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CHEMICAL EXAMINATION OF THE ASHES OF
THE HEMP AND BUCKWHEAT PLANTS, &c.

The hemp crop is of considerable importance in Kentucky
agriculture, more especially in the richer portion, called the
Blue Grass region, where the soil has been formed by the dis-
integration of the fissile layers of the lower Silurian lime-
stone—rich in the mineral elements of plant nourishment.

According to the State Auditor’'s report, the gross amount
of hemp fibre produced in our State was 18,981,819 pounds
in 1872, and 21,375,306 pounds in the more productive, moist
season of 1873.

Of this latter quantity seventeen counties, situated wholly
or in part in the Blue Grass region, produced 21,194,445
pounds, and the five counties of Bourbon, [Fayette, Jessamine,
Scott, and \Woodford produced 17.951.350 pounds. Mason
county, the next in this industry, having also raised 828,300
pounds. It is, therefore, evidently a crop which is believed to
be profitable only on our richest lands. The soil which best
suits it i1s the rich, pervious, and well-drained loam. well
charged with Jaumaus or the dark mould resulting from veg-
etable decomposition, such as results from the completely
decomposed sod of recently cleared woodland pastures, or
blue grass or clover ground. well plowed and made thorough-
ly fine and uniform in texture. Such land, in a favorable
season, has been known to produce as much as 1,200 pounds
of hemp to the acre, and it will yield an average of about 8co
pounds for ten to fifteen years in succession, if properly man-
aged, in ordinary seasons. As the price of hemp rarely falls
below one hundred dollars per ton of 2,240 pounds, and this
crop usually brings in cash, the great value of this industry is

evident.
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4 CHEMICAL EXAMINATION OF THE ASHES OF

The hemp plant, under favorable conditions, is of most rank
and luxuriant growth, attaining on our rich lands a height of
ten to fourteen feet in favorable seasons, even when sown so
thick, as is the practice, that it is closely crowded, and so com-
pletely covers the ground that not a weed can grow amongst
it. It therefore requires a soil which can readily and quickly
furnish to it the mineral elements necessary to its rank and
rapid development, and at the same time furnish the large
supply of moisture it requires without losing that highly
porous condition and absorbing power which invites the pen-
etration of the gases and vapors of the atmosphere, on which
this plant is so greatly dependent for nourishment and growth.

The well-drained loam of this Blue Grass region, which is
charged with black vegetable mould or Zumus, offers these con-
ditions; the /Zumus not only having great power of absorption,
but containing in a soluble and available state the mineral
elements of plant nourishment, and, moreover, acting as a sol-
vent for those which are contained in the earthy constituents
of the soil itself. We can therefore readily understand why
the hemp plant thrives upon such land; but why so luxuriant
a growth can be maintained on the same surface for ten to
fifteen years in succession, without any material exhaustion of
the soil, is another question.

The observing hemp farmer has long since arrived at a cor-
rect conclusion in this respect. He saw that while this most
luxuriant plant produced an immense green crop, and required
the richest soil to supply its rapid demand for nourishment
during its short season of growth (of four months only), yet
all its leaves and other green tissues, together with all that is
removed [rom it in the process of dew-rotting, in the ordinary
mode of hemp culture, are restored to the soil which produced
it, and nothing is sold and carried off from the land but the
cleaned hemp fibre, which, if well cleaned, contains very little
but atmospheric elements, the removal of which can therefore
cause but very little deterioration of the soil.

Moreover, during a great part of the year the ground is

more or less shaded and protected, first by the growing plant,
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THE HEMP AND LUCKWHEAT PI'LANTS, &C. 5

then by the roots left in the ground after cutting, which some-
what diminish the washing action of rains and improve it in
their gradual decay, as do also the leaves which fall and the
hemp when spread on the ground to dry, after being cut, and
lastly, when it is spread out upon it in the winter process of
dew-rotting. as it is called, during which all the readily decom-
posable parts of the plant are washed out and decomposed by
the rains and dews and the action of the air; enriching the
surface soil beneath,

Managed in this way, and commencing with suitable rich
land, the scientific observer understands, that although the
growing plauts may temporarily draw heavily on the soil for
the mineral (earthy) ingredients necessary to their growth,
amongst the most important of which are potash and the
earthy phosphates, yet in the subsequent processes, the most
of these are returned to the ground again in the decay of the
leaves and other green parts, and in the soluble and decom-
posable matters which are leached out of the stems in the pro-
cess of rotting; and that any small loss of these from the
arable surface which may occur from the sale of the hemp
fibre may be more than compensated by the action of the
tap-roots in bringing them up from the lower strata of the
ground. He understands further, that all the mineral ele-
ments thus restored, being left in organic combination in what
is termed the humus or vegetable mould which results from
this decay, are in a very soluble condition, and most available
for the quick nourishment of the subsequent crop.

If the hemp plant, instead of being dew-rotted on the
ground on which it had been grown, is entirely removed from
it and submitted to the process of water-rotting, the culture
becomes eminently exhausting to the land; mainly because
so much of the elements of fertility is necessarily carried off
in the water used. This was proved many years ago in rela-
tion to the flax crop of Ireland, in the chemical analyses of
the water in which the flax had been steeped, and of the plant
and the lint, by Dr. Kane; and experience to a certain extent

in this region, in the water-rotting of hemp, has given the
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6 CHEMICAL EXAMINATION OF THE ASHES OF

same result. It is, perhaps, fortunate for our farmers, there-
fore, that this process, although several times proposed to
them, has never been received with much favor.

The foregoing facts being of common experience, the writer
desired, by the chemical examination of the mineral or earthy
constituents of the hemp plant, as given in the asZ in different
periods and conditions of its growth, in different parts of the
plant, and the various stages of its preparation, to study more
fully the relations of this crop to the soil, and to understand,
if possible, the true reasons why it is not an exhausting pro-
duct when properly managed, as well as to learn the best con-
ditions for its successful culture.

The first step in this investigation is to ascertain the aver-
age composition of the mineral ingredients of the entire hemp
plant as given by the chemical analysis of its ashes; and as
the works accessible to the writer give but very limited inform-
ation on the subject, he procured from his own farm, and sub-
mitted to this analysis, five different samples, produced in two
different seasons, grown under different conditions, and col-
lected in different stages of their growth. The ashes of
these, obtained by careful incineration at a moderate heat,
were analyzed by the approved processes—several compara-
tive analyses of the same ash having been made to secure
greater accuracy—and the results are tabulated below in com-
parison with the average of two hemp-ash analyses published
in 1865 by Professor Emil Wolff, of the Royal Academy of
Agriculture, at Hohenheim, Wirtemberg, which are repub-
lished in the Appendix, page 378, of ‘* How Crops Grow,” by
S. W. Johnson.

The samples examined may be described as follows:

Sample 4. Entire hemp plants, including roots, leaves, &c.;
collected on September 4th, 1874, when fully mature and
ready for cutting; grown on somewhat elevated, very rich
ground, the second year only from the broken up blue grass
sod of woodland pasture, which had not been previously
cleared or cultivated within the memory of the present race,
444



THE HEMP AND BUCKWHEAT PLANTS, &C. 7

but which had been the site of a large circular earth-work *
by the ancient mound-builders, and which seemed to have
been enriched by a long residence upon it of these prehistoric
people. The sample, notwithstanding the great fertility of
the land, was very small, in consequence of a continued drought
which prevailed during the season of its growth, it not being
more than six to seven feet in height.

Sample B. Mature hemp plants, taken as it is usually cut, the
roots and a small portion of the stems being left in the ground,
and having only the top leaves, the others having fallen; col-
lected September, 1873; grown on the field described above
in a very moist and favorable season, so that it was very tall
and large stemmed. ‘The samples were about twelve feet
high. Some hemp plants this year attained a height of four-
teen [eet.

Sample C. Six hemp plants entire, leaves, roots, and all;
collected, before full maturity, on July 27th, 1874, from the
same rich field, in the very dry scason. The plants were about
six feet high, and were in full leaf and in flower.

Sample 1. Entire hemp plants, including roots, leaves, and
immature seeds; grown on the experimental field selected by
my son, Benj. D. Peter,} for practical experiments in hemp
cuiture. This ground had been long in cultivation—at least
fifty years. This sample was grown on lot 3, to w/hick about
200 pounds of plaster had beern applied early in the growing
season. The sample was collected on September 8th, 1874.
The plants were quite small, not more than from five to six
feet high, in consequence of the continued drought of this
season and the condition of the land.

Sample E. Similar to sample D; grown on the neighboring
lot 4, of this experimental field, under similar conditions, ex-
cept that no plastcr or any other fertilizer was applied to this lotl.
A part of this lot 4, however, where a fence row formerly
stood, happened to be somewhat richer than any part of this

# Fully described in Collins’ History of Kentucky.
1See Prof. N. S. Shaler's Report.
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8 CHEMICAL 'EXAMINATION OF THE ASHES OF

or the plastered lot, as shown by the greater luxuriance of the-
growth of the hemp in that part.

