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Interior View of the Lysimeter Installation at the Tennessee Station




THE CONSERVATION OF CALCIUM AND MAGNESIUM FROM
INPUTS OF BURNT LIME, LIMESTONE, DOLOMITE,
AND DICALCIUM SILICATE, AS INFLUENCED BY
RATE AND FREQUENCY OF LIMING AND
BY ZONE OF INCORPORATION.

A Twenty-Year Lysimeter Experiment on Two Soil
Types, at the Tennessee and Virginia
Experiment Stations.

By
W. M. SHAW and W. H. MacINTIRE
of the Tennessee Station
and
H. H. HILL
of the Virginia Station

INTRODUCTION

Both natural weathering processes and crop production effect
continual depletion of the caleium content of soils in the humid re-
gions of the United States. After its calcium has been depleted to
certain levels, the soil becomes acidic, or “sour,” and cannot support
the growth of ordinary crops. Liming was introduced to correct soil
acidity and to supply nutrient calcium, and is deemed an essential
factor in a program for greater farm prosperity.

The widespread practice of liming has resulted in problems that
have been studied through experimentation in laboratory, lysi-
meter, and greenhouse, and in the field. Although the beneficial
effects of liming have been widely recognized, some injurious ef-
fects upon crop growth due to liming have been observed (30).

Among the problems awaiting solution are: (a) The rate at
which limestone should be incorporated in relation to pH value and
type of soil; (b) the depth to which limestone should be incorpor-
ated in the soil; (c¢) the fineness of ground limestone, or of dolo-
mite, that is most economical; (d) the liming effectiveness of in-
dustrial byproduct calcium silicate slags in comparison with ground
limestone; and (e) the effect of calcium upon the availabilities of
other nutrient elements.

Some of these problems have been dealt with through pot cul-
tures under controlled temperature and moisture conditions in the
greenhouse and also through cropping systems under field condi-
tions. Certain problems, however, call for an accounting of the fate
of a particular input and of its effects upon cation and anion fix-
ation, and upon release from the soil complex to the solution phase
of the soil system. Outdoor lysimeters make the securing of such
information possible, since the incorporated materials are exposed
to natural weather conditions and react with the soil as they would
in the field, but without mechanical loss through erosion and inde-
terminate drainage, and without variance in crop uptake. The rain-
water leachings serve to register outgo of the essential nutrient
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elements, and the soil is available for future sampling and examin-
ation to establish the extent of transformation and translocation
of an incorporated element, or other changes which may be effected
in the soil’s composition.

The lysimeter experiments, supplemented by chemical studies,
have been used extensively at the Tennessee Agricultural Experi-
ment Station for nearly forty years. The earlier investigations
dealt with the specific activities of various calcic, magnesic, and
dolomitic materials, liming value of calcium silicate versus calcium
carbonate, the carbonatation of oxide and hydroxide of calcium,
and the effects of calcic and magnesic carbonates and oxides upon
“reciprocal repression,” upon potassium fixation, and upon sulfo-
fication. More recently the studies have dealt with the outgo of
phosphorus and of fluorine, from inputs of various carriers of those
elements.

EXPERIMENTAL

The 20-year experiment was inaugurated simultaneously at the
Tennessee and Virginia Stations in the summer of 1924, and the
findings obtained during the initial 8 years were reported (28).
Each lysimeter contained 100 pounds of soil, moisture-free basis.
The present contribution embodies the results of the 20-year dura-
tion to afford a complete picture of the experimental data for the
over-all period.

Objectives.—The objectives of the present experiment were to
determine the conservation of the calcium and magnesium and other
nutrient elements as affected by the following variables:

(a) Specific behaviors of burnt lime, limestone, dolomite, and
dicalcium silicate, when equivalent amounts of the 4 materials were
incorporated at economic rates and under the various conditions.

(b) Frequency of liming incorporation: a single input for a 4-
year period versus 4 annual quarter inputs.

(¢) Mode of incorporation: Input mixed through the full depth
of 6-2/3 inches of soil versus a corresponding input in the upper 1/3
zone.

(d) Frequency of liming incorporation, extended. Comparison
as in (b), except for repetition during a second 4-year period.

Soils.—The Tennessee soil was a brown Cumberland clay loam
and had a relatively low content of bases. It was moderately fertile,
well adapted to general farm crops, and also to alfalfa after being
limed. It was derived chiefly in situ from dolomite, and partly from
an old alluvial deposit. For more than 30 years it had been in blue-
grass sod, which was skimmed off before the required bulk of soil
was taken.

The Virginia soil has been described as a gray-black Onslow
fine sandy loam, slightly heavier than the Norfolk series, not so




TasLe 1—Chemical analyses of the Cumberland clay loam and Onslow fine sandy loam, at Knoxville, Tenn., and at Blacksburg,
Va., respectively.

pH Acid-soluble Exchangeable eations Degree
in 1:6 Totals per 100 grams® per 100 grams? of
Soil Exchange | unsat-
Aqueous capacity | uration
suspension Nitrogen Sulfur | Carbonate Ca Mg K Ca ' Mg | K ’ H?
CO:
Percent Percent Percent M.e. M.e. M.e. M.e. M.e. M.e. M.e. M.e.
Tennessee 6.4 14 .049 .020 4.68 12.56 3.94 3.60 1.12 0.48 4.60 9.8 0.48
Virginia 6.2 057 .028 .003 1.46 1.52 0.52 1.16 0.14 | 0.12 3,98 5.4 0.74
1 By digestion in HCI], 1.115 sp. gr.

2 By neutral normal ammonium acetate extraction.
3 By difference between exchange capacity and cation content.

TABLE 2—Analyses of the liming materials used, and proportions of calcium and magnesium, in terms of CaCOs.

Liming Unit input per
material Content Relative content 2,000,000 pounds of soil
Ca Mg Ca-+Mg Ca Mg Ca ! Mg l Ca+Mg
Percent Percent Percent Percent Percent Pounds Pounds Pounds
Burnt lime 93.8 2. 95.9 97.8 2.2 3491 79 3570
Limestone.__ - 92.5 4.5 97.0 95.4 4.6 3406 164 3570
Dolomite .. S 49.9 46.0 95.9 52.0 48.0 1856 1714 3570
Dicalcium silicate. — 1.4 6.2 83.6 92.6 7.4 3306 264 3570

WAISEANDVIN ANV WAIDIVO J0 N(_)H‘VA}IEISNOD
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fertile nor so well drained, and responds to heavy applications of
complete fertilizers (3). The analyses of the 2 soils are given in
table 1.

Liming Materials.—The 4 liming materials were of 100-mesh
fineness, and the amounts incorporated were equivalent in neutrali-
zation value. The unit rate for a 4-year period was 2,000 pounds of
CaO, or 3570 pounds of CaCO; per 2,000,000 pounds of soil, and
every fractional annual incorporation was made at 1/4 of that rate.
The dicalcium silicate, a byproduct obtained from the Electric
Smelting and Aluminum Company of Sewarren, New Jersey, was
leached in the laboratory to remove soluble salts. Neutralization
values and calcium and magnesium contents of the liming materials
are expressed as percentages and as pounds of input per 2,000,000
pounds of soil and are given in table 2. All the charges of liming
materials prescribed for incorporation during the first 8 years were
weighed and bottled in duplicate for the two Stations at the begin-
ning of the experiment.

Lysimeter Installations.—The lysimeters were made of 14
gauge ingot iron, which had received 2 coats of asphalt paint. They
were 12 inches deep, 1,/20,000 acre in area. Their bottoms were con- -
cave, and drainage waters passed to receptacles through 5/8-inch
block-tin tubing. A 2-inch layer of No. 7 ground quartz served as
filter bed for the overlying soils, and the soil zones were demarcated
by means of asphaltum-coated circular disks of galvanized-iron
wire cloth.

Method of Incorporation.—The over-all bulk of soil was passed
through a 4-mesh wire screen and mixed by turning the pile over
6 times. Moisture content was determined overnight while the soil
was kept tightly covered with a heavy canvas. In the full-depth
liming, each 100-pound charge of soil, moisture-free basis, was
spread evenly in a large galvanized-iron mixing box; the liming
material was distributed uniformly over the soil’s surface and mixed
into the soil locally, and the entire charge was turned six times.
Each charge then was put into a lysimeter in 1/5 to 1/4 fractions,
successively, and each fraction was spread evenly and tamped. In
restricting an incorporation to the upper zone, 2/3 of the charge of
soil was placed in the lysimeter, as described for the full charge,
and the liming material was mixed into the other third of the soil.

Chemical Analyses.—The rainwater leachings were collected 3
to 5 times annually, as governed by periodicity of rainfall and re-
sultant percolation volumes and analyzed for the outgo of nitrate
nitrogen, bicarbonate alkalinity, and pH value. The annual com-
posites of the leaching collections of each lysimeter were analyzed
for contents of Ca, Mg, K, and SO,. The NO. was determined by the
phenoldisulfonic acid procedure and read on electrophotometer
against standard curve. The other determinations were made in ac-
cordance with the proccdures given by the Association of Official
Agricultural Chemists (1).
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EXPERIMENTAL OUTLINE

The experimental variables were represented by 7 series, desig-

. nated from A to G, each of which comprised the constant order of

burnt lime, limestone, dolomite, and dicalcium silicate, with treat-
ment as follows:

Series A: The full unit inputs of 3570 pounds of CaCO; were
incorporated full-depth in August 1924, and left undisturbed until
August 1928. The entire charge of soil then was removed, and
without reliming, was given the same treatment as that required
for the reliming of series B and C. Hence, this series was identical
with series B and C for the first 4 years, and, except for no repeti-
tion of liming, identical with series B thereafter.

Series B: The full unit inputs of 1924 were repeated in 1928,
without subsequent disturbance. This series, therefore, was identi-
cal with both series A and series C for the first 4 years, and identi-
cal also with series A thereafter, except for the stipulated repeti-
tion of the full limings.

Series C: Was parallel with series A and B for the first 4 years,
after which it received 4 annual quarter-additions in full depth, and
g0 differed from series A and B in aeration incident to the inmixing
of the last 8 incorporations that were made during the second 4-
year period.

Series D: Received 4 quarter-unit inputs, one being mixed
throughout the soil initiallv and one at the beginning of each year
of the next 3-year period. During the next 4 years, the soil of this
seri_es ]\gas removed and mixed annually as was prescribed for
series E. '

Series E: Identical with series D for the first 4 years, but re-
ceived a quarter-unit input annually during the second 4 years.

Series F: Received single full inputs, which were mixed
throughout the upper third of the soil, without further inputs and
without aeration during the second 4-year period. The upper and
lower zones were removed and mixed separately each year during
the first 4-year period to parallel the manipulation given series G
and also that of series D and E for that period.

Series G: Received the liming materials only into the upper
third of the soil. The totals of the inputs during the initial 4 years
were the same as the single initial additions in series F, but the in-
puts to series G were divided into 4 equal annual additions, without
subsequent disturbance, as in the case of series F.

Controls: Controls were arforded to correspond to the manipu-
lations given for single treatments and repetitions.  Rainwaters
were collected in blank lysimeters identical in dimension with those
containing the soils.



10 BULLETIN NO. 212
PRESENTATION OF RESULTS

The results that have most direct bearing upon the main ob-
jectives of this experiment are those that pertain to the outgo of
Ca and Mg in the rainwater leachings. The total outgo, however,
is due jointly to the incorporated liming material, the rain incre-
ments, and the Ca and Mg of the native supplies in the soil.

To ascertain the effects of an incorporated liming material, it
is necessary that the determined outgo be corrected through the
subtraction of corresponding outgo from the unlimed control. This
procedure is predicated upon the assumption that outgo from the
control is a constant and that any enhancement in outgo is derived
from the incorporated material. In some cases, however, the vari-
ously limed soil may release less of caleium or magnesium or potas-
sium than the quantity of the corresponding element released by
the unlimed soil. Hence, the proportion of additive calcium and
magnesium actually derived from a particular input is indetermin-
ate and could be arrived at exactly in no other wav than through
the use of radioactive calcium as the additive materials. At present,
however, it is important to recognize the fact that the untreated
soils undergo gradual changes as a result of long-time exposure to
rainwater leachings, and to determine the removal of bases and
biochemical end products in the rainwater leachings from the un-
treated soils over the experimental period. Since the rainwaters
carry variable quantities of solutes (15), the outgo from the un-
treated soil cannot be credited =olelv to the soil. To determine the
“net loss” of certain elements from an unlimed control, therefore,
it is necessary to apply corrections for the increments carried into
the soil by rainwaters. The data on the outgo of Ca. Mg, K, NO,
and SO, are presented in relation to the following aspects:

(a) Total 20-year outgo of Ca and Mg as influenced by the ex-
perimental variables, type of liming material, input rate, and zone
of incorporation.

(b) The net outgo of the components; that is, through correc-
tion for corresponding outgo from the control soil, in relation to ex-
perimental variables.

(c) The comparative speed of outgo of Ca and Mg and other
components during the course of the experiment, as affected by
experimental variables.

(d) The relative rates of outgo of Ca and Mg from dolomited
soils.

(e) The status of each limed and unlimed soil as to the com-
puted content of the various components after 20 vears, in relation
to the original status.

(f) The rate of depletion of Ca and Mg in unlimed, limestoned,
and dolomited soils, with special reference to influence of input
upon degree of saturation of those elements in the =o0il at different
periods.
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(g) The proportion of various anions responsible for the total
. outgo of cations.

(h) Cation interrelationships in the lysimeter results; that is,
the reciprocal effects of Ca upon Mg, Mg upon Ca, and their effects
singly and jointly upon outgo of K, with special reference to the
. constancy of the Mg/Ca ratio upon the basis of the supply of those
elements in the soil.

(i) Correlation of the lysimeter findings and present-day con-
cepts of cation interchange.

? A detailed tabulation of annual analyses in itself would prove
too cumbersome for a rational presentation and discussion of trends.
Pertinent data are presented, therefore, for quadrennial periods as
= well ag in 20-year totals, so that trends can be observed through
. the changes with progress of the experiment. Presentation of all
. the data solely through quadrennial averages, however, would ob-
seure important relationships that could be observed only from an
examination of the annual results. For example, during the year
following lime incorporation the outgo of Ca+Mg possesses certain
characteristics that would be blunted when presented as average,
inclusive of losses through leachings during the succeeding years.
Fluctuations in annual outgo due to rainfall totals and periodicity
and other variables are of additional interest. It was believed
to be desirable, therefore, to incorporate all annual data in
the form of an appendix, which will serve as a source for any de-
sired computations or graphic presentation of results. To dis-
tinguish these data from those used in the text, the tables in the
appendix are designated by Roman numerals, whereas the tables
that embody the partly summarized and presently used data carry
Arabic numerals. To facilitate ready visual observation of trends
and significant periodic variations, selected annual data are pre-
sented also by means of charts.

Terminology.—“Outgo” connotes the quantity of a given ele-
ment or its equivalent carried in rainwater leaching, whereas “net
outgo” connotes the outgo of a component after this value has
‘lzeen corrected for the corresponding outgo from the untreated soil.
Net ga}n” or “net loss” of a particular element is used to register
final gain or final diminution respectivelv, after dve consideration
of the combined effects of rainwater increments and specific inputs
and outgo in relation to original content of that particular element
in the soil. Losses of Ca and Mg, separately and jointly, are ex-

&Egzszg;;qegefrms of CaCO. per 2,000,000 pounds of soil, unless other-

; RAINFALL AND PERCOLATION VOLUM
PRCOL ES AT
g KNOXVILLE AND AT BLACKSBURG

Total rainfall and its iodici i

. t ' periodicity are important factors in -
sigzat;?;l Qoif elgrs_lmtetgf otf’cgo(.i IAnnual precipitations, as r:irclzogr
snow, are given in tables I and II, and quadrennial sur’n i

given in table 3. Annual average for 20-year rainfall atmIa{;loe;V:il]Il'ee




TAaBLE 3—Quadrennial summary of rainfall and percolation volumes from the variously limed Cumberland clay loam at
Knoxville, and Onslow fine sandy loam at Blacksburg,

Percolation volumes in kilograms per lysimeter and in percentage of rainfall

Experimental From Cumberland soil by periods in years From Onslow soil by periods in years
series Designated \ i l I ] ’ I

values - - 1-4 5-8 9-12 “ 13-16 | 17-20 | 1-20 1-4 | 5-8 9-12 | 13-16 | 17-20 | 1-20
Period average.. e e 489.2 | 509.0 | 575.8 | 499.2 | 424.1 | 2497 274.3 | 334.5 | 387.2 | 366.1 | 319.4 | 1672

A Percent of rainfall . .. . 48.3 58.0 57.1 | 49.6 48.7 52.2 39.6 51.8 49.2 62.6 50.5 | 50.3
Period average 487.0 a 529.5 | 588.6 | 506.2 J 422.9 | 2529 271.6 | 336.9 | 378.4 | 371.7 | 325.0 | 1684

B Percent of rainfall _ e 48.1 60.4 58.3 50.3 48.6 | 52.9 39.4 | 52.2 | 49.2 63.6 | 51.3 50.7
Period average.. 482.5 \ 489.8 | 544.6 | 458.0 | 390.1 | 2365 263.8 \ 335.8 | 378.9 | 377.5 ’ 331.6 | 1698

C Percent of rainfall . . 47.7 55.8 54.0 45.4 | 44.9 | 494 39.7 52.0 | 49.3 64.5 52.5 51.1
Period average. .. 481.5 | 539.2 | 571.9 | 481.3 ? 403.8 | 2478 277.5 | 336.1 | 380.5 | 372.0 | 324.9 | 1691

D Percent of rainfall ... ... 47.6 61.5 56.7 47.8 46.4 51.8 40.2 52.1 } 49.5 63.6 51.3 51.1
Period average. 476.9 | 542.7 | 596.7 | 488.0 l 415.0 | 2519 268.3 | 331.0 | 368.3 ! 357.3 | 312.8 | 1638

E Percent of rainfall . 47.1 61.8 59.1 48.5 47.7 52.6 38.9 51.3 47.8-| 61.1 49.5 49.3
Period average. . 483.4 | 530.2 | 582.9 | 510.9 | 426.6 4 2534 262.8 | 328.7 | 366.1 | 344.7 | 291.6 | 1594

F Percent of rainfall ... ... . 47.8 51.9 57.8 50.7 49.1 53.0 38.1 51.0 47.6 58.9 46.1 | 480
Period average . s 476.1 | 519.1 | 575.7 | 498.8 l 419.5 | 2489 257.2 | 230.6 | 362.2 | 347.3 | 289.4 | 1587

G Percent of rainfall 47.0 59.2 57.1 49.5 48.2 52.0 37.3 51.3 | 47.1 59.4 45.6 47.8
Controls Period average.... 479.8 | 487.1 | 548.4 | 430.0 | 402.3 | 2348 275.4 | 325.9 H 366.5 a 366.5 | 316.1 | 1650

Percent of rainfall ... ... 47.4 55.5 54.3 42.7 46.3 49.1 39.9 | 50.5 47.6 62.7 49.9 | 49.7
Rainwater Period total.. .. g 1012 881 1009 1007 872 4781 690.9 | 644.5 | 771.8 | 584.7 | 631_.7 | 3324

Rainfall Period total (inches) ... 197.1 | 171.8 | 218,83 | 203.2 | 179.1 | 964.5 135.3 | 125.4 | 159.0 | 160.7 | 147.2 | 1727.6
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TasLE 4—Quadrennial summary of outgo of

calcium from the

Onslow fine sandy loam at Blacksburg.

l

variously limed Cumberland clay loam at Knoxville, and

Pounds of CaCO3-equivalence per 2,000,000 pounds of soil

From Cumberland soil by periods in years

From Omnslow soil by periods in years

Experimental Liming \
series material 1 ‘ | ‘ l \ i
| 1-4 5-8 9-12 13-16 | 17-20 ] 1-20 1-4 \ 5-8 9-12 13-16 | 17-20 | 1-20
[ _ -4 | 99 | ¥R-s L T 3-16 | 17-20 | 1-20 | 1-3 | °°% L Tr-o o o——eoT
Burnt lime . 2441 | 1326 | 963 645 750 | 6125 935 982 337 635 532 | 3921
Limestone .. 2519 | 1239 [ 950 686 671 | 6065 986 899 727 570 451 | 3633
A Dolomite ... 1865 | 972 | 776 595 621 | 4829 522 627 596 | 438 394 | 2582
Dica-silicate 2994 | 12141 918 | 695 628 | 5749 594 903 722 499 460 | 3178
| Dicasilieate oo =01
Burnt lime. 2425 | 2200 | 1195 915 | 820 | 7566 826 | 1609 | 1217 846 695 | 5193
Limestone 2622 | 2068 ; 1215 898 839 ' 7644 910 | 1568 | 1539 843 697 ! 5562
B Dolomite . 1795 | 1368 883 697 602 | 5345 617 578 860 461 400 | 3045
Dica-silicate.. - 2241 i 2002 1077 922 681 | 6923 597 | 1488 | 1320 809 626 | 4840
- —_— :
2531 | 1844 | 1436 1844 | 1436 | 921 | 916 | 7648 354 | 1095 | 1748 884 | 692 5273
2522 | 1821 | 1391 930 835 | 7499 827 | 1008 | 1665 905 696 | 5101
C Dolomite... 1823 | 1323 983 639 645 | 5413 512 659 | 1061 462 456 | 3150
Dica-silicate 2376 | 1683 ;| 1321 906 770 | 7056 625 | 1002 | 1296 853 621 | 4397
| DicarsINCAIe o e o845 |
Burnt lime 2845 | 1371 902 709 708 | 6036 806 \ 960 803 645 602 | 3816
Limestone.. 2380 | 1297 937 650 655 | 5919 763 803 769 651 6549 | 35635
D Dolomite . 1919 947 718 523 543 | 4650 479 \ 520 504 530 514 2547
Dica-silicate . 2269 1262 845 636 632 | 5644 583 , 849 654 617 553 3256
Burnt lime 2293 | 1971 | 1369 996 910 | 7639 729 \ 1212 | 1228 967 812 | 4948
Limestone . 2370 | 1882 | 1539 | 1147 867 | 7805 844 : 1085 | 1137 383 72 | 4721
E Dolomite 1890 1215 978 616 631 | 5330 485 725 591 532 551 2884
Dica-silicats 2238 1738 1318 880 856 \ 7030 548 1070 1084 | 902 766 | 4370
Burnt lime .. 2125 973 956 702 725 | 5481 784 | 772 ] 663 | 544 525 | 3288
Limestone 2104 1018 921 678 715 | 5434 724 773 614 510 512 3133
F Dolomite . 1837 755 677 525 565 \ 4359 487 431 363 | 276 318 | 1875
Dica-silicate 2030 924 876 590 713 | 5133 528 716 | 582 | 497 507 | 2830
Burnt lime 1867 989 967 759 809 | 5381 738 | 793 | 600 571 517 | 3219
Limestone 1860 979 937 734 757 | 5267 691 | 774 810 584 523 | 3382
G Dolomite .. 1705 772 654 538 569 | 4238 479 | 416 \ 436 472 505 | 2308
Dica-silicate 1850 | 1006 814 779 753 | 5179 520 | 7021 659 627 | 530 | 3047
Control None ... 1416 931 741 548 580 \ 4216 489 ‘ 604 » 493 314 262 | 2162
Control None - 1558 842 662 491 590 | 4145 443 556 | 374 263 237 | 1873
Rainwater S 417 | 481 ] 520 ] 499 | 536 | 2453 217 | 541 | 315 2161 303 [ 1392

WAISENDVIN ANV WAIDTVO d0 NOILVAYHISNOD
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was 48.23 inches, and at Blacksburg, 36.38 inches. The 3:4 ratio
for the Virginia:Tennessee rainfall is maintained throughout the
tabulations for the quadrennial periods. The average percolation
from the controls was nearly 50 percent of the 20-year rainfall on
the Tennessee and Virginia soils. Taken by 4-year periods, the
percentage percolation from the untreated Tennessee soil was in
range between 43 and 55 percent of the rainwaters, whereas the
corresponding range for the untreated Virginia soil was from 40 to
63 percent. The general tendency was for the percentage percolation
to be larger with increase in rainfall, although this tendency is af-
fected to a like extent by the periodicity of the rainfall. The effects
of fluctuations in annual rainfall upon nutrient outgo will be con-
sidered later. The variations of rate and method of incorporation of
the liming materials effected only slight increases in the percolation
volumes for the 2 soils.

INFLUENCE OF TYPE OF LIMING MATERIAL UPON OUTGO

Consideration of other variables would be simplified if it could
be shown that under the conditions of this experiment the differ-
ences between the outgo of Ca+Mg from burnt lime, limestone,
dolomite, and dicaleium silicate were not substantial. The effective-
ness of a limestone in supplying nutrient caleium and in neutraliza-
tion of soil acidity is governed by the speed of its dissolution, or
decomposition (86) and sequential adsorption of the base by the
soil complex. The outgo of calcium and magnesium through lysi-
meter leachings might serve as a measure of the rate of reactivity
of liming materials within the soil only where the materials were
of large particle size or of low rate of reactivity. Although the reac-
tivity of dolomite is less than that of calcic limestone, that differ-
ence is diminished when the 2 carbonate minerals are finer than 100-
mesh (19). Where the incorporations were in full depth of the soil
it may be assumed that all of the 4 liming materials underwent com-
plete reaction with the Cumberland clay loam and with the Onslow
fine sandy loam in the first year. The Ca+Mg outgo from incorpor-
ations of the 4 types of liming materials might then be taken as a
measure of the leachability of the bases, rather than reflecting the
dissolubilities of the incorporated materials. During the first 4
years, series A, B, and C represented triplicates of identical incor-
porations of the 4 liming materials. The results obtained for that
period afford an opportunity to compare both the relative leach-
abilities of the bases derived from the 4 types of liming materials
and to indicate the accuracy of the lysimeter data in general.

The data given in table 6 represent annual outgo of Ca+Mg
from a 3570-pound full-depth incorporation of the 4 liming
materials, annual averages for the triplicate series A, B, and C, and
4-year and 20-year averages for each material. Although the 4-year
averages represent leachings from identical treatments to which
deviations from averages may be applied, such deviations cannot
be applied to the 20-year results because each series of the A, B,
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of outgo of magnesium from the variously limed Cumberland clay loam at Knoxville, and

Onslow fine sandy loam at Blacksburg.

Pounds of CaCO3-equivalence per 2,000,000 pounds of soil

Experimental Liming From Cumberland soil by periods in years From Onslow soil by periods in years
series material ' ’ [
1-4 5-8 9-12 ‘ 13-16 | 17-20 1.20 1-4 5-8 9-12 13-16 | 17-20 | 1-20
S ——
Burnt lime __ 710 402 268 ~ 165 162 1707 200 213 291 162 147 1013
Limestone 704 398 261 179 160 1692 173 223 234 168 117 915
A Dolomite . 1497 708 468 ‘ 286 236 3194 533 595 588 324 171 2211
Dica-silieate . ... e 809 445 296 207 167 1924 191 239 332 157 144 1063
Burnt lime __ 704 352 | 225 | 172 140 | 1593 140 178 196 182 137 833
Limestone.... 707 349 222 § 171 145 1610 151 216 232 191 126 916
B Dolomite ... 1467 1206 726 455 347 4201 518 840 1084 539 327 3308
Dica-silicate ... 823 547 313 241 186 2110 159 334 366 222 150 1231
Burnt lime. 715 394 249 163 128 1639 162 187 248 186 144 927
Limestone 710 396 241 156 123 1626 176 194 262 216 129 9717
(o] Dolomite ... 1517 1096 806 484 395 4298 561 673 1222 600 367 3323
Dica-silica’ 842 502 342 228 183 2097 173 220 336 246 155 1130
Burnt lime. 808 376 | 243 167 143 1736 187 252 197 200 169 10056
Limestone 798 383 251 162 138 1732 168 213 223 181 136 921
D Dolomite .. 1395 766 477 308 250 3195 484 620 554 430 244 2332
Dica-silicate 886 468 281 212 171 2018 222 215 280 200 154 1071
Burnt lime . 838 418 238 148 126 1768 190 199 192 214 125 920
Limestone 786 410 270 186 111 1772 192 291 188 222 100 993
E Dolomite 1351 1073 822 470 400 4116 452 ., 755 852 660 424 | 3143
Dica-silicate 863 498 339 219 176 2095 190 | 230 | 344 227 161 | 1152
Burnt lime. 795 306 227 167 140 1635 192 | 168 213 150 117 840
Limestone 808 296 247 168 146 1665 155 199 256 151 123 884
F Dolomite .. 1204 587 500 335 274 2900 462 546 497 353 282 2140
Dica-silicate 834 345 274 190 174 1817 202 184 242 155 137 920
Burnt lime ___ 784 334 224 153 131 1626 198 189 193 149 114 843
Limestone __ 855 349 227 167 137 1725 181 183 187 177 177 843
G Dolomite _. 1026 823 b44 371 288 3052 415 578 | 491 451 225 2160
Dica-silicate 838 393 286 185 175 1877 187 255 | 290 [ 199 136 1066
Control None . 729 | 442 299 166 152 1788 177 189 [ 231 154 155 906
Control None . 735 | 439 268- 172 147 1761 150 194 230 134 128 836
Rainwater 342 1 150 | 172 144 105 | 913 125 | 138 ' 195 | 139 | 142 1 1739
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TaBLE 6—Effect of type of liming material upon outgo of Ca+Mg from triplicate lysimeter experiments, in pounds CaCOgz-

equivalence per 2,000,000 pounds of soil.

Successive annual periods

4-year total

20-year outgo

Experirpental Linéin_g . 1 [ 2 i 3
series matenia i Outgo Dev.! | Ouigo Dev. | Outgo Dev. Outgo Outgo Dev. Total | Net
CUMBERLAND CLAY LOAM, AT KNOXVILLE
A Burnt lime 703 + 9 1067 —B3 660 —22 721 3151 —24 7832
B 676 —18 1143 +23 656 —26 654 3129 —46 9158
C 702 + 8 1150 +-30 730 —+48 664 3246 +171 9187
Avg. 694 *12 1120 *35 682 +28 680 3175 +47 8711 | 27566
A Limestone L 836 +24 1058 —30 643 —34 686 3223 —38 7747
B o793 —19 1174 -+86 667 —10 695 3329 +68 9254
C | 806 — 6 1031 —57 720 443 675 3232 —29 9126
Avg. | 812 *16 1088 *+58 677 *29 685 3261 +45 8709
A Dolomite I 796 + 1 1149 —13 748 +46 669 3362 +41 8023
B I 787 — 8 1169 + 17 640 —62 666 3262 —bB9 9490
C . 802 +17 1168 + 6 719 +17 651 3340 +19 9711
Avg, 79 *5 1162 *9 702 +42 662 3321 +40 9076
A Dica-silicate 772 431 1007 —74 660 — 8 664 3103 —b9 7678
B o721 —20 1051 —30 610 —53 682 3064 —98 9033
C | 780 —11 1184 +103 718 +58 686 3318 4156 9253
Ave. |4 +21 1081 +69 663 *37 677 3162 *104 8658 2698
Control None i B06 + 3 763 —32 476 —15 400 —32 2145 —74 6004
Control 499 — 4 8217 +32 506 +15 461 +31 2293 +74 5906
Avg. 503 * 3 798 +32 491 *15 432 +31 2219 *74 5955
ONSLOW FINE SANDY LOAM, AT BLACKSBURG
- A Burnt lime 436 +68 171 +29 272 +1 256 —1 1135 +96 4933
B . 307 —61 132 —10 260 —11 267 —+10 966 —173 6026
C i 362 — 8 123 —19 282 +11 249 — 8 1016 —23 6311
Avg. | 368 =45 142 *19 271 * 8 257 * 6 1039 ~+64 5757 2871
A Limestone I 408 +18 201 +53 274 + 1 276 +14 1159 +85 4546
B 421 +31 121 —27 258 —15 261 — 3 1061 —13 6477
C 341 —49 121 —27 287 +14 254 —10 1003 —171 6081
Avg. 390 +33 148 +36 273 =*10 264 *9 1074 *+56 5701 2815
A Dolomite 350 —16 169 + 9 327 + 4 209 + 17 10565 + 4 4792
B 381 +15 142 —18 309 —14 193 -9 1025 —26 6353
C 367 1 169 9 332 + 9 205 + 3 1073 +22 6472
Avg. 366 *+10 160 *12 323 *9 202 + 6 1051 *17 5872 2986
A Dica-silicate 298 + 3 107 + 4 185 — 1 195 — 4 785 + 4 4239
B 276 —19 102 — 1 181 — b 197 — 2 756 —24 6172
(¢} 312 +17 99 — 4 193 + 7 204 + B 798 +18 5630
CAvg. 295 +13 108 *= 3 186 > 4 149 + 4 780 *19 5314 2428
ontrol None 232 —10 131 23 2 6
Sontral 2 In s 13 o X3 i 1% - 2706
Ave. 222 =+10 108 +22 186 = 5 165 * 2 630 =36 2886

Deviation from the mean.

9T
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CONSERVATION OF CALCIUM AND MAGNESIUM 17

and C group was handled differently after the 4th year. Neverthe-
less, the 20-year averages of series A, B, and C afford comparisons
of the 4 liming materials, since each average is derived from like
quantities and treatments. In a comparison of the effects induced
by the 4 types of liming material, it is convenient to use the lime-
stone as the basis, since that material is the one used most extens-
ively.

Findings for Cumberland Clay Loam.—According to the 4-year
results, the outgo of Ca-+Mg from the burnt lime was 86 pounds less
than that from the limestone, against 60 pounds more from the
dolomite, and 99 pounds less from the dicalcium silicate. The devia-
tions that affect the result were of the same order of magnitude,
except in case of the dicalcium silicate. It is not concluded that the
indicated significant difference of 86 pounds means that availability
of the Ca+Mg derived from the burnt lime is less than that of the
limestone. The indicated difference can be explained on the basis
of better distribution of the 100-mesh limestone, since the burnt
lime has a tendency to form small lumps in the soil.  Although
the greater outgo from the dolomite may not appear very signifi-
cant, it may be taken as true value because of the fact that the Mg
in the soil adsorption complex leaches more readily than the cal-
¢cium analogue. The 99-pound decrease from the dicalcium silicate,
however, is significantly less than the outgo from the limestone.
Upon the basis of 20-year results, outgo from the burnt lime was
identical with that from the limestone; outgo from the dolomite
was 366 pounds more, and outgo from the dicalcium silicate was 56
pounds less. The increase in outgo from the dolomite during the
initial 4 years was greatly enhanced in the 20-year results.

Findings for Onslow Fine Sandy Loam.—The leachings of Ca+
Mg from the limed Onslow soil were much smaller than those from
the Cumberland soil for the first 4 years. This may be due jointly
to the lower native Ca and Mg contents of the Onslow soil and the
smaller outgo from the additive materials. The 4-year outgo from
the limestoned Onslow soil was 1074 pounds; that from the CaO
was 35 pounds less; that from the dolomite was 23 pounds less;
whereas, that from the dicalcium silicate was 94 pounds less. The
20-year average outgo from the limestoned soils of series A, B,
and C was 5701 pounds; that from the burnt lime was 56 pounds
more; that from the dolomite was 172 pounds more; whereas, that
from the dicalcium silicate was 387 pounds less. It is appar-
ent that the leachability of Ca+Mg from the dicalcium silicate in
the Onilow soil was considerably less than that of the other
materials.

Conclusions as to Type of Liming Material. — In view of the
fact that the liming materials were all of a 100-mesh fineness and
that the initial analyses registered effects of 1-year contact, the
resultant findings as to outgo of Ca+Mg from those 4 types of lim-
ing materials are not to be taken as establishing reactive capacities
for corresponding materials of lower degree of fineness or of grades
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of fineness that are sold as liming materials. The present data on
outgo of Ca--Mg may be taken to reflect the relative rates of leach-
ability and of other properties of the specific soil-absorption com-
plexes resultant from the incorporation of the respective types of
liming materials.

An over-all consideration of the results from the 2 soils indi-
cates little difference between outgo from burnt lime and that from
the 100-mesh limestone; the inputs of dolomite show greater out-
go of Ca+Mg due to greater dissolubility of the adsorbed Mg, which
distinction becomes greater in the long-range comparison. The di-
calcium silicate treatment shows lower leachability, or greater con-
servation of the contained Ca+Mg. The relationship between outgo
of calcium and magnesium from inputs of dolomite will be present-
ed under a separate heading. It may be observed, however, that the
difference in outgo from the 2 limestones are not sufficiently great
to preclude averages in subsequent consideration of other factors
in this experiment. Moreover, since to some extent magnesium is
also a constituent of the other materials, outgo of calcium and mag-
nesium will be considered jointly, except in special cases.

