material to ~ive
anrroximately the same lmmediate soll oH effect as that which is aound
to pass a 100-mesh slieve, then this coarser material might be superior
since it is thou:shl to persist in the soil over & longer period., fiince
the limestones used in ihis experiment were not from the same source it
is possibles that there was a difference in the solubility of these
materials. 7The results sugsest thet further experimentsl work should be
conduected on the influence of ¢ifferentielly ;round linestones on soils,

Since only saall differences were shown between the various
lime materials in thelir elfect on the soll and crops, tiese results in-

Cicate that the prime consideration of a farmer in choosing a liming
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maborial should e the cost. 1The Tarmers in sections for-removed ifrom
netural szoarces of lime are highly alfected by transportation rates, thus
making it economically feasible in such sections te use the hydrated or
bural lorms of lime, However,; when lime m&terials are apnlied for céaps
demanding & high pH value and quick resulis are <esired then hydraied
lime would probably bLe the most ideal for this quick effect.

2

A study of the pH values and the exchangeable hydrogen fisures

indicates that much wmore liming malerial was nseded taan tiie amowmnt .l
culated by the lime requirement method employed. This was becauss the
exact equivalents of calcium and masnesium were added to saturate the
exchane complex by 80 or 140 percent and this calculated amount was on
the Lasis of complete solibility and 100f absoration by the clav sariicles,
Since the solublility of all lime materials is comparatively slow, they
did not zo into solution rapidly enouch te affect the calculated change
cver the period of time studied,

The new lime recommendation method which is proposed includes
an empirical factor which should bring the pH value up to any desired
level, The chief advanta;e of this proposed method i that it is rapid,
accurate, and suitable to the soll testing laboratory. It requires
only a pH determination and twe very short and simple caleculations. The
nll measuremant can be ade on small amounts of 801l ad no chenmicals
or laboratory equipment other than a standard pil meter are necessary.
This method would function for the majorlity of the soils of the siate,
However, a ew solls which have an unusually high organic wmatter content
or a widely different type of mineral compogition probably would not have
the same pi=percentage hydrogen saturation relatlonship presented in Fijure

12. The estimetes of total exchance eapacity of a2 soll and anmouni of lime



to replace one milliequivalont o7 exchan teable hydrogen are approximute
values. ‘iowever, reasonably accwaie results would be exnected lor
estimatineg lime requiremenis of taryland gnils., It is believed that this
firla calibrated method is superior to the more general fi-ures ussed in

Haryland and many states,

iy

~3
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Lining investigations were conducted on nine important ilaryland
soils. fine liming waterials exanined were limestone, burnt liae, and
liwrated lime, In turn, the limestone was added in three dirferent states
off division, a ¢oarse, medium; and fine ground limestone, The nine scils
chosen for this experiment were leocated in srominent agricuitural sreas
tiroughout the state and represent diversified soil comiitions.,

The peveral conclusions resacned for all soils studied in this
experiment can ve briefly stated as {ollows:

1. The pH value of suriace soll was significantly increased by &ll add-
itions of lime materials.

2. he hydrated form of lime guave the greatest elfect on the soil reaction,
iho different grades ol fineness of limestone in the hesvier applications
used in this investigalion did not zive signiiicant diiferences to soil pil.
However, there was & significant increase in pH values of scils {reated

with 1light applications of fine limesione when compared with solls itreated
with coarse and medium limestones.

3. &n increase in ithe quantity of liming material added to the soil produced
& larger lncrease in soil pH,

Le ine createst chanze in soil reaction occurred durin . the first two to
four months alter treabtment.

Ce Liming resulted in a cecrease o. exchan sable hydrogen in the soils treated
with both 1ight and heavy applications of lime when compared witis untreated
plots. (nly slight differences were founa between the various liming
materials used in this experiment in their ability to reduce exchan eable
hydrogen in the soll when these materials were added in chemically equivalent

az.ounts.,.
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Aowever, the solls treated with Lydrated and burnt lime seened o ive
the [reatesi deereases in exchan eable hydrosen.

. The data Indicated that approximately two millisquivalents of the
liming materials used were required 4o replace one millienquivalent of
exchanseable hydrogen,

Te Soils dreated withi heavy apoplications of lime showed 8 simificant in-
rease Ln oxchan ceagble calcium above the valucs of the untreated soil,

e Tlelther erchan_eable potassiun nor exchan ecable ma mesiunm was 2imif-
lcantly changed by the liming trealments.

7e¢ <ne Gata for all the soll types showed no significant chanie in eX-
wn eavle mananese with the liming treataents employed. However, the

vattapex sllt loam, Sassafras silt loam, ¥onmouth loamy sand, and Cheegter
silt loaxn seemed to decrease in exchangeable manganese upon liming,

10. 7The ability of the limestones, btumt lime, and hydrated lime to
persist in the soils over a three-year period was relatively conetant

as indicgzted by 1little or no chanse of pi and exchanceable cations. The
nope soluble hydrated lime persisted in the soil as well as the nore
inscluble limestones over the three yvear period,

1l. there was some downwa:d movement of the limin- naterials as indicated
v e pH values of the subsoll,

4

12. he hey yields o

by

this experirment cre cenerally inereased by liming.

»

dJovever, neo indivi

3

1al line mnterial save a precliable inereases over the
other materials, o generally Inereased ylelds were observed for wheat or
can.,

13. & direct relationship between the pH and percentage hydrosen saturation
was shown to exist for a lar;e ~roun of Haryland soils,

”

Yy ouse of this p¥ and ercontace hydrogen saturation relastionship, a

l-}-r . =

rapid and an improved method of eosti the lime needs of ¥aryland soils
P41

was proposed.
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