F. The average of the analyses of the ashes of two entire
hemp plants as given by Prof. Emil Wolff, as above stated.

In this table, as well as in the following ones, the carbonic
acid of the ash is excluded in the calculations, for more com-
plete comparison of the proportions of the essenfia/ mineral
ingredients of the ash.

TABLE 1. A. OF THE CHEMICAL COMPOSITION OF THE ASH OF THE
ENTIRE HEMP PLANT, CALCULATED IN 100 PARTS OF THE ASH, WITH
EXCLUSION OF CARBONIC ACID.

A. 5 C. D. E. F.

Limé . . & v & 6 @ eens i 38.482 | 31.209 | 48.689 | 50.6:3 | 45.263 43-4
Magnesia . . . . . « . . . .. 8.558 | 6.017 | 6.445 | 8.3576 ! 11.225 9.6
Potash . v v s 6 0 % s & 4 37-475 | 43-739 | 29.118 | 23.519 | 23.933 18.3
Soda . . i w6 m o e e .378 1.438 1.280 .472 .00Q 3.2
Phosphoricacid . . . . . . .. 8.667 | 14.164 | 10.384 | 11.721 | 13.233 11.6
Sulphuricacid. . . . . . . . .| 2.272 | 1.622 040 | 1.472 1.445 2.8
Chlorine . . . . . . . . . .. .084 .522 .640 .3o1 .273 2.8
Silica. . . . . .. ... .« «| 3-181 1.109 | 2.749 | 3.316 | 3.342 7.6
Per cent. of earthy phosphates . . | 18.186 | 29.773 | 21.692 | 28.460 | 27.427 5
Per cent. of ash to the air-dried

plants, carbonic acid excluded . | 4.223 2.563 5.085 | 4.126 | 4.203 4.6
Per centage of ash, carbonic acid

included. . . . . . . . ... 5.569 | 3.357 | 6.754 | 5.288 | 5.346 |. . . .

This table shows some notable differences in the ash pro-
portions and composition. For example, sample B, grown in
the moist season, as compared with the others grown during
the drought, gave a smaller ash per centage to the dried
plants; its ash contains smaller proportions of lime, magnesia,
and silica, and larger proportions of potash, soda, and phos-
phoric acid. :

The immature sample C, gathered in July, as compared
with the other samples (A, D, and E) of the same dry season,.
which were gathered in September, shows a larger per cent-

age of ash to the dried plants.
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THE HEMP AND BUCKWHEAT PLANTS, &C. O

The samples D and E, grown on the old land, while they
give about the same average of ash to the dried plants, show
a smaller proportion of potash.

Not much importance is attached to the proportion of silica,
which is evidently stated much too high in the analyses quoted
by Wolff. The hemp plant, being somewhat viscid on its ex-
terior, always has more or less fine silicious dust adhering to
it, derived from the soil, which cannot be removed by wash-
ing the plants. This the writer attempted to exclude, in his
analyses, by dissolving the ash in diluted acid (nitric or chloro-
hydric), and excluding all that remained undissolved as most
probably fine earth accidentally adhering to the plant. This
may, in some cases, be a slight cause of error, but probably
not so great as the retention and analysis of the adhering
fine dirt with the plant ash, which seems to have been done
in the analyses quoted by Wolff. For the same reason the
alumina and iron oxide were also excluded.

The real significance of these differences of proportion and
composition of these ashes can better be seen where the com-
parison is made with the proportions of the dried plants them-
selves to the several ingredients of the ash, as given in the
following table :

TABLE I. B. OF THE QUANTITIES OF THE ASH INGREDIENTS IN 100 PARTS
OF THE AIR-DRIED HEMP PLANTS, CARBONIC ACID EXCLUDED.

A. B. C. D. E. F.*

Tdmess o 5 oy g ¢ 5 5 e 5 ¢ 1.624 | 0.80z | 2.461 z.103 | 1.968 1.74
Magnesia . . . . . . .. oz .361 .154 312 .356 -475 .30
Potash: < & . . iii d w i iié s 1.582 1.121 1.472 977 1.012 .74
Soda: & . . e i 58 B o e s .016 .037 065 .019 | a trace. A
Phosphoric acid . . . . i i . 366 .363 525 .488 .560 .47
Sulphuricacid . . . . . . . .. .096 .042 .047 .061 .ob1 .10
Chlorine . . . .. .. .. .. .041 .o13 022 .012 LO11 I
Silica. . . . ... ... .. 134 .031 .139 135 141 .3o
Per cent. of earthy phosphates . . .768 .763 | t.1o3 | 1.182f rp.ags0!t. . . .

Per cent. of ash to dried plants. . | 4.223 2.563 5.055 | 4.126 4.203 4 .00

% See Wolfl 's mbles, '* How Crops Grow,”” page 383. Calculated to the dried plants.



10 CHEMICAL EXAMINATION OF THE ASHES OF

This table shows, that while the smallest proportion of min-
eral or ash ingredients, to the dried plants, was given in the
season when the hemp had a luxuriant growth because of the
regular supply of moisture, the difference was occasioned
mainly by the greater quantities of lime, magnesia, and silica
in the plants of the dry season, and not by any material
variations in the proportions of the alkalies or phosphoric
acid.

It is well known that the external tissues of all growing
plants become more or less charged with earthy salts, espe-
cially carbonates of lime and magnesia with some phosphates,
which have been carried from the soil to their surfaces in solu-
tion in water containing carbonic acid (which is in all the water
of the soil) and left there in a form insoluble in water upon
the escape of that acid and the evaporation of the water which
brought them up. As all the moisture of the fertile earth
contains this solution, which is drawn up and evaporated from
the general surfaces of the plants exposed to the air, it can
readily be seen, that because of the greater evaporation and
the more concentrated nature of the soil solution, in the dry
season, there must necessarily be a larger accumulation of this
surface deposit in the dry than in the moist or wet season, when
evaporation is measurably checked. For the same reason the
ash per centage of the leaves and bark of plants is greater than
that of the interior parts, and that of the leaves of deciduous
plants greater than that of the leaves of evergreens, which
give off less water by evaporation.

The effect of this evaporation has very justly been com-
pared to the deposit of the limestone crust in the steam-
boiler and the formation of stalactites in caves; and this
irregular increase of the ash per centage causes many appa-
rent discrepancies in the mineral ingredients of plants, and
increases the difficulties in the chemical study of plant nourish-
ment; for while it is generally admitted as fully demonstrated.
that certain mineral ingredients, to be found in the ashes of all
vegetables, are essentially necessary to their growth, it must

be acknowledged that some or some portion of these ingredi-
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THE HEMP AND BUCKWIIEAT PLANTS, &C. 17

ents are of no more significance than the incrustation in the
steam-boiler; being mere accidental deposits on the surface,
the result of the escape and evaporation of the agents, water
and carbonic acid, which held them in solution in the sap of
the plants and in the water of the soil.

In the same manner may we explain the influence of a dry
season in increasing the fertility of the surface of the soil;
the soil solution, on the evaporation of the water, leaving its
dissolved salts and other ingredients upon the surface; so
that seasons of long drought are usually followed by others
of great productiveness when there is sufficient moisture.

The larger ash per centage of sample C is mainly due to
this cause; the leaves not having fallen, which yield a very
large proportion of ash.

The ashes of samples D and E, grown on the old land in
the very dry season, while not differing much in their general
weight-proportion to the dried plants, show more lime and
less alkalies than that of the hemp grown on the richer land.
For some reason not immediately apparent, perhaps because
of a previous buckwheat crop, they gave rather more than the
average quantity of earthy phosphates.

In the usual mode of management of the hemp crop the
leaves mostly fall on the ground on which it is grown. A
large proportion of them drop before the hemp is cut, more
fall when it is spread on the ground to dry after cutting, and
when it is taken up to be stacked. It would be well, doubt-
less, to beat off, in this process, all the leaves that can thus
Le separated. so that they may be more regularly distributed
over the soil than if thrashed off when stacking it. It is also
the general practice now to cut the hemp as nearly as possible
to the surface of the ground, and leave the roots, with a few
inches of the stem attached, to rot in the soil.

In order to ascertain the relative fertilizing influence of the
leaves and roots, three hemp plants were collected, July 25th,
1864, in the dry season. from the rich field above described.

These, one male and two female plants, were about six to
449



12 CHEMICAL EXAMINATION OF THE ASHES OF

seven feet high. The leaves, stems, and roots, carefully sep-
arated and thoroughly air-dried, weighed as follows:

The leaves weighed 23.916 grammes, equal to about 30. per cent. of the whole plant.
T&mﬂ (] ?.433 #a i 9-3 s is
The stems .4 48.430 ‘o " 60.7 ‘s r

These were separately incinerated and their ashes analyzed,
with the following results:

TABLE II. OF THE RELATIVE ASH INGREDIENTS OF THE LEAVES, ROOTS,.
AND STEM> OF THE HEMP, CARBONIC ACID EXCLUDED.