DIFFERENCES IN OUTGO DUE TO ZONE
OF INCORPORATION

The comparative outgo of Ca+Mg from the incorporations in
the upper zone and in full depth will be considered as the prime cri-
terion of zone effect. although consideration will be given also to
effelcts upon outgo of other elements, nitrogen and sulfur in par-
ticular.

As representing the effects attributable to modes of incor-
poration, series A can be compared to series T, and series D to
series G. In the first comparison, the single 3570-pound incorpora-
tion was made at the beginning of the experiment, whereas in the
second comvarison 1/4 of that amount was incorporated at the
beginning of each year for the first 4 vears. The quadrennial leach-
ings of Ca+Mg for these 2 pairs of treatments over the 20 years
are given for both soils in table 7, and corresponding leachings of
potassium are given in table 8. The quadrennial nitrate leachings
for the 2 soils during 20 years are given in table 9; those for the
sulfur are given in table 10. The annual leachings of each element
are (;"eported for the entire period in tables III to XIV, in the ap-
pendix.

Findings for Cumberland Clay Loam.—The 20-year outgo of
Ca+Mg from the full-depth incorporation (table 7, series A) was
7819 pounds, whereas that from the upper-zone incorporation
(series F) was 7106 pounds. Hence, the upper-zone placement of the
liming incorporation resulted in a 713-pound saving. A similar com-
parison of series D and G shows a 748-pound conservation for upper.
zone incorporation. In the 20-year period the net leachings of Ca+
Mg from series A and D were 52 and 50 percent of the input, where-
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fine sandy loam at Blacksburg.

o of Cat+Mg from the variously limed Cumberland clay loam at Knoxville, and Onslow

Pounds of CaCO.-equivalence
riods in years

per 2,000,000 pounds of soil

From Onslow soil by periods in years

Experimental Designated From Cumberland soil by pe
series values \ \ ‘ ' ‘
144 | 58 \ 9-12 \ 13-16 | 17-20 | 1-20 14 | 5.8 | 912 | 13-16 | 17-20 | 1-20
i ‘ TT 1225 | 964 | 846 | 7819 1033 | 1170 | 1083 | 1738 | 604 | 4628
A if,;g‘j,f;:g:g;; 328}]3, 16781 508 | 216 | 212 | 391 258 | 293 | 271 185 151 | 231
— —Corrected ann. aversg aig | 811 80 o0 9% 9223 slag(z) 1;22 1'1133 1024 sii ezgfz
! : 24 | 1457 | 1118
B - Reriod average 3196 ) 2024 | 181 | Tgme | 28| sl 2| 441 426\ 256 | 204 | 813
i Corrected ann. average 244 299 118 107 51 163 Sg 249 2:9 147 106 168
‘ i 3 667 1 1104 | 999 | 9319 973 | 1234 | 1988 | 1089 | 816 | 6098
c | Reriod average. 284 | 2260 1667 | T306 | 250 | 466 Sia | ‘moa | 497 | =272 | 204 | 306
- Corrected ann. averag 266 | 234 171 104 66 | 198 85 117 330 163 105 160
: : I7az | 1164 | 841 | 80| 7757 923 | 1108 | 995 ‘ 262 | 730 | 4618
D iiﬂi%‘lf’:ii‘:ﬁée,, ) : gégg 136 | a1 | 210 208 388 ‘ 231 | 277 | 249 | 216 g2 | 231
| Corrected ann. average. ... ... 245 104 45 38 10;2 93:3 9;‘; 132; 1452 I 112; 9;: | 5722
‘ i 743 | 1165 \
E Period averoge: s 2810 | V36 | ze1 | ‘26 | 469 207 \ 348 | 351 \ 988 | 232 | 289
Corrected ann. average.. 2292 243 190 119 72 m 69 156 184 179 133 | 144
i 1170 | 838 | 864 | 7106 SR | 947 | 883 | 659 | 631 | 4003
F iiﬁiﬁiﬁlﬁéiﬁ&“ 291%% 1325 51 200 216 358 991 | 237 | 221] 165 158 l 200
Gorrected anh. avereEe- s | L 32 'mg; ng 9‘31; 9{;3 82?1 622 1 4251:
I
Period o1 | 1386 | 1174 | 901 | 9
G  Awnual average.. 2604 | 1383 | Thoa | 225 | 226 380 oia | pas | 220 202 167 | 42
|_Corrected ann. average. 119 2 “ % ";i‘—s‘gi sgg 7?11 62'21 423 3gi l' 2322
: 6] 688 7 ' 955 *
Controls 1 Xiﬁiﬁ‘ix‘lﬁé‘r‘f& 22 1§§Z ool 72| 184 | 298 158 | 192 | 167 | 109 99 | 1445
Rainwater | Period total —rze T 631 G0 643 | 6411 3366 522 7 479 | 510 | 365 | 445 | 2131
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as the corresponding leachings from series F' and G were, respect-
ively, 82 and 30 percent of input. The lasting effects of the incor-
porations may be gauged by the progressive changes shown in table
7 for net annual outgo of Ca-+Mg by 4-vear periods during the 20
years. '

The net leachings registered by the successive 4-year annual
averages for series A were 248, 87, 52, 44, and 30 pounds. Those
for series F were 178, minus 7, 46, 37, and 84 pounds of CaCOs,.
Thus it appears that any induced outgo of Ca+Mg from the limed
upper zone in excess of that from the control was retained com-
pletely by the lower layer of unlimed acidic soil, particularly during
the second 4-year period. In an earlier experiment with 100-mesh
limestone and dolomite, under identical circumstances (22) a Ca+
Mg recovery of 6 percent was obtained in 4 years, against the 20-
percent recovery in the present experiment.

The outgo of nitrates serves as a reliable index of the effects
the additives exerted upon the biochemical activities of the soil
The 20-year outgo of nitrate nitrogen from series A was 1001
pounds, and from series F, 909 pounds. Although the difference is
not great in comparison with the total outgo, upon correction for
outgo from the untreated soil, series A shows a net loss of 141
pounds of N against a net loss of 49 pounds for series F. Hence,
the net outgo of N from series F was only 1/3 that from series A.
A similar comparison between series D and G indicates that the
net loss of G was only 1/2 that from D. It appears that besides
effecting conservation of Ca and of Ca+Mg, the upper-zone incor-
poration of liming materials also effected considerable conservation
of the soil’s supply of nitrogen. The effect of the 2 modes of liming
incorporations upon the course of N outgo during 20 years may be
gained from the following net outgo as pounds of that element by
4-year periods: For series A, the succession was 91, 20, 14, 7, and
0; for series F, the succession was 80, minus 42, 1, 1, and 0.

In series A the influence of the liming materials upon nitrate
production extended over the first 8 years, whereas in series F such
influence was evident only in the first 4 years. The increase in
nitrate outgo from series A was meager during the last 8 years,
whereas there was no increase from series F during the same
period.

The annual and total leachings of sulfur from the limed Cum-
berland clay loam are given for the 20-year period in table 10. Over-
all increases in sulfur outgo were 41 pounds of S for series A and
24 pounds for series F. In both instances the over-all increases were
due to the greater outgo during the first 5 years.

Findings for Onslow Fine Sandy Loam.—The leachings of Ca+
Mg as annuals and totals from the Virginia soil are given for series
A, F, D, and G in table 7. The 20-year net outgo of Ca+Mg from the
single full-depth incorporation of series A was 1739 pounds, where-
as that from an equivalent input in the upper zone, series F, was
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Onslow

otassium from the variously limed Cumberland clay loam at

fine sandy loam at Blacksburg.

Knoxville, and

Pounds of K per 2,000,000 pounds of soil

Experimental Designated From Cumberland soil by periods in years From Onslow soil by periods in years
geries values \ l

1-4 5-8 9-12 13-16 17-20 \ 1-20 |1-4 5-8 ‘ 9-12 ’ 13-16 17-20 ' 1-20
| 1=e¥
Period average . 11120 64.0 54.0 33.0 26.0 | 280.0 | 50.0 46.0 50.8 448 39.0 239.4
A Annual average .. 28.0 16.0 11.3 8.3 6.5 | 14.0 | 12.3 11.5 12.7 11.2 9.8 12.0
Corrected ann. average . -4.0 -3.5 -2.4 -1.2 0.0 2.4 | -4.5 -3.7 -3.7 0.1 0.2 -1.8
Period average. 98.0 59.5 86.5 32.3 21.5 248.0 | 58.0 42.8 49.5 40.8 37.3 226.0
B Annual average 24.5 14.9 9.1 8.1 5.4 12.4 1 145 10.7 12.4 10.2 9.3 11.3
Corrected ann. average ] -5 -4.6 -4.6 -1.4 -1.4 40| -2.3 -4.6 -4.0 -0.9 -0.3 -2.5_
Period average. 1102.0 56.3 34.8 26.8 19.0 239.0 | 55.3 43.5 45.3 24.0 36.3 222.0
C Annual average 25.5 14.1 8.7 6.7 4.8 12,0 | 13.8 10.9 11.3 6.0 9.1 11.1
Corrected ann. average. .| -6.5 -5.4 -5.0 -2.8 -1.7 -4.4 | -3.0 -4.4 -5.1 -5.1 -0.5 -2.7
Period average .. _|114.0 66.2 50.0 36.3 26.3 293.0 | 71.8 48.3 47.0 41.8 42.8 254.0
D Annual average.. 28.5 16.6 12.5 9.1 6.7 { 14.7 | 17.9 12.1 11.8 10.5 11.0 12.7
Corrected ann. average.. -3.5 -2.9 -1.2 -0.4 0.2 -1.7 1.1 -3.2 -4.6 -0.6 1.4 -1.1
Period average .. .. 1112.0 64.3 41.0 26.5 20.0 | 264.0 } 60.5 50.3 49.3 37.0 42.8 | 240.0
E Annual average ... ... 28.0 16.2 10.3 6.6 5.0 13.2 | 15.1 12.6 12.3 9.3 10.7 12.0
Corrected ann. average. | -4.0 -3.3 -3.4 -2.9 -1.5 -3.2 | -1.7 -2.7 -4.1 -1.8 -1.1 -1.8
Period average 134.0 60.5 36.0 26.3 24.5 281.0 | 59.8 49.8 50.0 85.3 39.8 229.0
F Annual average 33.5 15.1 9.0 6.7 6.1 14.1 | 15.0 12.5 12.5 8.8 10.0 11.5
Corrected ann. average 1B -4.4 -4.7 -2.8 -0.4 231 -1.8| -2.8 -3.9 -2.3 0.4 -2.3
Period average ... —..|158.0 61.8 29.3 24.0 21.8 | 294.0 | 62.5 41.3 53.0 87.5 39.5 | 284.0
G Annual average .. 39.5 15.5 7.3 6.0 5.5 14.7 | 15.6 10.3 13.3 9.4 9.9 11.7
Corrected ann. average 7.5 -4.0 -6.4 -4.5 -1.0 -LT | -12 -5.0 -3.1 -1.7 0.3 -2.1
Controls Period average . -[128.0 78.0 54.5 88.0 26.0 828.0 | 67.0 61.0 65.5 44.5 38.5 276.5
Annual average . 32.0 19.5 13.7 9.5 6.5 16.4 | 16.8 15.3 16.4 11.1 9.6 13.8

Rainwater Period total ... ... 54 31 30 34 32 181 34 60 | 44 45 | B4 237
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only 1114 pounds. The net outgo of Ca+Mg from the full-depth in-
corporation of the 4 quarterly inputs in series D and G were 1729
and 1328, respectively. The net leachings for series A and F, there-
fore, were respectively 49 percent and 31 percent of theinput, where-
as the corresponding net losses were 48 percent and 37 percent for
series D and G. The progression in the effects of the respective
modes of incorporation are shown readily by the corrected outgo
of Ca+Mg at the various stages of the 20-year period. When divided
into 4-year periods, and the annual averages are taken for each
period, the following CaCO; values obtain: For series A: 100, 101,
104, 76, and 52 pounds; for series F': 63, 44, 54, 30, and 59 pounds.
In contrast to the effect of liming on the Cumberland loam, the
liming of the Onslow soil has produced a small yet uniform increase
in outgo of Ca-+Mg over the entire experimental period. During the
first 16 years the outgo of Ca+Mg from series A was distinctly
greater than the corresponding outgo from series F. In the last 4
years, however, the outgo from the 2 series was nearly equal, and
in both cases in excess of that in series A of the Cumberland soil
for the same period.

The annual and total leachings of nitrate nitrogen from the
limed Onslow soil are given in table 9. The 20-year outgo from series
A was 620 pounds, whereas that from series F was 531 pounds. The
net outgo from series A for the 20-year period was 111 pounds,
whereas that from series F was only 22 pounds. The corresponding
net leachings from series D and F were 148 pounds and 73 pounds.
The increases in N outgo above that of the control soil were dis-
tributed through the five 4-year periods as follows: SeriesA: 4, 5,
7, 15, and 5 pounds; series F: 1, 1, 1, 1, and 1 pounds of N, as an-
nual average increases during the successive periods. The consist-
ently slow outgo of nitrates is paralleled by the similar outgo of
Ca-+Mg, and appears to be characteristic of the Onslow soil. Distri-
butions of the N outgo from series D and G parallel closely those of
A and F, except that the outgo from G is somewhat greater than
that from F.

The increase in outgo of sulfur from the limed Onslow soil
over that from controls for the entire period was only slightly over
20 pounds as shown in table 10, and does not constitute an im-
portant factor in the consideration of liming effects.

Generalizations as to Effect of Zone Liming.—Although the 2
soils exhibit distinctly different rates of cation and anion outgo,
they are in agreement as to the influence of zone of liming. The
surface-zone incorporations effected a conservation of 20 percent
of the 3570-pound single input, as compared with outgo from the
full-depth incorporation. The conservation was equally as large for
the 4 annual fractional incorporations on the Cumberland soil, but
somewhat smaller on the Onslow soil. The conservations of Ca+
Mg were paralleled consistently by conservations in outgo of ni-
trates, whereas sulfur outgo was affected little by wvariation in
type and manner of incorporation of the liming materials.



TasLE 9—Quadrennial summary of ouigo of wmitrate N from the variously limed Cumberland clay loam at Knoxville,
and Onslow fine sandy loam at Blacksburg.

Pounds of N per 2,000,000 pounds of soil

Experimental Designated From Cumberland soil by periods in years From Onslow soil by periods in years
series values

1-4 ﬂ 5-8 9-12 | 13-16 | 17-20 1-20 1-4 5-8 9-12 | 13-16 | 17-20 1-20

Period average..._ 478 246 145 81 51 1001 84 144 130 152 110 620

A Annual average 120 81 36 20 13 50 21 36 33 38 27 31
Corrected ann. average.. . ... ooooeee 23 4 3 2 0 7.1 -4 5 7 14 5 5.6

Period average 461 299 136 93 46 1034 66 144 158 128 95 596

B Annual average. 115 75 34 23 12 52 16 36 40 32 24 30
Corrected ann. average. ... oocoeoeoceeees 18 18 1 5 -1 8.7 -9 5 14 8 2 4.4

Period average.. 476 308 150 83 45 | 1060 72 148 202 162 110 696

C Annual average 119 1 38 21 11 53 18 37 50 41 28 35
Corrected ann. average.. 22 20 5 3 -2 10.0 -7 6 24 17 6 9.4

Period average. 470 244 132 77 45 968 89 145 119 153 124 657

D Annual average 118 61 33 19 11 48 22 36 30 38 31 33
Corrected ann. AVErage. . ...oooeoemee 21 4 0 1 -2 5.4 -3 5 4 14 9 7.4

Period average 468 284 156 90 52 1050 138 153 |l 141 179 116 726

E Annual average. 117 71 39 23 13 63 35 { 38 35 45 29 36
Corrected ann. average ... .o 20 14 6 5 0 9.5 10 7 [ 9 21 7 10.9

Period average. . 467 184 132 75 51 909 102 126 | 108 100 94 531

F Annual average 117 46 33 19 13 45 26 32 27 25 23 27
Corrected ann. average. ... . cocoecaoes 20 -11 0 1 0 2.5 1 1 1 1 1 1.1

Period average. 444 196 133 82 36 | 911 102 125 130 120 105 582

G Annual average. .. 111 49 33 21 9 46 26 31 33 30 26 29
Corrected ann. average. ... 14 -8 0 3 -4 2.6 1 0 7 [ 4 3.7

Controls Period average 387 226 131 74 51 860 99 122 104 98 89 509

Annual average ... ..o 97 57 33 18 13 43 25 31 26 24 22 25

Rainwater Period total .. _ 12 30 | 43 | 50 49 184 7 22 | 13 | 9 371 88

1The extraordinarily high value of 25 pounds in the 19th year introduces an error in excess of 20 pounds for this period as well as in the 20-year outgo.
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DIFFERENCES ATTRIBUTABLE TO FREQUENCY OF LIMING |

The factor “frequency of liming” relates to comparisons of the
3570-pound integral inputs at the beginning of a 4-year period and
4 annual fractional incorporations at the beginning of each year
of the same period. Such comparisons are afforded by the alignment
of series A versus series D, over a single 4-year period ; and of series
B versus series E, during 2 successive 4-year periods. These com-
parisons may disclose points of practical significance: (a) the prac
ticability of small frequent incorporations to avoid “overliming” ef-
fects, and (b) whether such inputs would preclude the so-called
“mineralization” of added bases, a postulation to explain the ap-
parent progression in the decrease in availability of liming resi-
dues (19). As noted earlier, the principal criterion of the relative
effectiveness of the several methods of liming will be their relative
outgo of Ca+Mg in the rainwater leachings. Consideration will be
given also to the outgo of biochemical end products, NO; and S0,
and to outgo of potassium. The findings for the 2 soils will be dis-
cussed separately and are followed by a generalized statement.

Findings for Cumberland Clay Loam.—The outgo of Ca+Mg
from series A and D, as well as that from series B and E, are given
in table 7. The 20-year leachings from series A and D were 1864
pounds and 1802 pounds, respectively, and this difference is not
deemed significant. There was a difference in the order of the Ca+
Mg outgo, however, since series D did not receive its full input un-
til the 4th year. When subdivided into 4-year averages, the net
outgo of Ca+Mg afford the following parallels in successive values:

Series A: 248, 87, 60, 44, and 28
Series D: 245, 104, 45, 38, and 19

These values do not support the postulate that a succession of frac-
tional inputs would preclude the “mineralization” of the residual
calcium. On the contrary, the leachings indicate that after the first
4-years the outgo from series D is consistently lower than the
outgo from series A. The most significant differences between the
2 series, however, are to be found in the outgo within the first 4
years. During the 1st and 2nd years the outgo from series A was
much greater than that from series D, whereas the outgo from
series D exceeded that from A during the 3rd and 4th years.

Series B and E represent a duplication of series A and D
for the initial 4 years, and an extension of that through the addi-
tional inputs during the succeeding 4 years. In a consideration of
effects induced by liming frequency, the comparison will be limited
to the relationship between B and E, whereas comparisons between
A and B and between D and E are considered under a different
heading. The net outgo of Ca+Mg from series B for 20 years is
3264 pounds, whereas that from series E is 83434 pounds, a differ-
ence of 170 pounds, or 1.8-percent, which is not deemed signifi-




TasLE 10—Quadrennial summary of outgo of sulfate sulfur from the variously limed Cumberland clay loam at Knoxville, and

Onslow fine sandy loam at Blacksburg.

NOILLVAYASNOD

Pounds of S per 2,000,000 pounds of soil ‘
Experimental Designated From Cumberland soil by periods in years From Onslow soil by periods in years \
series values
1-4 5.8 | 9-12 | 13-16 | 17-20 | 1-20 |14 ] 5-8 ' 9-12 | 13-16 l 17-20 | 1-20
Period _average 253 | 146 | 142 | 143 | 206 | 863 | 82 76 64 62 g2 | 368,
A Annual average 56 37 36 36 51 43.1 | 21 19 16 15 21 0'8 o
Corrected ann. &Verage. . .......—.ccoooa 9.5 0.3 -1.0 0.5 0.1 20 19 0.6 1.9 0.0 0.5 iy
—|" Period average 221 T | 141 146 | 201 | 886 | 76 80 70 60 gg | 870, |
B Annual averag | 5B 44 35 37 50 443 19 20 18 15 21 11'0 ‘O
Corrected ann. average.. ... 9.0 7.0 -1.0 1.0 -0.3 3.2 04 1.6 3.4 -0.5 o0 L2 |
Period average 331 | 177 | 185 | 180 | 214 | 917 | 75 81 78 62 88 3% 5 lg
[o} Annual average 55 44 39 38 53 459 19 20 20 15 22 17 |=
Corrected ann. average. ... ..o 9.0 7.3 2.3 2.3 3.0 4.8 0.1 1.9 5.4 0.0 1.0] = |
Period average _ 222 | 153 | 144 | 143 | 206 | 869 | 76 78 68 66 g 3% =
D Annual average. 56 38 36 36 51 435 19 20 17 16 21 1'1
Corrected ann. average .. ... cceooooe 9.2 1.3 -0.5 0.5 1.0 2.4 0.4 1.1 2.9 1.0 0.3 - i pe
Period average 224 | 172 | 149 | 153 | =210 | 908 | 74 79 70 65 oa | 382, |z
B Annual average 56 43 37 38 53 45.4 | 19 20 17 16 24 1'6 )
Corrected ann. average 9.8 6.0 0.8 3.0 2.0 4.3 | -0.1 1.4 3.4 0.8 2.5’/2‘ |
Period average 222 138 146 137 200 846 75 73 64 66 93 3;8 6 2
F Annual average 56 35 37 34 50 42.3 | 19 18 16 18 23 STl
Corrected ann. AVerage ... oooeommee 9.2 2.5 0.0 -1.0 -1.5 1.2 0.1 -0.1 1.9 1.0 Z.ZJ,{' (]
Period average_ 216 | 145 | 150 | 141 | 206 | 857 |72 72 78 67 90 | 385, |2
G Annual average .| 54 36 38 35 52 429 18 18 20 17 23 1'7 =
Corrected ann. average. . ...——ocomomoroooes 7.8 -0.8 1.0 0.0 1.0 1.8 | -0.6 -0.4 5.4 1.7 1.5/0/' (,2
Controls Period average.... 185 148 146 141 202 822 74.5 73.5 56.5 62.0 84.0 3?,7 5 &
Annual average 46.2 37.0 36.5 35.3 50.5 41.1 | 18.6 18.4 14.1 15.5 21.0_,4/' g
Rainwater Period total {179 | 138 126 136 187 766 80 49 47 47 96 /ﬁZ/

(4
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cant for the quantities and duration involved. The net annual Ca+

Mg outgo averages, by 4-year periods, from the 2 series are as
follows:

Series B: 244, 299, 118, 107, and 51
Series E: 222, 243, 190, 119, and 72

A significantly greater outgo from series B over that from series
E occurred only in the 2nd 4-year period, and that increase was
cancelled out by the gains that were registered in series E during
the succeeding 12 years. The outgo of nitrates from the 2 series
followed closely the pattern of the outgo of Ca-+Mg in the 2 series.

Findings for the Onslow Fine Sandy Loam.—The losses of Ca+
Mg from the Onslow series are given in table 7. The net 20-year
outgo from series A was 1739 pounds, whereas that from series D
was 1729 pounds. Taken as annual averages by 4-year periods, the
increases in outgo due to liming were as follows:

Series A: 100, 101, 104, 76, and 52
Series D: 73, 85, 82, 107, and 83

The leachings of Ca+Mg from the fractional inputs on the
Onslow soil were consistently below those from the integral input
during the first 12 years, but the reverse obtained during the last
8 years. The lesser outgo from series D during the third 4-year
period is puzzling since the accumulated supplies of Ca+Mg in this
series were then greater than those in series A.

The net 20-year Ca-+Mg outgo from series B was 3368 pounds,
against 2894 pounds from the 8 fractional incorporations of series
E. This difference of 474 pounds is deemed highly significant, since
it constitutes nearly 8 percent of the total outgo. Taken as annual
averages by 4-year periods, the increases in outgo of Ca-Mg due
to liming were as follows for the 2 series:

Series B: 80, 249, 259, 147, and 105
Series E: 69, 156, 184, 179, and 133

The delayed outgo of Ca+Mg from the fractional inputs of series

E follows a pattern similar to that observed earlier as to the outgo
from series D.

The data given for nitrate outgo in table 8 fail to reveal any
correlation between outgo of nitrogen and outgo of Ca--Mg in any
of the limed series of the Onslow soil.

Generalizations as to the Frequency of Liming.—As combined
effects exerted by the liming materials on the Tennessee and Vir-
ginia soils, the 4 fractional incorporations resulted in decreased
outgo of Ca+Mg from one integral input of 3570 pounds in 4-year
leachings during the early stages, whereas the opposite relationship
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~ developed during the last half of the 20-year period. However, the
~ total 20-year outgo of Cat+Mg failed to show any appreciable in-
crease in the outgo from the fractional inputs over that from the
integral inputs.

EFFECT OF REPEATED LIMING

During the second 4-year interval, series B and E received ad-
ditional inputs of the liming materials either through one single
input, as in series B, or as 4 fractional incorporations, as in series
E. A comparison of A and B on one hand and of D and E on the
other should show whether such additional increments affected
alike the immediate and the long-range leachings of Ca+Mg.

The 20-year net outgo of Ca+Mg from series A and series D
of the Cumberland clay loam, were 1864 and 1802 pounds, respect-
ively, whereas those from series B and series E were 3264 and 3434
pounds, respectively. Hence, increases in outgo due to the second in-
puts of 3570 pounds each were: 1400 pounds and 1632 pounds, re-
spectively. The additional increases in outgo of nitrogen from series
B and series E over those from series A and series D were 33 pounds
and 82 pounds, respectively, and these increases could account for
only 118 and 293 pounds of CaCOs.. Since variations in sulfate outgo
were of minor extent, the determined increases in outgo of Ca+
Mg must be attributed largely to bicarbonate combinations.

At what stage of the experiment did this increased outgo take
olace? By comparing the losses by 4-year periods, we find that
averaged annual increases in losses from series B over those from
series A were: 212, 56, 63, and 23 pounds for the ond, 3rd, 4th, and
5th 4-year periods. respectively. More than half of the 1400-pound
increase in outgo took place during the initial 4 years, and about
3/7 of that increase occurred during the remaining 12 years. Of the
1632-pound increase in outgo from series E over the outgo from
geries B, 2/3 leached out during the ond and 8rd 4-year periods. In
consideration of the fact that the repetitive incorporations were in
effect only 16 years out of the 20 years of the experiment, the
loss of 1500 pounds of Ca+Mg from the 8570 input could easily
have reached the 50-percent loss that was shown by the single in-
puts if the leaching had extended through another 4-year period.
Hence, it appears that the loss of Ca+Mg from the Cumberland
clay loam was proportionate to the input.

Similar comparisons between series A and series B, and be-
tween series D and series E show increases of 1629 and 1165 pounds
in the outgo of Ca+Mg from the repeat additions to the Onslow
sandy loam for the 20-year period. Although the increases from
series B approach those from series' D in the Cumberland soil, the
increase from series E over that from series D is out of line. An in-
crease of 69 pounds in the outgo of N from series E over that from
series D accounts for a 245-pound increase in the outgo of Cat+Mg.
The outgo of N from series B, however, ‘was 24 pounds less than
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that from series A. The N outgo from the Virginia soil was s
irregular that a close correlation of it with the Ca+Mg outgo wasj
not feasible. Again, the increased outgo from the repetitive inputs
must be ascribed chiefly to bicarbonate combinations. Two-thirds
of the increased outgo was evenly distributed over the 2nd and 3rd
4-year periods in series B, whereas in series E the small increast
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Fig. 1—Comparison of annual cation outgo (Ca 4+ Mg 4+ K) with outgo of
nitrate and sulfate from a Cumberland clay loam at Knoxville: (A) average
of 2 controls; (B) average of 4 liming materials of series A; (C) average of {
liming materials of series B.
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was evenly distributed over the entire experiment. The smaller out-
go from E may have been caused by delayed biochemical activities
as evidenced by the larger outgo of N from series E rather than
that from series B in the last years of the experiment.

As a general conclusion regarding the second 3570-pound in-
put of liming materials in the 2nd 4 years, it appears that the re-
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Fig. 2—Comparison of annual cation outgo (Ca 4 Mg + K) with outgo of
nitrate and sulfate from an Onslow fine sandy loam at Blacksburg: (A) average
of 2 controls; (B) average of 4 liming materials of series A; (C) average of 4

liming materials of series B.
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sultant increases in the outgo of Ca+Mg were proportionate to the

extra.inp,yt, and the increase was attributable chiefly to bicarbonate
combination.

RATES OF OUTGO OF Ca AND Mg FROM DOLOMITED SOILS

The use of dolomitic limestone on soils presents problems that
are pgcuhar_ to that type of material: (a) The comparative speeds of
the dissolution of dolomitic and calcic limestone within the soil, par-
ticularly when the materials are of only moderate fineness; (b) the k
chemical behavior of sorbed magnesium, with special regard to
leachability by rainwater; (c) the effects upon the dissolution of
Ca and K ions in the soil; (d) the replaceability by ion exchange;
and (e) the effects of residues of sorbed magnesium upon plants.
Previous investigations at the Tennessee Station registered the dis-
integration of various separates of limestone and of dolomite 4 years
after incorporation (20), and related studies (19) demonstrated §
that when 80-100-mesh dolomite was incorporated full-depth at the
rate of 2000-pound CaO-equivalence, complete decomposition of the
input occurred within a year or two. Used at the rate of 8 tons of
CaO-equivalence, dolomite exerted no deleterious effect upon crop |
growth (81), although incorporations of hydrated MgCO; were
found to be toxic to cowpea seedlings (16) a year after its com-
plete decomposition within the soil. The 8-year lysimeter leachings
from 100-mesh dolomite at rates of 8-, 32-, and 100-ton CaO-equiva-
lence showed annual averages in Ca+Mg outgo of 825, 1028, and
1107 pounds CaCOs-equivalence for outgo of Ca plus Mg (18), and
corresponding values of 513, 716, and 795 pounds after correction
for the control. Without that correction the Mg/Ca ratios for outgo
were 0.84:1, 0.57:1, and 0.48:1 for the respective rates of input. The
fact that the soil adsorbs magnesium far beyond the adsorption of
caleium was demonstrated by the complete decomposition of 14 tons
of hydrated magnesium carbonate, as CaCOj-equivalence, in
2,000,000 pounds of soil within 6 weeks (12). Later it was shown
that incorporations of hydrated MgCO; at the rate of 32 tons Ca0-
equivalence has caused a Mg adsorption of 40 m.e. per 100 grams of
Cumberland clay loam after 4 years of lysimeter exposure (25). §
The adsorbed magnesium was not extracted completely when the
magnesium fortified soils were subjected to prolonged leaching with
normal NH,CI (27).

Prince and Toth investigated the effects of long-continued us-
age of dolomitic limestone upon the residues of acid-soluble and re-
placeable calcium and magnesium in a Sassafras loam (33). They
concluded that “. .. magnesium has been fixed in a form which is i
not very soluble, whereas the calcium was found to be fairly sol- |
uble.” In the 8-year report of the early findings in the present lysi-
meter investigation, however, it was shown that the magnesium |
adsorbed from incorporations of dolomitic limestone leaches out
more rapidly than the concommitantly absorbed caleium.

Outgo of Ca and Mg from the dolomited Cumberland clay loam
and from the Onslow fine sandy loam, as actual and net values for




TaBLE 11—Quadrennial summary of total and corrected outgo of Ca

clay loam and Onslow fine sandy loam.

and Mg from incorporations of dolomite in Cumberland

Pounds of CaCOs-equivalence per 2,000,000 pounds of soil

EXD::;IIH;“WI Designated (()3:1 From Cumberland soil by periods in years From Onslow soil by periods in years
values Mg
1-4 5-8 9-12 13-16 17-20 1-20 1-4 5-8 9-12 13-16 17-20 1-20
Total Ca 1865 972 776 596 621 4829 522 627 601 438 394 2582
Mg 1497 708 468 286 236 3194 533 595 488 324 171 2111
A Corrected Ca 378 85 74 76 36 648 56 47 167 150 144 564
Mg 765 267 185 116 86 1419 369 404 257 180 29 1240
Pet. of input Ca 20.6 4.6 4.0 4.1 2.0 36.3 3.1 2.6 9.1 8.2 7.8 30.8
Mg 44.6 15.6 10.8 6.8 5.0 82.8 21.6 23.6 15.0 10.5 1.6 72.3
Total oo e Ca 1837 765 677 626 665 4369 487 431 363 276 318 1876
Mg 1204 587 500 336 274 2900 462 546 497 353 282 2140
F Corrected ... oo Ca 305 -132 -25 6 -20 178 21 -149 =71 -12 68 148
Mg 472 146 217 166 124 1125 298 355 266 209 140 1269
Pet., of input oo Ca 19.0 -1.2 -1.4 0.3 -1.1 9.7 1.1 -8.1 =3.9 -0.6 8.7 7.8
Mg 27.5 8.5 12.7 9.7 7.2 65.6 17.5 20.7 15.5 12.2 8.2 74.0
Ca 1795 1368 883 697 602 5345 507 817 860 462 400 8046
Mg 1467 1206 726 455 341 4201 418 840 1084 539 327 8508
B Corrected Ca 308 481 181 178 17 1164 41 237 426 174 150 1028
Mg 735 765 443 286 197 2426 354 649 863 395 185 2437
Pect. of input Ca 8.4 13.1 4.9 4.8 0.5 31.3 1.1 6.4 11.6 4.7 4.1 28.0
Mg 21.4 22.4 12.9 8.3 b7 70.8 10.3 18.9 24.9 11.5 5.4 71.1
[N ) O Ca 1890 1215 978 616 631 5830 485 725 591 532 551 2884
Mg 1351 1073 822 470 400 4116 452 755 852 660 424 3143
Corrected . e Ca 403 328 276 97 46 1149 19 145 157 244 801 866
E Mg 619 632 539 301 250 2341 288 564 621 516 282 2272
Pet. of input. oo Ca 11.0 8.9 7.6 2.6 1.3 31.3 0.5 3.9 4.3 6.6 8.2 23.6
Mg 18.1 18.4 15.71 8.8 7.3 68.3 8.5 16.4 18.1 15.0 8.2 66.3
Controls Total __ Ca 1487 887 702 519 585 4181 466 580 434 288 250 2018
Mg 732 441 283 169 150 1775 164 191 231 144 142 817

SNOD
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quad.re'nnial periods are given in table 11, and are graphed in greater
detail in figures 3 and 4. The 20-year outgo from series A of the
dolomited Cumberand soil show respective totals of 4829 and 3194
pounds for calcium and magnesium. The corresponding values for
net outgo were only 648 pounds for calcium and 1419 for mag-
nesium. The values for net outgo of calcium and magnesium com-
prised 35.3 and 82.8 percent, respectively, of the amounts carried
by the incorporated dolomite. The corresponding values for calcium
and magnesium from the Virginia soil were: for total outgo, 2582
and 2111 pounds; for net outgo, 564 and 1240 pounds; and values
of 30.8 and 72.3 percent, respectively, as proportions of inputs.
Hence, in the leachings from the 2 dolomited soils of series A the
calcium ions were dominant over the magnesium ions, and the ex-
tent of such excess was governed by the native Ca supply in the
experimental soil. The uncorrected Mg/Ca ratios were 0.66:1 and
0.82:1. After correction for control outgo, these ratios have as-
sumed the values of 2.17:1 and 2.17:1 for the Cumberland and On-
slow soils, respectively. The corrected values indicate for both soils
a much higher proportion of Mg to Ca than that given in previous
findings (13, 18) for 8-, 32-, and 100-ton CaO-equivalent additions
of dolomite where substantial quantities of dolomite remained as
such. It was shown that calcite present in a ground dolomite will
dissolve preferentially in suspensions of CO,-charged water (24)
and in neutral salt solutions (35), and thus impart to the solutions
a higher proportion of Ca than would be expected from the Ca/Mg
ratio in the dolomite.