THE LEAVEHS. THE STEMS. THE ROOTS.
Intoop'ts | In 100 p'ts | In 100 E'tﬁ In 100 p'ts | In 100 p’ts | In 100 p'
of ash. of dried| of ash. of dried| of ash, of dried
leaves. siems. roots.
| 1 .+ - .| 48.819 | 4.992 | 23.371 | 0.949 | z0.368 0.713
Magnesia . . . . . . . « . + & 5.726 .585 5.803 .104 | 8.207 .291
otashi: v n oo w B 3 Bl & s : .B58
EOBAN: o o s @ % ¥ e 2'234} 49.599 | 1.659 | 52.233 | 1.8:9:
Phosphoricacid . . . . . . . . 9.204 .047 13.374 447 | 15.164 531
Sulphuricacid . . . . . . . . . 2.209 .2z6 1.215 .040 1.344 047
Chlorine.. . . . . . . . . « . IS b | 017 .576 .019 . 405 L0134
Silica . . & 5 8w & s die A s 5.6:0 .§75 1.062 .035 2.189 077
Per cent. of phosphates . . . . .| 19.160 | 1.950 | 28.158 | ©0.942 | 26.885 0.949-
Percent.of ash . . . . . . lm.zzs i W omw] Fepglo]a s s 3.502-

By examination of the above table it is to be seen, that the
leaves of the flowering hemp contain more of the essential.
mineral ingredients of the soil than all the other parts of
the plant; constituting, as they do, about 3o per cent. of the
whole plant in the air-dried state, and yielding 10.225 per cent.
of their weight of ash, the carbonic acid being excluded; while
the stems and roots, which together form the remaining 70 per
cent. of the weight of the plant, give an average of less than
3.5 per cent. of ash.

Nor is this great excess of the ash proportion in the leaves
due entirely to the influence of the greater evaporation which
takes place on their surfaces, causing a deposit or incrustation
of lime and magnesia salts and silica of the nature of stalag-
mites; for we see that whilst the amount of si/ica in the leaves

is nearly fourteen times greater than that in the stems, and
450



THE HEMP AND BUCKWHEAT PLANTS, &C. 13

more than seven times greater than in the roots; the Zime
more than five times as great as that in the stems, and seven
times more than in the roots; the wagnesia three times more
than that in the stems, and twice as much as that in the roots:
the plosplioric acid and plhosphates and the alkalics are in nearly
“double proportion in the leaves also, and the sulphuric acid
five times greater in them than in the stems, and about four
times greater than in the roots. So that whilst the leaves,
when in their fully matured state or when they naturally fall,
may possibly contain scarcely any but the less soluble salts
which may be left in their tissues on the evaporation of the
carbonated water which held them in solution in the sap, they
contain, when in the growing, active condition, like all other
green herbage, a very large proportion of salts of potash,
and of all the mineral elements of plant nourishment, and
hence may greatly enrich the soil on which they decay. Itis
obviously to the interest of the hemp farmer, therefore, so to
manage as to spread them as regularly as possible over his
hemp ground.

The dried hemp plants are allowed to remain in the stack
until the cool season of early winter, when they are generally
spread out evenly upon the same ground on which they had
been grown, to undergo the process of dew-rotting. The
hemp is permitted to remain on the ground until, by the action-
of the atmospheric waters and other agencies, it has become
so far decomposed that all its soluble parts and solt tissues.
are removed and washed into the soil beneath or dissipated in
the air, and the tough hemp fibre can be easily separated from
the more woody portion of the stems. It is then taken up,
““braked "’ out, and the clean merchantable hemp fibre sep-
arated from the ‘“hemp-herds,"” or ‘ femp shives” —the broken
fragments of the woody parts of the stems—which are usually
burnt up by the hemp-brakers on the spots where they fall
near their hemp-brakes.

In order to study the changes which occur in the mineral
constituents of the hemp during this process of dew-rotting,

samples of dew-rotted hemp plants, ready for the brake, were
451



14 CHEMICAL EXAMINATION OF THE ASHES OF

gathered, in December, from the two lots of the experimental
field above mentioned. of the crop of the dry season of 1874.
These were thoroughly air-dried, incinerated, and their ash
submitted to analysis, with the following results:

TABLE 1lI. OF THE ASH ANALYSES OF DEW-ROTTED HEMP PLANTS,
CARBONIC ACID, &c., EXCLUDED.

(D) samMrLE FPROM LOT 3. | (B) SAMPLE FPROM LOT 4.

FLASTEREL. (SEE D.) NOT PLASTERED. ‘SER K.)
In 100 parts of |In 100 parts of [In 100 parts of {In tmﬂ:‘u:
3 dried hemp ash. dried hemp

plants. plants,

Lt o o cocncw w % % e @ OB R G ETE R 68.846 1.23% 63.651 0.942
Magnesia .« o ¢ s % e e @ ¥ s K 8.335 .149 8.1343 124
Potaeh e = v & o @ e 8 B G e s 5.716 .102 5.682 .084
Soda.. . . . . ... SR B W W R R 429 .08 .760 .012
Phosphoric acid. . . . . . . . . ., .. 13.979 251 15.713 .233
Sulphuricacid . . . . . . . .. . . .. -9bs 017 1.552 .023
Chloring o w% o 5 o wd a w &« n s .050 .Col .042 .00I
Silica: 5 ;2 59 8 & s e 6 s S . G 1.680 " .030 4.257 .063
Per centage of earthy phosphates . . . . . 27.144 .487 25-1.9113 -443
Per cent. of ash to the dried rotted hemp .|. . . . . 1.793 | e 5= - & = 1.480

On comparing these results with those given in tables 1. A.
and L. B., in the columns D and E, where the results of the
analyses of the ashes of this same growth of hemp are given
in the wnroftcd state, it will be seen that a great diminution
has taken place in the amount and proportions of the ash and
its several ingredients.

To exhibit this diminution of the ash ingredients, which
takes place in the ordinary process of dew-rotting, we place
the averages from table I. B. and the abhove table side by side
in
452



THE IIEMP AND BUCKWHEAT PLANTS, &C. 15

TABLE 1IV. COMPARATIVE VIEW OF THE ASIHH OF THE UNROTTED AND
THE DEW-ROT1ED HEMP PLANTS, CARBONIC ACID BEING EXCLUDED.

Av eof D | Averageof D l

and E. Un- | und E. Dew-| Proportions removed Ly dew-

rotted hemp | rotted hemp roiting.

plants. plants.
Lime.. . .« s ¢ ¢ o =« 5 8 o« = = = = 2.036 1.089 | About one half.
Magnesia . . . . . . . . . . . . .. . -415 .136 | Nearly two thirds.
Potash . . . ... ... . e & ow .995 .c93 | More than nine tenths.
Soda .. . . ;o SN W e oW ow .olg .010 | About one hallf.
Phosphoricacid . . . . . . « . . . . . .524 .242 | More than one half.
Sulphuricacid. . . . . . . « . . . . . .0b1 .020 | About two thirds.
Chlorine . . . . . . « « = o « = + « & .ol .001 | T'en elevenths.
Silica. . . . . . 0 0 0 e r e e e .138 .047 | Nearly two thirds.
= == — —_ =
Per cent, of earthy phosphates . . . . . 1.166 .465 | More than one hall.
Per cent. of ash to the dried plants . . . 4.165 1.636 | More than one half.

When we also take into consideration the fact that the dried
hemp plants lose at least one third of their weight in the dew-
rotting, we can judge how large a proportion of the essential
mineral ingredients are restored to the soil in this process.

The above table also shows us that the more soluble ingre-
dients, such as the alkalies, &c., are removed from the plants.
in the larger proportions.

These analyses and comparisons enable us clearly to un-
derstand why the culture of hemp, when judiciously managed,
especially when it is spread out and dew-rotted on the same
surface on which it was grown. is so little exhausting to the
soil, as compared with the method in which the water-rotting
process is used.

In order to ascertain how much of the essential elements of
the soil are carried off in the merchantable product—the hemp
fibre as ordinarily sold—analyses were made of some of this,
both in the usual condition as it is to be found in our hemp
factories, and after it had been well washed with water to
remove from it as much of its adhering dirt and soluble matter
as possible.

Two samples of the “hemp-herds,” or refuse woody por-
tions of the stems, separated in the operation of braking,

were also incinerated, in the air-dried state, and the ashes
453



16 CHEMICAL EXAMINATION OF THE ASHES OF

submitted to chemical analysis. The results are given in the
following table:

TABLE V. COMPARISON OF THE ASH INGREDIENTS OF DEW-ROTTED
HEMP FIBRE AND HEMP HERDS, CARBONIC ACID EXCLUDED.

| HEMF FIWME, UN- HEMP PIBRE, HEMP-HERDS, 1873. | HEMP MERLS, 1874,
WASHED. WASHED. MOIST SEASON. DHY SEASOM.
In 1oopt’s |In 1oopts |In too p’is | In 100 p'ts |In 100 p*ts |lo 100 p”ts {ln 100 p'ts | lD 100 p’ts
of ash. of dried| of ash. | of hemp. | of ash. of dried | of ash. of dried
hemp. herds. herds.
Lime ., ........ 39 gbo 0. 084 68 6oy 6.723 1.8 0. 446 6z.992 o.676
Mzgnesia. . . . . . .. 8.812 41 6.222 .oh5 8. 426 .O72 8 ybb .097
Potash. . . .. .. .. 7.351 BT 3.789 . 40 19.615% . 168 8.670 .0g3
Soila- 0l e LU UiE .z .o12 .Bon .co8 .g15 .oo8 754 .oo8
Phosphoricacid. . . . . 15.852 . 200 135.315 161 14. 401 124 12.215 L3
Sulphuric acid . 1710 TG .4B7 . OOg z.016 LOET z.138 L0373
Lhlorine . . . . . .. ! a2 Loy | o488 .001 | awace. | atrace. | a trace. a trace.
Silica . .. ... ... | 5. 621 Ley2 l 4. 624 049 a b2g9 .022 4.465 i
=== = |
Per cent. of earthy pho-s-! l
phate~, . . . . . .. | 31,567 L 18 2. 426 .30 29 275 .25T z24.8a7 .aby
e
Per cent. of ash to the air- | |
dried manerial, . ., ., . 4 ..... 1.h42 . . . . . 1,050 |. . . - . - L7 T P, 1.076

The hemp fibre, which was analyzed in the ordinary un-
washed condition, was obtained from a factory in Lexington.
It was of the crop of 1874, dark colored, and containing, per-
haps. more than the average quantity of dirt or fine soil adher-
ing to it. Washing with cold water removed some but not
all of this adhering dirt, as well as much of the soluble matters
contained in it, reducing the per centage of the ashy residue
more than one third. Had it been thoroughly cleaned and
bleached the ash per centage would have been still more con-
siderably reduced. All the nitrogenous matters, holding phos-
phates in a comparatively soluble condition, all the alkaline
salts, would thus be dissolved out, and very little else than
silica, with a small proportion of the earthy carbonates, would
be left in the clean hemp fibre; so that exhaustion of the soil
from its production would be quite insignificant.

Calculating on the data of the above tables, we find that
an average crop of hemp of 8oo pounds to the acre removes
from the soil only a little more than thirteen pounds of ash
ingredients, or, when in the washed condition, less than eight
pounds and a half, while it is well known that a crop of wheat

of twenty bushels takes nearly twenty pounds in the grain
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alone; a crop of fifty bushels of corn removes more than thirty
pounds in the grain alone, and a crop of tobacco of one thou-
sand pounds, more than one hundred and seventy-six pounds.

When we compare the relative proportions of the ingre-
dients of these several ashes, the result is still more to the
advantage of the hemp crop, as is to be seen in the following
table:

TABLE VI. OF THE PROPORTIONS OF MINERAL INGREDIENTS REMOVED
FROM THE SO0OII. IN CERTAIN AVERAGE CROPS.

In Boo IhelIn Boo Ibs|In 20 bus'ls|ln 5o bus'ls{In 5,000 Ibs|In 2,400 Iba

unwashed | of washed | of wheat # | of car o * | tobacco,in-| of urdinary

hemp. hemp. cluding the hemp-h'ds.

sralks *

l.ime, in pounds . . . . .| 7.872 5.776 1.63 0.22 | 68.co 10,704
Magnesia, i’ e oo 1.138 .§.0 2.43 3.61 8.67 1.728
Votash, £é S .968 . 320 5.45 8.06 | 69.73 4.032
Soda, ‘e i W o e .cgb .0b4 03 6.22 6.80 .192
Phosphoric acid, * ¢ + e v+ .| 2.080| 1,288 9.12 i1.85 8.13 2.976
Sulphuric acid, ¢+ . . . . . .232 .040 .08 | not est. 8.40 .408
Chlorine, BE oo oo om 016 .008 .35 | not est. 1.c6 | a trace.
Silica, L& & W g oS .736 .392 Y 71 5.86 | .528
Total ash . , . . . « + « o 2| 13.128| B.408 | 19.60'| ;0.67 | 176.65 | 20.568
Towal earthy phosphates . . . . .| 4.144 2.48 (. . .. |! : % sl s i 6.024

* From volume [V, Reports of Kentucky Geological Survey {old series), page 3z1.

We see that while an average crop of hemp takes only an
amount of potash from the acre varying from less than one
pound to less than one third of a pound, the wheat crop takes
nearly five and a half pounds, the corn crop more than eight,
in the grain alone, and the tobacco crop nearly seventy pounds;
and while the hemp crop carries off only from one and a quar-
ter to two pounds of phosphoric acid, the wheat will take more
than nine, the corn more than eleven, in the grain alone, and
the tobacco more than eight pounds. We notice also that the
removal of the hemp-herds (which are believed by some of
our practical farmers to bear a proportion in weight to the
hemp fibre of three to one) will take from the land greatly
more of its essential ingredients than the hemp fibre itself;
for while the merchantable hemp holds less than a pound of

potash and two pounds of phosphoric acid in its composition,
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the equivalent quantity of hemp-herds holds more than four
pounds of potash and nearly three pounds of phosphoric acid.

As we have stated, it is the common practice of our farmers
to permit the hemp-herds to be burned up in the heaps where
they fall near the hemp-brakes. Some erroneously believe,
indeed, that they would exert an injurious or poisonous influ-
ence on the land if spread over it; but it is evident that this
practice tends more rapidly to reduce the fertility of the hemp
ficld than the sale of the hemp fibre; and that it would be
beneficial to adopt some plan of reducing the hemp-herds to
the condition of vegetable mould, and to spread it over the
surface, where it would not only tend to keep up the propor-
tion of humus, but would re-supply much of the essential min-
eral elements in a soluble or available form. If it is found
that the recently scattered hemp-herds seriously interfere
with the cultivation or growth of the next succeeding hemp
crop, it would doubtless pay to haul them into heaps to rot, or
to spread them over some other field, which might be in prep-
aration for hemp in a system of rotation adapted to this cul-
ture.

The common practice in our region has been to cultivate
the rich new land in hemp continuously until it no longer
yiclds a profitable product, and then to resort to other newly-
cleared woodland pasture, or open blue grass fields, to renew
the process. Sometimes land comparatively old in cultiva-
tion has been used for hemp, after it has been rested and
has increased its humus during two or three years in clover,
or for a longer time in open blue grass pasture; but as yet
no regular system has been adopted by which the abundant
humus and ready supply of soluble mineral ingredients of the
soil, necessary to this luxuriant vegetation, can be secured or
maintained. As the hemp product carries but little of these
away from the land, leaving most of them behind, after a tem-
porary use of them during its season of growth, the mainte-
nance of the productiveness of the hemp soil seems an easy
problem to solve, where the land is well drained and naturally

of a suitable composition and consistence, as is our blue grass
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land. But the capability of the production of hemp, even in
this fertile soil, appears to be limited, and its humus and other
soluble essential ingredients, on the abundance of which this
crop is so greatly dependent, seem gradually to undergo dimi-
nution in the ordinary system of culture.

That this gradual deterioration is not due wholly to the
removal of the crop is evident from the foregoing facts and
considerations. But it appears that the humus and its soluble
and available constituents are decomposed and removed, under
the influence of the atmospheric agencies, faster than they are
renewed by the decay of the leaves and other decomposable
parts of the hemp plant. The small proportions of these car-
ried off in the merchantable hemp need, indeed, scarcely be
taken into consideration in this connection.

The humus is a very decomposable and oxidable substance;
the atmospheric oxygen combines continuously with its carbon
and hydrogen to produce carbonic acid and water, so neces-
sary as plant food, while the essential mineral elements of the
mould thus set free, being in a soluble condition, are subject
to the washing agency of water, which may diffuse them more
or less through the neighboring fields, or gradually carry some
of them off in the drainage. This action would be the greatest
when the ground is no longer covered with a growing vegeta-
tion, which would absorb the rich - soil - solution and bring its
valuable fixed ingredients to the surface, but is doubtless con-
stant whenever water in sufficient quantity falls to saturate the
soil or to pass through it. For although many experimenters
have established the fact that the soil has a power of absorp-
tion sufficient not only to enable it to withdraw and hold cer-
tain substances dissolved in the water which passes through
it, and even to decompose some chemical compounds, and to
separate and hold some of the elements and replace them
by others less essential, yet it is equally well established by
numerous experiments that pure water, such as rain water,
which passes through a fertile soil, carries off from it, in solu-
tion, a notable quantity of its essential elements, which, as

already intimated, may either be lost to the locality by the
VOL. L.—-CHEM. jO. 457
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drainage or diffused through the adjoining grounds, according
to the well-known laws of osmose.

To maintain the high degree of active fertility necessary to
successful hemp culture, even in our rich blue grass lands,
seems, therefore, to require something more than the most
judicious management of that crop itself; for we find that,
although the removal of the hemp causes a scarcely sensible
diminution of the mineral elements of the soil, the field on
which it is continuously produced for a series of years becomes
at length unproductive of this crop, because, doubtless, of a
gradual decrease of its proportions of humus and of those
soluble salts which are required by the hemp plant in such a
large and ready supply as is necessary to its rank and rapid
development, during its short season of growth.