The surface-zone 3570-pound incorporation of dolomite in series
T of the Cumberland soil showed an outgo of 4359 pounds of Ca
and 2900 pounds of Mg as 20-year totals and corresponding net out-
go of 178 pounds and 1125 pounds, which were equivalent to re-
spective percentages of 9.7 and 65.6 of the inputs. The 20-year total
losses of Ca and Mg from series F of the Onslow soil were 1875
pounds and 2140 pounds, respectively, which corresponded to
net outgoes of minus 143 pounds and 1269 pounds, or minus 7.8
percent and 74.0 percent of respective inputs of Ca and Mg. Thus
the additional conservation in series F of the surface incorporation
on the Cumberland loam over those in series A were 470 pounds of
Ca and 294 pounds of Mg. The corresponding conservations in the
Onslow soil were 707 pounds for Ca and nil for Mg. These data indi-
cate that the underlain acidic soil adsorbed the leachate Ca more
extensively than it did the Mg, especially as it pertains to the On-
slow soil.

The repeat 3570-pound input of dolomite in series B of the Cum-
berland soil during the 2nd 4-year period resulted in the leachings
of 5314 pounds of calcium and 4176 pounds of magnesium as 20-
year totals, and respective net losses of 1133 pounds and 2401
pounds, which comprised 30.9 percent and 70.0 percent of the re-
spective inputs.

The net outgo of the leachings from series B of the Cumber-
land soil showed a Mg/Ca ratio of 2.13:1, which was almost identi-
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cal with the one found for the single input of dolomite in series A.
The repeat integral input of dolomite on the Onslow soil produced
20-year outgo totals of 3046 pounds and 3308 pounds for Ca and Mg,
respectively. So far as known to the writers, this is the first in-
stance of lysimeter leachings in which the concentration of mag-
nesium ions from an unlimed or non-magnesium-limed soil was
greater than that of the Ca ions. The net losses of Ca and Mg were
1028 pounds and 2437 pounds, and was respectively equivalent to
28.0 percent and 71.1 percent of inputs. The Mg/Ca ratio in the
leachings of series B of the Onslow soil was 2.38:1.

The 8 quarterly incorporations of dolomite in series E of both
soils during the first 8 years gave results that were similar to those
of series B. The 20-year outgo of Ca and Mg from series E of the
Cumberland soil was identical with that from series B, although
in the early stages of the experiment the rate of outgo from series
E was somewhat behind that from series B. The 20-year outgoes
of Ca and Mg from series E of the Onslow so0il were slightly lower
than those from series B. a fact which may be accounted for by the
delay in the effects of the factional inputs, as compared with the
integral inputs at the beginning of each 4-year period.

The progressive changes in the relative losses of Ca and Mg,
as affected by soil type and dolomite incorporation, are of interest.
The data bearing on these aspects are given in the quadrennial
summaries in table 11. and graphically in figures 3 and 4. It ap-
pears that during the 4-vear period after the liming incorporation.
the net outgo of Ca from series A and from series B of the dolomited
Cumberland soil was about 4 percent of the input. The calcium out-
go dropped to 2 percent in the last 4-year period, whereas the
magnesium outgo continued at a rate of 2 to 2.5 times as high as
that of the calcium, each expressed in relation to respective inputs.
The Mg/Ca outgo ratio from the dolomited Onslow soil holds
equally true in general, except that the Mg was leached at a rate
much faster than that of Ca in the earlier stages. In the advanced
stages of the experiment the trend in the Mg/Ca outgo shows a
tendenev to change. in that the net outgo of Ca equals and even ex-
ceeds that of Mg. The total annual losses of Ca and Mg from the
controls and from the dolomited series A and F are shown in figures
3 and 4. These graphs register the differences in the outgo of Ca
in relation to that from the control, and a similar relationship for
the outgo of Mg. The outstanding fact is that although the outgo
of calcium from the dolomited Cumberland soil (figure 3A) was
not much more, and occasionally less, than that from the control,
the outgo of Mg continued greater than that from the control
throughout the 20 years. The difference in the outgo of Ca and Mg
from the dolomited Onslow soil in relationship to that from the con-
trol is shown in figure 4. The meager outgo of Mg during the last
stages of the experiment is no doubt due to the exhaustion of Mg
supply in the soil.
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The relatively high rate of outgo of Mg from the incorpora-
tions of dolomite in the Cumberland clay loam at Knoxville, Tennes-
see, and the Onslow fine sandy loam at Blacksburg, Virginia, is in
opposition to the conclusion arrived at by Prince and Toth (33) to
the effect that incorporations of dolomite in a Sassafras loam dur-
ing 28 years resulted in the fixation of magnesium “in a form which
is not very soluble.”

The present and previous findings as to the outgo of magnesium
from incorporations of dolomite should not be confused with the
extensive fixations of magnesium resulting from heavy incorpora-
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tions of the highly soluble hydroxy and normal forms of mag-
nesium carbonate (12, 13). The high concentrations of magnesium
and the high pH values of the leachings resulting from the 32-ton
and 100-ton incorporations of magnesium carbonate and MgO do
not obtain in the leachings from heavy inputs of dolomitic lime-
stone. The extensive fixations of magnesium from the soil solutions
of Mg (HCO.,)» at pH above 10 were chiefly in the non-exchange-
able form (27). Under such circumstances the magnesium ions may
enter the lattice layer of the exchange complexes in exchange for
aluminum, a possibility that is suggested in a discussion of crystal-
line silicates by Hendricks (5).
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TasLe 12A—Data as to status of Ca, Mg, and K in the control and the variously limed Cumberland clay loam in pounds of
CaCOz-equivalence per 2.000,000 pounds of soil after 20-year exposure to leaching at Knoxville.

Experimental Liming Total input? Total outgo Balance Net gain or loss?
series material Ca Mg | K Ca Mg K Ca Mg | K | Ca Mg | K
Burnt lime 9544 | 2112 6125 | 1107 298 | 8419 405 258 | -181 715 117
A Limestone... 9459 | 2197 Z | 6065 | 1692 277 | 3394 505 279 | -206 -615 -96
Dolomite.. 7909 | 3747 £ | 4829 | 3104 272 | 3080 553 284 | -520 567 -91
Dica-silica 9359 | 2297 2 5749 1924 272 | 3610 373 284 10 747 -91
Burrt lime. —|" 13085 | 2191 = |™7565 1593 241 | 5470 598 315 | 1870 522 -60
B Limestone 12865 2361 3 7644 1610 223 5221 751 333 | 1621 -369 -66
Dolomite__ 9765 5461 w 5345 4201 247 4420 1260 309 820 140 | -66
Dica-silicate . 12665 2561 _]_[ 6923 2110 280 5742 451 276 | 2142 -669 -99
13035 2191 8 7648 1639 227 5387 552 329 | 1787 -568 -46
(o] 12865 2361 S8 7499 1626 230 5366 735 326 {1766 =385 -49
Dolomite.. 9765 5461 o 5413 4298 243 4352 1163 313 752 43 | -62
Dica-silicate . 12665 2561 = 7056 2097 256 5609 464 300 | 2009 656 -75
Burnt lime 9544 2112 "l' 6035 1736 298 3509 376 258 -91 =744 -117
D Limestone.. 9459 2197 I 5919 1732 298 3540 465 258 -60 «655 =117
Dolomite .. 7909 3747 2 4650 3195 276 3259 552 280 | -341 -568 -95
Dica-silicate.. - 9359 2297 ; 5644 2018 298 8715 279 258 115 -841 =117
Burnt lime. .| 13035 2191 = 7639 1768 254 5396 423 802 {1796 -657 =73
E Limestone . 12865 2361 E . 7805 1772 244 5060 589 312 | 1460 =531 -63
Dolomite.._.. 9765 5461 - 5330 4116 267 4435 1345 289 835 225 -86
Dica-silicate . 12665 2561 £ 7030 2095 290 5635 466 266 |2035 -654 =109
Burnt lime 9544 2112 .- 5481 1635 271 4063 477 285 463 -643 =90
F Limestone.. 9459 2197 2 5434 1665 281 4025 532 275 425 =588 -100
Dolomite _. 7909 3747 e 4359 2900 277 3550 847 279 -50 -278 96
Dica-silicate . 9359 2297 J_! 5133 1817 | 296 4226 480 260 626 -640 -115
Burnt lime___ 9544 2112 = 5381 1626 283 4163 486 273 563 -634 -102
G Limestone . 9459 2197 o 5267 1725 294 4192 472 262 592 -648 -113
Dolomite ... 7909 3747 - 4238 3052 287 3671 695 269 71 -425 -106
Dica-silicate 9359 2297 s 5179 1877 314 4180 420 242 580 -700 ~133
Control ... None . ... | 6053 | 2083 2 {4216 | 1788 317 | 1837 245 239 |-1763 -875 -136
Control None 6053 2033 @ 4145 1761 331 1908 272 225 |-1692 -848 -150
Average.___.__. - 6053 2033 = 4181 1775 324 1872 258 232 |-1728 -862 -143
Rainwater . 2453 | 913 | 181 |

Total input comprises the original contents of exchangeable cations (given in table 1), plus rainwater increments, plus the Ca and Mg introduced by the
respective liming incorporations (given in table 2).
2In relation to original contents of exchangeable Ca, Mg, and K in soil, respectively.
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TasLe 12B—Data as to status of Ca, Mg, and K in the control and the variously limed Onslow fine sandy loam in pounds of

CaCOg-equivalence per 2,000,000 pounds of soil after 20-year exposure to leaching at Blacksburg.

Experimental Liming Total input! Total outgo Balance Net gain or loss?
series material Ca | Mg | K Ca | Mg K Ca | Mg K Ca | Mg | K

Burnt lime.__ 6043 958 3921 1013 274 2122 =55 57 962 -195 =37

A Limestone 5958 1043 3633 915 226 2325 128 128 1165 -12 11

Dolomite.... 4408 2593 2582 2211 231 1826 382 100 666 242 6

Dica-silicate ... 5858 1143 . 3178 1063 227 2608 80 104 1520 -60 10

Burnt lime__ 9534 1037 = 5193 833 225 4341 204 106 3181 64 12

B Limestone. 9364 | 1207 | 5562 916 219 | 3802 284 112 | 2642 144 18

Dolomite._. 6264 4307 u 3045 3308 224 3119 999 107 2059 859 13

Dica-silicate 9164 | 1407 | g 4840 | 1231 235 | 4324 176 96 | 3164 36 2

Burnt lime__ 9534 1037 ; 5273 927 216 4261 110 115 3101 -30 21

C Limestone 9364 1207 z 5101 9717 229 4263 230 102 3103 90 8

Dolomite__. 6264 4307 5 3150 3323 227 3114 984 104 1954 844 10

Dica-silicate 9164 1407 o 4397 1130 217 4757 277 114 3607 137 20

Burnt lime_ 6043 958 g'g 3816 1005 248 2227 -47 83 1067 -187 -11

D Limestone 5958 1043 . 'g 3535 921 256 2423 122 75 1263 -18 -19

Dolomite_. 4408 2593 T 2547 2332 257 1861 261 14 701 121 | -20

Dica-silicate . 5858 1143 "g - 3256 1071 255 2602 72 76 1442 -68 -18

Burnt lime. 9534 1037 23 4948 920 232 | 4586 117 99 | 3426 -23 5

E Limestone 9364 | 1207 Al 4721 | 993 | 243 | 4643 214 88 | 3483 74 -6

Dolomite___ 6264 4307 <« 2884 3143 248 3380 1164 83 2220 1024 -11

Dica-silica 9164 1407 o2 4370 1152 236 4794 255 95 3634 115 1

Burnt lime. 043 | 958 | Le& [T8288 | 840 | 232 | 2735 118 99 | 1585 -22 5

F Limestone .. 5958 | 1043 5 3133 884 236 | 2825 159 95 | 1665 19 1

Dolomite.. 4408 | 2593 2 1875 | 2140 222 | 2533 453 109 | 1373 313 15

Dica-silicate 5858 1143 - 2830 920 227 3028 223 104 1868 83 10

Burnt lime . 6043 958 8 3219 843 231 | 2824 115 100 | 1664 -25 6

G Limestone... 5958 1043 = 3382 843 227 2576 200 104 1416 60 10

Dolomite .... 4408 2593 2 2308 2160 237 | 2100 433 94 940 293 0

Dica-silicate 5858 1143 = 3047 1066 240 2811 7 91 1650 -63 -3

Control... None . 2552 879 = 2162 906 280 393 27 51 -167 -167 -43

Control .. None . 2552 879 1873 836 273 679 43 58 -481 -97 -36

Average. 2552 879 2018 879 277 536 8 54 -624 -132 -40
Rainwater__.... ... l-—--m 1392 | 739 237 | |

ITotal input comprises the original contents of exchangeable cations (given in table 1),
respective liming incorporations (given in table 2).

2In relation to original contents of exchangeable Ca, Mg, and K in soil, respectively.

plus rainwater increments, plus the Ca and Mg introduced by the
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STATUS OF EXCHANGEABLE Ca, Mg, AND K, AND OF N AND
S CONTENT OF THE SOILS AFTER TWENTY YEARS
OF LYSIMETER LEACHINGS

Attention was focused upon the losses of Ca+Mg and of K,
N, and S. The derived “net outgo” was taken as a measure of the
effectiveness of a given material or a given method of incorpora-
tion, and correlated with the respective inputs of Ca and Mg. The
calculations of the lysimeter data were in relation to control outgo.
This procedure is convenient for the canceling out of the factors of
rainwater increments and of native contents of the respective ele-
ments in the control soil. It is emphasized, however, that the “net
outgo” of Ca, Mg, and K is not an actual value, since it does not
represent equilibrium concentrations or proportions of the respec-
tive elements in the intermicellar soil solution. Moreover, neither
the total nor the net outgo in the leachings gives, in itself, direct
information as to the status of certain nutrient elements at the end
of the 20-year exposure to lysimeter leachings from the various in-
corporations. To obtain such information, it was necessary to inte-
grate the original soil content of exchangeable cations and other
nutrients, the rainwater increments, and the elements supplied
through the incorporations of the several liming materials in re-
lation to the outgo in the leachings. Such information in regard to
Ca, Mg, and K is presented in tables 12A and 12B, whereas that in
regard to N and S is given in table 13. :

Changes in Exchangeable Cation Content.—Four main columns
of data are given in tables 12A and 12B. The column for total input
represents original content plus rainwater increment for the 20-
year period plus the quantities of Ca and Mg carried by incorpora-
tions of liming materials ; the column for outgo presents the 20-year
outgo of the regpective elements; the column for balance represents
the difference between input and outgo and expresses the status of
the soils with respect to those elements at the end of the 20th year.
The column for net guin or net loss gives the status of the soil in re-
lation to original contents of Ca, Mg, and K.

The final status of each experimental soil is affected by a com-
mon constant of initial content and rainfall increment, and by the
variables of quantities and manner of input. The last-mentioned
value is distinguished by the series designation, and, within each
series, by the kind-of ‘material. After 20 years of exposure, the
Cumberland control soil had lost 1700 pounds of Ca and retained
1900 pounds. The Mg loss was 861 pounds against a retention of
259 pounds. The corresponding values for losses and retention of
K were 143 pounds and 232 pounds. In each instance the algebraic
difference of “balance” minus “loss or gain’ equals original content.
In view of this relationship, reference is made henceforth only to
the expressions of net gain or loss from the initial content of a
particular element in the soil. The net loss of Ca from calcic lime-
stone incorporations of series A was 200 pounds; the loss from




TaBLE 13-—Data as fo status of N and of S in the variously limed soils after 20-year lysimeter exposure at Knoxville, and at |
Blacksburg, in pounds per 2,000,000 pounds of soil. \

Cu i
Experimental | Liming mberland clay loam Onslow fine sandy loam
series material Input Outgo Balance Net Loss! Input Outgo Balance Net Loss?
N s N | 8 N S N S N s N S N S N S
Eprnttlimew lggi ggg 704 | 881
imesione. ___.
A Dolomite 2| € | 961|866 - s | &80 %
Dica-silicate.| = | 1020 | 866 S o 564 | 356
Average..| || Il |_1001 | 863 2063 883 817 97 TI il 621 | 366 607 518 583 42
Burnt lime.. 2 1062 | 883 . 2
Limestone.. £ & | 100 | 88 4 EIET D
B Dolomite .. 3| g | 1018|806 - S | 58| 368
Dica-silicate.| = 1067 | 880 ) By o6 | 370
Average..| w . | 1084 | 886 2030 860 850 120 & o 596 | 370 | 632 514 508 46
Burnt lime.. ° 1062 | 906 o ° 3 | 388
Limestone | % | % | 1027 | 902 ° w | T4 S
c Dolomite.... § | § | 1011|010 “ § | oi5 | 80
Dica-silicate| & E | 1081 | 043 g E | g2z | 879
| Average | & | £ | 1060|917 | 2004 820 | 876 151 £ £ | 606 | 384 | 632 500 |_608 | 60
el 2| £ T P C mm
mestone.___| —_ -
D Dolomite . 3 2 928 | 866 — = g‘ég 33'51%
Dica-silicate | % P 992 | 878 = = 628 | 378
Average._| 4§ £ 969 | 869 2095 877 785 103 k £ 657 | 372 571 572 569 48
Burnt lime | % | % 1059 902 8 ¥ |T7bt | 881
Limestone.... - + 1147 | 905 n + 734 | 873
E Dolomite.. 2 | = | “o65] 896 + 2 | s | 319
Dica-silicate| § £ | 1081 | 928 < £ 754 | 897
Average. | & g | 1051 | 908 2013 838 867 142 5 8 | 726 | 383 | 502 501 638 59
T I : | g | B
imestone____. o0
F Dolomite...__ ® | & | 909|849 g 2| Get 365
Dica-silicate N 5 901 | 865 = o 504 | 877
Average . . E P 909 | 844 2166 902 725 78 < 5 B31 | 872 677 512 463 48
Bumnt lime| 2 | @ | 228 ) 38 8 % |T5se| s |
imestone... A
G Dolomite.... 5| 5| 81 !ses . % | Be ) 362
Dica-silicate = = 942 | 872 L] = ggé 103
Average...| '3 3 911 | 869 2153 887 727 93 = 2 5eo | 383 |_ 646 501 494 59
8on:ro{ II:}one,,,. a - 393 798 e c ~so1 | 330
Average | —ne S %] S0l 8er | 2o 924 | 16 56 & = | s13 | 362
500 | 851 119 533 421 27

1In relation to original content of N and S, respectively.
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series D was 75 pounds, against gains of 500 pounds from series
F and G, and 1800 pounds from the double incorporations, series
B, C, and E.

Series B, C, and E showed average net gains of only 140 pounds
for magnesium from the double incorporations of dolomite, where-
as the single integral dolomite incorporations of series A and D
registered an absolute loss of 568 pounds of Mg at the end of 20
years.

The losses from the Onslow controls were 624 pounds of Ca,
132 pounds of Mg, and 40 pounds of K, after the 20 years of ex-
posure, the results for the Ca and Mg from the 2 controls being wide
apart. The soil still contained 536 pounds of Ca, whereas the mag-
nesium residue was practically nil. The unit incorporations of cal-
cic limestone resulted in an average net gain of 1200 pounds of cal-
cium in the Onslow soil, whereas the double rates caused a Ca build-
up of 3000 pounds. The unit rate of dolomite incorporation resulted
in an over-all gain of 200 pounds of Mg, whereas the double inputs
of dolomite caused a gain of 900 pounds. Small but significant dif-
ferences in the outgo of Ca and Mg from the calcic materials can
be traced to differences in the composition of those products.

Changes in Contents of N and S.—A general view of the status
of initial and final contents of N and S is given in table 13, and the
relationships between the various values are obvious from an ex-
amination of that table. The initial contents, as given in table 1,
plus rainwater increments during the 20 years, are reckoned as
input, and the 20-year data given in the appendix are presented as
outgo. The balance is the computed contents of the elements present
in the soil after the 20 years of exposure, and the uet loss is in re-
lation to original contents of the respective elements in each soil.

The losses of nitrogen from the several series of the Cumber-
land soil were as follows: The control soils lost 676 pounds; the
soils with single rate of liming (Average of A and D) lost 801
pounds; the soils that received single-rate liming in the upper
zone (average of F and G) lost 726 pounds; the soils that received
the double-rate liming (average of B, C, and E) lost 864 pounds.
These losses represent respective percentages of 23, 28, 25, and
30 of the initial content of nitrogen. Hence, both rate of input of the
liming materials and the zone of their incorporation exerted distinet
effects upon the net loss of nitrogen from the Cumberland soil.

The loss of nitrogen from the unlimed Onslow soil was 421
pounds; that induced by the single integral of liming was 551
pounds; that induced by double integral of liming was 584 pounds.
The losses from series B were not concordant with those from
series C and E, but were included in the foregoing averages for ni-
trogen losses. The losses from the Onslow soil were respectively
equivalent to percentages of 37, 48, 51, and 42 of the initial content
of nitrogen.
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The loss of sulfur from the unlimed Cumberland soil was 56
pounds, that from the single-integral liming (average of A, D, F,
and G, was 93 pounds and the loss resultant of the double-integral
of limings was 138 pounds. These quantities are not large, yet they
register a significant effect of the rate of liming upon the loss of
sulfur. Upon the basis of original content of sulfur, the percentage
losses were 5.7, 9.5, and 14.0, respectively. The over-all loss of S
from the Onslow control was 27 pounds, against a loss of 53 pounds
as the average for all of the limings, these losses being 2.3 percent
and 4.6 percent, respectively, of the initial content of sulfur in the
Onslow soil.

RATES OF DEPLETION OF EXCHANGEABLE Ca AND Mg
FROM CERTAIN LIMESTONED AND DOLOMITED
SOILS AND CONTROLS .

In the preceding section, the status of the cations in variously
limed soils was presented solely at the point of expiration of the
20th vear of the experiment. Through the same method of account-
ing for the various inerements of input and outgo, the findings
were computed to show the status of Ca and Mg in 5 typical ex-
perimental units of both soils for each year of the experiment, as in
tables 16 to 25 inclusive. The principal objective was to plot the
progression in soil’s content of Ca and Mg in relation to time.
Equally important, however, is the fact that the data afforded
opportunity for the computation of the ratios of Mg-to-Ca in the
annual outgo, expressed as percentage of supply of these elements
in the soils for the respective annual periods. Changes in the status
of Ca and Mg in the soils are shown in graphs, figures 5. 6, 7, and 8.
Sections A, B, and C of figure 5 depict the rate of de-
pletion of Ca and Mg of the Cumberland clay loam, at
various levels of base saturation, that was effected by
the incorporated liming materials. Each vair of curves
in these figures represents 2 sets of values for Ca and Mg.
The values that read upward from the base line of the gravh repre-
sent the cumulative decline in the soil’s content of Ca and Mg over
20 years. The values marked on the right-hand side of the graph
read in the opposite direction from the points of initial contents of
Ca and Mg. These values may be regarded as the cumulative loss
from each experiment whose Ca and Mg contents, including the
immediate liming incorporations, are defined as “initial contents”.
The “cumulative loss” values are not identical with either the ex-
pression “outgo” or “net outgo” used in the discussion of leaching
data. “Net outgo” is merely a comparative value in relation to out-
go from the unlimed soil, whereas “outgo” is not an actual loss,
since the term does not include accretion to the soil of Ca and Mg
through rainwaters. ‘“Cumulative loss” represents an absolute and
independent value that can be applied alike to the limed and un-
limed soils. The difference between these values can be shown by
use of the outgo and net outgo of Ca and Mg from the dolomite in
series A of the Cumberland =soil, as given in table 12A. Total outgo
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of caleium was 4829 pounds, and of magnesium, 3194 pounds. When
corrected for control, the net outgo from the above experiment be-
comes 648 pounds and 1419 pounds, against cumulative losses of 2380
pounds and 2280 pounds for Ca and Mg, respectively, according to
the plotted values of figure 7B. The values for “cumulative loss”
and the “residual” content are complementary values, and at a se-
lected point the summation of the 2 readings on the curve repre-
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sents the “initial content” of the soil, inclusive of liming incorpora-
tions.

Two aspects are indicated by the depletion curves of figures 5
to 8. One is the rate of Ca and Mg depletion at various points on the
time scale, and the other is the relationship between the contained
Ca and Mg and the respective rates of their outgo. The net loss of
Ca from the Cumberland soil was at maximal rate in the early
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3570 pounds of CaCOsz-equivalence in each incorporation.
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stages of the experiment, and decreased rapidly in the successive
periods, as shown in figures 5 and 7.

Readings from the curves 5B, 5C, and 7TA give the following
net losses of calcium from the Cumberland soil by 4-year periods
as pounds per 2,000,000 pounds of soil:

st 2nd 3rd 4th Sth
Control (fig. 7TA) 1100 400 150 50 20
Limestoned (fig. 5B) _______ 2000 800 450 200 100
Limestoned (fig. 5C) _2200 1600 700 380 200
6
15l
5.—
137 Ca
ar C —Dolomited Soil, Series B
3._
§ : 13 216
5 M
0
&
Eo
&
Y B — Dolomited Soil, Series A
s 238
5 4
3 5
5 Ca
s
‘L .
2 b~
g 2 228
S
e i Mg
O Y
3 o
[=)
<4l A— Control Soils
¥ 173
2 * Ca N
T 087
Mg
S S S S T R T S T S TR

TIME — YEARS
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In a comparison of these values and corresponding values in
table 7, the distinction between “outgo’ and “net loss” is apparent.
The marked diminution in rate of outgo through rainwater leach-
ings has been attributed to “aging” or “mineralization” of the add-
ed calcium that had entered the complexes (19). Without any at-
tempt to develop a theoretical explanation of the phenomenon, the
findings can be integrated in relation to normal soil processes. It
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Fig. 8—Progressive depletion of calcium and magnesium from (A) the con-
trol, (B) once-dolomited. and (C) twice-dolomited Onslow fine sandy loam.
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has not been established that after its adsorption by the soil the
added Ca loses its ability to function in cation interchange or to
effect the neutralization of H-ions that are generated in the soil.
The phenomenon of decreasing leachability of the additive Ca after
the sorption under natural conditions may be regarded as a conse-
quence of an adjustment in the chemical and biochemical activities
of the limed soil without any particular change in the nature of the
Ca-complex. Certain concomitant phenomena serve to explain the
high rate of outgo of Ca and Mg at the early stages of an experi-
ment. One of these is the bacterial activation that ensues as an
effect of the aeration that occurs when the bulk of soil is screened
and mixed to assure uniformity in the several portions for placement
in the lysimeters. Moreover, the decomposition of incorporated car-
bonates effects an enrichment in the CO, content of the soil system,
with resultant early increase in capacity to dissolve bases into the
drainage waters.

The annual leachings of nitrates as graphed in figure 1, show
that the nitrate outgo accounts for nearly 50 percent of the outgo
of Ca+Mg from the unlimed as well as the limed Cumberland clay
loam, series A. The heavier rates of liming which induced the larger
outgo of Ca+Mg produced larger proportions of bicarbonate in the
leachings. This relationship is indicated by the wider spaces be-
tween the (SO, plus NO3) lines and those for Ca+Mg in figures 1
and 2. The disappearance of bicarbonate indication on these graphs
coincides with the experimentally determined cessation in the losses
of Ca+Mg from the soil; that is, outgo is in balance with the incre-
ment supplies by rainwaters, as exemplified by curves for Ca and
Mg from the control in figure 5A.

The fact that the unlimed soil and the limed soils undergo simi-
lar progressive diminutions in outgo militates against the postula-
tion that “aging” accounts for a lessening in the dissolubility of the
Ca content of the soil complex.

The net losses of calcium from the limestoned Virginia soil
did not show the sharp decline that was registered by the Tennessee
soil during the early stages of the experiment. The differential be-
havior of the 2 soils is attributed to their distinetive chemical char-
acteristics. As noted in the earlier publication (28), the organic
matter in the Cumberland soil was readily decomposable, whereas
that of the Virginia soil was more stable and included peanut-hull
residues. The course of the depletion of Ca and Mg in the Virginia
soil is given in figures 6 and 8. The outgo of Ca and Mg, and conse-
quently the net losses of those elements from the Virginia soil,
were affected by serious annual fluctuations, as can be seen from
the scattering of the experimental values of the curves in figures
6 and 8. The curve for Ca in figure 6 A shows a gradual decreasing
rate of loss of Ca from the limestoned soil of series A, whereas the
losses of Ca from the limestoned soil series B start at a much
higher rate and fall off faster. This difference may mean that the
degree of Ca-saturation in the Virginia soil is an important factor
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governing the rate of outgo of calcium. The net losses of Ca from
the single and double limestone incorporations in the Virginia soil
for the five 4-year periods as pounds per 2,000,000 pounds of soil
were as follows:

Lst 2nd 3rd Ath 5th
Limestoned, series A . 700 500 400 250 180
Limestoned, series B ___ . ____ 690 1400 1000 700 400

In the 2nd 4-year intervals, 3.5 m.e. and 6.5 m.e. represented
the mean Ca contents for the 2 series, against corresponding m.e.
values of 2.3 and 3.9 in the 5th 4-year periods. The contents of Ca in
those series of the Cumberland soil were 4.4. m.e. and 7.2 at the
early period, and 3.5 m.e. at the 5th 4-year period of the experiment.
The rate of loss of Ca at near the end of the 20-year period was
greater for the Virginia soil than for the Tennessee soil, although
the Ca content of the Virginia soil had been diminigshed to a much
lower level. Series A and B of the Virginia soil showed 42 and 72
percent Ca-saturation near the close of the experiment, whereas the
singly and doubly limestoned Tennessee soils were 35 and 54 per-
cent Ca-saturated. Near the close of the experiment, the single-
limestoned Tennessee and Virginia soils showel almost the same
degree of Ca-saturation, yet the rate for net loss from the Virginia
soil was nearly twice as high as that from the Tennessee soil. Thus,
the limestoned Virginia soil started with a slower rate of calcium
loss than the limestoned Tennessee soil. The losses of calcium from
the Cumberland soil, however, decreased sharply past the mid-point
of the experiment, whereas those from the Virginia soil were main-
tained at a uniform rate and had overtaken the losses from the
Tennessee soil at the end of 20 years.

It is logical to assume that the exchangeable supply of calcium
of a soil, or its degree of Ca-saturation, will affect the rate of losses
of that element through rainwater leachings. Base-exchange in-
vestigations have demonstrated that the degree of cation saturation
of clay particles of a given base governs the extent of replacement
by other cations (10, 2). As pointed out by Bray, (2, p. 962), how-
ever, “It is unsafe to predict what the final over-all effect will be
under soil conditions where factors outside the ones included in
the laboratory experiment are present.” The data of table 14 were
compiled to establish relationship between degree of calcium satur-
ation of the Tennessee and Virginia soils and the rate of loss of
calcium through rainwater leachings. The tabulated data were ob-
tained from the curves in figures 5, 6, 7, and 8 for net loss of cal-
cium in the 4-year periods and for the mean content of calcium of
each period.

The 3 ranges of Ca-saturation are supplied by the unlimed,
once-limestoned, and twice-limestoned soils, although the values in
these 3 liming categories do not overlap to an extent sufficient to
furnish many points for intercomparisons. The unlimed Tennessee
soil was 30-percent Ca-saturated in the initial 4-year period and
showed a net loss of 850 pounds for that period, whereas, the Ca-
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TasLe 14—Relation of calcium content and degree of Ca-saturation to net loss
of Ca through 20 years of rainwater leachings from Cumberland
and Onslow soils.

Ca in soil*
Successive Net loss per
Soil Liming 4-year period
periods Per 100 grams Degree of per 100 grams
Ca-saturation

M.e. Percent M.e.
| R - 3.00 30 0.86
Cumberland Unlimed 2 - 2.25 22 0.50
clay 3 2.00 20 0.25
loam 1 1.90 19 0.10
5 1.86 18 0.02
1. 5.80 57 2.0
Cumberland Limestoned 2 4.45 44 0.80
clay series A 3 3.95 39 0.43
loam 4 3.60 36 0.22
5 . 3.46 34 0.10
1. 5.70 56 2.20
Cumberland Limestoned 2 7.20 71 1.60
clay series B 3 6.20 61 0.90
loam 4. 5.70 56 0.38
5. 5.40 53 0.20
1. 1.00 19 0.25
Onslow 2 0.80 15 0.26
fine Unlimed 3 0.60 11 0.10
sandy 4. 0.50 9 0.10
loam 5. 0.40 7 0.05
3 1. 4.10 76 0.70
Onslow Limestoned 2 3.50 66 0.50
fine series A 3. 3.00 b6 0.40
sandy 4. 2.70 50 0.26
loam 5 2.30 43 0.18
. 1. 4.20 78 0.69
Onslow Limestoned 2. 6.50 120 1.40
fine series B 3. 5.40 100 100
sandy 4. " 4.40 81 0.70
loam 5. ] 3.90 72 0.40

1Mid-pqint values for each period were taken from graphs in figures 5, 6, 7, and 8, as
representative of average content of each period.

saturation nearest thereto was the 34-percent saturation of the
once-limestoned soil in the 5th period, with a corresponding net
loss of calcium for that period of only 100 pounds. In the initial
period, the twice-limestoned soil was 56 percent Ca-saturated and
had a net Ca loss of 2200 pounds; yet in the 4th period, when the
same degree of Ca-saturation prevailed as a consequence of an inter-
vening incorporation, the loss of caleium was only 380 pounds.
However, substantial differences in the leaching rates of calcium
when the degrees of Ca-saturation were near-equal need not be
taken as complete refutation of the principle of rate of outgo, or
replacement, as a function of the degree of saturation. Instead, the
indicated discrepancies should serve to emphasize the fact that,
under natural and normal soil conditions, the rate of loss of calcium
is governed largely by the microbiological activities, and of the
quantity of readily decomposable organic matter, rather than by
differences in degree of Ca-saturation. Only when the soils have
attained more or less uniformity in mierobiological activity, and in
resultant uniformity in the generation of CO,, will the degree of
Ca-saturation govern the rate of outgo. For example, the losses of
calcium from series B in the 5th period can be related to the losses
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from series A. Series B showed 34 percent saturation degree and
a 100-pound loss of calcium, whereas series A was 53 percent satur-
ated and had a 200-pound loss of calcium. Similar relationships be-
tween degree of Ca-saturation and outgo are indicated in the data
from the Virginia soil, except that there are fewer common points
for intercomparison.

PROPORTIONS OF NITRATE, SULFATE, AND BICARBONATE
IN TOTAL CATION LOSSES FROM EXPERIMENTAL SOILS

Although the leachings of nitrates and sulfates have been inte-
grated with outgo of Ca-+Mg in preceding sections of the text, this
aspect is deemed of sufficient importance to justify special con-
sideration. The present discussion will attempt to show: (a) the
proportions of anions to total cation outgo from the 2 unlimed soils;
(b) the effects of single and repeated incorporations of the liming
materials upon proportions established in (a); (¢) the effect of
time on the proportions of the anions under the several conditions.
Data that relate to these aspects appear in table 15, in form some-
what different from the presentation in figures 1 and 2. The data
in table 15 are given by 4-year periods for the unlimed soils and for
certain limestoned soils, whereas the charted data from representa-
tive series are given as annual averages for the several liming
materials. The values in table 15 represent net losses, whereas the
plotted values of figures 1 and 2 represent actual outgo. The correc-
tions for rainwater content were applied in table 15, because it was
desired that the corrected values point the relationships that would
be obtained under natural conditions, where the soil would not be
affected by atmospheric pollution.

Of the 2773-pound cation loss from the Cumberland control soil
during 20 years, 87 percent was accounted for by nitrates and the
remainder was shared equally by sulfate and bicarbonate. The
single 3570-pound limestone full-depth incorporation induced an in-
creased cation outgo of 1744 pounds over that from controls, and
concomitant increases in anion outgo as follows: Nitrate, 443
pounds ; sulfate, 119 pounds; and 1182 pounds ascribed to bicarbon-
ate. The large increase in bicarbonate proportion due to liming has
resulted in a rearrangement in the percentage distribution of anions
in the leachings, decreasing the nitrate loss from 87 to 64 percent
and increasing the bicarbonate loss from 7 to 31 percent of the
total cation loss. An additional incorporation of limestone in series
Bthe 5th year caused an increased cation loss of 3182 pounds, which
was accounted for in part by a 514-pound increase in nitrate outgo
and a 203-pound increase in sulfate outgo, the remainder of 2455
pounds being ascribed to bicarbonate.

Series F, which is comparable to series A, except that the in-
corporation of limestone in F was made in the upper 1/3 of the soil
column, suffered a total cation loss of 3863 pounds, or a 1090-
pound increase over that in control, which was accounted for by a
168-pound increase as nitrate, 45-pound increase as sulfate, and



TABLE 15—The proportions of NOg, SOy, and HCOg of total cation leached from Cumberland clay loam and Onslow fine sandy
loam, as affected by liming and time.
. . CaCOs equivalence as pounds per 2,000,000 pounds of soil, and as percent of total cation by periods in years
Experimental Cation
series or anion 1-4 I 5-8 [ 9-12 [ 13-16 [ 17-20 [ 1-20
Lbs. Pet. | Lbs. Pect. | Lbs. Pct. | Lbs. Pet. | Lbs. Pct. | Lbs. Pet.
CUMBERLAND CLAY LOAM
Controls 1855 100 757 100 326 100 50 100 85 100 2773 100
1335 86 700 93 314 96 85 170 T 2413 87
22 1 38 5 65 20 19 38 50 59 174 6
208 13 19 2 =53 -16 54 42 186 7
Limestoned 2538 100 1048 100 539 100 220 100 172 100 4517 100
Series 1624 64 729 71 385 71 114 52 -1 -5 2856 63
125 5 37 4 49 9 25 11 56 32 293 6
789 31 272 25 105 20 81 37 123 73 1368 31
Limestoned 2626 100 1822 100 754 100 423 100 330 100 5955 100
Series B 1585 60 914 50 289 38 146 35 -7 -2 2927 49
122 5 97 5 50 7 34 8 75 23 377 6
919 35 811 45 415 55 243 57 262 79 2651 45
Limestoned 2256 100 720 100 484 100 193 100 210 100 3863 100
Series F 1553 69 582 81 324 67 103 53 14 7 2581 67 |
116 5 22 3 46 10 -10 -4 45 21 219 6 ‘
587 26 116 16 114 23 100 51 151 72 1063 27
Rainwater 828 671 730 687 682 . 3598
43 107 . 154 179 175 - 657
559 431 394 425 584 2394
ONSLOW FINE SANDY LOAM
Controls 330 100 293 100 183 100 76 100 13 100 809 100
328 29 357 122 329 180 318 418 186 ... 1505 186
.16 -5 62 21 31 17 47 62 88 . 84 10
Limestoned 837 625 560 382 104 100 2421 100
Series A 367 424 411 478 253 243 1937 80
-1 69 59 50 -50  -48 118 5
16| D 366 15
Limestoned CatMg+K 749 1283 1268 679 357 100 4333 100
Series B NOs . 211 414 522 446 229 64 1823 42
25 74 81 37 .28 -8 118 3 |
} . 44 2392 55
Limestoned 570 480 368 353 172 100 1876 86
Series F 336 371 340 364 221 128 1619 10
-19 71 72 75 -6 -3 194 4
Rainwater _____ 356 g;é 556 415 -5"1; e — 24;; i
25
a8 § i i

613 'ON NILITINgG
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877-pound increase as bicarbonate. The 654-pound decrease in loss
from series F, as against that from series A, was shared equally
by the decreases in the leachings of nitrate and bicarbonate.

The effect of increased calcium saturation of the Cumberland
soil upon the cation and anion losses may be summarized as follows:
At the 50-percent base-saturation of the control soil, the cation
losses were 90 percent as nitrates. Increases in calcium saturation
through liming resulted in large increases in cation losses that were
balanced only in part by increases in the outgo of nitrates and sul-
fates, with attendant decreased percentage of nitrate and continual
increases in the bicarbonate proportion.

The 20-year net loss of cations from the unlimed Virginia soil
was 809 pounds. The nitrate loss was 186 percent and the sulfate
loss was equivalent to 10 percent of the cation loss. These values,
however, do not represent the actual proportions in outgo from con-
trol soil, because the added effect from the rainwater increments
was not included. The total cation outgo from the control exceeded
the equivalences of NO; plus SO,, except during the last 6 years,
as shown in figure 2. One integral liming caused increase of 1612
pounds in cation outgo over that from control, of which 432 pounds
was accounted for as nitrates and 34 pounds as sulfates. The anion
losses as nitrate, sulfate, and bicarbonate, respectively, accounted
for 80, 5, and 15 percent of the total cation loss from the once-lime-
stoned Virginia soil. The twice-limestoned Virginia soil gave a
3524-pound increase in cation outgo, of which 318 pounds was ac-
counted for as nitrates, 34 pounds as sulfates, and 2392 pounds as
bicarbonate. The 545-pound decrease in cation outgo from the
single incorporation of limestone in the upper third of the Virginia
soil, as against that from full-depth liming of series A, was shared
equally by decreased losses of nitrate and bicarbonate. Hence,
the conclusions drawn for the Tennessee soil in regard to the
effects of increases in base saturation upon proportions of anions
in leaching, are likewise applicable to the Virginia soil.

The large outgo of Ca+Mg from the Tennessee soil in the ini-
tial stages of the experiment and from the Onslow soil in the
middle stages, raises the question of relative losses of anions and
cations at various stages of the experiment. The unlimed Tennessee
soil starts with a 1355-pound loss of cations in the first 4 years, but
in each of the succeeding 4-year periods the losses decrease approxi-
mately one-half of the loss in the preceding period, whereas the
losses in the 4th and 5th periods were meager. The nitrate
ion was predominant throughout the 12 years during which there
were substantial losses of cations; the sulfate outgo showed only
slight increases, whereas significant amounts of bicarbonates ap-
peared only in the initial 4-year period.

The single incorporation of limestone in the first 4-year period
caused a 1027-pound average increase in loss of cations from series
A and B. That increase was accounted for by 240 pounds, as ni-
trates, 100 pounds as sulfates, and 677 pounds as bicarbonates. Dur-
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ing the 2nd 4-year period, series A showed a 291-pound increase in
cation loss, 39 pounds of which was accounted for as nitrates, none
as sulfate, and 253 pounds as bicarbonates. During the 3rd period
there was a 213-pound increase in loss of cations, 1 pounds being
due to nitrates, nil to sulfates, and 142 bounds to bicarbonates.
The 170-pound loss in the 4th period was accounted for by 89
pounds as nitrates and 131 pounds as bicarbonate. The minus value
for nitrate outgo in the 5th period probably is due to the high cor-
rection for the unusual incidence of nitrates in the rainwaters of
that particular period.

The increase in cation outgo from series B of the limestoned
in the second period was 1065 pounds, 214 being accounted for as ni-
trates, 4 pounds as sulfates, and 847 pounds, or 80 percent, as bi-
carbonates. The cation increase in the 3rd period was 428 pounds,
which was accounted for entirely as bicarbonate. In the 4th period,
the increase in outgo was 373 pounds, 61 pounds being accounted
for as nitrates, 15 pounds as sulfates, and 292 pounds, or 78 percent,
as bicarbonate. The increase in the 5th-period outgo was 245 pounds,
all of which was accounted for as bicarbonate. Thus, the 80 to 100
percent of the increases in cation outgo resultant from increased
calcium supply was accounted for as bicarbonate. This conclusion
is different from the one indicated for the anion percentages in
table 15. The difference is due to the method of approach, in which
the total loss was the basis for computation, whereas the basis in
the above discussion was the increased outgo over that from control,

As previously indicated, the net loss of nitrate from unlimed

Virginia soil exceeded the total loss of cations from that soil. The
progressive decrease in cation outgo, while the nitrate outgo con-
tinued nearly constant, is reflected by the decrease in percentage
of the excess in loss of nitrates. The increases in loss of cations from
the limestoned Virginia soil, as registered by the first four of the
five 4-year periods, were 507, 332, 371, and 306 pounds, in suc-
cession, whereas the corresponding nitrate increases were: 39, 67,
82, and 160 pounds, with virtually no increases for sulfate putgo.
Respective proportions of 92, 80, 80, and 52 percent were gttrlbuted
to the outgo of bicarbonates in the successive 4-year periods.

The increases in loss of cations from series B of .the limestoned
Virginia soil during the 2nd, 3rd, and 4th 4—year peljlods were: 999,
1085, and 603 pounds, respectively, in relation to Increases in ni-
trate losses of 67, 193, and 128 pounds, whereas bicarbonates ac-
counted for successive increases of 99, 82, and 95 percent of the
cation loss.

The course of the percentage losses of nitrogen by 4-year peri-
ods is of interest. The total loss of 676 pounds from the unlimed
Tennessee soil was distributed through percentag_es of 54, 29, 135 3,
and 1 for the succession in 4-year intervals, as against corresponding
percentages of 57, 26, 124, and 1 for the 800-p0ung1 loss suffered by
the limestoned soil. In series B the limestoned soil had a total loss
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of 820 pounds, which was distributed as 53, 32, 11, 5 and 1 percent
of total loss for the successive 4-year periods. The loss of nitrogen
from the Tennessee soil, limed or unlimed, was virtually nil during
the final 4-year period, although the computed residual nitrogen
was 2060 pounds of N per 2,000,000 pounds of soil, or 71 percent of
its original content of 0.1440 percent of N.

The net losses of nitrogen from the unlimed Virginia soil, from
the limestoned series A and B, were 421, 542, and 510 pounds, with
the respective losses distributed as follows for the successive 4-
year periods:

Unlimed soil .22, 24, 22, 21, and 12 percent
Series A limestoned 19, 22, 21, 25, and 13 percent
Series B limestoned 12, 23, 29, 24, and 13 percent

The 542-pound loss amounted to a 48-percent loss of the original
0.057 percent N of the soil.

The distribution of the N losses from the Virginia soil is in
decided contrast to that from the Tennessee soil. It is notable that
although the Virginia soil continues to yield appreciable quantities
of N, even after 20 years of leaching had removed 48 percent of its
initial content of nitrogen, the Tennessee soil had ceased to yield
?\}ny Ntin the leachates after a loss of only 29 percent of its total

content.

The distribution of the losses of sulfur from the unlimed soils
in 4-year periods is somewhat irregular. The highest percentage of
losses from the limed Tennessee soil occurred during the period of
liming. The outgo of sulfates from the Virginia soil was too irregu-
lar for the drawing of generalizations on the distribution of losses.
The net losses of S from the Tennessee soil, unlimed and limestoned
A and B were 56, 94, and 121 pounds, respectively, which corre-
sponded to 6, 10, and 12 percent of the original sulfur content of
049 percent. The net losses from the corresponding values for the
unlimed and limestoned series A and B of the Virginia soils were
27, 88, and 38 pounds, which represented percentages of 5, 7, and 7
percent respectively, of the initial sulfur content of 560 pounds per
2,000,000 pounds of soil.

CATION INTERRELATIONSHIPS IN THE LYSIMETER OUTGO

Since Way (37) in 1850 discovered the power of soils to adsorb
potassium from KCl with concomitant release of calcium equiva-
lence as CaCl, the subject of base exchange, or cation interchange,
has held an important position in soil research. Soils now are char-
acterized according to base-exchange capacity and content of spe-
cific cations. Losses of Ca, Mg, and K through rainwater leaching
are regarded as exchange phenomena through which the H-ions of
the carbonic acid of the percolating water replace the metal cations
of the soil. The reverse order obtains when a soil is limed, inasmuch
as the incorporated Ca or Mg replaces the hydrogen ions of the
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soil complex. When the principles of cation exchange are applied
to certain types of soil analyses and soil amelioration, the properties
of the specific cations are recognized as affecting flocculation, soil
reaction, and degree of adsorption. The particular properties of
cations that bear upon the outgo of Ca, Mg, and K in the rainwater
leachings are those that pertain to intensities of exchange adsorp-
tion and ease of replacement. These properties have been investi-
gated by Jenny and co-workers (5, 6, 8, 9) and more recently by
Bray (2). Through investigations of the replaceability of potassium
from clay suspensions, as such is influenced by the degree of K
saturation and type of the complementary ion, Jenny and Ayers
(10) developed the following relationships: If the complementary
C ions are held more tenaciously than the B ions, the replacing W
ions favor the B ions, but when the complementary C ions are held
less tightly than the B ions, the replacing agent will favor the C
ions rather than the B ions. Their conclusion that “as a matter of
fact, neutralizing an acid soil with Ca should render K more avail-
able . . .” (10:457), is inconsistent with their own generalizations
on exchangeability as affected by complementary ions.

Bray (2) established the cation release by 1.66 m.e. HCI per 100
grams of soil on a number of Illinois soils, and has computed aver-
age f-values of Mg, K, and H, in which f is the ratio of the percent-
age of the exchangeable supply of each base released, in relation
to that of Ca, which is taken as unity. The f-Mg ranged from 1.10
to 1.98, or an average of 1.60; the f-K ranged from 1.56 to 3.18,
with an average value of 2.20; and f-H was calculated as =0.35. It
was assumed that the ratio of a given cation released when a small
quantity of an electrolyte is added to the system is proportional to
(a) the relative amount present and (b) the “relative ease of re-
lease.” Both Jenny and Bray formulated an equation which led to
the generalization: Where a cation of higher tenacity is replaced by one
with a lower tenacity, the proportionate release of other cations present
will be decreased.

The cation releases from our 2 experimental soils through the
rainwater leachings are not subject to exact computation of con-
stants such as might be feasible under laboratory experimentation,
It would be advantageous, however, if the determined long-range
effects exerted by the inputs of calcic and magnesic materials up-
on outgo of Ca, Mg, and K could be correlated with the cited prin-
ciples of cation interchange.

The various and long-time lysimeter experiments that em-
braced calcic, magnesic, and dolomitic materials, and a wide range
in rate and manner of incorporation, have led to certain observa-
tions as to cation interrelationships in leachings which may be' sum-
marized as follows: (a) Incorporations of the several calcic liming
materials effect a diminution of the quantity of magnesium present
in the rainwater leachings from the zone of incorporation; (b) in-
corporation of magnesic oxides and precipitated carbonates_ effect
substantial diminution in the outgo of calcium in the leachings as
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they pass directly from the zone of incorporation; (c¢) the incor-
poration of a calcic or magnesic or dolomitic material represses
outgo of K from the zone of incorporation. (The first two relation-
ships were designated as the phenomena of ‘“Reciprocal repression”
—17, 19, 21, 238) ; (d) the percolates from a Ca-fortified soil effects
replacements of Mg from underlying strata of unlimed soil or sub-
soil; (e) the percolates from a soil fortified with either oxides or
carbonates of magnesium will effect a replacement of Ca from
underlying zones of either soil or subsoil; (f) additions of sodium
nitrate effected slightly smaller releases of Ca and Mg than the
reciprocal releases of Mg and Ca effected by additions of the ni-
trates of calcium or magnesium, (26) and (g) inputs of nitrate,
chloride, and sulfate of potassium effected some releases of Ca and
Mg (29).

The relationships cited in (d) to (g) conform to accepted prin-
ciples of cation interchange. However, the first three relationships

¢ have been presented as exceptions to, or negations of, the rules of
. cation interchange. The repressive effect that caleic and magnesic
. liming exerts upon the release of other cations in the zone of in-
© corporation has been attributed particularly to incidence of bicar-
¢ bonate of Ca or Mg from residues of liming materials as such, or
. as Ca complexes, which function to preclude basic interchange (19,

. p.496). 1t is important to observe that the phenomena of “recipro-
i cal repression” is not limited to the relatively brief period during
¢ which rational-rate incorporations of Ca or Mg carbonate may con-

tinue as such or to the period of their decomposition in the soil
system, since these phenomena are registered by the leaching

i long after the Ca or Mg has been fixed in the soil complex.

REPRESSIVE EFFECT OF CALCIC LIMING UPON OUTGO
OF MAGNESIUM

In the present experiment the repressive effect of additive Ca
upon Mg outgo was effected by 3 types of caleic materials, whereas
repression upon outgo of K was induced by each of the 4 liming
materials. The outgo from the incorporated dolomite affords a com-
parison as to Mg/Ca ratios that are affected by rate of incorpora-
tion in relation to supplies of Ca and Mg native to the soil. The out-
go of magnesium from the burnt lime, limestone, and Ca-silicate
incorporations was considerably below the outgo from the unlimed
soil, as shown in table 12. Actual repressions were greater than
those indicated, however, since all of the calcic materials carried in-
crements of magnesium which may have boosted the Mg outgo to
some extent. The averages for the 20-year leachings of Mg from the
4 single-rate incorporations of calcic material in the Tennessee soil
were 1676 pounds for burnt lime, 1704 pounds for limestone, and
1909 pounds for the silicate, against 1775 pounds from the unlimed
soil; whereas, corresponding values of 1667, 1669, and 1767 pounds
were shown for the double-rate liming. The increase of 158 pounds
for the single input of the silicate and no gain from double input
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can be accounted for by respective increments of 264 pounds and
528 pounds of magnesium thru the dicalcium silicate incorporations.
When allowance is made for the Mg content of the silicate, its cak
cium content of the single and double incorporations effected re- |
pressions in the outgo of magnesium of 106 pounds and 528 pounds.
The inputs of magnesium through single-rate incorporations of ;
burnt lime and limestone were 79 and 164 respectively. When cor-
rections are applied for those 2 increments, the repressions in out-
go of magnesium will be 178 pounds and 235 pounds for burnt
lime and limestone, respectively, against corresponding repressions
of 266 pounds and 434 pounds for the double limings.

After like corrections for the magnesium in the calcic materials,
the 20-year leachings of Mg from the single inputs of lime, lime-
stone, and silicate on the Virginia soil were 744, 727, and 766
pounds, respectively, against a control outgo of 879 pounds; where-
as, the double-rate inputs of same calcic materials caused respec-
tive leachings of 725, 630, and 643 pounds of magnesium. Hence,
the repressions upon outgo of Mg for the 20-year period for the
respective calcic materials at single rate were 135, 152, and 113
pounds; and for the double rate, 154, 249, and 236 pounds, respec-
tively. Such repressions appear to be somewhat greater in the
Tennessee 80il than in the Virginia soil.

REPRESSIVE EFFECT OF LIMING UPON OUTGO
OF POTASSIUM

The potassium outgo is given by annual periods in tables IX
and X, and with corrections for control outgo for quadrennial peri-
ods, in table 8. The unlimed Tennessee soil vielded 328 pounds of
K during the 20 years, whereas leachings of 288, 288, 298, and 29
pounds came from the single-rate of liming for the burnt lime,
limestone, dolomite, and calcium silicate, respectively. The corre-
sponding leachings from the 4 double-rate limings were 241, 232,
252, and 275 pounds. respectively.  Therefore. the average re-
pression in outgo of K resultant from the single limings was 37
pounds, and that induced by the double limings was 74 pounds. As
can be seen from the bottom line of each series in table 8, how-
ever, the repressive effect on K outgo was not sustained through
the entire 20 years. In certain series of the Tennessee soil the re-
pressive effect diminished with progress of time. It is also clear
that some potassium release of K was effected in the lower un.
limed zone of series F and series G of the Tennessee soil during the
downward passage of the leachings from the limed upper zone,
which is in accord with previous observations (23) under similar
conditions.

The 20-year outgo of potassium from unlimed Virginia soil was
277 pounds, the average outgo from the single rate of liming was
239 pounds, and that from the double rate of liming, 222 pounds,
The repression in outgo of K for the entire 20 years was 38 and 5§
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pounds for the single and double rates of liming, respectively. No
particular pattern developed as to the influence of lime upon the
extent of repression in K outgo, although the most significant re-
pression seemed coincidental with the higher concentration of cal-
cium or of Ca+Mg in the leachings. In accord with the behavior of
the Tennessee soil, the Virginia soil also shows vanishing influ-
ence of liming upon the diminution in the outgo of K during the
final 4 years of the 20-year experiment. The observed results are
in accord with the previous observations as to the repressive effects
of liming upon the occurrence of K in the free water of the soil
(14, 17, 23, 29).

MAGNESIUM/CALCIUM OUTGO RATIOS, IN RELATION
TO CONTENT OF THESE ELEMENTS IN THE SOIL

The leachability of adsorbed calcium and magnesium resultant
from dolomite incorporations was considered as to the total and
net outgo, and as to the Mg,/Ca ratios as these were influenced by
rate and zone of liming incorporation. Based on data of table 11,
the ratios of Mg/Ca in the outgo appear in the following range:
0.66:1, 0.78:1, and 0.42:1 for the once-dolomited, twice-dolomited,
and untreated series of the Tennessee soil, respectively; whereas,
values for the corresponding series of the Virginia soil were: 0.82:1,
1.08:1, and 0.43:1, respectively. The fault with the foregoing ex-
pressions lies in the fact that they fail to establish any constant
ratio and that unless the initial contents of the elements are taken
into account, these values give an inaccurate impression as to
relative rate of losses of Mg and Ca from the soil. The proper ap-
proach seemed to lie in a correlation of the Mg/Ca ratio, as of per-
centage outgo of the supplies of each element in the soil, rather
than as of actual outgo. This could not be done on a 20-year basis,
since the supplies of Ca and Mg in the soil vary with time, as is
shown by figures 5 to 8. Computations of the percentages of
Ca and Mg outgo upon the basis of annual balances of these ele-
ments in the controls and in 2 typically limestoned and 2 typically
dolomited soils are given in tables 16 to 25.

A mere inspection of the outgo values “as percentage of sup-
ply” gives a clear indication that the soil’s content of Mg is lost at
a rate much faster than that of Ca. It was hoped, moreover, that
computations of the annual percentage of Mg/Ca ratios might de-
velop some constant relationship that otherwise would not become
obvious because of fluctuations in absolute outgo and in percent-
age outgo from year to year. It should be noted that in the compu-
tations of the Mg/ /Ca ratios, as given in tables 16 to 25, the data
were subjected to a severe test. The percentage outgo for the ini-
tial year was based upon the content of exchangeable Ca and Mg,
as determined through extraction by means of ammonium acetate,
plus rainwater increments, plus Ca and Mg added through a specific
liming; and upon the quantities of the Ca and Mg outgo in the
leachings for each annual period. Any error in the factors — Ca and



TABLE 16—Twenty-year annual balances of supply and outgo of Ca and Mg as m.c. per 100 grams of soil; outgo as percentage
of supply, and Mg/Ca ratios of such outgo.

CUMBERLAND CLAY LOAM CONTROL

8¢

Ca | Mg Ca | Mg Ca | Mg Ca | Mg Ca | Mg
Years— 1 2 3 4 3
- i=ing of each year 3.600 | 1.120 3.346 | 1.010 2.997 | 0.891 2.730 | 0.798 2.530 | 0.728
In sofl at beginning o Suring vear. | 0060 | 0.088 0.195 | 0.124 0.074 | 0.066 0.088 | 0.064 0.115 | 0.029
T peainwater Inerer 3.660 | 1.208 3.541 | 1.143 3.071 | 0.957 2.827 | 0.862 2.645 | 0.757
Outgo in leaching during vear N 0.314 | 0.189 0544 | 0.252 0.332 | 0.159 0.297 | 0.134 0.292 | 0.176
QOutgo, in percentage of supply ... . . 8.6 15.6 15.4 22.1 10.7 16.6 10.5 15.56 11.0 23.2
Me O Tatie of porcentage outgs — . . 1.81 1.43 1.55 1.48 2.11
Years— 6 7 8 9 10
- 5 of each yesr 2.353 | 0.581 2.288 | 0.514 2.226 | 0.486 2.124 | 0437 2.071 | 0.397
B e ment during year__ 0116 | 0.029 0150 | 0.059 0'101 | 0.033 0132 | 0.062 0109 | 0.043
Totay nwater Increr 2468 | 0.610 2.438 | 0.573 2.327 | 0.519 2.256 | 0.499 2.180 | 0.440
Outgo in leaching during year ... .. ~ 0.180 0.096 0.212 0.087 0.203 0.082 0.185 0.102 0.137 0.050
Outgo, in percentage of supply 7.3 15.7 87 15.2 8.7 15.8 8.2 20.4 6.3 14
Mg,/Ca ratio of percentage outgo ... .. .. . ... .. 2.16 175 1.80 2.50 1.81
1i 1z i3 4 16
il at beginning of each year. . 2.043 | 0.890 1.974 | 0.361 1.941 | 0.325 1.924 | 0.304 1.937 | 0.307
In soll ot Deg i et during year 0.122 | 0.037 0.157 | 0.030 0128 | 0025 0145 | 0.060 0.124 | 0.037
Totny morater Increr 2165 | 0.427 2.131 | 0.391 2.069 | 0.350 2.069 | 0.354 2.061 | 0.344
Outeo in Nenching dUring Year o 0191 | 0.066 0.190 | 0.066 0.145 | 0.046 0.132 | 0.047 0.144 | 0.045
Outgo, in percentage of supply 8.8 15.5 8.9 16.9 7.0 | 13.1 6.4 13.3 7.0 13.1
Mg/Ca ratio of percentage OUtgO .. oorooen 1.76 1.90 1.87 2.08 1.86
16 17 18 19 20
In soil at beginning of each vear.. . 1.917 | 0.299 1.920 | 0.299 1.929 | 0292 1914 | 0.281 1.903 | 0.272
o i‘;‘in:w‘;:g;:;‘,‘emnt during year.. 0.102 0.032 0.124 | 0.022 0.128 0.025 0.145 0.030 0.139 | 0.027
Total ouety et 2.019 | 0.331 2.044 | 0.321 2.057 | 0.318 2.059 | 0.311 2.042 | 0.299
Outgo in leaching during year 0.099 | 0.032 0.115 | 0.029 0.143 | 0.037 0.156 | 0.039 0.171 | 0.045
Outgo, in percentage of supply 4.9 9.7 5.6 | 9.0 7.0 11.1 7.6 12.5 8.4 15.1
Mg/Ca ratio of percentage outg0 .o 1.98 1.61 1.59 1.64 -80
In soil &t end of year. . ..o e e 1.871 | 0.254
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TaBLE 17—Twenty-year annual balances of supply and outgo of Ca and Mg as m.c. per
of supply, and Mg/Ca ratios of such outgo.

ONSLOW FINE SANDY LOAM CONTROL

100 grams of soil; outgo as percemtages

Ca | Mg Ca | Mg Ca | Mg Ca | Mg Ca | Mg
Years— 1 2 3 4 - 5 ot
In soil at beginning of each year.. 1.160 0.140 1.044 0.106 1.015 0.106 0.991 0.102 0.91 .
In rainwater increment during ye: 0.037 0.034 0.049 0.031 0.080 0.028 0.051 0.032 0.086 0.0%’;
Total supply 1.197 0.174 1.093 0.136 1.095 0.134 1.042 0.134 0.997 O-é 8
Outgo in leaching during year _. 0.153 0.069 0.078 0.030 0.104 0.082 0.131 0.033 0.226 2-05
Outgo, in percentage of supply 12.8 40.0 7.2 22.0 9.4 24.0 12.6 24.6 22.6 42.
Mg/Ca ratio of percentage outgo . ... 3.1 2. 2.0 .
Years— 6 7 8 9 10
In soil at beginning of each year 0.771 0.081 0.768 0.072 0.703 0.064 0.672 0.048 0.598 0.011
In rainwater increment during year 0.113 0.035 0.061 0.030 0.081 0.036 0.053 0.061 0.046 0.039
Total supply 0.884 0.116 0.829 0.102 0.784 0.100 0.725 0.099 0.644 0.050
Outgo in leaching during year 0.116 0.044 0.126 0.038 0.112 0.052 0.127 0.088 0.049 0.022
Outgo, in percentage of supply 13.1 88.0 15.2 37.2 14.3 52.0 17.5 | 88.0 7.6 44.0
Mg/Ca ratio of percentage outgo . 2.5 3.6 5.0 .8
11 12 13 14 15
In soil at beginning of each year 0.595 0.028 0.549 0.019 0.552 0.011 0.514 0.001 0.517 0.020
In rainwater increment during year. 0.090 0.045 0.126 0.060 0.069 0.047 0.073 0.063 0.035 0.021
Total supply 0.685 0.073 0.675 0.079 0.621 0.058 0.587 0.052 0.552 0.041
OQutgo in leaching during year 0.136 0.054 0.123 0.068 0.107 0.059 0.070 0.032 0.071 0.035
Outgo, in percentage of supply 20.0 74.0 18.2 86.0 17.2 10.0 12.0 61.5 12.9 85.4
Mg/Ca ratio of percentage outgo ... 4.7 5.1 -
Years— 6 17 18 19 20
In soil at beginning of each year 0.481 0.006 0.478 0.448 0.012 0.416 0.022 0.494 0.009
In rainwater increment during year. 0.039 0.018 0.029 0.025 0.024 0.146 0.047 0.103 0.056
Total supply ... . 0.520 0.024 0.507 0.473 0.012 0.562 0.025 0.597 0.046
Outgo in leaching during year 0.042 0.020 0.059 0.057 0.034 0.068 0.084 0.067 0.043
Outgo, in percentage of supply 8.1 83.3 116 | 1 | o} e | ) -
Mg/Ca ratio of percentage outgo __.____..._ . 100 |
In soil at end of year. 0.530 | 0.003

*Where the Mg outgo exceeded or was equal to the total supply, computations of percentage outgo for

the standpoint of accuracy of result,

either Ca or Mg were considered useless from
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Mg content, rainwater increments, and leachate value — will affect
the percentage outgo of each element for the year, and will also
affect the Mg/Ca ratio for that year. An error in the analysis of
Ca or of Mg in the rainwater, or in the leachates, for any year will
distort all subsequent computations, since a given balance of the
elements at the end of each year is taken as the initial content of
Ca and Mg of the following year. Moreover, the lower the supply of
an element in the soil, the more seriously both the percentage out-
go, and the Mg/Ca ratio will be affected by a slight error in analy-
sis. The Mg, Ca percentage ratios for the unlimed and the dolomited
Tennessee soil are given in tables 16, 22, and 24, and graphically
in figure 9A. The average of the 20 annual results for the control
and the once-and twice-dolomited Cumberland soils are 1.82* .18,
1.88= .16, and 1.75* .11, respectively. The grand average Mg/Ca
ratio of 60 annual values is 1.82* .15. The 8 Tennessee series repre-
sented in the plotted values of figure 9A, exhibit a wide range in
degree of saturation and in ratios for exchangeable Mg,/Ca content.
The trend shown by distribution of experimental points in figure
9A fails to reveal any influence of degree of base saturation or
Mg/Ca content ratio upon the percentage Mg/Ca outgo ratio of
the Cumberland soil.

The percentage Mg/Ca outgo ratios of the Virginia soil are
given in tables 17, 23, and 25, and graphically in figure 9B. Because
of the wide scattering of experimental points, it is not possible to
establish the Mg/Ca outgo ratio for the unlimed Onslow soil. The
low content of bases, magnesium in particular, militates against
analytical accuracy. The wide scattering of points after the 9th
and 10th years is evident in figure 9B. In the 9th year the “total
supply” of 99 pounds in the unlimed soil yielded an outgo of 88
pounds, which was unusually high in relation to the outgo of mag-
nesium in previous years and also in relation to the outgo of Ca in
the same year. This resulted in a high percentage Mg/Ca ratio for
the year and also diminished the supply of Mg for the 10th year.
Although the outgo of Mg in the 10th year did not appear ab-
normal, it was proportionately high, especially in relation to the
percentage for Ca in that year, and resulted in a ratio of 5.8, the
highest in 10 years. If the near-normal outgo of 44 pounds were
assigned for the 9th year, the Mg/Ca ratio for that year would be
2.5 instead of 5.0, and the ratio for the 10th year would be 3.1 in-
stead of 5.8. The foregoing is given as an example of how an un-
accountable error in the results for one year will affect the true
Mg/Ca outgo ratio of that year and distort subsequent results.

The enhancement in the content of Ca and Mg in the Virginia
soil through dolomite incorporations resulted in some improvement
in the distribution of the plotted values in figure 9B.  Although
these values are somewhat more scattered than those from the Ten-
nessee soil (fig. 9A), they show a distinct trend for Mg/Ca outgo
ratio. The greater number of points lies chiefly between 2.0 and
2.5. The average percentage Mg/Ca outgo ratio of 40 annual results
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of the dolomited Virginia soil is 2.24. Again, as was shown for the
Tennessee soil, the plotted values are free of any influence from
variations in base-saturation degree or in the changing of Mg/Ca
content ratio for the Virginia soil. The differences between the
Mg/Ca percentage-outgo ratio of 1.82 from the Tennessee soil and
that of 2.24 for the Virginia soil may be ascribed to difference in
the types of adsorption complex. The adsorption complex in the
Tennessee clay loam is mostly of kaolinitic type, whereas, that of
Virginia fine sandy loam is of organic nature.

CORRELATION BETWEEN LYSIMETER FINDINGS AND
PRESENT-DAY CONCEPTS OF CATION INTERCHANGE

In harmony with past findings. the results now reported regis-
tered a repression in the outgo of magnesium wherever a calcic
material had been incorporated, and a diminution in the outgo of
potassium wherever caleic and dolomitic limestones had been in-
corporated. We have also established Mg/Ca outgo constants for
each soil upon the basis of outgo as percentage of content, rather
than on straight outgo. The question now arises: Can the phe-

nomena that are demonstrated by lysimeter results — those of
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clay loam, (B) Onslow fine sandy loam. (Data taken from tables 16-23).



TasLE 18—Twenty-year annual balances of supply and outgo of Ca and Mg as m.e. per 100 grams of soil; outgo as percentages
of supply, and Mg/Ca ratios of such outgo.
CUMBERLAND CLAY LOAM, LIMESTONED SERIES A

29
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Ca | Mg Ca | Mg Ca | Mg Ca | Mg Ca | Mg
Years— 1 2 3 4 5
In soil at beginning of each year 7.006 1.284 6.421 | 1.181 5.789 1.074 5.360 1.000 4,904 0.922
In rainwater increment during year... 0.060 0.088 0.195 0.124 0.074 0.066 0.088 0.064 0.115 0.029
Total supply 7.066 1.372 6.616 1.305 5.863 1.140 5.448 1.064 5.019 | 0.951
Outgo in leaching during year 0.645 0.191 0.827 0.281 0.5¢. 0.140 0.544 0.142 0.409 | 0.166
Outgo, in percentage of supply 9.1 13.9 12.6 177 8.6 12.3 10.0 13.3 8.1 | 17.5
Mg/Ca ratio of percentage outgo ... ____ 1.53 1.42 1.43 1.33 2.16
Years— 6 7 8 9 1(|)
In soil at beginning of each year. . 4.610 0.785 4.466 | 0.740 4.329 0.721 4.146 0.674 3.996 0.644
In rainwater increment during year 0.115 0.029 0.150 0.059 0.101 0.033 0.132 0.062 0.109 | 0.043
Total supply 4.725 0.814 4.616 0.799 4.430 0.764 4,278 0.736 4.105 0.687
Outgo in leaching during year 0.259 0.074 0.287 0.078 0.284 0.080 0.282 0.992 0.171 0.045
Outgo, in percentage of supply 5.5 | 9.1 6.2 9.8 6.4 10.6 6.6 12.5 4.2 6.6
Mg/Ca ratio of percentage outgo .. .. .. ... _ 1.66 1.58 1.66 1.90 1.57
Years— 11 12 13 14 15
In soil at beginning of each year 3.934 | 0.642 3.805 0.612 3.716 0.585 3.639 0.565 3.605 0.570
In rainwater increment during year... ... ... 0.122 0.037 0.167 0.030 0.128 0.025 0.145 0.050 0.124 0.037
Total supply . 4.056 0.679 3.962 0.642 3.844 0.610 3.784 0.615 3.729 0.607
Qutgo in leaching during year 0.251 0.067 0.246 0.057 0.205 0.045 0.179 0.045 0.177 0.055
Outgo, in percentage of supply 6.2 9.9 6.2 8.9 5.3 7.4 4.7 7.3 4.7 9.1
Mg/Ca ratio of percentage outgo ._.___._ . 1.60 1.43 1.40 1.56 1.93
. . Years— 16 17 18 19 20
In soil at beginning of each year. 3.552 0.552 3.529 0.560 3.515 0.544 8.495 0.535 3.459 0.525
In rainwater increment during year . 0.102 0.032 0.124 0.022 0.128 | 0.026 0.145 0.030 0.139 0.027
Total supply .. . 3.654 0.584 3.653 0.572 3.643 | 0.570 3.640 0.565 3.598 0.552
Outgo in leaching during year 0.125 0.034 0.138 0.028 0.148 0.036 0.181 0.040 0.204 0.047
Outgo, in percentage of supply 3.4 5.8 3.8 49 4.1 ' 6.1 5.0 7.1 5.7 8.5
Mg/Ca ratio of percentage outgo __ __ 1.70 1.29 1.50 1.42 50
In soil at end of year. i * . - 3.394 | 0.505




TaBLE 19—Twenty-year annual balances of supply and outgo of Ca and Mg as m.e. per 100 grams of soil; outgo as percentages
of supply, and Mg/Ca ratios of such outgo.
ONSLOW FINE SANDY LOAM, LIMESTONED SERIES A

Ca | Mg Ca | Mg Ca | Mg Ca | Mg | Ca | Mg
Years— 1 2 3 4 3
In soil at beginning of each year 4.566 0.304 4.247 0.286 4.133 0.279 3.981 0.265 3.797 0.256
In rainwater increment during year. 0.087 0.034 0.049 0.081 0.080 0.028 0.051 0.032 0.086 0.087
Total supply e 4.608 0.338 4.296 0.317 4.218 0.307 4.032 0.297 3.883 0.293
Qutgo in leaching during year ... 0.356 0.052 0.163 0,038 0.232 0.042 0.235 0.041 0.354 0.043
Qutgo, in percentage of supply . 7.7 | 15.4 3.8 12.0 5.6 13.7 5.8 13.8 9.1 14.7
Mg/Ca ratio of percentage outgo . 2 3. 2.5 2
7 8 10
In soil at beginning of each year 3.529 | 0.250 3.468 0.266 3.338 0.211 3.239 | 0.171 3.075 0.121
In rainwater inerement during year.. . 0.113 I 0.035 0.061 0.030 0.081 0.036 0.063 | 0.051 0.046 0.039
Total supply . 3.642 0.285 3.529 0.256 3.419 0.247 3.202 | 0.222 3.121 0.160
Outgo in leaching during year . . 0.174 | 0.059 0.191 0.045 0.180 0.076 0.217 0.101 0.083 0.025
Outgo, in percentage of supply . 4.8 | 20.7 5.4 17.6 5.3 . 6.6 45.4 2.7 16.2
Mg/Ca ratio of percentage outg 2.2 5.8 6.1
Years— 11 12 13 14 5
In soil at beginning of each year 3.038 * 0.134 2.893 0.130 2.827 0.132 2.707 0.101 2.637 0.117
In rainwater increment during year.. . 0.090 0.045 0.126 0.060 0.069 0.047 0.073 0.053 0.035 0.021
Total supply - 3.128 | 0.179 3.019 0.190 2.896 0.179 2.780 0.154 2.672 0.138
Qutgo in leaching during year . ... 0.235 | 0.049 0.192 | 0.058 0.189 0.078 0.143 0.037 0.136 0.028
Outgo, in percentage of supply 7.5 | 27.4 6.4 ! 80.5 6.5 43.6 5.1 24.0 5.1 20.3
Mg/Ca ratio of percentage outgo ... 3.6 \ 47 6.7 .8
16 17 18 19 0
In soil at beginning of each year. 2.536 | 0.110 2.473 | 0.103 2.399 0.092 2.316 0.084 2,323 0.109
In rainwater increment during year. 0,039 | 0.018 0.029 | 0.018 0.025 0.024 0.146 0.047 0.103 0.055
Total supply ___ 2,575 | 0.128 2.502 | 0.119 2.424 | 0.116 2.462 0.131 2.426 0.164
Outgo in leaching during year _.. .. . 0.102 | 0.025 0.103 | 0.027 0.108 | 0.032 0.139 0.022 0.101 0.036
Outgo, in percentage. of supply 4.0 | 19.5 4.1 | 22.7 4.5 | 27.6 5.6 16.8 4.2 22.0
Mg/Ca ratio of percentage outgo ... ... 4.9 5.5 RS | 3.0 5.2
In soil at end of year... I A . 2.325 | 0.128
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“reciprocal repression” in particular — be reconciled with the
accepted concepts in regard to cation interchange?