As the prevalent mode of culture, if carried on indefinitely,
would inevitably reduce all our hemp lands below the level of
profitable production, the adoption of a new system, which
would promise greater durability to hemp culture, is greatly
desirable.

According to the prevalent system, the hemp ground is ex-
posed, more or less, to the decomposing and leaching influence
of the atmospheric agencies for more than six months in the
year, with scarcely any growing plant upon its surface to
absorb and retain the dissolved fertilizing materials or the
nutritive gases which are produced in it by decomposition.
These, therefore, may pass off in the drainage or become lost
to the field by the continuous process of diffusion.

The growth of the hemp begins early in May; it is ended,
by the cutting of the crop, late in August. During these four
months it is probable the active vegetation absorbs and retains
the dissolved essential elements of the soil, so that waste of
them by oxidation, diffusion, or drainage, is little or nothing.
The drying of the cut hemp spread on the ground is a short
process, and the subsequent influence of the roots of the
hemp left in the ground is merely mechanical, and does not
prevent oxidation of the humus or the leaching out or diffu-
sion of its soluble materials; neither does the hemp, when
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spread out to dew-rot, prevent this action of the atmosphere
or the water, although it may give much soluble fertilizing
matters to the soil; and very few weeds of any kind spring up
in the hemp field to take up and retain for future use these
valuable gaseous and soluble substances which pervade the
soil, and are escaping, mostly in solution, in all the water
which passes through it.

The obvious remedy for this loss is to keep the surface of
the ground. as much as possible, covered with an active vege-
tation which would absorb and retain upon the surface these
fleeting elements of fertility, and keep up, in its subsequent
decay, the large proportion of humus which is necessary to a
heavy hemp production.

Some of our farmers, for this purpose, have very judiciously
resorted to the sowing of rye after the cutting of the hemp,
to be plowed in, the following spring, as early as may be neces-
sary to kill it and allow it to rot. The rye grows with great
vigor and covers the ground fully; is not injured by the hard-
est frost, and offers no impediment to the dew-rotting of the
hemp, while its roots continually absorb the soluble and gas-
eous elements of plant food, to retain them and leave them in
-an available state, together with a new supply of humus, when
it is plowed in to decay in the soil. If at the time of sowing
the rye the ground is also plowed and the hemp roots covered
to rot, no doubt the surface could be more benefited than if
the grain is simply sown on the surface and harrowed in.

Some definite idea of the beneficial influence of the rye
may be obtained by examining the results of the analyses of
this plant in its immature condition, as given in the tables of
Emil Wolff and Dr. Emmons, of New York. (See table in
Johnson's “ How Crops Grow’ and “ Natural History of New
York.”)

It would be quite a moderate estimate to say that rye, sown
on the rich hemp ground in early September and plowed in
early in April or late in March, would give to the land an
amount of vegetable matter, in its roots and leaves, equal to

three thousand five hundred pounds, in the dried condition, to
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the acre, which by its decay would greatly increase its veg-
etable mould or humus, and probably replace fully that portion
which had been removed in the hemp culture. But we find,
by reference to the table of Wolff, that this amount of organic
matter would also give to the soil more than sixty-six pounds
of potash; more than twenty-five pounds of phosphoric acid;
nearly thirteen pounds of lime; more than five pounds of mag-
nesia; more than two pounds of sulphuric acid, and equally
considerable quantities of soda, chlorine, and soluble silica;
in all more than one hundred and seventy pounds of essential
mineral ingredients to the acre, in a state most favorable for
plant food, or nearly twenty times as much as need be carried
off in an average crop of merchantable clean hemp fibre. This
use of the rye plant evidently commends itself to the careful
and judicious hemp farmer for a full and thorough trial.
Another important question with our hemp farmers is, how
best to improve our old fields to a new capability of profitable
hemp culture? Such is the natural fertility of our blue grass
soil, and so very favorable are the conditions to which it is
subject, that this is a more easy problem than is generally
supposed. Indeed, our routine farmers find by experience
that a good clover rotation, or a series of years in blue grass
sod, will ordinarily recuperate a field to hemp land. The soft
Silurian limestone beneath it is constantly, although slowly,
yielding up its stores of fertilizing elements to the atmospheric
waters, which gradually dissolve it and bring them by diffusion
into the soil for the use of growing plants. But the demands
of the farmer upon the soil most generally exceeds this benefi-
cent supply of fertilizers, and hence his fields decrease in
productiveness in the ordinary thriftless husbandry which has
been kept up by this liberality of nature, and he is already
confronted with the necessity, either for the use of artificial
fertilizers or the adoption of such a system of rotation of
crops as will give time for the natural recuperation of his soil,
without a serious diminution of his annual income. The latter
alternative commends itself most in our region, and especially

a rotation which includes a clover fallow of two years. The
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red clover growing with great vigor on our ordinary soil; pro-
ducing a great amount of herbage; drawing largely from the
atmospheric gases and vapors, and reaching to considerable
depths in the soil for mineral fertilizers with its long tap roots;
so that experience proves it to be the best known plant for
the renewal of our land, in our common rotations, more espe-
cially because it can be pastured with hogs or cattle without a
very serious diminution of its ameliorating influence upon the
soil. When cut for hay, which is removed from the field, the
case is very different, as can be understood when we see that
a clover hay crop of two tons carries off with it not only the
equivalent of humus which its decay on the soil would give,
but also more than eighty pounds each of potash and lime,
nearly twenty-three pounds of phosphoric acid, and other fer-
tilizing mineral substances in proportion.

The ash of the dried clover and dried green hemp plant are
strikingly alike in composition, as may be seen in the follow-
ing table:

‘TABLE VII. OF THE RELATIVE PROPORTIONS OF THE ASH CONSTITU-
ENTS OF CLOVER AND HEMP PLANTS, &c.

In oo parts of{In soc parts of| Mineral ingredients in
the drierdl hemp.|driedclover. (E}} an acre of clover,
From table . B.| From Wolfl"s ta-| including the roots.
(Sample C.) bles.* {Say 5,000 lbs., dry.)
LTimes: & & 308 ¢ 5 - e 2.461 2.30 | 115.00 pounds.
Magnesia . . ... ... ... ; .312 .80 | 40. "
Potash .. . . ... ... G o W W e 1.472 2.30 | 11§, o
Soda .. . . ... " b A e omom o . .065 .10 5. -
Phosphoric acid . . . . . . . £ owom o .525 .65 | 32. .
‘Sulphuricacid. . . . . . . . s . . 8 - .047 .20 10 a4
Chlorine . . . . . . .. .. ...... .022 .25 12.5§ 04
BRIECE v n o o e ow woa mo W . @ .139 .20 | 10, o
Percent.ofash. . . . . . “ e 5.055 6.80 | 340. pounds.

* The average of fifty-six analyses.

That the clover fallow may

be made very useful in the

renovation of our hemp lands, by a judicious management,

is manifest.

But other plants of a quicker growth may sometimes enter
anto an improving rotation for this crop, and no other promises
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better than the buckwheat plant, in ordinary seasons, which
may afford moisture enough for its luxuriant growth.

During the present year my son, Benj. D. Peter, devoted
one lot in his experimental field (see Prof. N. S. Shaler’s
report) to buckwheat, sown broadcast in the spring, in order
to study its ameliorating influence on the soil when plowed in.
The season being a very wet one, the plants grew with great
luxuriance and fully covered the ground. Samples of it were
gathered by me, roots and all, on June 2oth, when it was in
full leaf and in flower at the top; and also on August 4th,
when it was about three feet high, yet in flower at the top,
and had matured a good deal of seed. It had, of course,
then lost most of its lower leaves. These samples were fully
air-dried in the laboratory, incinerated, and the ashes fully
analyzed, with the following results:

TABLE VIII. OF THE COMPOSITION OF THE ASH OF THE BUCKWHEAT
PLANT, &c., CARBONIC ACID EXCLUDED.

BOCKWHEAT IN FLOWER. BUCKWHEAT IN lllIII.