In the studies on base exchange in soils a neutral salt solution,
usually an ammonium salt, has been employed in effecting inter-
change whereby the NH, ion replaces the adsorbed Ca-, Mg-, and K-
ions. Theoretically, and also by experiment, it can be shown that
solutions of Ca (NO;)- and CaSO, will function in a similar man-
ner. Since liming accelerates nitrification and sulfofication in the
soil, the concept that liming serves to liberate potassium has long
persisted and is still being taught, as shown by the citation from
Lyon and Buckman (11, p. 358): “The liberation of mineral nu-
trients, particularly potassium, by the addition of lime is some-
what uncertain although it evidently must occur, at least to some
extent.” From their findings as to the effect of degree of satura-
tion upon cation replaceability, Jenny and Ayers (10, p. 457) con-
cluded that “As a matter of fact, neutralizing an acid soil with Ca
should render K more available. . .” If that is true, how can we
account for the multiple findings that separate incorporations of
Ca0, Ca(OH),, MgO, MgCO;, MgCO5. Mg(OH).,, limestone, dolo-
mite, and slag invariably cause a diminution in the potassium
present in the rainwater leachings? And how can we account for
the two parallels, that an input of an oxide or carbonate of calcium
represses the outgo of magnesium and than an incorporated oxide
or carbonate of magnesium induces a repression in the leachings
of calcium.

Differentiating between direct chemical effects of added CaCO,
in sterile soils and effects from such additions in normal soils,
Jenny and Shade (7, p. 168) concluded “. . . that CaCO, incorporated
in the soil indeed liberates adsorbed K which in turn — provided
that conditions are favorable — may be readsorbed by micro-or-
ganisms, the activity of the latter apparently having become favor-
ed by the treatment.” And they designated the repressive effect
exerted by CaCO; upon outgo of K as an “abnormal” phenomenon.

As noted by Bray (2, p. 962), the conclusions drawn by Jenny
and Ayers are contrary to the principles of complementary ion ef-
fects upon cation exchangeability, as developed by Jenny and Ayers
(10), and as expressed by Bray, namely, that *. . . the substitution
of calcium for hydrogen on a clay colloid, as is accomplished by
liming, will decrease the relative release of the other ions. . .” In
reference to findings of Jenny and Ayers through CO,-water ex-
tractions of K from a K-H system, Bray conceded that “It is unsafe
to predict what the final over-all effect will be under soil conditions
where factors outside the ones included in the laboratory experi-
ment are present.” The experiments reported by Jenny and Ayers
do not warrant their conclusion that “neutralizing an acid soil with
Ca should render K more available.” Their studies included such
systems as K-Na, K-NH,, K-H, and K-Ca, but the system that would
bear most directly on the problem, namely, that of Ca-H, which
would also provide for a natural level or levels of K-saturation,
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was not considered. In the humid regions where liming is a major
problem, the exchangeable cations are made up mostly of hydro-
gen and Ca, with minor proportions of K and Mg. The problem then
is, How will the availability or replaceability of the normal sup-
plies of K and Mg be affected by the drainage waters after vari-
ous degrees of hydrogen replacement are effected through liming?
Jenny and Ayers maintained a constant quantity of K-clay in
their K-Ca systems and varied the ratios of K/Ca by means of in-
creasing additions of Ca-clay to the system, whereas the HCl that
provided the replacing H-ion was maintained constant in equivalence
of the K content in the entire series. Although this procedure
satisfied the ratio requirement, yet through the increase in the
quantity of clay with decreasing K-saturation, the effect was as if
a clay constant were treated with varying quantities of replacing
H-ions. As pointed out by Wiklander (38, p. 126) ‘“Consequently
such an experimental method cannot answer the question whether
a diminishing degree of saturation also implies decreasing ex-
changeability or not.” Moreover, such an experimental procedure
does not conform to the natural chemical and biochemical processes
that operate with regularity in the soil adsorption complex irre-
spective of small changes in K/Ca ratio. Seatz and Winters (34)
studied the release of K from a number of Tennessee soils at vary-
ing Ca-H proportion in systems to which K was added at 3 rates.
They found more K released from the Ca-soil than from the hydro-
gen soil. However, they concluded that their findings are not in con-
flict with the findings obtained in lysimeter studies, since *. . . the
ionic concentration of the replacing solution, natural carbonated
rainwater, is of an entirely different order of magnitude than the
replacing solutions used in the laboratory. . .” Peech and Bradfield
(32, p. 46) accorded qualified support to the conclusions arrived at
by Jenny and Shade in stating that ‘“In the absence of neutral salts,
the addition of lime will invariably liberate the adsorbed potas-
sium. . .” But they also noted that lime will effect a decrease of the
potassium in soil solution after the addition of KCl, and that this
should be equally valid for soils devoid of additive KCl, provided
the soils contain neutral salts. They made no reference to the postu-
late relative to micro-organic fixation of released K. No satisfactory
explanation has been advanced to account for repeatedly observed
repression registered by the lysimeter leachings of K from either
that native or that added to soils limed with any calcic, magnesic,
or dolomitic material, and the corollary findings that liming de-
creases the uptake of K by plants, and that the liming of a soil
ilsually requires a supplemental input of potassium for various non-
egumes.

Indeed, Bray, as well as Jenny and Ayers, could have derived
substantial support for their theoretical deductions in regard to
replaceability of a particular ion under natural soil conditions in
the findings embodied in papers based on the lysimeter experiments
on liming at the Tennessee Station during the past 35 years. Con-
versely, it is believed that the long-time observations of repression



TABLE 20—Twenty-year annual balances of supply and ouigo of Ca and Mg as m.e. per 100 grams of soil; outgo as percentages
of supply, and Mg/Ca ratios of such outgo.
CUMBERLAND CLAY LOAM, LIMESTONED SERIES B

Ca | Mg Ca | Mg Ca | Mg Ca | Mg Ca | Mg
Years— 1 2 8 4 5
In soil at beginning of each year 7.006 1.284 6.456 1.189 5.706 | 1.084 5.262 1,001 8.207 1.083
In rainwater increment during year _. 0.060 0.088 0.196 0.124 0.074 0.066 0.088 0.064 0.115 0.029
Total supply 7.066 1.372 6.651 1.313 5.780 1.160 5.350 1.065 8.322 1.112
Outgo in leaching during year . 0.610 0.183 0.945 0.229 0.518 0.149 0.549 0.146 0.909 0.169
Outgo, in percentage of supply 8.6 13.3 14.2 174 9.0 13.0 10.3 13.7 10.9 15.2
Mg/Ca ratio of percentage outgo 1.55 1.23 1.44 1.33 1.40
6 7 8 9 10
In soil at beginning of each year 7.413 0.943 7.091 0.911 6.892 | 0.913 6.618 0.884 6.378 0.858
In rainwater increment during year .. 0.115 0.029 0.150 0.059 0.101 | 0.033 0.132 0.062 0.109 0.043
Total supply 7.528 0.972 7.241 0.970 6.993 0.946 6.750 0.946 6.487 0.896
Qutgo in leaching during year 0.437 0.061 0.349 l 0.067 0.375 0.062 0.372 0.093 0.217 0.038
Outgo, in percentage of supply 5.8 6.3 4.8 5.9 5.4 6.6 5.5 9.8 3.3 4.2
Mg/Ca ratio of percentage outgo 1.10 1.23 1.22 1.80 ! 1.24
11 12 13 14 15
In soil at beginning of each year 6.270 0.858 6.100 4 0.841 5.923 0.818 5.773 0.799 5.676 0.805
In rainwater increment during year . 0.122 0.037 0.157 0.030 0.128 0.025 0.145 0.050 0.124 0.037
Total supply 6.392 0.895 6.257 0.871 6.051 0.843 5.918 0.849 5.800 0.842
Outgo in leaching during year 0.292 0.064 0.334 0.053 0.278 0.044 0.242 0.044 0.227 0.053
Outgo, in percentage of supply 4.6 6.0 5.3 6.1 4.6 5.2 4.0 5.2 3.9 6.3
Mg/Ca ratio of percentage outgo ... .. 1.30 1.15 1.13 1.33 1.61
16 17 18 19 i 20
In soil at beginning of each year 5.5673 0.789 5.5624 | 0.791 5.474 0.785 5.403 0.717 5.321 0.763
In rainwater increment during year 0.102 0.032 0.124 1 0.022 0.128 0.026 0.145 0.030 0.139 0.027
Total supply 5.675 0.821 5.648 0.813 5.602 0.811 5.548 0.807 5.460 0.790
Outgo in leaching during year 0.151 0.030 0.174 0.028 0.199 0.034 0.227 0.044 0.239 0.039
Outgo, in percentage of supply 2.9 8.7 3.1 3.4 3.6 4.2 4.1 5.5 4.4 4.9
Mg/Ca ratio of percentage outgo 1.31 1.10 1.17 1.34 1.10
In soil at end of year [ 1 6.221 | 0.751
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TaBLE 21—Twenty-year annual balances of supply and outgo of Ca and Mg as m.c. per 100 grams of soil; outgo as percentages

of supply, and Mg/Ca ratios of such outgo.
ONSLOW FINE SANDY LOAM, LIMESTONED SERIES B

Ca | Mg Ca | Mg Ca | Mg Ca | Mg Ca | Mg
Years— 1 2 3 4 6
In soil at beginning of each year 4.566 0.304 4.231 0.289 4,178 0.301 4.044 | 0.285 7.279 0.442
In rainwater increment during year .. 0.037 0.034 0.049 0.031 0.080 0.028 0.051 | 0.032 0.086 0.037
Total supply 4.603 0.338 4.280 0.320 4.268 0.329 4.095 | 0.317 7.365 0.479
Outgo in leaching during year .. 0.372 0.049 0.102 0.019 0.214 0.044 0.222 0.039 0.636 0.067
Outgo, in percentage of supply 8.1 14.5 2.4 5.9 5.0 | 18.4 5.4 12.3 8.6 14.8
Mg/Ca ratio of percentage outgo 1. 2.4 2.7 2.3 1.7
6 7 8 9 10
In soil at beginning of each year ... — 6.729 0.412 6.525 0.388 6.269 0.380 6.052 | 0.364 5.653 0.356
In rainwater increment during year ... - 0.113 0.035 0.061 0.030 0.081 0.036 0.053 | 0.051 0.046 0.039
Total supply 6.842 0.447 6.5686 0.418 6.350 0.416 6.105 | 0.415 5.699 0.394
Outgo in leaching during year 0.317 0.059 0.317 0.038 0.298 0.052 0.452 ‘ 0.060 0.166 0.028
Outgo, in percentage of supply 4.6 13.2 4.8 9.1 4.7 12.56 7.4 14.5 2.9 7.1
Mg/Ca ratio of percentage outgo 2.9 1.9 2.7 1.9 B
11 12 13 14 L
In soil at beginning of each year 5.533 0.366 5.152 0.342 4.828 0.327 4.587 | 0.284 4.433 0.285
In rainwater increment during year 0.090 0.046 0.126 0.060 0.069 0.047 0.073 l 0.053 0.035 0.021
Total supply 5.623 0.411 5.278 0.402 4.897 0.374 4.660 0.337 4.468 0.306
Qutgo in leaching during year 0.471 0.069 0.450 0.076 0.310 0.090 0.227 | 0.052 0.161 0.026
Outgo, in percentage of supply 8.4 16.8 8.5 18.7 6.3 | 24.1 4.9 | 15.4 3.6 8.5
Mg/Ca ratio of percentage outgo 2.0 2.2 3.8 3.1 2.4
16 17 18 19 20
In soil at beginning of each year 4.307 0.280 4.196 0.276 4.049 0.272 3.876 ‘ 0.265 3.833 0.270
In rainwater increment during year . 0.039 0.018 0.029 0.016 0.025 0.024 0.146 0.047 0.103 0.056
Total supply 4.346 0.298 4.225 0.291 4.074 0.296 4.010 ‘ 0.312 3.936 0.325
OQutgo in leaching during year 0.150 0.023 0.176 0.019 0.198 0.031 0.177 0.042 0.146 0.034
Qutgo, in percentage of supply . 3.5 1.7 4.2 6.5 4.9 10.5 4.4 | 18,5 3.7 | 10.5
Mg/Ca ratio of percentage OUtEO e 2.2 1.6 2.1 3.0

In soil at end of year ...

3.0
3.790 | 0.291
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in Mg and K outgo of Mg and K induced by calcic liming may be
explained readily through proper application of modern concepts of
complementary ion effects upon cation interchange. To establish
even a qualitative relationship between the observed effect of lim-
ing and the known exchange properties of Ca-and H-ions, it will be
necessary to take into consideration some of the facts regarding
cation interchange, especially as they apply to replacements by ad-
dition of a small quantity of electrolyte:

(a) When a soil is suspended in neutral salt solutions contain-
ing equivalent quantities of Na, K, Ca, and Mg, it will be found
that these cations possess different capacities to replace the soil
hydrogen; their relative replacing powers show the following order:
Ca>Mg>K>Na. Since the quantities of cation exchanged will be
governed by the type of adsorbed ion, the type of colloid, and the
concentration of the replacing electrolyte, Jenny and Reitemeier (8)
proposed the use of “symmetry value” as a quantitative expression
for the relative replacing powers of the several cations in relation
to a Ca-clay. They defined “symmetry value” as “the magnitude of
exchange expressed in percentage for the symmetry concentration
equal to one” (8, p. 593). The symmetry concentration was further
defined as the concentration of the replacing electrolyte in which
the number of ions added is made equal to the number of exchange-
able ions in the colloid. According to Gieseking and Jenny (4), the
symmetry values for a number of cations are as follows: Ba=52.96,
Ca=50, Mg=47.53, Na=12.74, K=28.80, NH,=29.35, and H=
77.80. These values serve as measures of the relative intensities of
exchange adsorption of the several cations in competition with cal-
cium ions on a Putnam clay colloid.

As indicated earlier, Bray (2) made use of the opposite prop-
erty of cations — their relative tendencies to free themselves from
the colloid and enter into solution — and designated this property
as “relative ease of release.” For the several cations, Bray gave
the following ease of release, or f-values: fK=2.2, fMg=1.,
fCa—=1, and fH=-0.35.

(b) The relative ease of release of an adsorbed ion will be af-
fected by the nature of the complementary ion; that is, an adsorbed
ion which presently is not considered in the release. When K is
chosen as the ion to be released, the extent of its release by a rela-
tively low concentration of an electrolyte will be influenced by the
type of the other adsorbed ions; that is, whether these are mostly
H, Ca, or Mg. Through his equations, Bray established several gen-
eralizations, of which the following is most important for the pres-
ent objective: “When a cation of a lower f-value has been replaced
by one with a higher f-value, the proportionate release of the
other cations present on the colloid will be decreased” (2).
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A NEW CONCEPT OF THE LYSIMETER SOIL AS AN
INTERCHANGE SYSTEM

For a proper integration between lysimeter findings and the
principles of ionic exchange, it is necessary to recognize the fur}c—
tional parts of a lysimeter system that correspond to the essential
elements of a cation replacement system. In an ion-exchange sys-
tem we recognize the following parts: (a) the “exchanger”’—the ad-
sorption complex, (b) the adsorbed cations, which may be either
hydrogen or metal cations, singly or jointly, and (c) the electrolyte
that supplies the replacing cation. In the lysimeter gystem, the
soil is the exchanger and generally consists of a mixture of organic
and inorganic colloids. The adsorbed cations are chiefly H and Ca,
with small proportions of Mg and K. It remains to be determined
what constitutes the replacing electrolyte in the lysimeter system.
This is a matter of prime importance, since upon it will depend the
acceptance or rejection of “reciprocal repression” as a normal conse-
quence of cation exchanege. Admittedly, rainwater charged with at-
mospheric CO» and carrying minute auantities of nitrates and sul-
fates is the universal replacing electrolyte in natural soil svstems.
It is a fact, however, that relatively pure water possesses limited
capacity to effect cation-replacement. as can be demonstrated by the
low values obtained through the leaching of a Ca-soil with distilled
water, and by the low electrolyte content of lvsimeter leachings that
come through during the winter months. The replacing power of
the rainwater is an acquired property, which it gains during its
contact with the soil. Relatively high concentrations of nitrate, sul-
fate. and bicarbonate are acquired by the soil waters after the
rainwater has entered the soil svstem. The rapidity with which the
electrolvtes will be acauired is governed by the organic-matter con-
tent and general fertility of the soil, and by seasonal temperature
and moisture conditions. It is important to recognize the fact that
onlv relatively meager auantities of electrolytes have reached the
soil as components of rainwaters, and that the solutes of
Ca(HCO4),. Ca(NO,),. and CaS0, in the soil systems were gener-
ated through nitrification and sulfofication within the soil. The cat-
ions of Ca and Mg found in the soil solution are pictured here not as
the attacking or replacing ions in the zone of their formation, but as
the products of the exchange with hydrogen of the biologically en-
gendered HNO., H.S0., and H,CO; acids. This hydrogen exchange
is viewed as taking place whether the soil is acidic or has been
neutralized through liming. The only difference between the two
systems is that in the limed soil the nitrification is promoted by the
continual exchange of H-ions for the Ca-ions in the soil complex,
whereas, in the soil of low Ca-content the H-ions, not finding enough
Ca or Mg for interchange, produce a harmful accumulation of H-
ions in the soil. In this particular respect, the rainwaters function,
first, to supply proper moisture conditions for biological activities
in the soil, and, second, to dilute or leach away the accumulations of
the biochemical end-products, so that the cycle of hydrogen inter-
change may repeat itself.




TaBLE 22—Twenty-year annual balances of supply and outgo of Ca and Mg as m.c.
of supply, and Mg/Ca ratios of such outgo.

per 100 grams of soil; outgo as percentages

CUMBERLAND CLAY LOAM, DOLOMITED SERIES A

Ca | Mg Ca | Mg Ca_ | Mg Ca | Mg Ca | Mg

Years— 1 2 3 1 5
In soil at beginning of each year 5.436 2.834 5.067 2.555 4.642 2.150 4.305 3.988 1.679
In rainwater increment during year .. 0.060 0.088 0.195 0.124 0.074 0.066 0.088 (l)ggg 0.?15 ‘ 0.029
Total supp]y 5.496 2.922 5.262 2.697 4.716 2.216 4.393 1.943 4.103 1.708
Qutgo in leaching during year 0.429 l 0.367 0.620 0.529 0411 | 0.337 0.405 0.264 0.334 0.297
Outgo, in percentage of supply 7.8 12.5 11.8 19.7 8.7 | 15.2 9.2 13.6 8.1 17.4
Mg/Ca ratio of percentage outgo 1.60 1.67 1.75 1.48 2.15

6 i 8 9 10
In soil at beginning of each year 3.769 1.411 3.674 | 1.292 3.603 1.214 3.497 1.12 3.398 1.039
In rainwater increment during year . 0.115 0.029 0.150 0.059 0.101 ' 0.033 0.132 ' 0.06% 0.109 l 0.043
Total supply 3.884 1.440 3.824 1.351 3.704 1.247 3.629 1.183 3.507 | 1.082
Outgo in leaching during year 0.210 0.148 0.221 | 0.137 0.207 0.126 0.231 0.144 0.140 | 0.080
Outgo, in percentage of supply - 5.4 10.3 58 | 101 5.6 10.1 6.4 12.2 40 | T4
Mg/Ca ratio of percentage outgo 1.91 1.74 1.80 1.91 1.85
11 12 13 14 15

In soil at beginning of each year 3.367 1.002 3.267 0.913 3.241 0.825 3.209 0.768 3.187 0.732
In rainwater increment during year .. 0.122 0.037 0.157 0.030 0.128 0.025 0.145 0.050 0.124 0.037
Total supply 3.489 1.039 3.424 | 0.943 3.369 | 0.850 3.354 | 0.818 3.311 | 0.769
Qutgo in leaching during year 0.222 0.126 0.183 | 0.118 0.160 | 0.082 0.167 | 0.086 0.152 | 0.065
Outgo, in percentage of supply 6.4 12.1 5.3 12,5 4.8 9.6 5.0 10.5 4.6 8.5
Mg/Ca ratio of percentage OULEO ....oorocrorineomerces 1.90 2.36 2.00 2.10 1.85

Years— 16 17 18 19 20
Tn soil at beginning of each year —. .. 3.159 0.704 3.145 0.684 3.142 0.655 3.127 0.626 3.099 | 0.599
T e ot aarine pear 0102 | 0,032 0.124 | 0.022 0.128 | 0.026 0.145 | 0030 0139 | 0.027
Total supply 3.261 0.736 3.269 0.706 3.270 0.681 3.272 | 0.656 3.238 | 0.626
Outgo in leaching during year 0.116 0.052 0.127 | 0.051 0.143 | 0.065 0.173 | 0.057 0.178 | 0.073
Outgo, in percentage of supply 3.6 7.1 3.9 1.2 44 8.2 5.3 8.8 5.5 11.8
Mg/Ca ratio of percentage outgo . 1.97 1.85 1.86 1.68 2.15
In soil at end of year - e U EO 3.060 | 0.553
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TaBLE 23—Twenty-ycar annual balances of supply and outgo of Ca and Mg as m.e. per 100 grams of soil; outgo as percentages
of supply, and Mg/Ca ratios of such outgo.
ONSLOW FINE SANDY LOAM, DOLOMITED SERIES A

Ca | Mg Ca | Mg Ca | Mg Ca | Mg Ca | Mg
Years— 1 2 3 4 b
In soil at beginning of each year ~ 2.868 1.703 2.839 1.643 2.725 1.538 2.691 1.446
In rainwater increment during year . 0.049 0.031 0.080 0.028 0.061 0.032 0.086 0.037
Total supply - 2.917 1.734 2.919 1.671 2.776 1.670 2777 1.483
Outgo in leaching during year 0.078 0.091 0.194 0.133 0.085 0.124 0.255 0.186
Outgo, in percentage of supply 2.7 5.2 6.6 7.9 3.1 7.9 9.2 12.5
Mg/Ca ratio of percentage outgo _._ - ! 1.9 1.2 1.6 1.4
Years— 6 7 8 9 10
In soil at beginning of each year 2.522 | 1.297 2,528 1.221 2.466 1.101 2.405 0.889 2.289 0.835
In rainwater increment during year . 0.113 | 0.085 0.061 0.030 0.081 0.036 0.053 0.051 0.046 0.039
Total supp]y . 2.635 | 1.332 2.589 1.251 2.547 1.137 2.458 1.040 2.335 0.874
Outgo in leaching durmg year 0.107 | 0.111 0.123 0.150 0.142 0.148 0.169 0.205 0.058 0.068
Outgo, in percentage of supply . 4.1 | 83 4.8 12.0 5.6 i 13.0 6.9 19.7 2.5 7.8
Mg/Ca ratio of percentage outgo .. . 2.0 | 2.3 2.3 2.8 3.1
Years— 11 12 13 14 156
In soil at beginning of each year B 2.277 | 0.806 2.177 0.688 2.119 0.596 2.059 0.506 2.065 0.473
In rainwater increment during year 0.090 | 0.045 0.126 0.060 0.069 0.047 0.073 0.053 0.035 0.021
Total supply . 2.367 | 0.851 2.303 0.748 2.188 0.643 2.132 0.5658 2.090 0.494
Qutgo in leaching during year .. 0.190 | 0.163 0.184 0.152 0.129 0.138 0.077 0.085 0.137 0.062
Outgo, in percentage of supply _ 8.0 | 21.5 8.0 | 20.3 5.9 21.4 3.6 15.2 6.6 12.6
Mg/Ca ratio of percentage outgo . 2.7 i 2.5 3.6 4.2 9
Years— 16 17 18 19 20
In soil at beginning of each year .. - 1.953 | 0.432 1.897 0.411 1.823 0.386 1.774 0.363 1.800 0.367
In rainwater increment during year ... ) 0.039 | 0.018 0.029 0.016 0.025 0.024 0.146 0.047 0.103 0.056
Total SuDDlY 1,992 | 0.450 1.926 0.427 1.848 0.410 1.920 0.410 1.903 0.422
OQutgo in leachin during year 0.095 | 0.039 0.103 0.041 0.074 0.047 0.120 0.043 0.097 0.040
Outgo, in percentage of supply .. - 4.8 | 8.7 5.4 9.6 4.0 11.5 6.3 10.6 5.1 9.6
Mg/Ca ratio of percentage outgo 1.8 1.8 2.9 1.7 1.8
In soil at end of year ... . . . U, PV —— 1.806 | 0.382

NAISEINDVIN ANV WAIDTVD 40 NOLLVAYASNOD

1L



TapLe 24—Twenty-year annual balances of supply and outgo of Ca and Mg as m.e. per 100 grams of soil; outgo as percentages
of supply, and Mg/Ca ratios of such outgo.

CUMBERLAND CLAY LOAM, DOLOMITED SERIES B

Ca | Mg Ca | Mg Ca | Mg Ca | Mg Ca | Mg
Years— 1 2 3 4 5
- — 5.436 2.834 5.073 2.558 4.634 | 2.147 4.349 0.932 5.804 | 3
h year B . 8 423
%: ig!i;:;&igliﬁl;:gle‘;ft egl(x:rin,;;ayear 0.060 0.088 0.195 0.124 0.074 | 0.066 0.088 0.064 0.115 | 0.029
Total SUDPYY oo 5.496 2.922 5.269 2.682 4.708 2.218 4.437 1.996 6.009 3.452
Outgo in leaching during year - 0.423 | 0.364 0.63¢ | 0.535 0.359 | 0.281 0.370 | 0.287 0.550 | 0.501
Outgo, in percentage of supply - .7 1 612.5 12. 1 719.9 7.6 1712.’7 8.5 1714.4 9.7 14.5
Mg/Ca ratio of percentage outgo . - - R K 1.5
6 7 8 9 10
. Xears—
- — 5.450 | 2.951 5.289 | 2.128 5.161 | 2.556 5.007 | 2.367 2.870
h - . . . 2,199
%Ir: f—gﬁ;:;;tgigliﬁgizieft egl‘:rin):a;ea 0.115 0.029 2.150 0.059 0.101 0.033 0.132 0.062 0.109 } 0.043
Total SUPDLY - ooooooroee oo 2.980 5.439 -787 5.262 5.262 2.588 5.139 2.429 4.979 2942
Outgo in leaching during year . 2%35 g~§52 2-71"3 9252 0265 | 0.221 0.269 | 0.230 0.169 | 0.144
Outgo, in percentage of supply - . e . . L . .9 17 8.5 5.2 18 9.5 3.4 6.4
Mg/Ca ratio of percentage outgo . - . B . 1.9
Years— 11 12 13 14 15
- F— 4.810 2.098 4.704 1.956 4.644 1.813 4,565 1.892 4.519
f h year . . . 1.610
%: izliln:v;fgigli?lgi‘lelﬁle;t eg\‘;rinyg year 0.122 0.03; 2;2'{ 0.030 0.128 0.025 0.145 0.050 0.124 0.037
Total SUPDIY woooooooooomoeooeooeoreomoeome 4.932 2.1 o5 1.986 4.772 1.838 4.710 1.742 4.643 1.647
Outgo in leaching during year . 0228 | 0.179 i I 0.207 | 0.146 0.191 | 0.132 0.170 | 0.108
Outgo, in percentage of supply 4.6 1s B . 19 > 4.3 18 7.9 4.1 1|9 7.6 3.7 | 6.3
Mg/Ca ratio of percentage outgo . . . . A 1.7
16 17 18 19 20
T r— 4.473 1.544 4.446 1.502 4.434 1.447 4.423 1.397 4.4
f each year ... . - 416 1.330
gl\ i(;liln:;tz(:g‘i':c‘?elgne%t e;uﬁnyg year 0.102 22_3{% gé?g 0.022 0.128 0.026 0.145 0.030 0.139 0.027
L S 4.575 v iviE T 1.524 4.562 1.473 4.568 1.427 4.555 1.857
Outgo in leaching during year 0.129 2.7 3.(1) 6 0.077 0.139 0.076 0.152 0.097 0.175 0.097
Qutgo, in percentage of supply . 2.8 17 . 7 5.1 3.1 | 5.2 3.4 | 6.8 3.8 7.2
Mg/Ca ratio of percentage outgo . . 1.7 2.0 1.9
e 4.380 | 1.260

In soil at end of year ...
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TasLE 25—Twenty-year annual balances of supply and outgo of Ca and Mg as m.c. per
of supply, and Mg/Ca ratios of such outgo.

ONSLOW FINE SANDY LOAM, DOLOMITED SERIES B

100 grams of soil; outgo as percentages

Ca | Mg Ca | Mg Ca | Mg Ca | Mg Ca | Mg
Years— 1 2 3 4 3
In soil at beginning of each year 2.995 1.854 2.846 1.694 2.835 1.643 2,730 1.647 4.542 8.175
In rainwater increment during yea - 0.037 0.034 0.049 0.031 0.080 0.028 0.051 0.032 0.086 0.037
Total supply - - 3.033 1.888 2.896 1.726 2.916 1.671 2.781 1.461 4.628 3.212
Outgo in leaching during year _.. - 0.187 0.194 0.060 0.082 0.185 0.124 0.076 0.118 0.304 0.232
Qutgo, in percentage of supply - 6.2 10.3 2.1 4.7 6.3 7.4 2.7 7.5 6.5 7.2
Mg/Ca ratio of percentage outgo - 1.7 2.2 1.2 2.7 1.1
Years— 6 i 8 10
In soil at beginning of each year ... 4.324 2.980 4.294 2.892 4,188 | 2.686 4.066 2.473 3.7174 2.070
In rainwater increment during year . 0.113 0.035 0.061 0.030 0.081 0.053 0.053 0.051 0.046 0.039
Total supply ... 4.437 3.016 4.355 2.922 4.269 2.721 4.119 2.624 3.820 2.109
Outgo in leaching during year . 0.143 0.123 0.167 0.237 0.203 0.248 0.346 0.454 0.100 0.133
Outgo, in percentage of supply 3.2 4.1 3.8 8.1 4.5 9.1 8.4 18.0 2.6 5.8
Mg/Ca ratio of percentage outgo .. 1. 2.7 2.0 2.1 2
11 12 13 14 15
In soil at beginning of each year 3.720 1.976 3.591 1.761 3.584 1.684 3.468 | 1.4566 3.892 1.825
In rainwater increment during year. 0.090 0.045 0.126 0.060 0.069 0.047 0.073 0.036 0.035 0.021
Total supply 3.810 2.021 3.717 1.811 3.590 1.631 3.531 1.509 3.421 1.346
Outgo in leaching during year.. 0.219 0.270 0.196 0.277 0.132 0.175 0.139 0.184 0.103 0.097
Outgo, in percentage of supply 5.8 13.3 5.3 12.6 3.7 10.7 4.0 12.2 3.0 1.2
Mg/Ca ratio of percentage outgo . 2.3 2.4 9 3.0 2.4
Years— 16 17 18 19 20
In soil at beginning of each year 3.324 1.249 3.276 1.184 3.216 1.123 3.129 1.052 3,180 1.017
In rainwater increment during year 0.039 0.018 0.029 0.016 0.026 0.024 0.146 0.047 0.103 0.066
Total supply . 3.368 1.267 3.305 1.200 8.240 1.147 3.275 1.099 3.283 1.072
Outgo in leaching during year . 0.087 0.083 0.090 0.077 0.111 0.096 0.095 0.082 0.104 0.073
Outgo, in percentage of supply 2.6 6.6 2.7 6.4 3.7 8.3 2.9 7.4 3.2 6.8
Mg/Ca ratio of percentage outgo 2.4 2.4 2.6 2.1
3.179 | 0.998

In soil at end of year
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In view of the above-described concept of cation interchange,
the removal of bases from g biologically active soil through rain-
water leachings may be considered as comparable to the processes
of‘ Intermittent extractions with relatively minute quantities of g
mixture of HNO,, H.S0,, and H,CO,; acids — conditi

lons essentially
the same as those observed by Bray in fche breviously described ex-

periments. If that be true, the generalizations presented by Bray,
upon the basis of his investioati

ions, should also apply t
leaching as affected by liming,

Jenny and Ayers (10) and Bray (2) have arrived at the same
conclusion as to theoretical effect of the

H, then the outgo of the “other iong”
outgo of K. It is obvious that liming results in the substitution of
Ca-ions, or of Ca-and Mg-ions, for H-ions, on the soil colloid ; and by
both the “symmetry valye” (Ca=50, H=77.80) and the “relative
ease of release” concepts (Ca=1, H=0.35), the Ca-ion is regarded
as being held more loosely than the H-ion on the colloid. Moreover,
Bray’s conclusion that *. . . the substitution of calcium for hydro-
gen on a clay colloid, as is accomplished by liming, will decrease the
relative release of the other ions. . .”, which, as above deduced, could
be either K or Mg, is in accord with Bray’s theoretical deductions,
as well as with those of J enny and Ayers. Although the cited con.
clusions were derived from laboratory experiments and based on
theoretical considerations of cation exchange, they are substanti-
ated through their integration with the lysimeter findings con-
ducted at the Tennessee Experiment Station since 1914 and through
the 20-year findings at the Virginia Station. Through acceptance of
the concept of a lysimeter soil as 4 cation intgrcbangel system, wgb
internally ~ gemerated H-ions as the prime replacing  cation, t?lll lt ie
previously observed phenomena that were registered by e
meter experiments become logical deductions of the accepted the-
ories of cation interchange.

e repression in the outgo of magnesium fr_om the c_a1c1c lime
incorrll;}(;raticl))ns is explainable through thg: reasoning relative to tlhe
analogous effect on K outgo. When Mg is taken for Ca as ;:olr{np e-
mentary ion, the repressive effect on the outgo of Ca and o caré
be explained in like manner. T}le previously repor:ted 1nstanc§s 0
interchange by lysimeter leachings in the underlying strata ohgn-
limed soil or subsoil represent a normal consequence of the' leaching
of neutral solutes of either Ca or Mg from the zone of their forma-
tion down into unlimed zones.

i i inci ion i to present
Besides applying the principles of catlon_lnterc}}ange e
findings for l?gimeter leachings, we found it possible to establish
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definite and constant Mg/ /Ca outgo ratios from each experimental
soil. These ratios, given in tables 16 to 25, and in figure 9, corre-
spond to the f-value established by Bray by a single equilibration
with a small quantity of HCl. The present results and computations
are believed to represent the first observations of Mg and Ca re-
leases and ratios where supply and outgo were controlled under
natural conditions of exposure during a period of 20 years.

SUMMARY

This bulletin presents findings obtained in parallel at the Ten-
nessee and Virginia Experiment Stations in a 20-year lysimeter
study of the fate of, and effects induced by, equivalent quantities
of burnt lime, limestone, dolomite, and dicalcium silicate in a
Cumberland clay loam at Knoxville, and in an Onslow fine sandy
loam at Blacksburg. The two soils had respective exchange capaci-
ties of 10 m. e. and 5.4 m. e. and their base saturations were 50 per-
cent and 26 percent, respectively. Every integral-rate incorporation
was equivalent to 2000 pounds of CaO, or 3570 pounds of CaCOs,
per 2,000,000 pounds of soil, in lysimeters of 1,/20,000 acre, each of
which contained 100 pounds of soil, moisture-free basis. The ex-
periment comprised seven 4-unit sexries, A to G and had as its ob-
jective the determination of the differential outgo, or conservation
of Ca and Mg and other nutrient elements, as the result of the fol-
lowing essential variants of liming practices:

(a) Type of liming material
(b) Zone of incorporation

(¢) Integral quadrennial incorporations versus 4 fractional
incorporations.

(d) Repeated quadrennial incorporations versus 8 fractional
incorporations

The occurrences of Ca, Mg, K, nitrate, sulfate, and bicarbonate
in the rainwater leachings were determined and presented in tabu-
lations for annual outgo and respective 20-year totals for 28 liming
treatments, for 2 soil controls, and for rainwater collections at both
Stations. Summaries are given for the 5 quadrennial periods, and
certain relationships not readily apparent from the basic data are
presented in special tables and graphs. Throughout the text, the
values for Ca, for Mg, and for Ca+Mg are expressed in pounds of
CaCO;, per 2,000,000 pounds of soil.

The annual rainfalls at the Tennessee and Virginia Stations
for the 20-year experimental period were 48.23 and 36.38 inches,
respectively, whereas corresponding percolations were from 43 to
- 50 percent of the rainfall at Knoxville and from 40 to 60 percent
at Blacksburg. In general, over-all rainfall governs the extent of
nutrient outgo, although seasonal distribution may become the
dominant factor.
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The relative effectiveness of the 4 liming materials was on the
basis of 20-year outgo of Ca+Mg as averages of series A, B, and C.
The burnt lime and limestone proved of equal effectiveness in each
soil. The outgo from the dolomite incorporation in each soil exceed-
ed somewhat the outgo from the 2 calcic materials, whereas the
outgo of Ca+Mg from the dicalcium silicate was appreciably less,
particularly that from the Onslow soil.

The incorporation of the liming materials in the upper third of
of the 2 soils resulted in an over-all conservation of 20 percent of
input in comparison with full-depth incorporation. This conserva-
tion was effected largely during the initial 8 years of the experis
ment and was paralleled by a lesser outgo of nitrates.

_ Although outgo of Ca+Mg induced by annual fractional-rate
limings was less than such outgo from the integral incorporation in
the Tennessee soil during the first 4-years, and during the first 8
years in the Virginia soil, larger outgo from this mode of lime appli-
cation during the later years served to equalize the outgo for the 20-
year period.

The second integral incorporation was made in the 5th year and
caused a 1500-pound increase in the outgo of Ca-+Mg over that from
the single incorporation of the Tennessee soil, as an average for
the 4 liming materials during the subsequent 16 years. The corre-
sponding increase resultant from the additional integral incorpors-
tion in the Virginia soil was as large as that from the Tennessee
soil, but the increase in outgo from the 8 fractional incorporations
of series E, as compared with that from 4 such incorporations in
series D, was smaller, only 1165 pounds of Ca-+Mg.

Rates of outgo of Ca and Mg from incorporations of dolomite
were influenced by the quantities and forms of the native supplies
of these elements in the soil. The 20-year totals for outgo of Ca
and Mg from the dolomite in series A of the Tennessee soil were
4829 pounds for calcium and 3194 pounds for- magnesium. The cor-
responding totals for the Virginia soil were 2582 pounds for calcium
and 2111 pounds for magnesium. The Mg/Ca ratios in total outgo .
from single incorporations of dolomite in the Tennessee and Vir-
ginia soil were 0.55:1 and 0.82:1, respectively. The repeated inte-
gral incorporation of dolomite in the Tennessee soil resulted in pro- |
portionately greater increase in Mg than Ca outgo. As of total out-
go, the calcium ions in the leachings still exceeded the Mg ions. The
repeated incorporation of dolomite in the Virginia soil caused a 10-
percent increase in the total for Mg outgo over the total for Ca out- |
go. As noted, the Mg/Ca ratio is influenced by soil reserves of these
elements, by rate of dolomite incorporations, and by duration of
the experiment.

The final status of the experimental soil, after 20-year lysi-
meter exposure, with regard to the several nutrient elements was |
determined by balancing of outgo against the several sources of |
intake. As compared with its original status, the unlimed Tennes-
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see soil had suffered a net loss of 1700 pounds of Ca and 861 pounds
of Mg. The corresponding net losses from the soils which received
one integral of calcic lime, average of A and D, were 160 pounds
of Ca and 682 pounds of Mg. From soils with double incorporations
of those calcic materials, there was a 1735-pound gain of Ca and a
471-pound loss of Mg, as averages of series B, C, and E. The once-
dolomited Tennessee soils showed a net gain of 431 pounds of Ca and
a net loss of 568 pounds of Mg from series A, whereas the double
incorporations of dolomite induced net gains of 802 pounds of Ca
and 102 pounds of Mg, as averages for series B, C, and E.

The unlimed Virginia soil lost 624 pounds of its original Ca con-
tent and all exchangeable Mg content. In the soils with single calcie
liming, averages of A and D, there was a 1114-pound gain of Ca and
a 103-pound loss of Mg. In the soils with double calcic liming, aver-
ages of B, C, and E, there were gains of 3182 pounds of Ca and 82
pounds of Mg. The Virginia soils with single dolomite incorpora-
tion, averages of series A and D showed gains of 666 pounds of Ca
and 182 pounds of Mg. The soils which had received 2 dolomite in-
corporations, averages of B, C, and E, showed gains of 2131 pounds
of Ca and 909 pounds of Mg.

The net losses of N from the Tennessee soil were 676, 801, 726,
and 864 pounds, as respective averages for the unlimed soil and for
series A, F, and B, against respective net losses of 421, 551, and 584
as averages for the unlimed Virginia soil and its limed series A and
B. The losses of sulfur from the Tennessee soil were 56, 93, and 138
pounds, as averages for the unlimed soil and its series A and B,
respectively ; whereas, the losses of sulfur from the Virginia soil
were 27 and 53 pounds, as respective averages for the unlimed
soil and all of the liming incorporations.

The rates of depletion during the 20-year period of Ca and
Mg from the controls and from certain limestoned and dolomited
series are shown graphically in figures 5 to 8. The net loss of cal-
cium from the Tennessee soil was highest in the initial 4 years
and dropped rapidly during the succession of 4-year periods,
whereas the loss of caleium from the Virginia soil began at a mod-
erate rate and decreased gradually. Although the degree of Ca-
saturation was a factor, it alone did not account for the decrease
in the rate of Ca outgo from the Tennessee soil. The slow-down of
microbiological activities in the soil because of the depletion of the
most readily decomposable fraction of organic matter of that soil is
suggested as a plausible explanation for decreased cation outgo.

The proportions of nitrate, sulfate, and bicarbonate ions were
computed in relation to total cation loss from the unlimed soil, in
relation to additional Ca losses induced through liming, and in re-
lation to time. Nitrate outgo accounted for 87 percent of net loss
of cations from the unlimed Tennessee soil, and the other 13 per-
cent was due equally to sulphates and bicarbonates. The net loss of
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nitrates from the unlimed Virginia soil was equivalent to 186 per-
cent of the computed net loss of cations. In the actual outgo from
the 2 controls, the proportion of nitrate was much smaller because
of the higher proportion of cations contributed by the rainwater,
The increases in the outgo of Ca from the single and double in
corporations of the liming materials, over those from the controls,
were only partly balanced by increases in the outgo of nitrates, and
from 70 to 90 percent of such increases were accounted for as bi.
carbonate.

The 20-year net loss of N from the unlimed Tennessee soil
showed a distribution through the 5 successive 4-year periods of
55, 29, 13, 3, and 0 percent of that loss. The Tennessee soil stil
contained 77 percent of its original nitrogen content after nitrate
outgo had ceased. The net losses of N from the unlimed, once-
limestoned, and twice-limestoned Virginia soil were 421, 542, and
51() pounds, respectively. The progression in the losses was more
uniform; 22 percent occurred during each 4-year interval of the
first 4 quadrennial periods and 12 percent during the final period,
without evidence of effects from liming.

Under “Cation Interrelationship”, the subject of cation inter-

change and the observed phenomena “reciprocal repression” were

rgviewed. The present findings substantiated previous observa-
tions as to the repression that limestone incorporations exert up-
on the leaching of magnesium and as to the repression that in-

corporations of both calcic and dolomitic limestone exert upon the

outgo of potassium. The repressions in Mg outgo from one inte-
gral incorporation of burnt lime, and of limestone in the Tennes-
see soil effected respective repressions of 178 pounds and 235
pounds in the outgo of magnesium, whereas corresponding re

pressions induced by the double inputs of lime and of limestone

were 266 pounds and 434 pounds. The repression in outgo of mag-

nesium from the Virginia soil were 135 and 152 pounds from inte-
gral full-depth inputs of lime and limestone, respectively, and 154
pounds and 249 pounds from the corresponding double incorpora-
tions. As an average for all limings of the Tennessee soil, the re-
pressions in outgo of K were 37 pounds from the single-rate in-
corporations and 74 pounds from the double-rate, whereas corre-
sponding averages for the repressions exerted by all single-rate
and double-rate limings in the Virginia soil amounted to 38 pounds
and 55 pounds of K, respectively.

Neither total outgo nor net outgo exhibited any constant rela-
tionship for losses of Ca and Mg, as an effect of variation in the
type of liming materials. A fairly constant ratio of Mg/Ca outgo
was obtained, however, when the annual outgo of Ca and Mg wag
expressed as percentages of the supply of each element in the soil
during that interval. As a grand average of 60 pairs of values
for the Tennessee soil, a Mg/Ca outgo ratio of 1.82 was obtained
which held true for the outgo from the unlimed soils and for the
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outgo from the several limestoned and dolomited series. The Mg/
Ca outgo ratio for the Virginia control soil, because of low mag-
nesium content, was not so well defined. The average of 40 values
for outgo from the dolomited Virginia soil gave a Mg/Ca outgo
ratio of 2.24. These Mg/Ca outgo ratios demonstrate that the Mg-
ion is released more readily than the Ca-ion from both the Ten-
nessee and the Virginia soils. The above-determined ratios are
similar in character to Bray’s f-Mg values, except that our values
were based on leachings under natural conditions of 20-year du-
ration.

An analogy was drawn between the functional parts of a lysi-
meter soil and those of eation interchange svstem in the labora-
tory, with a view to reconciling the apparent inconsistencies be-
tween the “repressive effects” registered by lysimeter leachings
and the expected enhancements in outgo according to the prin-
ciples of cation interchange. It is believed that the proper recog-
nition of what constitutes the replacing agent in the lysimeter
soil system holds the key to the correct interpretations of lysi-
meter leaching results. The soil and its adsorbed cations of H, Ca,
Mg, ete. are readily recognizable as the 2 of the 3 functional parts
in the lysimeter system. The replacing electrolyte, which is the
subject of a new concept, is presented as consisting primarily of
the hydrogen generated within the soil as a result of biochemical
activities. According to this new concept, the bicarbonates, ni-
trates, and sulfates of calcium that are formed in the limed soils
should not be regarded as a replacing agent which has the power
to liberate other cations from the soil. Rather, the Ca-, Mg-, and K-
ions in the soil solution of the limed zone, as well as in the unlimed
soil, are to be regarded as the “products” of an exchange with
the biochemically generated hydrogen ions, each under its re-
spective cation combination. When this concept of hydrogen as
the prime replacing cation is integrated with the principle of
complementary ion effect, as enunciated by Jenny and Ayers (10)
and by Bray (2), the replacement of hydrogen by calcium as is
accomplished by liming should decrease the replaceability of K
and Mg in the zone of liming. The present interpretations of the
leaching data from the Tennessee and Virginia Stations warrant
the new concept which brings into accord the phenomena of “re-
ciprocal repression” in outgo with the fundamental rules of cation
interchange.
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APPENDIX!

TaBLE I—Rainfall and annual percolation volumes from the variously limed Cumberland clay loam at Knoxville.

Experimental Liming Kilograms per lysimeter in successive annual periods Yze();r
series material

T2 181416 ] 6 7 81 9 | 10] 11 [12 [18 [14 1156 [16 |17 |18 [19 |20 | Total
Burnt lime.| 75 | 121 | 161 | 183 | 160 | 108 | 87 | 139 | 184 | 107 | 169 | 168 | 118 | 132 | 165 | 82 | 68 | 96 | 149 | 100 | 2458
A Limestone . 74 | 120 | 158 | 134 | 1656 | 120 | 89 | 144 | 140 | 111 | 160 | 171 | 122 | 136 | 166 | 85 | 71 | 98 | 154 | 104 | 2514
Dolomite 74 | 124 { 158 | 133 | 166 | 114 | 93 | 146 | 140 | 110 | 158 | 172 | 121 | 134 | 163 | 84 | 70 | 98 | 154 | 105 | 2515
Dica-silicate | 75 | 121 | 164 {133 | 164 [ 113 | 91 | 145 | 138 [ 109 | 158 | 165 | 118 | 132 | 164 { 84 | 70 | 97 | 168 | 106 | 2507
Burnt lime | 74 | 121 | 1569 | 128 | 163 | 110 | 89 | 139 | 184 | 109 | 164 | 167 | 119 | 182 | 163 | 84 | 70 | 97 | 155 | 105 | 2483
B Limestone | 72 | 118 | 155 | 128 | 169 | 109 | 88 | 138 | 131 | 105 | 159 | 166 | 118 | 130 | 160 | 81 | 67 | 95 | 150 | 108 | 2430
Dolomite... . 72 | 123 | 163 | 132 | 182 | 119 | 104 | 149 | 140 | 116 | 168 | 176 | 121 | 143 | 166 | 883 | 73 | 98 | 159 | 98 | 2587
Dica-silicate | 77 | 128 | 164 | 184 | 188 | 121 | 106 | 154 | 143 | 120 | 180 [ 178 [ 122 | 147 [ 154 | 97 [ 74 | 98 | 162 | 109 | 2656
Burnt lime | 73 | 119 | 160 | 120 | 166 | 108 | 81 | 122 | 182 | 99 | 150 | 161 | 108 | 115 | 150 | 70 | 58 | 88 | 144 | 98 | 2830
c Limestone_| 75 | 119 | 159 | 128 | 168 | 105 | 80 | 121 | 130 | 95 | 138 | 162 | 110 | 119 | 166 | 72 | 60 | 90 | 143 | 92 | 2323
Dolomite . 74 | 120 | 161 | 128 | 170 | 110 | 86 | 130 | 134 | 101 | 161 | 165 | 113 | 125 | 157 | 76 | 57 | 92 | 142 | 95 | 2308
Dica-silicate .| 74 | 123 | 160 | 181 | 178 | 113 | 90 {131 | 133 | 102 | 150 | 164 | 107 ; 122 | 168 | 75 | 64 | o4 | 141 | 99 | 2409
Burnt lime | 74 | 113 | 157 | 140 | 188 | 118 | 92 | 146 | 189 | 106 | 156 | 172 | 119 | 130 | 162 | 79 | 68 | 94 | 160 | 103 | 2506
D Limestone .. 76| 19| 15613118 118\ BT | 4z )\ 137 106 | 151|165 118|126 | 161| 6| 6 | 94| 145 100 | 2450
Dolomite._ .. 73 | 118 | 160 | 136 | 185 | 120 | 96 | 148 | 146 | 110 | 157 | 169 , 116 | 128 | 157 | 82 | 66 | 88 | 139 | 102 | 2497
Dica-silicate . | 74 | 113 | 155 | 129 | 185 | 120 | 96 | 136 | 139 | 106 | 160 | 169 | 114 | 125 | 168 | 78 | 63 | 94 | 146 | 99 | 2457
Burnt lime | 76 | 117 | 156 | 180 | 180 | 115 | 94 | 136 | 180 | 100 | 166 | 172 | 116 | 127 | 165 | 78 | 62 | 94 | 147 | 95 | 2460
E Limestone__| 71 | 114 | 167 | 128 | 189 | 122 | 105 | 148 | 143 | 119 | 180 | 180 | 118 | 120 [ 162 | 77 | 66 | 95 | 153 | 98 | 2555
Dolomite.._| 72 | 115 | 154 | 133 | 178 | 117 | 98 | 140 | 140 | 111 | 159 | 170 | 120 | 131 | 157 | 81 | 67 | 96 | 165 | 101 | 2495
Dica-silicate | 76 | 116 | 157 | 136 | 186 [ 120 | 102 | 142 | 141 | 114 | 167 | 175 | 122 [ 137 | 165 | 82 | 70 | 97 | 160 | 106 | 2668
T4 | 118 | 169 | 186 | 177 | 127 | 98 | 150 | 146 { 109 | 162 | 169 | 122 | 141 | 170 | 86 | 72 | 99 | 160 | 107 | 2572
F 74 | 121 | 159 | 134 [ 176 | 113 | 88 [ 146 | 143 [ 112 | 168 | 172 | 121 | 136 | 169 | 85 | 68 | 99 | 157 | 104 | 2544
it 7| 117|109 132|174 | 118 | 100 | 151 | 141} 108 | 168 | 171 D21 ) 184 | 168\ 84| 70| 98§ 152|101 | 2680
Dica-silicate | 70 | 117 | 158 | 130 | 174 | 115 | 92 | 136 | 141 | 105 | 158 | 163 | 124 | 135 | 166 | 83 | 70 | 98 | 150 | 104 | 2490
Burnt lime . | 69 | 116 | 155 | 128 | 168 | 114 | 86 | 138 | 134 | 107 | 164 | 165 | 119 | 181 | 162 | 83 | 68 | 96 | 1561 | 108 | 2456
G Limestone_ | 75 | 121 | 159 | 131 | 171 | 115 | 95 | 143 | 139 | 108 | 160 | 167 | 120 | 132 | 163 | 82 | 68 | 96 | 150 | 103 | 2499
Dolomite 77 | 120 | 156 | 132 | 176 | 116 | 91 | 146 | 139 | 112 | 167 | 170 | 122 | 135 | 165 | 85 | 70 | 98 | 153 | 105 | 2534
Dica-silicate | 73 | 112 | 155 [ 127 | 172 | 114 | 80 | 143 [ 136 | 109 | 163 | 165 | 116 | 132 | 164 | 82 | 69 | 97 | 151 | 100 | 2467
Control 72 | 114 | 155 | 124 | 147 | 100 | 76 | 138 | 189 | 96 | 138 | 167 | 109 | 119 | 163 | 78 | 61 | 86 | 188 | 93 | 2283
Control 78 | 122 [ 161 | 135 | 172 | 117 | 88 | 136 | 140 | 106 | 158 | 167 | 123 | 135 | 165 | 83 | 70 | 98 | 166 | 101 | 2512
Rainwater..___. 160 | 271 | 286 | 295 | 316 | 165 | 186 | 224 | 206 | 256 | 279 | 268 | 227 | 284 | 308 | 188 | 173 | 240 | 232 | 227 | 4782
Rainfall, inches_ | ... . | 81| 681 56| 57| 62| 30| 36| 44| 58| 49| 58| 49 | 49 | 57| 58 [ 30 | 86| 46 | 58 | 40 | 964

IThe data given in tables I to XIV represent the compilation of original analytical results from both Stations, and were used as the basis for computa-
make possible the verification of any

tions in many of the tables presented throughout the text. Because these data were double-checked, they will
values that may be questioned, or the evaluation of relationships not given iq this bulletin.
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TasLe H—Rainfall and annual percolation volumes from the Onslow fine sandy loam at Blacksburg.

Experimental Liming Kilograms per lysimeter in successive annual periods nl ngfr
series material |

1] 2 3 4 3 6 | 71 81 9 |j10}11 12 113 | 14 15 |16 |17 |18 19 | 20 | Total

Burnt lime .. 63 ‘ 48 95 69 | 108 74 | 58 95 | 108 | 50 | 114 | 105 ; 106 | 123 80 i 60 63 81 | 109 69 | 1678

A Limestone.....| 59 46 93 69 | 108 74 58 | 971 108 60 | 115 | 105 { 103 | 122 80 | 60 63 79 | 107 69 | 1663

Dolomite . | 63 47 98 69 | 108 T4 57 97 | 112 51 | 116 | 110 J 110 | 125 87 63 ! 67 84 | 109 70 | 1715

Dica-silicate....| 64 49 | 94 69 | 108 74 68 | 93| 109 | 48 | 116 95 | 95 | 121 70 59 | 64 69 | 106 69 | 1631

Burnt lime. .. 67 " 47 96 69 | 108 | 74 58 96 | 107 49 | 112 | 104 ! 103 | 122 80 61 66 78 | 107 70 | 1674

B Limestone .. 60 47 94 68 | 108 4 57 97 | 111 50 | 114 | 108 ; 107 | 126 81 63 66 85 | 109 70 | 1693

Dolomite _ 60 1 45 98 67 | 108 T4 61 98 | 112 49 | 114 | 107 . 105 | 126 82 64 66 81 | 108 70 | 1696

Dica-silicate .| 60 44 96 68 | 108 74 58 | 96 | 109 50 | 113 | 103 | 102 | 123 82 60 65 82 | 108 | 70 | 1671

Burnt lime | 60 | 45 97 68 | 108 74 58 | 96 | 108 5O | 115 | 104 | 104 | 124 84 63 65 83 | 108 70 | 1684

C Limestone ._...| 65 46 97 67 | 108 74 58 | 95 | 109 50 | 114 | 105 | 104 | 125 83 64 66 86 | 109 70 | 1693

Dolomite .| 64 48 98 68 | 109 T4 58 97 | 118 50 | 118 | 107 ; 106 | 127 83 63 69 89 | 109 70 | 1713

Dica-silicate ...| 58 48 97 69 | 108 T4 58 95 | 110 51 [ 112 | 106 | 106 | 128 84 63 67 89 | 109 70 | 1701

Burnt lime 62 | 52 97 68 | 109 74 58 | 97 | 114 51 | 114 | 106 | 106 | 127 l 84 62 66 88 | 107 70 | 1710

D Limestone ..... 60 50 98 68 | 108 74 58 | 95 110 51 | 116 | 106 | 106 | 127 | 84 63 66 88 | 107 70 | 1706

Dolomite..._..... 63 50 97 68 | 108 74 58 96 | 108 5O | 114 | 106 | 104 | 121 71 62 62 85 | 102 | 170 | 1676

Dica-silicate 64 51 97 67 | 108 74 58 | 96 | 109 50 | 111 | 105 | 103 | 121 \ 77 | 62 63 86 | 101 70 | 1672

Burnt lime 62 43| 95 68 | 108 78 58 | o1 | 108 | 50 | 111 ! 104 | 102 | 121 76 62 62 85 | 106 | 170 | 1657

E Limestone .....| 58 45 1 97 67 | 108 74 58 | 92 | 102 1 | 112 | 100 | 101 | 119 74 61 61 75 | 103 | 69 | 1626

Dolomite.._...... 59 44 l 96 68 | 108 74 58 | 92 ] 108 50O | 112 | 103 | 100 ; 120 74 60 62 . 76 | 106 69 | 1636

Dica-silicate 62 . 45 97 67 | 108 | 74 58 | 92 | 102 51 | 113 | 101 | 100 | 120 77 | 61 61| 175 | 100 69 | 1632

Burnt lime...| 57 | 43 97 66 | 108 | 173 58 89 | 102 b1 ] 110 | 100 | 98 | 119 72 é 56 60 69 95 69 | 1591

F Limestone...__.| 58 44 96 67 | 108 74 58 89 | 102 52 | 113 | 100 5 99 | 118 71 60 67 95 69 | 69 | 15696

Dolomite .| 58 | 43 95 67 | 108 | 14 58 | 90| 103 51 | 113 | 101 | 101 | 118 70 | 60 60 68 ' 97 68 | 1600

Dica-silicate....! 59 44 92 67 | 107 74 68 | 90 | 104 51 | 110 | 102 | 100 | 118 72 } 57 63 64 94 69 | 1596

Burnt lime... 59 44 98 67 | 106 74 68 | 91 ] 102 51 | 109 | 101 95 1 118 ‘ 74 57 59 66 94 | 69 | 1589

G Limestone.__..| 55 40 92 66 | 107 74 58 | 92| 104 | 49 | 110 { 100 | 101 | 117 75 57 58 64 97 69 | 1585

Dolomite. .| 58 40 | 95 67 | 107 74 58 | 92 ] 102 51 | 109 | 100 | 99 | 119 ‘ 73 56 60 68 | 95 69 | 1591

Dica-silicate ...; 52 36 | 95 66 | 108 | T4 58 | 92102 50| 110 | 100 | 98 | 120 | 75 57 61 66 | 96 66 | 1582

Control None 58 55 | 97 69 | 106 73 68 | 92 | 116 | 44 | 108 | 111 | 119 | 128 | 86 i 57 69 87 | 111 70 | 1716

Control None ... 64 46 95 66 | 106 73 B8 | 87| 100 | 48 106 | 100 | 93 | 117 | 4 58 58 | T1 96 | 170 | 1586

Rainwater B 56 | 183 | 217 | 184 | 209 | 127 | 185 | 174 | 168 | 128 | 237 [ 239 | 174 | 216 | 111 | 84 | 120 | 122 | 199 | 192 | 3324

Rainfall, inches | .. ... ... 30 1 27 42 36 | 41 25 26 34| 45| 28| 48| 38| 43| 49 | 31| 38 37| 29| 46| 35| 727.6

NAISEANDVIN ANV WAIDTVD J0 NOILLVAYISNOD




TasLe XI—Annual outgo of calcium from the variousky limed Cumberland clay loam at
equivalence per 2,000,000 pounds of soil.

Knoxville, as pounds of CaCOj3-

In successive annual periods

|20-year outgo !

Experimental | Liming
Psgries material 17 2 3 ] 475 6 7 8 | 9 | 10 11 ] 12| 13| 14| 15| 16 ] 17 ] 18 | 19 | 20 | Total | Net
i 10 545 519 | 569 | 455 | 262 | 339 | 270 | 280 | 169 | 258 | 256 | 188 | 168 | 158 | 131 | 150 | 174 | 200 | 226 | 6125 | 1944
A Burnt lime—| C15 | 827 | 503 | 544 | 409 | 259 | 287 | 284 | 282 | 171 | 251 | 246 | 205 \ 179 | 177 | 125 | 138 | 148 | 350 | 2a¢ | Gbes | 1884
Limestone | 830 | G20 | 411 | 405 | 334 | 210 | 221 | 207 | 231 | 140 | 222 | 183 | 160 | 167 | 152 | 116 | 127 | 143 | 173 | 178 | 4820 | 648
Dolomite | 238 | 207 | 467 | 501 | 421 | 271 | 284 | 238 | 265 | 174 | 249 | 230 | 210 | 182 | 171 | 182 | 140 | 147 | 157 | 184 | 5749 | 1568
B o901 | 515 | 516 | 957 | 431 | 416 | 396 | 361 | 220 | 301 | 323'| 282 | 242 | 236 [ 155 | 171 | 195 | 221 | 23 | 7565 | 3884
B L;‘,;’ggtg‘,,':e-m 0 | 595 | 518 | 249 | 009 | 437 | 349 | 375 | 872 | 217 | 292 | 334 | 278 | 242 | 227 | 151 | 174 | 199 | 227 | 239 | 7644 | 3463
- Dolomite. . ...| 423 | 634 | 859 | 379 | 550 | 285 o7 | 255 | 269 | 169 | 228 | 217 | 207 | 191 | 170 | 129 | 136 | 139 « 152 | 175 | 5345 | 1164
Dolomite .| 423 | 237 | 020 | 502 | 831 | 372 | 434 | 365 | 330 | 220 | 260 | 267 | 201 | 281 | 195 | 165 | 157 | 175 | 183 | 216 | 6928 | 2742
=215 507 | 579 | §33 | 532 | 374 | 445 | 493 | 509 | 240 | 323 | 364 | 276 | 262 | 224 | 159 197 | 224 | 236 | 259 | 7648 | 3467
C b T ] S| ST8 | 293 | 25t | 359 | 472 | 470 | 439 | 230 | 356 | 366 | 277 | 241 | 289 | 173 | 182 | 202 | 223 | 228 | 7499 | 3318
Dolomite 430 | 620 | 403 | 370 | 304 | 272 | 326 | 331 | 338 | 169 | 233 ) 248 | 102 | 173 | 160 | 114 | 127 | 156 | 178 , 184 | 5413 | 1232
Dolomite .| 450 | 828 | 526 | 515 | 439 | 365 | 426 | 433 | 421 | 221 | 850 | 329 | 251 | 241 | 242 | 172 | 177 | 192 | 177 | 224 | 7056 | 2875
Burnt i 355 726 640 | 624 | 248 | 311 | 335 | 277 | 250 | 177 | 247 | 219 | 174 | 100 | 202 | 143 | 158 | 171 | 188 | 101 | 6035 | 1854
D Lhmastone. 305 | 752 | Boa | ea1 | aza | 279 | 326 | 269 | 261 | 174 | 245 | 257 | 179 | 168 | 179 | 124 | 140 | 163 | 157 | 195 | 5919 | 1738
Limestone .| 25 | 05 | 487 | 485 | 803 | 209 | 250 | 185 | 188 | 126 | 203 | 201 | 157 | 143 | 125 | 98 | 103 | 129 | 182 | 179 | 4650 | 469
Dolomite .. | 802 | &89 | 592 | 562 | 417 | 285 | 308 | 252 | 254 | 169 | 203 | 229 | 181 | 183 | 165 | 107 | 140 | 167 | 133 | 192 | 5644 | 1463
Burnt 1 se3 704 | 607 630 [ 57s | 376 | 483 | 583 | 510 | 269 | 343 | 347 | 255 | 280 | 273 | 188 | 201 | 215 | 222 | 272 | 7639 | 8458
E Limestone | 388 | 704 L S | oo | BT0 | 265 | 489 | 478 | 457 | 272 | 410 | 400 | 305 | 322 | 310 | 210 | 198 | 210 | 205 | 254 | 7805 | 3624
Limestone | 888 | 108 | 891 | 478 | 389 | 246 | 315 | 265 | 333 | 166 | 244 | 235 | 179 | 175 | 143 | 119 | 136 | 163 | 161 | 171 | 5330 | 1149
Dolomite | e | 867 | 598 | 629 | 510 | 337 | 462 | 420 | 447 | 240 | 315 | 316 | 220 | 232 | 238 | 181 | 180 | 204 | 221 | 251 | 7080 | 2849
B |20 7135 T 504 | 538 | 371 | 224 | 177 | 201 264 | 158 | 249 | 285 | 189 [ 192 | 188 | 133 | 146 | 167 | 198 | 219 [ 5481 | 1300
F Timastone | 411 | 750 | 501 | 442 | 340 | 212 | 228 | 238 | 263 | 148 | 236 { 274 | 103\ 182 ' 173 | 128 | 150 | 176 | 183 | 206 1 5434 | 1258
Dolomite. .| 376 f T80 | o0% | 401 | 281 | 163 | 162 | 149 | 201 | 109 | 185 | 182 | 150 | 187 | 138 | 105 | 117 | 189 | 145 | 164 | 4369 | 178
o e e | 385 | 662 | 474 | 476 | 324 | 193 | 220 | 187 | 220 | 153 | 242 | 261 [ 181 | 182 | 155 | 122 | 145 | 165 | 195 | 208 | 5138 | 952
B | "330 635 | 433 | 450 | 344 | 217 | 179 | 249 | 284 | 160 | 251 | 272 | 209 | 231 | 184 | 185 | 178 [ 196 | 215 | 220 [ 5381 [ 1200
G Burnt lime .| 380 | O | 455 | 403 | 356 | 211 | 171 | 241 | 280 | 157 | 246 | 254 | 216 | 212 | 178 | 128 | 162 | 185 | 195 | 215 | 5267 | 1086
Dolomite S | ey | A% ! 36 | 396 | 165 | 156 | 175 | 202 | 103 | 168 | 181 | 151 | 138 | 140 | 109 | 122 | 135 | 152 | 160 | 4238 | &7
Dica-silic 130 1361|533 | 217 | 216 | 240 | 228 | 148 | 210 | 264 | 106 | 196 | 182 | 187 | 153 | 178 | 196 | 226 | 5179 | 998
Control None.__.. 309 | 516 | 319 | 273 | 825 | 179 | 216 | 211 | 183 | 150 204 | 204 | 151 | 138 | 160 99 | 115 s 142 | 162 | 161 | 4216
Control None 305 | 575 | 540 | 520 | 250 | 180 | 208 | 195 | 186 | 124 | 179 | 175 | 139 | 126 | 127 | 99 | 115 | 144 | 140 | 182 | 4145
Rainwater 80 T 105 | 74 | 88| 115 | 115 | 150 [ 101 | 182 [ 109 | 122 | 157 | 128 | 145 | 124 | 102 | 124 | 128 | 145 | 189 | 2453
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TABLE IV—Annual outgo of calcium from the variously limed Onslow fine sandy loam at Blacksburg, as
equivalence per 2,000,000 pounds of soil.