M T i gl o b i
LIOE o o v o avmio o & @ des o & 5 9 33-434 2.9°9 35.103 2.131
Magnesia . . . . . . ¢ ¢« ¢ ¢« ¢+ s = = s = 10.518 .922 12.586 .764
Potash . . o v o s s s 6 s 50 s 5 8 5 32.900 2.883 26.180 1.589.
Soda . i o @ § e & 8 E e ER § 8 T e 1.266 BT .657 .040
Phosphoricacid . . . . . . « « + + « . & 16.824 1.470 23.770 1.443
Sulphuricacid. . . . . . . . . . . ... 1.378 .120 | not est. not est.
Chlorine .. . . . . . 4o acaai os .431 .0:8 .350 .021
SCR. . . s 2 6 s s s m e A s s ees . 3.249 .285 . 1.354 .083.
Per cent. of carthy phosphates. . . . . . . 32.873 2.88%0 47.198 2.865:
Percent.of ashindriedplants . . . . . .|. . . . . S.962 |. . 4 v 7-479
_ — — — — — ——
Per cent. of dried togreen plants . . . . .|. . . . . 18oc0|. .. .. 29.000

This crop of green herbage was plowed under shortly after
the last sample was gathered, in the hope that the matured
seed would germinate and produce a second growth to be
plowed under in the fall. Many did sprout, but the grass-

hoppers consumed most of the young plants.
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Before plowing this buckwheat under, the green growth
on a yard square was weighed, and amounted to four and
three quarter pounds, which is equivalent to about 22,990
pounds to the acre, equal to more than six thousand pounds,
or three tons, of the dried plants, including the roots, to the
acre of ground. So that, calculating on the data given in the
above table, this large quantity of green herbage, with the
seeds and roots included, would not only give to the surface
the large amount of humus, or vegetable mould, which would
result from its decomposition, but also more than ninety-five
pounds of potash; more than eighty-six pounds of phosphoric
acid; nearly one hundred and forty pounds of lime; nearly
forty-six pounds of magnesia, and other essential ingredients.
in proportion; all in a state immediately available for plant
nourishment.

The experience of another season may demonstrate its
practical effect in an increased hemp production.

The buckwheat plant is used in other regions as a fertilizer,
and may very properly be introduced here in a rotation. It is.
evident that future profitable hemp culture will depend greatly
on the adoption of a judicious rotation of crops suited to our
soil and markets. What the details of that rotation may be

must be worked out by our intelligent farmers.
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Centre Furnace, in Triggz county ; composition of pig iron from. . . . 421, 422, 437

Chsetetes, fossil branching, from Fayettecounty . . . . . . . . . . . . .383, 384

Chalk rock, indurated, from Texas ; compositionof. . . . . . . . & » oa wow v s B25

Chalybeate mineral water, Fulton county, analysisof . . . . . . . T | |

Springs of Bath county; composition of the. . . . . . . . . . .. 368, 369
Springs, in Bath eounty; comnposition of Ferruginous Magnesian Limestone

of. I P HEE RN ORURE P RN N W OB R N e B g - 369, 370

waters, Grayson munt}r, EI‘I'II.TBEE of TR R Y e .

Chemical Report (Third) of the soils, Ll"}alﬂ. ores, iron furnace pmduct& clays,

marls, mineral waters, rocks, &c., of Kentucky, by Robert Peter, M. D,

&c., &c., Chemist tothe Survey . . . . . . . . . . . o o . . .. M?tg-tss
Christian County coals, mineral waters and smls. ........... 224 to 231
Clay, carbonaceous, Muhlenburgeounty . . . . . . . . . .. ... ... .. 150

County, Goose Creek salt waters, &c.. . . + o + o ¢ o + o s o » o . 231 t0 233
466
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Clay, fire clay, of Muhlenburg county, analysisof. . . . . . . . .. o w wowce ThE
foot of grand chain, Illinois, analysis of . . . . . . . + ¢ ¢ ¢ o o » . . . B83
(potter’s) from Franklin county; compositionof . . . . . . . . . . .384, 438

from Ohio county; composition of. . . . . . . s s s s os s e s . s 418, 434
German glasspot. . . . . . . . . i w & W % e e s e s s s 342, 34
(Indianaite) . . . . . . . . . . . H-l,.i—l-i
ironstone from Ohio county ; connpoﬁltmn o wRie w B B SRR 2 pAlE BT
ironstone, Eatill county. . . . + &+ & 4 ¢ 4 4 0t 4 4 4 d e h e s s s 243
Rockeastle county . . . . . . 4 4 0 4 e e 4 4 s e e e - .4 |
shale, marly, or indurated clay from Butler county; composition of, 375, 376,

428

Clays . . - . .. : ... . 215, 239, 242, 243, 250 to 255, 287 to 2HY
Campbell county, annlvmaﬁ O o wimiw v % e WA W N R TN W ¥ % G0 45
cumpamtuetable compositionof . . . . . . L &

of Kenton county, analysesof. . . . . . e E A R R v e oo . o» 0 133

of theeoal fields . . . . . . .. ... ... .. . 2o omm w o o s 15

fire clays of Carter county, analysesof. . . . . . . . . S -

fire clays of Greenup county, analysesof. . . . . . . . .. .. .. 100
Cloverport Coal and Oil Company, their property, &e. . . . . . 260, 263, 264
Clinton county marls, clay,and cval . . . . . . . . . . v wowow s @z J088, B4

iron ore of Cumberland Gap. . . . . . . . . . . . .. 197, 198, 339, 30
Coal, Cuinberland mines, Clintoncounty . . . « v ¢ v 4 ¢ 4 o v 0 s = o o . . 234
fibrous, Muhlenburg countyv, analysis of . s e e e s s s s s o« - + 150, 151
in subcarboniferous limestone formation, Graysoncounty . . . . . . . . . 88
used at Ashland Furnace, Boyd county, analysisof . . . . . . . « . . . . 166

Coaltoncoal (No.7) - . . . . « « & « « & s+ s s s 0 s e e e e 48, 47
Coals,Bellcounty. . . . . . . . . ¢ ¢ ¢ ¢ o s s o v « s 2 a = s s s« 203to208
block coals from Indlana, analysesof. . . . . . . .. s s s 8 s s 4« = - 159
Boyd county, analysesof . . . . . . - w4 eiam s 20 to 23
Boyd county, relation of specific gnvuy to u.e:ght nf a.eh ......... 24
Butler county, analysesof. + « . . . . « « + s o s o o ... . .31, 375, 436
Carter county, analyseso[.. ..... e« w s s s e s m e+ 46, 166
Christian county. « « « « ¢« « + o 5 o o 2 o o 2 o 2 2 s + s o « « 224, 225
Daviess county. . . . . . e e mEe e R e s e e e 22030241

Edmonmncounty,analys&sof “ s s ae a s s e me e s onaoas s« B 66
extremes of composition of, sulphurin. - « « « « ¢« + « « « « . « . . 191, 192

Floyd county . . . . . . . @ e ow s eEe e e B oae & w e w s 248 to 260
from Illinois, analyses of . . . . . . . . . .. e 8 s e s s s v . =« « 15T
from Indiana, analysesof. . . . . . . . s s a e mw e s ae s e 158
from the State of Ohio, analysesof . . . . . . . .. e % e e o omoE & & DD
from Winter's Gap, Tennesgee . . . . « « « « & o s & « = ¢ 2 « + + « » 341
general resultsof analysesof . . . . . . . . . . . ..o 0o 00 10
Grayson county, analysesof. . . . « . . . . . . . ... ... 86 to 89, 250
Greenup county, analysesof . . . . . . . . 102, 167, 255, 256, 392, 393, 436
Hancockcounty . . + « + « 4 = & & « « o o o o « & e h s e . - . %80 to 264
Harlancounty. . . . . . . . . . . B w R R AT B R s pasE ¥ e s 20 008

Hopkins county, analysesof . . . . . . . « . . . .« . . . .130, 266 to 269
JackBoncounty . . . . 4 . . s s e s s s s s s s s os e e s . 272 273
Johnsoncounty . . . . . . . .. s e s e e s ewwa s s 204 26
Kentucky, table of composition of relected aa.mplu i RIE B R EOEE.G . 13
Kentucky, tables of average compositionof . . . . . . . ... .. ... 11
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Coals, Kentncky, &c., tables of extremes of compositionof . . . . . . . . . . 12

Lawrence county. - . . « + + = ¢ = « o « « = o . - - . « . 135, 281, 282
leecounty . . . . . . - . . . S & W e SN e+ s s =« s o« 283 to285
Madison county . . . . . . . . . . . . . i TRE W R W e 289, 290, 408, 436
Magoffincounty . . . . . . . . . . .. oW T R W R RS W E W e 200, 292
Martincounty. . . . . . . . A s Be e mwam e es s e s = 202to294
McLean county . . . . . . GO TR B W R A @ W W R B 8 W 294, 295
Menifee county, analysesof. . . . . . . . e s e s e+ o . 139, 300, 301
Morgan county . . . . B A B W r s s s = o= s s = =295, 296
Muhlenburg county . . . . . c e a s s e s e s s «302 303
Ohio, Indiana, and Illinois, mernge compositionof . . . . . = . 11
Ohio county, analysesof . . . . . T R R .152 163 300, 312
Owsley county. . . . . . T T, . . 315, 316
Perrycounty. . . . . +. - - .+ . e s s e 8 s s s m s s e =aa . 31610318
Pulaskicounty. . . . . . - . . . . . . .. T # P . « - «318, 319
relation of ash proportion to specific gravity . . . . . 192, 193, 207, 208, 222
Rockeastle county . . . . . . - L L. .. R R TR ]
uncombined sulphur and lime sulphatein . . . . . . . . . . . . .. .. 151
Wollerounty @ 58 s 54 ® 4 8 % s § % sty = a e . .. . 32710328
Cokeof Conlton ¢oal . & - - & vov o o o w5 8 o % 5 5 5 5 578 & 8 & 5 & 49
used at Airdrie Furnace, Muhlenburgeounty. . . . . . . . . . . . . .. 147
Collins County, Texas; “black waxy " soilfrom. . . . . . . . . . . .. 351, 435
Texas; composition of soil from. . . . . . . . . . . . . .. v . 424, 435
Composition and uses of Marly shale from Breckinridge county. . . . . . 374, 438
of black band iron ore from Jackson county . . . . . . . . . . 399, 400, 437
of clays from Ohiovounty. . . . . . . . W E N e e s e . - - 418, 438
of elay ironstone from Ohio county . . . . . TR R 416, 437
of coal from Butlercounty . . . . . . . . . . e e e e e e s . - . 375, 436
of coals from Greenup countv. . . . . . . . . .. e . .o o« o« 392, 393, 436
of coal from Madison county . . . . . T R T Y . - 408, 436
of indurated chalk rock from Texas . . . . . . . . TR R R 425
of limestone from Mercercounty . . . « o « « o & s 0 02 0. . 413, 414
of limestones from Ohiocounty . . « « « = = o o o ¢ =« 0 v o o « . . . 417
of Limonite iron ore from Trigg county . . . . . . . . . - . . 420, 421, 436
of Limonite ores (iron ores) from Lyonevounty . . .+ - .« . . . . . 407, 436
of Marly clay shale or Indurated clay from Butler county . 320, 376, 438
of material, soils, subsoils, and under-clays from Grant county. . 384 to 390, 434
of mineral water from Jessamine county. . . . . « . - . . . . . . 400 to 402
of mineral water from Lincoln county . . . . . . . . . R O T 402
of mineral water (sulphur water) fromn Madison county . . . . « . . . . . 408
of minem| water from Nicholascounty. . . « + .« + « + « « + .+ . & 414, 415
of mineral water from Warrencounty - . . . - . . . . . . . . .. 422, 423
of phosphatic limestones from Fayettecounty . . . . . . . . . . . 380to383
of pig irons from Trigg connty . . . - - . .+ . e o s owow e o 421, 422, 437
of potter's clay from Franklincounty . . . « « « « ¢« & o o v o v o 384, 438

of red bud soil from Madison county. « « « « o « « ¢« =« ¢ = « « . . - 409, 435
of Saline watersin Bathcounty. . . . . - « .+« =+ ¢ ¢ o . . . . 371to374
of soils, extremes of variationin . . . .+ & . s 2 . 2w . . . . 351
of soils and subsoils of Allencounty . « « « = « « &« o 4 o . . ‘355 to 358, 434
of soils and subsoils of Barrencounty - . . . « « - « - . « + . 358, 363, 434
of soilsof Fayettecounty. . . . . . « « + o = s 2 = = =« = « . 378 10380, 434
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Composition of soils from Hardin county . . . « + = « . . . . . .393to 397, 435

of soils from Hopkinscounty . . . . . . . . . . . « « « . . « 398, 39, 435

of soils and subsoils from Logancounty . . . . . . . . . . . . 403 to 407, 435

of soils and under-clay from McCracken county. . . . . . . . 410, 411, ¥5

of soils and under-clay of Meade county. . . . . . . . . . . . 411, 413, ¥)5

of soils from Oldhamcounty . . . . . . . .. . .. .. ... 419, 420, 435

of soils from Texas. . . . S O% G e R W naeEE @R @ wewE 4235, 424, 435

of the Bath county Sulphur WALETS . .« o+« . . e e e . . . . . BhD, D6

of the Chalybeate Springs of Bath county . . . . . . . . . . c .. W 368, B6Y

of the water of the “ Kaiser-quelle” at Aix-lu-Chapelle. . . . . . . .66, 367

of virgin soil and subsoil from Grayson county. . . . . . .90, 391, 44, 4i5

of well water from Fayettecounty. . . . . . . . . . .. . .. 376t0i78

Crab Orchard Balts. . . . . . . . T

Crown Ore, (iron) Carter county, .malus:b nf. S AR BB R ORI B oW ;G -

Daviess County mineral waters, soils, oln}e andcoals . . . . . . . . . 'H to 241

Dyestone Ore of Tennessee. . . . : A EREER «oaoe Y, 340

Edmonson County iron ores, cuals, .md castiron « i = v v o owow s .tH to t.:-t, 162

iron ores and clays. . . . . U O & 1 /1 1o

Estill County iron ores and pig irons . . . e e s MBSt M

Experiments with Hungarian grass, (rermnn nnilel ml btmk“]m.tt .. L 240, 425

Extremes of variations in tumpwltmu of soils . . . . . .. . L0000 e WSl

Fayette County; composition of soilsof . . . . . . . . .68 to 75, 378, 180, 434

composition of phosphatic limestones and soils from. . . 243 to 248, 380 to 583

composition of well waterfrom . . . . . . . . . . ..o 0oL L L BTG, HT

fossil branching Cheetetes from . . . . . . . . . . . . . . . . . HR3NNg

fossil shells from . . . . . . I CuNd, Mg
Ferruginous Magnesian Limestone, uf lely’r:e.ue "Nprmgw in B.l.lh cutmt\ Con-

positionof. . . . . - . . . . | 11 T 11

Fertilizers, mineral and atmospheric L‘lements SR W W W o R N wse B )

Fibrous Coal oG D e R R R TR TEIE m o M me w o o o mom ox oo Vol 13

Fire Clay, German glasa POt & ¥ % % S e R EE R AT

of Cartercounty, analvsesof. . . . « ¢ & ¢ 4 o ¢ ¢ 4 0 4 4 s s s = - R 1

of Greenup county, analyses of . . . . .+ « v ¢« v ¢ o o o 000 . . 100

of Muhlenburg county, analysisof. . . . . . . . « .« oo o0 0. L 144

Floyd County Coals . . . . . . . W E O e e e s a5 » B 1o 250

Foxden iron ore, Carter munh,analwn ot' AR PSEREEE sHn 9.H

Fossil branching Chietetes fromn Fayette county . . . . . . o . . . o . . 385, 584

shells from Fayvette county . S i e s T 2

Franklin County ; composition of pﬁttersclm I'mm v e e e v v s s o= S84, 438

marly shales, waters, &e. . .. . . .. 75

Fulton County, =o0il, mineral water, L‘ld'\' sthuom dupnmth san(!-lf_ineh. &-_ . K0 1o 83

@Galena from Owen county. « « « « « « & * o o = v o 0 o ox 2w w313, 314

in Henry county. . . . . . . . . . .. SR T IR LY T EER I RN -

(lead ore) from Harrisoncounty. . . . . - + « « ¢ o « « + .« . . . 397, 308

of Caldwell county, analysisof . . . . . . . . .« oo v v v o0 o . 174

German glass pot fireclay. . . . . . G e W NN R & W S e 342 0 344

(iron) ore, Carter county, analysis cuf, - . owow DB

millet. . . . . v.a ¥ BB EiEE 3 « v s 0 353to355

millet; (!CII‘.I.’)I)DS!tIOII n[ the a.shes uf c v s a s e s s e a e s o 426t0428

GlnmnamGrayaun Springs sulphur waters. . « « « « + « s o s s s o .. . . 94

Glen Font Balt Works, Meadecounty . . . « « « « =« + = « « = - = . 296 to 300
4h8
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Gﬂmcrﬂek B‘ﬂt worh. Clay Cﬂ'ﬂl’ltj'. - L] . = - - = . & = & & =2 = [ ] 2:31 tO 23-3
Grayson County coal, clay,and ironore. . . . . . . . . v 4 v « s « . 250 to 255
iron ores, marly shales, sandxtone, coals, waters, and soils. . . . . 83 to 100, 163

Spring« mineral waters, analysesof . . . . . R e s e v .. 891097
Greenup County clays, coals, limestones, iron ores, pig irons, and soils, 100 to 11K,
167

-Grant County; composition of aterial, soils, subsoils, and under-clavs from, 384 to
390, 434