pounds of CaCOgz-

Experimental | Liming

In successive annual periods

|20-year outgo

series | material 1 [ 2 [ 3 | 4 [ 5 [ 61 7 [ 81 9 [10] 12] 12| 13 14 15] 16| 17 | 18 | 19 | 20 |Total | Net
Burnt lime 136 | 228 | 217 | 366 | 181 | 186 . 249 [ 284 | 88\ 311 | 154 | 201 | 136 ‘ 186 | 112 | 148 | 135 | 144 | 105 | 3921 | 1903
A Limestone 163 | 232 | 235 ;854 | 174 | 191 ) 180 | 217 | 83 | 235 | 192 | 189 | 143 | 136 | 102 | 103 | 108 | 139 | 101 | 3633 | 1615
Dolomite..._. —.. 78 | 194 | 85 | 255 | 107 | 123 [ 142 | 169 | 58 | 190 , 184 | 129 | 77 [ 137 | 95| 103 | 74 | 120 | 97 | 2682 | 564
Dica-silicate .| 221 | 78 | 145 ; 150 | 359 | 169 | 181 . 194 | 232 | 82 | 215 | 193 | 165 | 138 | 108 | 88 | 122 | 101 | 137 | 100 | 3178 | 1160
Burnt lime | 268 | 116 | 212 | 230 | 630 | 308 | 324 | 347 | 410 [ 134 | 329 | 344 | 244 | 265 | 206 | 141 | 176 | 188 | 186 | 14b | 5193 | 8175
B Limestone 372 | 102 | 214 | 222 | 636 | 317 | 317 | 208 , 452 | 166 | 471 | 450 | 310 | 227 | 161 | 150 | 176 | 198 | 177 | 146 | 5562 | 3544
Dolomite._. 187 | 60 | 185 | 75 | 304 | 143 | 167 | 203 | 345 | 100 | 219 | 196 | 132 | 189 | 103 | 87 | 90 | 111 | 95 | 104 | 3045 | 1027
Dica-silicate .| 210 | 88 | 143 | 156 | 642 | 301 | 276 | 269 | 398 | 148 | 426 | 348 | 283 | 244 | 162 | 120 | 147 | 173 | 150 | 156 | 4840 | 2822
Burnt lime | 306 | 106 | 228 | 214 | 386 | 246 | 130 | 324 | 512 | 202°| 586 | 448 | 279 | 274 | 192 | 139 | 167 | 165 | 171 | 189 | 5273 | 3255
c Limestone 291 | 92 | 229 | 215 | 387 : 251 1 141 | 229 | 473 | 221 | 506 | 465 | 258 | 269 | 222 | 156 | 160 | 171 | 172 | 193 | 5101 | 3083
Dolomite. .| 156 | 78 | 189 | 89 | 231 I 153 | 135 | 140 | 327 | 149 | 335 | 250 | 127 | 152 [ 102 | 81| 91| 149 | 100 | 116 | 3150 [ 1132
Dica-silicate_| 245 | 77 | 146 ; 157 | 376 | 251 | 117 | 258 | 393 [ 153 | 368 | 382 | 297 | 238 | 198 | 120 | 153 | 174 | 158 | 136 | 4397 | 2379
Burnt lime | 219 | 121 | 249 ; 217 | 367 | 191 | 216 | 186 | 237 | 74 | 206 | 286 | 190 | 185 | 150 | 120 | 134 | 178 | 135 | 165 | 3816 | 1798
D Limestone 107 | 252 | 214 | 287 | 194 165 157 230 | 76| 212 | 251 | 218 | 184 | 152 | 97 | 107 | 164 | 137 | 141 | 3535 | 1617
Dolomite... : T4 184 | 86 ) 216 | 99 | 93 | 112 | 157 | 59 | 140 | 148 | 182 | 153 | 141 | 104 | 126 | 130 | 97 | 161 | 2547 | 529
Dica-silica 102 | 140 | 155 | 326 | 200 | 156 | 167 | 189 | 72 | 207 | 186 | 225 ; 161 | 125 | 106 | 121 | 153 | 120 | 159 | 3256 | 1238
Burnt lime | 931248 214 | 436 | 236 | 252 | 288 | 351 | 1o1 | 381 | 305 | 812 | 252 | 226 | 177 | 157 | 213 | 197 | 185 | 4948 | 2330
E Limestone 106 | 244 | 210 | 352 | 242 | 256 | 235 | 289 | 200 | 382 | 266 ‘ 283 | 226 | 212 | 162 | 149 | 230 | 188 | 205 | 4721 | 2703
Dolomite .. 126 , 70 | 176 | 113 | 281 | 177 | 139 | 128 | 137 | 87 | 187 | 180 | 180 | 118 | 141 | 93 | 152 | 141 | 134 | 124 | 2884 | 866
Dica-silicate | 165 | 89 | 152 | 142 | 369 | 251 ; 256 | 194 | 270 | 144 | 382 | 288 | 301 | 219 | 228 | 154 | 181 | 247 | 155 | 183 | 4370 | 2352
Burnt lime | 206 | 126 | 237 | 215 | 257 | 171 | 183 | 161 | 167 | 90 | 198 ' 208 | 183 | 135 | 132 | 94 | 127 | 128 | 142 | 128 | 3288 | 1270
F Limestone 108 | 241 | 216 { 264 | 177 | 185 | 147 | 175 | 88 | 1%9 | 162 | 178 | 123 | 118 | 91| 112 ) 129 | 136 | 135 | 3133 | 1115
Dolomite..__..... : 59 | 191 | 105 | 139 | 100 | 121 | 71| 85| 61| 128 | 89| 83| 75| 62| 56, 66 | 65| 107 | 80| 1875 | -145
Dicasilicate | 167 . 73 | 148 | 140 | 263 | 156 | 183 | 114 | 177 | 89 | 170 | 146 ' 166 | 109 | 132 | 90 | 100 | 125 | 148 | 134 | 2830 | 812
Burnt lime | 107 ‘ 86 | 246 | 209 | 259 | 172 | 213 | 149 | 199 | 77 | 178 | 146 | 188 | 176 | 105 | 102 | 105 | 124 | 144 | 144 | 8219 | 1201
G Limestone 88 ' 247 | 210 | 270 | 181 | 172 1 151 | 171 | 84 | 243 , 312 | 217 | 177 | 97 | 93 | 123 | 118 | 138 | 144 | 3382 | 1364
Dolomite... 56 | 197 | 86 | 159 { 100 | 90 | 67 | 80 | 55| 124 | 177 | 106 | 147 | 114 | 105 | 142 | 115 | 107 | 141 | 2308 | 290
Dica-silica 55 | 156 | 138 | 248 | 165 | 161 | 128 | 156 | 86 | 156 | 261 | 201 | 172 [ 161 | 93 | 149 | 126 | 131 | 124 | 3047 | 1029
Control 937 106 | 128 | 240 | 111 | 128 | 125 | 146 | 50 | 167 130 | 109 | 73 87 | 45| 66 | 52 | 74 | 170 | 2162
Control 63 | 101 | 135 | 212 | 121 | 124 | 99 | 107 | 47 | 104 [ 116 | 104 | 67 | 54| 38| 51| 61 61 | 4] 1873
Rainwater 49| 80| 51| 86 | 113 ] 61| 81| 53| 46| 90 126 | 69 | 73 | 35| 39| 29 | 25 | 146 | 103 | 1392
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TaBLE V—Annual outgo of magnesium from the variously limed Cumberland clay loam

equivalence per 2,000,000 pounds of soil.

at Knoxuville, as pounds of CaCOgz-

In successive annual periods

20-year outgo

Experimental | Liming
series material 1 2 3 4 5 ] 7 8 9 10 | 11 ] 12 ] 13] 14| 15| 16] 17| 18| 19| 20 | Total | Net
Burnt lime_ | 193 § 224 | 141 | 152 | 1656 | 74 | 92 | 71| 96| 44| 72| 57| 42| 43 ‘ 511 20| 30| 38| 44| 50 | 1707 | -68
A Limestone.....| 191 | 231 | 140 | 142 | 166 | 74 | 78 | 80| 92| 45| 67| 57| 45| 45| 55| 84| 28| 85| 40| 47 ] 1692 | -83
Dolomite......{ 367 | 529 | 337 | 264 | 297 | 148 [ 137 | 126 | 144 | 80 | 126 | 118 ] 82| 86| 65 ) 52| 5L | 55 | 57 | 73 | 3194 | 1419
Dica-silicate._.| 223 | 260 | 163 | 163 | 181 | 93 | 93 | 78 [ 100 | 51| 82| 63 | 54 | 66 | 58 ] 39 ' 34| 40 [ 45| 48 | 1924 | 149
Burnt lime | 186 | 242 | 138 | 138 | 169 | 66| 63| 55| 88 | 36| 63| 48| 43| 46| 64| 30| 26 | 33| 40| 41 | 1593 | -182
B Limestone .| 183 | 229 | 149 | 146 | 169 | 61| 57 | 62 | 93| 88| 54 | 63 | 44 | 44| 53| 30| 28 | 34 | 44| 39 | 1610 | -165
Dolomite......{ 364 | 535 | 281 | 287 | 501 | 252 | 232 { 221 | 230 | 144 | 179 | 173 | 146 | 182 | 103 | 74 | 77| 76 | 97 | 97 | 4201 | 2426
Dica-silicate...| 209 | 274 | 160 | 180 | 246 | 95 | 107 | 99 | 104 | 656 | 74 | 70| 69| 64| 61| 47| 38| 43| 55| 50 | 2110 | 336
Burnt lime .| 190 | 243 | 151 | 181 [ 166 | 78 | 76| 75| 93| 38 | 68| 50| 38 | 41| 46| 28| 24| 29| 39| 36| 1639 | -136
[ Limestone. 188 | 224 [ 164 | 134 | 168 ] 74| 82| 72| 86 | 41| 59| 55| 38| 40! 48| 30| 23| 29| 37| 34| 1626 | -149
Dolomite......| 372 | 548 | 316 | 281 | 344 | 212 | 267 | 273 | 282 | 137 | 188 | 199 ] 148 | 142 | 111 | 83| 80 | 97 | 105 | 113 | 4298 | 2423
Dica-silicate.. | 201 | 278 | 192 | 171 | 179 | 114 | 109 | 100 | 116 | 59 | 88 | 79| 58 | 571 70| 43| 36| 45| 52| 50 | 2097 | 322
Burnt lime.__ | 187 | 265 | 192 | 164 | 142 | 83 | 80| 70 | 87 | 43| 64 | 49 | 34 | 41 l 57| 8 | 20 ] 33| 40 | 41| 1736 ! -39
D Limestone....| 185 | 265 | 185 | 163 | 154 | 78 | 85 | 66| 89 | 50| 57| 55| 40| 42| 50| 30| 26| 34| 37| 41 1732 | -43
Dolomite_...._.| 238 | 440 { 350 | 367 | 311 | 1561 | 171 | 132 | 147 | 80 | 128 | 122 ) 92 | 90 ] 74| 52| 53| 60| 63 | 74 | 3195 | 1420
Dica-silicate....| 185 | 274 | 214 | 213 | 181 | 97 | 106 | 84 ] 101 | 53 | 62| 65| 52| 61 ] 63| 36| 36| 43| 44| 48 | 2018 | 243
Burnt lime_._| 188 [ 283 | 196 | 171 | 179 | 75| 87 | 77 | 100 | 40 | 49| 49 33| 40| 48| 27| 23| 31| 35| 37 | 1768 -7
E Limestone.. 171 | 256 | 192 | 167 | 168 | 79 | 87| 76| 97| 46| 64 | 63| 42| 49| 61| 34| 24 | 29 | 32 | 386 | 1772 -3
Dolomite......| 225 | 419 | 337 | 370 | 865 | 207 | 270 | 231 | 287 | 141 | 194 | 200 | 145 ) 145 | 90 | 90, 94 | 103 | 97 | 106 | 4116 | 2341
Dica-silicate. | 178 | 269 | 220 | 196 | 192 | 956 | 114 | 97 1126 | 63| 72| 78 | 51| 56| 69| 48 | 85| 42| 47 | 52 | 2095 | 320
275 | 163 | 140 | 146 | 60 | 49 | 51| 88| 42| 46 ‘ 51 37| 48| 52| 80| 27| 33| 88| 42 | 1635 | -140
F 271 | 153 | 186 | 126 | b4 | 57| 59| 90| 42| 50| 65| 39| 41| 566 | 32 28| 37 41| 40| 1665 | -110
it - 390 | 296 | 304 | 227 | 122 | 122 | 116 | 152 | 88 | 181 ) 129 J 101 | 89 | 84 ] 61| 63| 62 | 77| 72| 2900 | 1125
Dica-sgilicate.. | 220 [ 283 | 173 | 158 | 153 | 64 | 66| 62| 91| 52| 66| 65| 45| 50| 58| 37| 383 | 43| 51| 47| 1817 42
Burnt lime .| 179 [ 289 | 157 | 159 | 146 | 71 | 53 | 64 | 87| 41| 47| 49| 32| 38 ] 54| 29| 26| 82| 39| 34 | 1626 ] -149
G Limestone.. 191 | 287 | 180 | 197 | 167 | 69 | 59 | 64| 88| 36| 48| 55| 37| 37| 64| 29| 26| 34 | 43| 34 | 1725 ] -50
Dolomite......{ 197 | 838 | 232 | 259 | 440 | 127 [ 119 | 137 | 180 | 86 | 184 | 144 | 111 | 111 ] B4 ) 65| 65| 72| 79 | 72 | 3052 | 1275
Dica-silicate. | 206 | 284 | 173 | 175 160 ) 81| 73| 79| 91| 46| 82| 67 ] 48| 56| 43 [ 88| 32 42| 51 | 50 | 1877 | 102
Control None ... 107 [ 248 | 157 | 127 | 176 | 93 | 90| 84 | 104 | B4 | 71 ] 70| 46 | 46 ‘ 42| 32| 29| 38 ] 41| 44 ] 1788
Control None..... 180 | 266 | 160 | 140 | 177 | 98 | 84 | 80| 99| 46| 61| 62| 46| 48] 47| 31| 29| 36! 37| 45 | 1761
Rainwater .| ... 88 | 124 ] 66| 64 ] 29| 29| 59 33| 62| 43} 37| 301 25| 50! 37| 32| 22 26 30] 27] 913
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TasLe VI—Annual ontgo of magnesium from the variously limed Onslow fine sandy loam at Blacksburg, as pounds of CaCOj3-
equivalence per 2,000,000 pounds of soil.

In successive annual periods

|20-year outgo

WNISANOVI ANV WAIDTVD J0 NOILVAYASNOD

Experimental ! Liming — . -
series material 1 2 | 8 4 5 6 7 8 9 10 110 12} 13| 14 15| 16| 17 18 19 20 | Total | Net
Burnt lime 82 35 44 39 49 58 46 60 | 103 33 72, 83 ] 69 J‘ 35 | 40 18 37 1 41 31 38 | 1013 142
A Limestone . 52 38 42 41 43 59 45 76 | 101 26 49 r 58 78 \ 37 | 28 25 27 32 22 36 915 44
Dolomite 185 91 | 133 | 124 | 186 | 111 | 150 | 148 | 205 68 | 163 | 152 | 138 85 | 62 39 41 47 43 40 | 2211 | 1340
Dica-silicati 77 29 40 45 69 56 49 65 | 130 23 96 | 83 70 ’ 38, 30/ 19 30 41 37 36 | 1063 192
Burnt lime 39 16 48 37 43 63 31 41 51 26 50, 69! 84! 52| 23 23 28 28 43 38 833 -38
B Limestone 49 19 44 39 67 59 38 52 60 28 69 75 I 90 52 | 26 23 19 31 42 34 916 41
Dolomite ... 194 82 | 124 | 118 | 232 | 123 | 237 | 248 | 454 | 133 ; 270 | 227 ’ 175 | 184 ~ 97 83 77 95 82 73 | 3308 | 2437
Dica-silicate 66 14 38 41 | 146 57 69 62 98 40 | 120 | 108 | 87 66 40 29 34 33 36 47 | 1231 360
Burnt lime.. 56 17 54 36 48 56 39 44 80 38 67 | 68 80 65 | 23 18 23 | 54 26 41 927 56
(o} Limestone._.._ 50 29 58 39 58 56 38 42 7 31 74 80 82 85 | 26 23 26 42 19 42 977 106
Dolomite 211 91 | 143 | 116 92 | 110 | 184 } 187 | 420 | 149 | 406 | 247 i 241 | 173 | 119 i 67 86 | 116 83 82 | 3323 | 2452
Dica-silicate | 67 | 22 | 87| 47| 52| 55| 52 | 61| 126 | 55| 101 ' 54| 81| 97| 411 27 30| 40| 38| 381130 | 259
Burnt lime _ 84 22 44 37 | 114 53 | 36 49 | 81 26 67 | 23 1 79 i 63| 36 i 22 24 50 46 49 | 1006 134
D Limestone .. 69 20 44 35 82 54 38 39 ! 71 23 50 | 79| 85 471 30 19 20 30 46 40 921 50
Dolomite 127 85 | 163 | 109 | 170 | 143 | 161 | 146 [ 200 T4, 162 j 118 J 199 96 | 81| 54 51 66 63 64 | 2332 | 1461
Dica-silicate 63 39 1 71 49 58 61 50 46 93 37 65 | 85 86 48 37 29 30 37 29 58 | 1071 200
Burnt lime..| 68 | 16 69 1 37 68 56 L 30 45 73 25 30 ; 64 ’ 63 | 106 22 23 52 20 20 33 920 49
E Limestone .| 90 18 49 35 | 149 58 37 47 66 30 39 " 53 61 | 105 34 22 24 19 24 33 993 113
Dolomite ... 123 53 | 170 | 106 | 202 | 147 [ 213 | 193 | 281 | 141 | 264 | 166 ’ 233 | 183 | 146 98 74 | 138 99 | 113 | 3143 | 2272
Dica-silicate 61 19 57 53 90 52 | 30 58 | 103 50 | 104 l 87 78 76 39 ! 34 34 38 | 43 | 46 | 1152 281
Burnt lime...| 84 20 48 40 36 51 47 34 | 61 35 49 68 | 65 38 28 19 23 . 22 41§ 81 840 =31
r Limestone. ... 63 17 38 37 63 55 44 37| 66 29 59 | 102 70 36 25 20 24 | 22 36 41 884 13
Dolomite......... 172 57 | 126 | 107 | 169 | 112 | 151 | 114 | 147 l 72 | 151 | 127 | 130 86 | T0 67 71 i 69 55 87 | 2140 | 1269
Dica-silicate .| 64 | 30 62 46 46 48 46 44 | o1 26 61 | 88 66 34 29 26 1 27 . 30 33 47 920 49
Burnt lime.. 29 65 40 54 | 53 37 45 1 64 ' 27 48 } 54 74 36 24 15 24 24 29 37 | 843 -28
G Limestone 25 67 37 58 51 39| 85| 81 24 47 35 84 45 25 23 30 22 26 37 | 843 -28
Dolomite._____ 41 | 147 | 107 | 173 | 140 | 164 [ 101 | 158 l 73 | 151 ’ 109 | 181 95 | 113 62 32 45 51 97 | 2160 | 1289
Dica-silica 22 57 46 85 55 48 | 67 | 95 33 | 106 56 83 48 I 37 31 28 33 38 36 | 1066 196
Control None 38 34 35 50 43 40 56 | 88 20 56 67 61 32 40 21 36 43 34 42 906
Control None 23 29 31 65 44 37 48 | 87 23 | 52 68 56 31 29 18 27 24 34 43 836
Rainwater 31 28 32 371 8 { 30! 36| 51 39 45 60 47 53 21 18 16 24 47 656 | 1739
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TasLe VII—Aunual outgo of CatMg from the variously limed Onslow fine sandy loam at Blacksburg, as pounds of CaCOjz-
equivalence per 2,000,000 pounds of soil.

In successive annual periods |20-year outgo

Experir_nental Liming

Burnt lime.| 542 | 991] 832 | 788 | 500 | 494 | 415 | 347 | 846 | 220 | 311 | 268 | 208 | 231 | 250 | 178 | 187 | 204 ’ 228 | 232 | 7871 | 1016
Limestone | 580 | 1017, 777 | 804 | 577 | 357 | 411 | 335 | 350 | 224 | 302 | 312 | 219 | 210 | 229 | 154 | 166 | 197 | 194 | 236 | 7651 | 1696
D Dolomite..... . 580 ' 1045 837 | 852 | 614 | 360 | 421 | 317 | 335 | 206 | 331 | 323 | 249 | 233 | 199 | 150 | 156 | 189 | 195 | 253 | 7845 | 1890
Dica-silicate.| 613 | 961| 806 | 775 | 598 | 382 | 414 | 336 | 355 | 212 | 265 | 294 | 233 | 244 | 228 | 143 | 176 | 210 | 177 | 240 | 7662 | 1707

Average | 570 1004 #13 | 805 | 595 | 308 | 315 | 334 | 347 | 216 | 302 | 299 | 227 | 229 | 228 | 166 | 171 | 200 | 199 | 240 | 7757 | 1802

[
Burnt lime__| 540 | 987] 803 | 801 | 758 | 451 | 570 610}610 309 | 392 | 396 | 288 | 320 | 321 | 215 i 224 | 246 | 257 | 309 | 9407 | 3452
J

series material 112 1 3] 415 6 7] 81 9 10 11 ] 12] 13| 14 ] 15| 16 171 18| 19 20 | Total | Net
Burnt lime | 703 | 1067! 660 | 721 | 620 | 336 | 431 | 341 \ 375 | 213 | 330 | 313 | 230 | 211 | 209 | 160 | 180 | 212 | 244 | 276 | 7832 | 1877
Limestone_...| 836 1 1058} 643 | 686 | 575 | 323 | 365 | 364 | 374 | 216 | 318 | 303 | 250 | 224 | 232 | 159 | 166 | 183 | 221 | 251 | 7747 | 1792
A Dolomite...___. 796 | 1149; 748 | 669 | 631 | 358 358 | 333 | 875 | 220 | 340 | 301 | 242 | 253 | 217 | 168 | 178 | 198 | 230 | 251 | 8023 | 2068
Dica-silicate | 772 | 1007] 660 | 664 | 602 | 364 | 877 { 316 | 365 | 225 | 331 | 2903 | 264 | 238 | 229 | 171 | 174 | 187 | 202 | 232 | 7673 ! 1718
Average .| 777 | 1070} 678 | 685 | 607 | 345 | 383 | 339 | 372 219 | 332 | 303 | 247 | 282 | 222 | 165 | 175 | 195 | 224 | 253 | 7820 | 1865
Burnt lime...| 676 | 1143] 656 | 654 | 1126] 490 | 479 | 451 | 449 | 256 | 354 | 871 | 325 | 287 | 290 | 185 | 197 | 228 | 261 | 274 | 9158 | 3203
Limestone .| 793 | 1174! 667 | 695 | 1078 498 | 406 | 437 | 465 | 255 | 346 | 387 | 822 | 286 | 280 | 181 | 202 | 233 | 271 | 278 | 9254 | 3299
B Dolomite. ... 787 | 1169, 640 { 666 | 1051| 587 | 510 | 476 | 499 | 313 | 407 | 390 | 353 | 323 | 273 | 203 | 213 | 215 | 249 | 272 | 9490 | 3535
Dica-silicate | 721 , 1051| 610 ;| 682 | 1077 467 | 541 | 464 | 434 | 285 | 334 | 337 | 360 | 345 [ 256 | 202 | 195 | 218 | 188 | 266 | 9033 | 3078
Average .| 744 | 1134] 643 @ 674 | 1083] 500 | 484 | 457 | 462 | 277 | 360 | 371 | 340 | 860 | 321 | 215 | 224 | 246 | 257 | 309 | 9234 | 3279
Burnt lime.| 702 . 1150| 730 | 664 | 698 | 452 | 520 | 568 | 602 | 278 | 391 | 414 | 314 | 303 | 270 | 187 | 221 | 253 | 275 | 295 | 9287 | 3332
Limestone. __..i 806 J 1031, 720 | 675 J 688 | 433 | 554 l 542 | 525 | 271 | 415 | 421 | 815 | 281 | 287 | 208 | 205 | 231 | 260 [ 262 | 9125 | 3170
C Dolomite....__ 802 ; 1168: 719 | 651 , 738 | 484 | 593 | 604 | 615 | 306 | 421 | 447 | 340 | 815 | 271 | 197 | 207 | 253 | 283 | 297 | 9711 | 3756
Dica-silicate | 730 ' 1184! 718 | 686 | 638 | 479 | 535 | 533 | 537 | 280 | 438 | 408 | 309 | 298 | 312 | 215 | 213 | 237 | 229 | 274 | 9253 | 3298
Average..... 769 | 1133] 722 | 669 | 691 | 462 | 551 | 562 | 570 | 284 | 416 | 423 | 320 | 299 | 285 | 201 | 212 | 244 | 262 | 282 | 9319 | 3364

!

Limestone 559 960! 835 | 802 | 718 | 444 | 576 | 554 | 5564 | 318 | 474 | 463 | 347 | 371 | 371 | 244 | 222 | 239 | 237 | 289 | 9577 | 3622
E Dolomite 561 | 1004/ 828 © 848 | 754 | 453 | 585 | 496 | 620 | 307 | 438 | 435 | 324 | 820 | 233 | 209 | 230 | 266 | 258 | 277 | 9446 | 3491
Dica-silicate.| 522 | 936] 818 | 825 | 711 | 432 | 576 | 517 | 578 | 303 | 387 | 394 | 280 | 288 | 307 | 224 | 215 | 246 | 268 | 303 | 9125 | 3170
Average .. 546 | 972] 821 | 819 | 735 | 448 | 577 | 544 | 589 | 309 | 423 | 422 | 313 | 325 | 308 | 223 | 223 | 225 | 255 | 295 | 9389 | 3434
Burnt lime..| 587 988! 667 | 678 | 517 | 284 | 226 | 262 | 352 | 200 | 295 | 336 | 226 | 240 | 240 | 163 | 173 | 200 | 231 | 261 | 7116 | 1161
Limestone .. 659 | 1021 654 | 578 | 466 | 266 | 285 | 297 | 353 | 190 | 286 | 339 | 232 | 223 | 229 | 160 | 178 | 213 | 224 | 246 | 7099 | 1144
F Dolomite .. 590 | 1021; 725 | 705 ' 507 | 285 | 284 | 265 | 353 | 197 | 316 | 311 | 261 | 226 | 217 | 166 | 180 | 201 | 222 | 236 | 7260 | 1305
Dica-silicate.| 608 975 647 | 634 | 477 | 257 | 286 | 249 | 311 | 206 | 308 | 326 | 226 | 182 | 213 | 159 | 178 | 208 | 246 | 255 | 6950 995
Average.. ... 611 | 1001] 673 | 649 | 492 | 273 | 270 | 266 | 342 | 198 | 351 | 328 | 233 | 218 | 226 | 162 | 177 | 206 | 231 | 250 | 7106 | 1151
Burnt lime_| 509 924] 590 | 618 | 490 | 288 | 222 | 313 | 371 | 201 | 298 | 321 | 241 | 269 | 238 | 164 | 204 | 228 | 254 | 254 | 6997 | 1042
Limestone .. 537 926! 652 | 600 | 413 | 280 | 230 | 305 | 368 ] 193 | 294 | 309 | 253 | 249 | 232 | 157 | 188 | 219 | 238 | 249 | 6892 937
G Dolomite_._...| 535 951| 617 | 628 | 521 | 292 | 275 | 312 | 382 | 189 | 302 | 325 | 262 | 249 | 224 | 174 | 187 | 207 | 231 | 232 | 7095 | 1140
Dica-silicate.| 547 898] 607 | 636 | 493 | 298 | 289 | 319 | 319 | 194 | 301 | 331 | 244 | 249 | 225 | 175 | 185 | 220 | 247 | 276 | 7053 | 1098
535 | 925 617 | 621 | 479 | 290 | 254 | 312 | 360 | 194 | 299 | 322 | 250 | 254 | 239 | 168 | 191 | 219 | 243 | 253 | 7009 | 1054
Control -| 506 763] 476 | 400 | 500 | 272 | 306 | 295 | 287 | 204 | 275 | 274 | 197 | 184 ] 202 | 131 | 144 | 180 | 203 | 205 | 6004
Control | 499 827, 506 | 461 | 436 | 278 | 292 | 275 | 285 | 170 | 240 | 237 | 185 | 174 | 174 | 130 | 144 | 180 | 186 | 227 | 5906
|

Average -1503 | 1795] 491 | 432 | 468 | 275 | 200 | 285 | 286 | 187 258 | 256 | 191 | 179 | 188 | 131 | 144 | 180 | 195 | 216 |
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TaBLE VIII—Annual outgo

of Ca+Mg from the variously limed Onslow fine sandy loam at

equivalence per 2,000,000 pounds of soil.

Blacksburg, as pounds

of CaCOg- |

In successive annual periods

120-year outgo

Experimental | Liming
series _material 1] 2 | 38 4 5 6 7 g8 | 9 | 10 [ 11 | 12 | 13| 141 15] 16 17 | 18 19 20 | Total | Net
Burnt lime | 436 | 171 | 272 | 256 | 415 | 239 | 232 | 309 | 387 | 122 | 383 | 236 | 270 | 171 | 226 | 130 | 185 | 176 | 175 | 142 | 4933 | 2047
Limestone.__ | 408 | 201 | 274 | 276 | 397 | 233 | 236 | 256 | 318 | 109 | 285 | 250 | 267 | 180 | 163 | 127 | 130 | 139 | 160 | 137 | 4546 | 1660
A Dolomite .. 350 | 169 | 327 | 209 | 441 | 218 | 273 | 290 | 874 | 126 | 353 | 335 | 267 | 163 | 198 | 134 | 144 | 121 | 163 | 137 | 4792 | 1906
Dica-silicate| 298 | 107 | 185 | 195 | 428 | 225 | 230 | 259 | 362 | 106 | 311 | 276 | 285 | 176 | 137 | 107 | 152 | 142 | 174 | 136 | 4239 | 1353
Average .. | 373 | 162 | 265 | 234 | 420 | 229 | 243 | 279 | 360 | 116 | 344 | 274 | 260 | 173 ] 181 | 125 | 153 | 145 | 168 ] 138 | 4628 1742
Burnt lime.| 307 | 132 | 260 | 267 | 673 | 371 | 355 | 388 | 461 | 160 | 379 | 413 | 328 | 307 | 229 | 164 | 205 | 216 | 228 | 183 | 6026 | 3140
Limestone...| 421 | 121 | 258 | 261 | 703 | 376 | 355 | 850 | 511 | 194 | 540 | 525 | 400 | 279 | 187 | 173 | 195 | 229 | 219 | 180 | 6477 | 3591
B Dolomite...... 381 | 142 | 309 | 193 | 536 | 266 | 404 | 451 | 799 | 233 | 490 | 423 | 307 | 323 | 200 | 169 | 167 | 206 | 177 | 177 | 63563 | 3467
Dica~silicate) 276 | 102 | 181 | 197 | 788 | 358 | 845 | 331 | 496 | 188 | 546 | 456 | 370 | 311 | 202 | 149 | 181 | 206 | 186 | 203 | 6172 | 3286
Average..] 346 | 124 | 252 | 230 | 675 | 343 | 364 | 380 | 567 | 194 | 489 | 450 | 351 | 305 | 205 | 164 | 187 | 214 | 203 | 186 | 6257 | 3371
Burnt lime.|{ 362 | 123 | 282 | 249 | 434 | 302 | 178 | 368 | 593 | 235 | 654 | 516 | 859 | 839 | 214 | 157 | 190 | 219 | 197 | 230 | 6201 | 8315
Limestone | 341 | 121 | 287 | 254 | 445 | 307 | 179 | 271 | 551 | 252 | 579 | 544 | 340 | 354 | 249 | 180 | 187 | 214 | 191 | 235 | 6081 | 3195
o] Dolomite ... 367 | 169 | 332 [ 205 | 323 | 263 | 319 | 327 | 747 | 298 | 741 | 497 | 368 | 325 | 221 | 148 | 176 | 265 | 183 | 198 ‘ 6472 | 3686
Dica-silicate| 312 99 | 193 | 204 | 428 | 306 | 169 | 319 | 519 | 209 | 469 | 436 | 378 | 335 | 240 | 147 { 183 | 224 | 196 | 174 | 5540 | 2654
Average | 346 ] 128 | 274 | 228 | 408 | 295 | 211 | 321 | 603 | 249 | 561 | 498 | 361 | 838 | 231 | 158 | 184 | 231 | 192 | 209 | 6099 | 3213
Burnt lime..| 803 | 143 | 293 | 254 | 481 | 244 | 252 | 235 | 318 | 100 | 272 | 309 | 269 | 247 | 186 | 142 | 158 | 228 | 181 | 203 | 4818 | 1932
Limestone .| 259 | 127 | 296 | 249 | 369 | 248 | 203 | 196 | 301 98 | 262 | 330 | 303 | 231 | 181 | 116 | 127 | 194 | 182 | 180 | 4451 | 1565
D Dolomite...._| 262 | 159 | 347 | 195 | 386 | 242 | 254 | 258 | 857 | 133 | 302 | 266 | 830 | 248 | 222 [ 159 | 177 | 196 | 160 | 225 | 4878 | 1992
Dica-silicate | 249 | 141 | 211 | 204 | 384 | 261 | 206 | 213 | 282 | 108 | 272 | 270 | 311 | 209 | 161 | 135 | 151 | 190 | 149 | 217 | 4324 | 1438
Average..| 268 | 143 | 287 | 226 | 405 | 249 | 229 | 226 | 815 | 110 | 277 | 294 | 303 | 234 | 188 | 138 | 153 | 202 | 168 | 206 | 4618 | 1732
Burnt lime_| 242 | 146 | 817 | 251 | 504 | 202 | 282 | 333 | 425 | 216 | 410 | 369 | 375 | 358 | 248 | 200 | 209 | 293 | 217 ] 218 | 5868 | 2982
Limestone___. 374 | 124 | 293 | 245 | 501 | 300 | 293 | 282 | 355 | 230 | 422 | 319 | 344 | 331 | 246 | 184 | 173 | 248 | 218 | 238 | 5715 | 2829
E Dolomite._..._... 249 | 123 | 346 ; 219 | 483 | 324 | 252 | 321 | 418 | 228 | 451 | 346 | 414 | 301 | 287 | 191 { 226 | 280 | 233 | 237 1 6020 | 3143
Dica-silicate| 226 | 108 | 209 | 195 | 459 | 303 | 286 | 352 | 373 | 194 | 486 | 375 | 879 | 295 | 267 | 188 | 215 | 285 | 198 | 229 | 5522 | 2636
Average. | 273 | 125 | 266 | 228 | 487 | 305 | 278 | 297 | 393 | 267 | 442 | 352 | 378 | 321 | 262 | 191 | 206 | 277 | 215 | 280 | 5784 2898
Burnt lime._| 290 | 146 | 285 | 255 | 293 | 222 | 230 | 195 | 228 | 125 | 247 | 275 | 248 | 173 | 159 | 112 | 150 | 150 | 182 | 159 | 4224 | 1338
Limestone | 222 | 125 | 279 | 253 | 327 | 232 | 229 | 184 | 241 | 118 | 248 | 264 | 248 | 159 | 148 | 112 | 187 | 152 | 173 | 176 | 4022 | 1136
F Dolomite.__.. 304 | 116 | 317 | 212 | 308 | 212 | 272 | 185 } 232 | 133 | 279 | 216 | 213 | 161 | 133 | 123 | 137 | 134 | 162 | 167 | 4016 | 1130
Dica-silicate| 231 | 103 | 210 | 186 | 309 | 204 | 229 | 158 | 244 | 115 | 231 | 234 [ 232 | 143 | 161 | 116 | 127 | 155 | 181 | 181 | 3750 864
Average .| 262 | 123 | 273 | 227 | 309 | 218 | 240 | 181 | 236 | 123 | 251 | 247 | 235 | 159 | 149 | 116 | 138 | 148 | 175 | 171 | 4003 | 1117
Burnt lime | 261 | 115 | 311 | 249 | 313 | 225 | 250 | 194 | 264 | 104 | 226 | 200 | 263 | 212 | 128 | 118 | 128 | 148 | 173 | 181 | 4063 | 1177
Limestone .| 198 | 113 | 314 | 247 § 328 | 232 | 211 | 186 | 252 | 108 | 290 | 347 | 301 | 222 | 122 | 116 | 154 | 139 | 164 | 181 | 4225 | 1339
G Dolomite....... 260 97 | 344 | 193 | 332 | 240 | 254 | 168 | 239 | 128 | 275 | 286 | 287 { 242 | 226 | 167 | 173 | 160 | 158 | 238 | 4467 | 1581
Dica-silicate; 242 77 | 218 | 184 | 333 | 220 | 209 | 195 | 251 | 119} 262 | 317 | 284 | 219 | 198 | 124 | 177 | 159 | 169 | 161 | 4113 | 1227
Average | 240 | 101 | 296 | 218 | 327 | 229 | 231 | 186 | 252 | 116 { 263 | 288 | 284 | 224 | 169 | 131 ) 158 | 152 | 166 | 190 | 4217 | 1331
Control 232 | 131 | 140 | 163 | 290 | 154 | 168 | 181 | 233 70| 223 | 197 | 170 | 105 | 127 66 | 102 95 | 107 | 112 | 3066
Control 211 86 | 130 | 166 | 277 | 165 | 161 | 147 | 194 69 | 156 | 184 | 160 98 83 56 [ 178 84 94 | 107 | 2706
Average | 222 | 108 | 136 | 164 | 283 | 160 | 164 | 164 | 214 | 70 | 190 | 191 | 165 | 102 | 106 | 61 | 90 90 | 101 | 110 | 2886
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TAaBLE IX—Annual outgo of potassium from the variously limed Cumberland clay loam at Knoxville, as pounds of K per 18

2,000,000 pounds of soil.
= — In successive annual periods |120- t) o
Experimental | Liming year outgo
perime Limine T 72 13 1 4 5 | 6 7 8 9 | 20 | 11| 12] 13| 14| 15[ 16| 17 | 18| 19 | 20 | Total| Net
T lime | 25 ] 39| 24 23| 23] 21| 14 | 14 | 16| 10| 16| 12 9 9] 12 6 5 7 8 7] 298
E?rf,gstone.,. 26 | 46| 24| 22| 24| 20 9 9 10 70 18| 10 8 9] 10 5 5 6 8 6] 277
A Dolomite.. 22 | 40] 25| 21| 24| 18| 11 9| 12 81 13| 10 8 9] 11 51 5 7 9 5| 272
Dica-silicate| 20 | 48| 25| 18] 21| 20 9 9| 11 9| 12 12 8 9l 1 5| 5 7 8 5] 272
Average | 24| 44| 25| 21| 23] 20| 11| 10 12| 9| 18| 11| 8] 9] 11| 5| 5/ 71 8] 61 280 44
Burnt lime | 15| 40| 20 19| 18| 18| 11 7 9 7 9| 10 8 9| 14 4| 4 6 8 5| 241
Limestone..| 14| 39| 19| 21| 16| 19 8| 7{ 10{ 6| 8] 0] 6| 7] 10| 4| 1, | &| 5| 24
B Dolomite ... 11 ] 41| 21| 20 23 19| 10 9 9 6 11| 12 6 9| 12 5| 5 7 7 5| 247
Dica-silicate| 20 | 48 | 23| 21| 32| 19| 13 9| 10 8| 10 12| 10{ 10| 10 5| 4 5 7 4| 280
Average .| 15| 42| 21| 20 22| 19| 10 8 9 7 9| 11 8] 12] 11 5| 4 [3 7 5| 248 -76
Burnt lime | 15 | 43 | 23 | 18| 16| 20| 11 7 9 4 10| 11 6 7 8 3| 3 i 6 3 227
Limestone | 11| 41| 23| 19| 18| 18{ 10| 7| 8| 5| 10| 11| 7| 8] 10] 4| 4| 6| &l 5| 2 g
c Dolomite .| 14| 46 | 24| 18| 20| 18 8 7] 10 6 11| 12 8 9 8 5| 4 7 6 5| 243 =
Dica-silicate] 17 | 53] 27| 17| 28| 21| 10 6. 9 5 9 9 6 6 8 4 4 5 7 5| 256 »
Average . | 15 | 46| 24| 17 21| 19| 10 7 9 5] 10 11 7 8 9 4| 1] & 6 4] 239 | -85 |t
Burnt lime | 36 | 47 | 231 17| 21| 23| 13| 11 ] 12 8| 15 | 11 8 9| 12 5| 5 7 9 6| 298 e
Limestone .| 37| 47| 20| 17| 18] 20| 12| 12| 13 9| 17| 12 9! 10| 14 5| 5 7 8 6| 298 =
D Dolomite...... 15) 43| 23} 16| 21| 24| 11| 10| 12 9| 15! 13 9! 10] 10 6| 5 7 7 6| 276 Z
Dica-silicate] 21 ] 50| 25| 18 24| 23| 12| 10| 12 91 16] 13| 1 9] 13 5| 5 7 9 6| 298 2
Average..| 27| 47| 23| 17| 21| 23| 12 | 11| 13 9| 16| 12 9] 10 12 5| 5 7 8 61 203 82 |
— | Burnt lime | 21| 46| 22| 18] 22 19| 11 8| 12 7 13 9 6 7 8 4 4 5 7 5| 254 .
Limestone | 16| 41| 19| 18| 22| 22| 12 9| 12 71 14 10 5 9 7 4| 3 5 6 31 244 )
E Dolomite .| 22| 48| 23| 21| 22| 20| 12 9| 12 70 11 10 6 8 8 41 4 6 8 5| 267 e
Dica-silicate| 24 | 56 | 30| 23] 27| 21| 13 8| 12 7| 11 10 8 8 9 4| 4 5 6 4] 290 ro
Average. | 21 | 48| 24 ] 20| 23| 21| 12 9] 12 7 121 10 6 8 8 4] 4 5 7 4] 264 | -60
Burnt lime | 27 | 52 | 28| 22| 17| 23 8 9| 12 B| 10| 10 5 7 8 5| 5 5 8 51 271
Limestone_.| 30| 56| 32| 18| 20| 22 9| 10| 11 5] 10] 10 6 8 7 51 4 5 8 51 281
F Dolomite... 27| 47| 34 22 21| 23 6 9 10 6] 10 8 6 8 9 5| 5 7 9 5| 217
Dica-silicate| 31 | 62| 26| 22| 21| 25| 11 8| 10 6| 10| 11 6 8 7 5| 5 7 9 6| 296
Average_| 29 | 54| 80| 21| 20| 23| 10 9| 11 6 10| 10 6 8 8 51 5 6 9 51 281 | -43
337 59| 83| 23| 19| 24 8 9 9 5 9 7 5 8 7 4| 4 6 7 4] 283
46| 59| 81 21| 22| 24 8 8 9 5 8 7 5 7 9 4 3 6 7 5| 294
G 50| 60| 28] 20| 20| 23 6 8 7 6 7 8 8 7 7 4| 4 6 7 5| 287
53| 58| 34| 28| 27| 22| 11 8 7 5 9 8 6 7 9 4| 4 6 8 5] 314
48] 59 | 82| 22| 22| 23 8 8 8 5 8 B 6 7 8 4| 1 6 7 5] 294 | -30
44 29 20 27 18 13 17 16 11 15
Sontrol 220 471 330 %2 261 391 1 10| 15 ‘s i) B B4 il & s 5l 48 el
Aversge 26 | B1j 301 211 261 241 18| 161 16| 10| 16| 13| 10| 10| 13 6 5 7 9 6 82: 1
Rainwater 11 | 241 12} 8 11 1o 3 7 11 8 6 5 8 11 10 [3 E) 7 8 8 181 |
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|
at Blasksburg, as pounds of K per

TasLe X—Annual outgo of potassium from the variously limed Onslow fine sandy loam
2,000,000 pounds of soil.