Grass, Hungarian. . . . . . . . « « « .« « & i ae e M E e e % s e S03%65D
composition of theashesof . . . . . . . . . . ... e s s s s« . 425 to 429
Grayson County, Texas; composition of soils from . . . . . . . 423, 424, 435
composition of virgin soil and subsoil from. . . . . « « . . 390, 391, 434, 435
Greenup County; composition of coalsfrom . . . . . . . . . .. 392, 393, 436
cuals, pig irons, iron furnace slags, and soils « . . . .« . . . . .. 235 to 260
Grey limeore . . L. L0 L0 ... .. SR EREE R AR e w g 107
Hancock County coals. . . . . T B W W R W m mOWSe g W 260 to 264
Hardin County; composition of soils from ....... 117 to 129, 393 to 397, 435
Hard limestone water of Fayette county for irrigation, &e. . . . . . . . . . 73
Harlan County coals. . . . . . . . .. .. ... e e e e s s s .24, 25
Harrison County; lead ore rgalonﬂ frnm ........ s a8 s = = = « 397, 398
Hematite iron ore, red, Lawrence county. . . . . . . . . « s w e oe e e 137
Hemp culture, influence on soil, &e. . . . . . . . PP
and buckwheat plants, chemical exam:lmtmn of tho thes of . . . . 439 to 464
culture in Kentucky - . . . . . . .. - e ., 442, 413, H9, 451, 456

dew-rotiing and water-rotting, changes which occurin. . . . . . . . . 451, 453
Henderson’s proce=s for the purification of iron . . . .« ¢ ¢ ¢ . o . . 195t0 197
Henry County galena (lead ore) and marly shale. . . . . . . . . . . . . .. 129

metallie lead and limestone . . . . . T R EEE  EEEE
Hocking Valley Ohin) coalx. T e e s s s e s e e w e e e 156
Hopkins County coals and ocherousironores . « « « « « o o ¢« . . . . . . . 130

coalsand soils . . . . . . .. « s s e m s s e s e e e s s 206to272

compositionof goils from. . . . . . . . . v ¢ . . . . . . . . 398, 399, 435
Horsley Bank iron ores, Cartercounty. - « +. 2 « o « =« « « ¢« = « « = . +» -0l, 52

Hungarian Grass . s s s s s s 8 s s s s s e . 33310355
composition of theashesof. . . . . . . . . + ¢ ¢ v o o v o o . . 425t0 429
microscopic photographsof . . . ¢« « ¢« ¢ ¢ & ¢ & o o o oo L. . . 428

Hunnewell FUrnace pigiron . - « « « « =« « « ¢« = » = » = « « =116, 256 to 258

Indianaiteof E.T.Cox. . . . . . . S 8 s s e e e e s e e s . . 34 5

Indiapa coals, analysesof . . . . . . . . . . mige m s modl m o e % B e 158

Indurated chalk rock from Texas; compositionof. . . . . . . . & W o 425

clay, or marly clay shale, from Butler county; composition of . . 375, 376, 438
INlinois clay, Post Tertiarv, analysisof . . . . . « ¢« 2 o ¢ . . o0 0o .0 . .. 83

coals, analvsesof . . . . . .. D T T T T &7
Iron furmace slag, Raccoon Furnace . - . . = & ¢+ ¢ o ¢ = o« s s = « + « - - - 258
Henderson's process for purificationof. . « + « ¢« « . . 4 ¢ o« o . . 19510197
Iron Hill, Cartercounty. . . . . . . . « « . wow s s e owmoewow s s v 223, 224
Iron Hills Furnace, flux limestone, analysisof . = « v+ + « ¢+ ¢ s 2 2 ¢« « « . . 56
Furnace, pig iron, analysisof . . . . . . . R T 1 |
Iron Ore, hlack band, from Jackson county; composition of ST 399 400, 437
{Clay ironstone) from Ohio county; composition of . . . . . . . . . - 416, 437
Clinton, of Cumberland Gap . . . . . . . . . . v e s e s e e . -197, 198

470
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Iron Ore, limonite, from Trigg county; compesitionof . . . . . . . . 420,421, 436
limonite, of Clinton Group, Bath county, analysisof . . . . . . . . .. 16

of Graysoncounty . . . . . . . . . .. s v e s wew e aea o83 163, 254
Iron Ores, black band, Lawrence county - + + « « 2 2« o« « o » s = « « « . 280, 28]
carbonates . . . . . . . e s m s s e s n s s e e se s s218, 217
general results of analysesof . . . . . . .. e s mopo mu e v 1
(Limonite ores) from Lyon county ; mmpos;tmn uf « 86 e s e« s =407, 436
Limonite of Bathcounty . . . . . . . . . t s s s s s s e == 198t0 200

of Bovdcounty . . . . . . . . . .. « s s s s s e 17, 216, 217

of Butlercounty,analyseBof . . « ¢ ¢ ¢« « ¢ ¢« ¢« ¢ ¢ 2o s 0 2 2 ¢ 0 ¢« . 31

of Carter county, analysesof . . . . + ¢ ¢ 4 ¢ v 0 6 0 0 0 v 0 v 0 0 .. 49

of Edmonson county - i & 4 5 4 o i v v 4 % a4 v & e w 64, 162, 241, 242

of Estillcounty . . . .. ... ... O M B e W B8 08 243, 244

of Greenup county, analysesof . . . . . .. v e v e s e e e on e e s o« 106G

of Kentucky, extremes of proportion of iron and phesphorusin. . . . . . 193

Of ION GOMBLY = o v v v w2 muim 5 % o mm % % @ ow e 0ow « s« o« 138

of Muhlenburg county, analyvses of . . . . . EE P S 143
ochreous, Hopkins county, analyses of « & « & ¢« 0 v 0 0 0 R b1
Iron, Pig, extremes of compositionof . .« « o o ¢« ¢« s v ¢ v s o 0 0 o .. . 198
of Batheounty. . . . « o . . ¢ o v s 0 o 0 0 o e a e s e o oa 20010202

of Grreenup county. . . . . s+ s e m s es s e e e o= s s 200to258

of Kentucky, average composition of. . . oW e E s i & oy 18
Irons, Pig . . e e e e e .. 198, 1900 to 202, 217, 218, 256 to 258
Jackson County IZ"ﬂ'I.l‘-l- ok b BB e e a S s e Ee § o« a2 253
composition of black band iron ore from. . . . . . . .. .. . 399, 400, 437
Jessamine County; composition of mineral water from . . . . ... . . 400 to 402
mineral water . . . - . . . . .. G g T 273, 274
Johnson County coals. . . . . « « « . « o o & & s e e oa e e ow . 204, 205
“ Kaiser-quelle " at Aix-la-Chapelle ; composition nf the. « < . « « + = . 308, 367
Eoolin, Indinnm: - . ¢ & & 5 2 i ¢ % % svw o o & s & o % % ow wie e « 344, 345
Kenton County silicious grit, cl-uﬂ marl-.r shnlen ami hmestones . 132 to 135
Furnace, limestone lux used at. . . . . « « + « . . . oh oo 105
Furnace, pig iron, analysisof . . . . . o 4w m ETMEA E S . . 116
Kentucky natural resources. . . . . . . « . . . - 3 e E . 190, 191
Kidney iron ore. . . . . . o e W W e N 111, 112
Knox County ferruﬂmous IImEﬂtlJl‘].ES and &olls CooE o ovES W ow W OGEE . 27310 278
Lambertiron ore. . . . ¢ « 4 ¢« 4 s o s 4 s e m s e a s a e s oa s i @ w08
Laurel County soils. . . . . . . . . .. .. “ v ow s o= . e e .. 278to0 250
Laurel Furnace pigiron. . . . .+ « « « « =« « « = = + = « « = i wvi o o 200y DDB
Lawrence County black band iron ores, coals, limonite ores, &c. . . 280 to 283
coalsand ironore. . . . . . . . . . 00 e s . . . TEEE =X 135 to 137
Lead, metallic, Henry county - . . - . . . « + « « =« - . e s e e e on 265
ore (galena) from Harrison county . - . . . . . . e e e . - 397, 398

ore (galena) Royal mines, Livingston county . . . . . . . e s e e e e .. 137

ore of Caldwell county, analysisof. . . . . . . . . . . v e e e .. 34

ore of Henry county . . . . . R EE Y R EE . AR A
LeeCountycouls. . . . . . . . & v o ¢« v s s s s = s s+ = & .« 283, 284
Leitchfleld marls. . . . . . . . . o &« & « & iR W R N e R 250, 255
Lewis County soils. . . . . . SR w e e e e W er e W om W e @SBy SR8
Lime of Fayette county (blue llmeslune}, analysisof. . . . « .« .. ... .. T1
. 141

(quick lime), of Montgomery county. . « « « « « « « « & o
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Lime,useof,onsoils . . .. .. . .......... 70 71

Limestone (blue amllamus}, Ke::tnn county, analysisof . . . . . . . .. . 134

blue, of Campbell county, amalysisof . . . . . . . . . . . . ... ... 42

Ferruginous, Knox county . . . . . . . . . . . o e e @ o3 275, 276
Ferruginous Magnesian, of Chalyvheate Springs, in Eath county; composi-

o ed: o & w0 owow w e e W E e & w e e e e e s e s - 369, 370

Lower E:llurinn. Henry muntv D P ‘e omom A . 266

Kenton county, nseful in agriculture. . . . . . . . . . . . . .. ... . 135

magnesian, Bourbon county, analysisof . . . . . GO W e NG W LR 155

Muhlenburg county, used at Airdrie Furnace . . . . . . . . dOEh O 144

ores, limonite ores . b e . s s a5 s s w oaow 108, 112

ores of Carter county, anahseuuf D T T T T .49, 50

phosphatic, of Favettecounty. . . . . . .« o ¢ ¢ s ¢ ¢ ¢« o =« . . . 198
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