Experimental | Liming . In successive annual periods 120-year outgo
series material 1 2 3 4 3 6 7 8 9 10 | 11 ] 12| 18| 14 ] 15| 16| 17| 18| 19 | 20 | Total| Net
Burnt lime | 22 | 14| 21| 14 ] 13| 147 12| 12| 21 8| 11| 13 8| 11| 18] 14| 10 7] 11 9| 274
Limestone 17 6| 19| 18] 11| 12| 11| 10| 16 8| 14 8 1| 12| 12 8 71 11| 15| 226
A Dolomite... .| 18 9| 19] 12 11| 12 9 9] 18 7] 15| 12 8| 13 ] 13 8 6] 11} 11| 10| 231
Dica-silicate| 11| 10| 19| 12| 12| 16| 11 9] 16 7116 8 g8/ 11 9] 15 70 10] 11| 12| 227
Average .| 17| 10| 19 13| 12| 13| 11 ] 10} 17 §1 14| 10| & 11| 13 12| 8] 9] 11] 12| 240 | -37
Burnt lime.| 16 81 18] 12| 12| 12| 12 8| 16 8| 13 8 6] 14] 15| 8 } 9 7] 12 9| 225
Limestone | 10 | 12| 18] 14| 11| 12 9 9] 15 8| 14| 10 9/ 12| 10; 9! 7] 10 12} 11| 219
B Dolomite ... | 14 6| 20 16| 13[ 12 10 61 15 8|12 12 6| 10| 13 [ g8 7 9| 12| 13 | 224
Dica-silicate] 14 ; 22} 20| 12| 16| 12| 11 6| 15 g/ 11| 11 9] 18| 12| 11| 5 5| 11| 10| 235
Average | 14 ] 12| 19| 14] 13| 11| 11 71 15 8| 12] 10| 71 121 138 9] 7] 8] 12| 11] 226 | -61
Burnt lime | 18 4| 19 13 13 ] 11] 10| 10] 15 8] 12| 10 6] 12| 12| 10 7 7] 1 9| 216
Limestone 21 3| 20| 12| 11| 12 9| 11| 17 gl 12| 10 9] 14| 12| 13 6 5| 12| 12| 229
] Dolomite .| 20 6| 19| 12 13| 11] 10} 10| 17 g8l 11| 10 8 71 1 9 7 71 12| 18| 227
Dica-silicate; 18 41 20} 12 183f 11| 12 7] 16 8| 10 8 7] 12| 11| 15 7 4 18 8| 217
Average 19 4, 20 10] 18] 11| 10| 10 16 811 ] 10 8] 11| 12 -12 7 6] 12 12| 222 | -55
Burnt lime.| 82 | 14| 19| 12] 12| 11} 12 8| 19 81 12| 10 8] 13| 10] 10 7 9 13 ] 11| 248
Limestone .| 30| 12| 20} 13| 20| 11} 12 71 16 8l 12| 10 9] 11| 13| 14 7 61! 12| 13| 256
D Dolomite....| 24| 11| 20 12| 17| 12| 12 8| 17 8| 12| 12 6] 13| 16 9] 12| 12| 11| 13| 257
Dica-silicate| 37 9| 20| 12] 19 11| 12 9| 16 8| 14 | 10 6| 12 13 4 9 11| 12| 13| 255
Average .| 31 [ 12] 20 12| 17| 11] 12 8| 17 8 12| 10 7] 12 13 9 9 9] 12| 13| 254 | -23
Burnt lime_| 22 6 18] 13| 14| 12| 12 8| 17 8 15 9 6] 12| 11 7 9| 10| 11} 12| 232
Limestone .| 25 6] 18| 12] 20| 12] 12 9] 17 8] 13| 10 gl 11| 11 8 9 10| 11| 11 ] 243
E Dolomite....... 18 6| 20| 18| 19| 11| 12| 10} 16 8 14 | 12 g 11| 11| 11| 12| 10| 12! 14| 248
Dica-silicate| 26 7] 20] 12| 16) 12| 12| 10| 16 7|15 | 12 6 8| 11 8 7] 10| 11] 10) 236
Average | 23 6] 191 12 17| 12| 12 9] 16 8|14 11 7] 11 ] 11 9 9] 10| 11 ] 12| 2401 -87
Burnt lime_| 24 8] 20| 12 ’ 16 ] 12 12 9] 16 8 13| 10 71 111 10 7 6] 10] 11] 10| 232
Limestone .| 26 p10f 200 131 11} 114 11 9] 15 8| 15| 13 71 10| 14 7 6 9| 11| 10| 236
F Dolomite._.| 11| 9] 19| 12 r 14 ] 11] 11 9| 17 8| 14| 13 7 8| 10 6 6 8| 121 17 222
Dica-silicate| 17 | 8| 18| 12| 13] 11| 10 9| 16 8115 ] 10 8| 8| 12 9 9 11] 11| 12 227
Average | 20| 9] 19| 12| 14| 11| 11 9 16 g |14 12] 7] 9l 1 7 7 9| 11| 12| 229 | -48
Burnt lime_; 20| 11| 18| 12| 10 ] 11 ] 12 61 16 8|15 | 15 81 11| 15 6 6 9| 11| 11| 231
Limestone | 21| 10| 19 | 11| 11| 12| 12 71 16 8] 14| 11 9] 11| 12| 8 7 8] 11 9| 227
G Dolomite .| 201} 13| 16 | 12} 11 | 11| 12 8] 17 8113 | 15 71 10) 12] 9 9 9! 11| 14| 237
Dica-silicate] 28 ol 18] 1271 12| 11| 12 71 19 8| 14| 15 6] 11| 11| 4 71 10| 11| 151 240
Average .| 22 ] 11| 18| 12| 11| 11| 12| 7} 17 8|14 ] 14| 81 13| 13] 7 7 9| 11| 12| 234 | -43
Control None 25 ] 18| 13 ] 13| 16| 13| 13| 16| 24} 10| 23| 10} 11 , 10 f 15] 11| 11| 10 9 9] 280
Control None ... 27 ] 13| 13} 121 23} 13| 12 ] 16 | 28| 11| 22| 10 9] 11 [ 14 8 8| 10 9| 11 ] 273
Average None .| 26 ] 16| 18] 18] 20| 13| 13| 16| 26| 11 [ 23| 10] 10] 10| 15| 10} 10| 10 9] 10 2717
Rainwater | ... 81 131 111 2| 26| 9 10| 16| 11| 8| 8| 17| 10| 10| 16| 9| 23] 11| 8 12| 287 |
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TABLE XI—Annual outgo of nitrate nitrogen from the variously limed Cumberland clay loam at Knoxville, as pounds of N per
2,000,000 pounds of soil.

o . .. In successive annual periods |20-year outgo
Expe: tal | L
p.gri::n i mlar?é;liil i 1] 2 3 | 4 5 | 6 7 8 9 | 10 |11 ] 12] 13 14 15 16 17 18 | 19 | 20 | Total | Net
Burnt lime.! 89 | 190 98 94 93 51 84 41 48 25 | 45 36 31 17 16 15 11 17 15 22 | 1038
Limestone__| 109 [ 170 99 89 81 51 64 41 48 28 | 39 36 33 18 18 13 9 12 16 10 984
' 187 | 104 75 89 47 61 37 44 23 | 37 28 27 19 15 15 14 18 13

A D ite ... 100
D?i‘;f;‘{ﬁiate 106 1200 | 103 | 98| 92| 53| 64| 34| 46| 20|38 81| 3| 17| 18] 15| 10} 13| 11

Average | 101 | 187 | 101 89 89 51 68 38 47 26 | 40 34 32 18 17 15 11 15 14
Burnt lime.| 85 | 206 84 90 | 140 57 69 41 38 25 | 36 37 41 20 20 13 10 19 14
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Limestone..| 93 ) 191 85 87 | 187 58 52 39 37 20 | 29 38 38 24 17 12 9 16 13 1004
B Dolomite ... 102 | 202 78 81 | 109 61 70 38 48 26 | 38 30 32 24 18 13 13 13 11 18%?

Dica-silicate| 99 | 196 83 81 | 128 60 86 50 46 31 [ 36 29 43 26 17 14 10 16 11
Average .| 95 | 199 83 85 | 129 59 59 69 42 25 | 35 36 39 24 18 13 10 16 12

1034 174

i 90 | 188
Eﬁffé&lﬁ’éﬁ: 01 | 183 | 94| 81| 98] 58| 89 55| 57| 22|41 | 35| 37| 17| 14| 17| 11| 12} 9
c Dolomite o7 | 211 96| 81| 96| 60| 93| 67| 56| 20|87 | 33 32| 20| 14 14| 10| 13| 15
Dica-silicate| 99 | 224 99 78
Average. | 94 1 202 | 97| 82| 961 60| 90| 62| 56| 21|38 35

Burnt lime._| 75 | 186

i 76 | 189 | 113
D Bi,‘f;‘if,';‘;:e 76 | 179 | 110 89| 72| 53| 74 20| 35| 20|37 36| 20| 17| 14 11 9] 11| 16

Dicasilicate| 86 | 195 | 118 | 95| 80 | 44| 78 | 48} 47 23,31 | 28| 81| 22| 16| 11} 13| 13| 12

1060 200
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Average..| 78 | 187 | 112 92 80 51 5 40 42 24 | 34 32 28 18 17 14 11 13 15 | 969 109
ime_; 71 ] 199 | 114

I‘é:lr;rex;t(l)lnxgeA 71 | 192 | 118 | 103 94 61 89 51 55 29 | 56 50 36 33 27 25 14 19 14 1147
E Dolomite...... 78 | 197 | 114 | 88 | 81| 49| 83 | 33| 53 20| 34| 27] 26| 18] 10| 15| 10| 15| 10 965
Dica-silicate| 75 | 170 | 111 | 90 93 56 99 54 60 25 | 41 31 29 17 18 16 8 17 12 1031

Average..| 73 ] 190 | 114 | 92 89 54 92 50 | 57 25 | 42 33 30 23 | 19 19 11 17 13 10 | 1051 191
Burnt lime .| 78 | 208 | 102 82 75 37 40 32 41 23 | 37 37 25 19 18 16 10 15 16 | 919
Limestone....} 82 Ty 98 74 66 37 54 36 40 19 | 35 40 29 19 16 15 12 17 16 | 907
F Dolomite .....| 93 | 193 | 107 87 75 32 51 27 44 19| 32 30 29 14 15 14 12 13 14 | 909
Dica-silicate| 87 | 198 | 102 82 66 26 55 29 34 22 | 39 36 25 15 16 15 12 17 18 | 901

Average....| 85 | 198 | 102 81 1 33 50 31| 40 21| 36 36 27 | 17 16 15 12 16 16 | 909 49
Burnt lime_; 80 | 187 99 79 4 31 36 42 49 19 | 36 40 30 ’ 20 16 16 17 24 19 | 923
Limestone....| 84 | 182 98 70 1 33 37 45 48 21| 35 38 34 20 16 14 15 17 15 900
G Dolomite ... 81 | 179 94 75 T4 43 49 38 45 14 | 31 32 26 | 19 15 14 12 15 14 877
Dica-silicate| 87 | 197 98 84 76 40 55 40 36 18 | 34 36 29 ‘ 21 19 17 13 15 17 10 | 942

Sommea 83 | 186 97 ki 4 37 44 41 45 18 | 34 37 30 | 20 16 15 14 18 16 | | 911 51

ontro. 63 | 179 64 8 35 72 8
&t 7o | 155 | 76| &3 | s3] 3| eo| se| 37| 30(35) 39 38| i8] 3| | 10| 12] I 527
verage - 67 181 70 69 ki:] 37 71 42 38 28 34 31 2'

Rainwater 2 [ 3 2 [ 2 12 11 15 11 10 i 11 i; i’é : lg ii i? i: Y Egg
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TapLE XII—Annual outgo of nitrate nitrogen from the variously limed Onslow fine sandy loam at Blacksburg, as pounds of N
per 2,000,000 pounds of soil.

Experimental | Liming o In s@si'vg annual periods 120-year outg:)
series material 112 | 8 | 4 15 186171 | 81 9 10 | 11 121 13| 14 15 16| 171 18] 19 20 IfIE;aH Net
Burnt lime 371 8 8| 47 i 53 ‘ 29 | 45 271 11 20 | 27 26 29 33 %4 | 30| 41| 41 31| 17] 704 |
Limestone..| 51 [ 8 9 42 51 22 | 45 23 | 58 20 | 28 22 29 | 35 55 24 29 37 27 15 | 630
A Dolomite 7 ‘ 10 ) 5 42 ] 47 ] 22 \ 45 24 | 56 18 | 28 23 30 39 74 21 20 30 28 15 | 584
Dica-silicate 2 8 8 44 49 211 45 27| 62 17 | 28 18 26 30 32 1 39 26 23 39 20 | 564
Average .| 24 | 9] 8| 44| 50| 24| 45 1 251 62 19 | 28 | 22 29 34 41 | 29 29 33 31 17 | 621 112
Burnt lime 27 8] 11| 43 ] 51} 22 |45 | 27| 61| 20| 28 | 23 23! 32 68 | 24| 29 31 30 13 ] 591
Limestone . 2! 11 ] 11] 42| 48 15| 45 \ 30 | 66 29 | 28 36 { 31 ‘ 32 42 | 29 25 ‘ 30 27 19 | 598
B Dolomite...... 1 \ g1 111 42 | 54 \ 20 | 45 30 | 80 37| 28 31 23 30 35 | 21 25 29 26 12 | 588
Dica-silicate| 12 71 10 42 | 53] 22| 45| 27 | 16 28 | 28 36 38 321 32| 19 22 28 29 20 | 606
Average.. 4, 81 111 42 52 | 211 45| 29| 71 29 | 28 | 32 29 32 44 | 23 25 29 28 16 | 596 87
Burnt lime 13 8t 9 50 53 | 20 ‘ 45 29 | 102 38 | 28 41 37 37 64 22 34 33 29 22 1 714
Limestone... 0 10 8 44 48 1 24 45 27 | 102 36 | 28 43 30 37 72 29 32 44 27 25 | 711
C Dolomite 2 11 12 40 60 | 20, 45 27 | 108 38 | 28 36 37 33 52 27 24 30 25 14 | 669
Dica-silicate| 18 | 81 13 43 57 | 20| 45 29 | 86| 28 28 40 | 38 35 68 28 30 33 29 12 | 688
Average 8] 9! 11| 44 55 | 21 ] 45 28 | 100 36 | 28 40 | 36 36 64 | 27 30 35 28 18 | 696 187
Burnt lime 21 ‘ 38 | 19 45 53 | 20| 45 271 62 18 | 25 21 | 28 34 56 \ 36 \ 30 47 30 21 | 666
Limestone .} 13 25 | 23 43 52 20 @ 45 24 | 53 16 | 31 22 28 34 71 22 | 27 48 31 19 | 647
D Dolomite ___ 1] 33 36 40 ¢ 50 24 | 45 26 : 53 19 | 28 20 26 32 } 87 | 37 36 28 29 28 | 688 ]
Dica-silicate 9| 38 30 42 | 58 17 45| 281 45 19 | 27 18 28 29 51 ‘ 23 29 37 21 28 | 628
Average 14 1 34 27| 43! 53| 201 451 26 | 53 18| 20 ] 20 28 32 66| 18 31 40 | 29 24 | 657 148
Burnt lime 27 33 76 ] 47 60 ] 17 | 45 33 | 49 35 | 27 36 42 1 29 \ 74 36 28 42 ] 291 14| 754
Limestone._. 2 40 67 | 45 63 | 19 | 45 30 | 47 34 | 28 29 35 ] 28 76 31 29 38 28 20 734
E Dolomite 21 20 33 | 44 58 | 221 45 27 | 48 36 | 27 24 34 | 28 ( 74 30 37 28 28 18 663
Dica-silicate 61 59 28 | 46 59 | 151 451 301 47 37| 28] 32 42 | 28 86 43 | 42 39 27 15 754
Average 3] 43| 51| 46| 60 17 45 | 30 | 48 [ 36128 30| 38] 28 | 78 35 | 34 37 28 17 ] 726 217
Burnt lime. 6| 96 14 ] 411 51 19 | 45| 18| 42 19| 25 | 20 26 | 25| 46 20 34 27 26 15 | 615
Limestone 3 \ 25 ; 23| 41 46 18| 45 ¢ 17| 42 22 ( 26 l 19 27 21 ‘ 42 21 30 32 23 14 541
F Dolomite . 311 16 ‘ 131 38 46 14 45 16| 42 23| 25 | 20 21 22 20 21 21 22 19 17 464
Dica-silicate| 13 | 20 13 | 39 46 ‘ 15! 457 16| 46| 1725 ] 21 24 23| 221 20 22 32| 26 19 504
_ Average 15 | 39| 17 ] 40 [ 471 17 | 45 ] 17 ] 43 20| 25 20| 25 23 33 21 27 28 | 24 16 | 531 22
Burnt lime 8] 20 ] 25 . 39 I 45 | 14 | 45| 19| 45 45 | 24 21| 26 N 21 30 19 26 26 25 13 536
Limestone 4] 20} 30 39 45 | 14 | 45 ( 19 | 43 4o | 28 29 ] 34 25 1 2b 19 21 21 24 13 546
G Dolomite 6] 171 29! 39| 46| 15 | 451 20| 43! 25| 29 23 ¢ 22| 27| 17 33 34 24 24 25 604
Dica-silicate| 33 | 19| 42! 39! 46| 14 | 45 ‘24 ] 43 15| 27| 37 32 28 | 43| 20| 34 25 24 | 53| 643 |
Average . 13 ] 19 32| 39| 486 14| 45 21| 44| 32|27} 28 29 25 | 44 ] 23] 30 24 24 | 26 582 73
Control None .. 16 \ 101 8 ] 38 | 46 22 ‘ 36 21! 54 141221 14 31 27 37 15 | 22 26 28 17 | 504
Control None -9 44 26 | 45| 45 19 36| 16 ] 41 19 22| 22 17 18 34 15 18 36 16 15 | 513
Average __None 13| 27 17 ] 42| 46 21| 36 19| 48| 17| 22 ] 18 24 23 36 15 | 20 31 22 16 | 509 |
Rainwater ' - 04 21 31 11 12] 2] 21 61 41 1 61 2] 1] 3] 3] 2] 3] 1] 25] 2] 88|

Note. — The nitrogen in the rainwater for the 19th year is abnormally high, and can be aceounted for only by contamination from an unknown source.
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TasLe XIII—Annual outgo of sulfate sulfur from the variously limed Cumberland clay loam at Knoxville, as pounds of S per
2,000,000 pounds of soil.

Experimental | Liming In successive annual periods |20-year outgo
series material 1] 2 | 381 4151186 ] 17 8 | 9 1011 12 18] 14| 15| 16 ] 17| 18| 19 | 20 | Total | Net
Burnt lime | 49 | 63| 50| 58 | 47 ] 80| 37| 38| 34| 20|42 39 [ 31( 41, 37 ] 30 37| 48| 55| 63 | 858
Limestone_| 54| 58| 49| 58| 48| 27} 35| 40| 36| 28|39 | 39 32| 44 38| 30| 37| 47| 54 ] 67| 860
A Dolomite . | 56| 62 ] 52| 55| 48| 30| 84 ] 36| 36| 29|41 | 39| 30| 42 40| 30| 37| 49| 56| 65| 866
Dica-silicate| 61| 58 | 49| 58| 40| 28| 34| 36| 32| 30 40| 37| 34| 45| 36] 31| 39| 49| 53| 67| 866
Average | 55| 60| 50 ‘ 57| 48 [ 29 ] 35| 381 34 29| 41 ] 39| 32| 43| 38| 30| 37| 48| 55| 64 | 863 41
Burnt lime_| 48 | 64 ] 49| 56 ] 67| 33| 42| 37| 36| 80| 36 | 39| 36| 38| 35| 34 | 41 | 45| 53 | 64 | 883
Limestone .| 54| 58| 49| 57! 64 31| 38 36| 36| 32| 36| 38| 34 ] 38, 42| 33| 43| 48! 53| 67| 887
B Dolomite ___ 55| 62| 49| 57| 65| 35| 42 ] 34| 41| 32|39 ] 39| 37| 37 41| 36| 42| 43| 53] 62| 895
Dica-silicate| 60 | 61 ) 48 | 55| 70| 34| 45| 35| 33| 34( 36| 35| 34| 37| 3| 37 ] 38| 43| 48| 62| 880
Average | 54| 61 ] 49| 56 | 67| 33| 42 ] 36| 37| 32| 37| 38| 31| 44| 44| 34| 46| 45| 52 | 64 | 886 64
Burnt lime. 49 | 60 | 50 | 57 | 52| 83 | 45 | 44 | 39| 30| 38 | 43| 80 | 46 | 38 | 32| 45| B3| 51 ] 70| 905
Limestone | 54 | 58 | 49| 571 51| 32| 46| 41 ] 38! 33| 42 ] 43| 30| 40| 41| 33| 45| 49| 55 ] 65| 902
C Dolomite .. | 56 | 62| 49| 55| 54| 33| 49| 44 | 41 ] 33| 40| 44| 33| 39| 43| 34| 44| 49| 55| 62| 919
Dica-silicate| 63 | 60 | 48 | 57| 54| 38| 49| 43| 41 ] 383 41| 42| 33| 44| 46| 37| 47] 48| 52| 67| 948
Average | 56 | 60 | 49| 57 | b3 | 34 | 47| 43| 40| 32| 40 | 43| 32| 421 42| 34 | 45| 50| 54| 66| 917 95
Burnt lime | 36| 61 | 53 | 65| 47| 30| 389 | 39 | 34 | 32| 41| 37| 28 | 46 | 44| 31| 44 | 48| 53 | 68 | 876
Limestone .| 43| 60 ] 55| 63| 45| 28 ) 38| 37| 35| 31|39 | 88| 28| 43| 43| 27| 40| 49| 51| 69| 862
D Dolomite .. 30| 64| 58 | 64| 47| 30| 42| 32| 33| 8142 41| 29| 43 41| 20| 37| 46| 44| 74 866
Dica-silicate| 44 | 62 ] 58 | 62 ] 49| 31| 411 37| 37 ) 33/39| 34| 30] 45| 42| 29| 40| 49| 51| 68| 873
Average | 41 ] 62 ] 56| 63| 471 30 40| 361 35| 34| 40| 38| 29 ] 44| 431 29| 40| 48] 50| 70| 869 47
Burnt lime.| 38| 61| 58 | 62| 52 | 34 | 46 | 40 [ 39 | 33| 36 | 36| 31 | 44 | 44| 34| 46| 48 | 52 | 68 | 902
Limestone._.| 35| 60| 60 ] 62 50| 34| 48 ) 37} 39| 33|38 | 37| 32| 49| 47| 37 45 47| 49| 66! 905
E Dolomite ... 40| 61| 60| 65| 48| 34! 5O | 33| 43| 30 41| 42| 33| 39| 36| 33| 45! 49| 49| 65| 896
Dica-silicate| 40 | 63| 64| 66| 53| 36| 52| 42| 42| 82| 37| 38| 33| 41| 41| 39| 45| 48| 48| 68| 928
Average | 38 | 61| 60| 61| 51| 34| 49| 33| 41 [ 32 38| 38| 32| 43| 42| 36| 45| 48 | 49 | 67 | 908 86
Burnt lime. | 35| 66 | 556 | 60| 43| 27| 29| 31| 38| 29| 40| 40| 29 ] 89| 38| 30| 89 ] 47| 50 | 62 | 827
Limestone..| 40 | 671 b4 | 55| 44| 28] 34| 30| 36| 28|37 | 40) 32| 36| 36| 29| 39| 49| 51| 62| 836
b Dolomite ___. 40 ] 65| 59| 62] 44 20! 33| 32| 37| 30|38 38] 31| 39 40| 30| 38| 49 ] 51| 64| 849
Dica-silicate| 47 | 65| 55 | 61| 44| 28| 35| 32| 43| 31/ 41| 40| 33| 39| 37| 31| 40| 47| 52| 64| 865
Average | 41| 661 56 ] 60| 44 ] 28] 33| 34 ] 39| 30|39 ] 40| 311 33| 39| 30| 39| 48] 51 | 63| 844 22
Burnt lime_| 36 | 56 | 54 | 63 | 45] 80 ] 31 ] 38| 41| 31| 39| 87| 32 ] 36| 37| 30 ] 40| 51| 55| 63| 845
. Limestone_| 34| 61| 60| 60! 45| 28| 30| 36| 40| 31|42 38 34| 35| 89| 29| 40 51| 52| 65! 850
G Dolomite ... 38| 59 | 56 65| 48| 30| 35| 38 41| 31| 38| 41] 33| 89| 39| 32| 41| 48] 51| 62| 865
Dica-silicate; 35 | 61| 59 | 66 | 44| 31| 34| 38| 38| 30| 41| 41| 32| 42| 43| 81| 30| 49| 53| 65| 872 |
S Average. | 36 | 591 57| 641 46 30 | 33| 38| 40 | 81| 40| 39| 33] 88| 40| 81 ] 40| 50| 53 | 64| 859 | 87
ntrol 31 38| 66| 43| 48 | 381 [ 251 45 | 35 | 28 | 41 | 41 | 30| 88 | 43| 22| 26 | 49 60 | 793
Co::xg.la . .;: ié :g ig ﬁ g(l; gg ﬁ gs 31| 42| 42| 32| 42| 45| 29] 38| 50 gg 72 ] 861
6| 27|42 ] 431 31| 41| 44 26| 82| 501 551 66 822
l'tainwnter 28 46 51 54 36 385 41 26 88 30 | 31 27 29 34 37 36 40 42 49 56 766 ]’
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TABLE XIV—Annual outgo of sulfate sulfur from the variously limed Onslow fine sandy loam at Blacksburg, as pounds of S
equivalence per 2,000,000 pounds of soil.
Experimental | Liming | In successive annual periods |20-year outgo
series material 1 2 | 8 | 4 5 | 6 | 1 8 | 9 | 10 11} 12| 13| 14| 15| 16 17 ) 18 19 20 | Total | Net
Burnt lime_| 26 19 24 17 26 11 24 20 18 10 | 19 19 22 14 18 9 17 20 20 28 381 a
Limestone__| 26 16 22 13 27 11 21 17 16 10} 16 24 20 18 14 11 17 19 20 24 362 o
A Dolomite.. | 28 17 24 13 23 9 19 17 16 11 20 20 20 18 18 10 17 19 21 26 365
Dica-silicate| 30 17 22 13 31 12 18 17 16 81! 15 17 22 16 13 9 18 14 18 29 3556 Z
)  Average | 26| 17| 23| 14| 24| 11| 21| 18] 17] 10 18] 20 [ 21| 16| 16| 10] 17] 18] 20| 27] 366 | 16 %’
Burnt lime_.| 22 16 22 13 28 10 26 17 15 10 | 17 22 20 18 16 11 17 21 26 25 372 =]
Limestone__| 25 13 22 12 31 8 22 17 16 10 | 24 23 18 19 11 11 17 22 24 24 362 <
B Dolomite ___| 27 18 23 12 27 10 26 20 16 10 | 18 22 15 17 16 10 17 18 23 23 368 >
Dica-silicate| 29 15 22 12 29 10 21 20 16 9| 23 26 16 17 14 12 18 17 24 29 379 -3
Average | 26 ] 16| 22| 12| 291 10| 24| 19] 16 | 10 | 21 | 24 17 1 18 14| 11 17 18 24 25 | 370 19 5
Burnt lime_| 21 16 21 13 31 9 23 20 17 10} 28 25 16 18 16 10 24 18 24 28 388 Z
Limestone | 24 14 22 12 28 11 26 20 16 10 ] 23 30 16 18 19 12 19 15 22 32 389
C Dolomite ____. 26 18 23 12 28 8 25 19 15 10| 21 29 16 17 14 12 17 17 22 30 380 o
Dica-silicate| 26 15 22 13 24 9 25 19 16 111 21 29 17 19 16 ] 13 18 18 23 25 379 >
Avepqge,,,. 24 | 16 22 13 28] 9 25 20 | 16 10 | 23 28 16 18 16 12 20 17 23 29 | 384 33 a
Burnt lime_| 25 17 21 13 27 9 20 19| 17 10 { 18 23 17 18 15 13 18 19 20 27 366 =
Limestone__.| 23 16 22 15 29 9 25 19 16 10 | 17 30 16 17 17 14 15 16 21 26 373 =
D Dolomite ____. 25 17 22 14 28 10 24 16 17 10 ] 15 24 16 19 18 15 15 16 21 33 375 A
Dica-silicate| 24 16 20 13 24 11 24 17 15 10§ 17 24 16 19 17 20 16 17 21 32 373 —
Average....| 24 17 21 14 27 10 23 18 16 10 | 17 25 16 18 17 16 16 17 21 30 372 21 |
Burnt lime..| 22 13 26 12 25 11 24 18 16 10| 21 22 18 18 18 14 16 22 21 34 387 g
Limestone__ | 21 15 24 12 27 11 24 18 14 10| 20 21 17 16 18 14 15 18 21 37 373
E Dolomite ___. 26 14 25 13 27 9 24 19 15 10 | 24 18 16 15 15 13 17 19 23 37 379 >
Dica-silicate| 22 13 25 12 27 9 25 17 16 10 | 26 28 17 16 20 16 18 20 23 37 397 Z,
Average | 23 14 25| 12 27 | 10 24 18] 151 10| 23| 22 17] 16 18] 14| 17 20 22 36 | 38883 32 =
Burnt lime.| 17 17 19 12 27 7 24 | 16| 15] 10] 23 | 18 21 17 13 12 16 19 22 36 361 g
Limestone | 24 15 23 12 27 8 251 17| 15 10 | 28 18 23 17 14 16 16 21 22 35 386 >
F Dplomjte ,,,,,, 26 16 23 12 22 10 24 l 14 ] 15 10 | 18 14 22 16 14 15 17 14 23 38 363 o
Dica-silicate| 26 21 23 12 24 11 25 13| 16 10 | 21 17 23 17 14 11 16 16 24 37 371 2
Average | 24 171 22 12 24 9 25 Lls | 15f| 10 | 23 | 17 22 17 14 14 16 181 23 36 3172 21 tel
Bprnt lime | 22 16 22 12 28 11 25 15 1] 15 10 39 | 19 22 16 13 11 17 18 28 31 390 o
Lxmesfgone,___ 18 15 21 12 25 11 25 141 17 10 | 19 23 21 16 15 15 18 15 22 30 362 La»]
G Dolomite._. 22| 17| 21| 12] 30| 11) 25| 16 ‘ 15 10127 ] 16| 28 17| 14| 12| 16} 16| 25| 33| 377 =
Dica-silicate| 26 16 23 11 27 11 25 15 15 11§ 30 29 23 17 18 15 17 16 21 37 403 g
Average | 22 | 16| 22 12 ] 28 11 25 | 151 15 10| 29 | 22 22 17 15 13 17 16 24 33 | 383 32
Control None . 20 19 24 11 18] 191 17 8 13 22 21 14 13 10 14 19 23 19 | 339
Control None.. 19 19 28 10 19| 18| 15 81 16 14 21 16 17 12 14 23 21 35'|4362_7
z}verage None _ 20 ] 19 [ 26 10 19 191 16 8(15] 18] 21| 15] 15| 11| 14| 21] 22] 27| 351 1
Rainwater 261 16| 17] 12 151 10| 12 11 17 7 9 20 9 9 6 14 33 43 | 324 | l
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