Historic, archived document

Do not assume content reflects current
scientific knowledge, policies, or practices.



1

U. S. DEPARTMENT OF AGRICULTURE.

FARMERS BULLETIN No. 14.

FERTILIZERS FOR COTTON.

BY

J. M. McBRYDE, Ph. D,,

PRESIDENT OF VIRGINIA AGRICULTURAL AND MECHANICAL COLLEGE AND
DIRECTOR OF VIRGINIA AGRICULTURAL EXPERIMENT STATION,

PUBLISHED BY AUTIIORITY OF THE SECRETARY OF AGRICULTURE.

\ Iz WASHINGTON:
GOVERNMENT PRINTING OFFICE,

1894.






LETTER OF TRANSMITTAL.

U. 8, DEPARTMENT OF AGRICULTURE,
OFFICE OF EXPERIMENT STATIONS,
Washington, D. C., March 6, 1894.

Sir: I have the honor to transmit herewith for publication as a
Farmers’ Bulletin an artiele on fertilizers for eotton, compiled by J. M.
McBryde, PH. D., from accounts of experiments earried on under his
direetion for several years on the farms of the South Carolina Ixperi-
ment Station, Ttis believed that the wide eireulation of this informa-
tion in the Southern States will do mueh to prevent unneeessary
expenditures for eommercial fertilizers, which now constitute a great
burden on the eotton planters,

Respectfully, A O
. C, TruE,

Director,
Hon. J. STERLING MORTON,
Sceretary of Agriculture,






CONTENTS.

Page.
Tntrodnetory ..oceeiiriniii it R 7
Does cotton roquire potash, phosploric acid, and nitrogen?.......... B 7/
Proportions and amounts of potash, phosphoric acid, and nitrogen required.. 10
o171 10
Phosphoric acid e e e e Ll
D 100« 11
Double doses of two constitnonts.......ccieeeeiiieeiiieeianeaencecans 12
Double doses of the minerals ......coceeeeoeeiiitiiniiieeeacnnneacs 12
Doublo doses of nitrogen and potash ... ... it iiiiiiiiiininenannn. 12
Double doses of nitrogen and phosphoric acid......cooiiiiiiiaianaans 13
Doublo doscs of throe constitnonts ........cceeceeeeenenaa... o SO eTe 13

In what forms can potash, phosphoric acid, and nitrogen be most effectively
L0 1) 1 LT P 14
Potassio MANUTES . oot it ittt ie it eitecitecere e anen 15
Phosphatio manures ......... ittt et cie e 16
Nitrogenous MANUTES «..vt vttt it ciee e ee e e e cteeeenecnannann 18
Caleareous MANUTES . .. vo e ittt ieteeataecnantaceoeannecnaeecsnascsenensnnns 20
D0 T 03 70 ¢ (13 2 1 e 22
The best time for applying nitrate of 8oda.cveevmeevieviioiiiiiiiiiinea. 23
Methods of applying fortilizers.....ooeveincemnoee il 23
Theoretical and actual yiold of lint per acre........ ... ... .. .... 24
{07311 0 LT 173 oV T 26
Practical applications ciceceeeecerersececceroeracecearacceansaonaenacnnnnn : 28



LE]



FERTILIZERS FOR COTTON.

INTRODUCTORY,

We have reason to believe from extended observation and experience
in the field that hundreds of thousands of dollars are annually wasted
by farmers in the lavish and injudicious application of fertilizers on
cotton. In soils abounding in potash, potassic fertilizers, such as kai-
nit, muriate of potash, ete., are often nnuecessarily applied at a eost
amounting to 84 or 85 per acre. It is espeeially timely at this season,
when the farmers are about to plant their erops for the year, to discuss
the manurial requirements of eotton, and to give in condensed form
the results of earcful and long-continued experiments bearing direetly
upon this question. The subjeet i8 so broad as to require subdivision.,
It will, therefore, be discussed nnder the following heads: Does eotton
require potash, phosphorie aeid, and nitrogen? If so, in what amounts
and in what forms? Does it need lime? Will copperas prevent its
rnsting? At what time or times should nitrate of soda be applied?
How should the fertilizers be applied?

DOES COTTON REQUIRE POTASI, PHOSPIIORIC ACID, AND NITROGEN?

It is now lheld that potash, phosphoric acid, and nitrogen are the
three most iimportant constituents of mannres, and the only ones gener-
ally ealled for by soils. In most soils there is a snffieiency of the other
clements of plant food—snch as limme, magnesia, soda, sulphur, iron,
ete. In a limited number, lime is sometimes defieient. It can, how-
ever, be casily supplied by cheap forms of caleareous manures.

In beginning experimental work bearing upon these questions a few
years ago, when direetor at the South Carolina Experiment Station, we
had little in the way of published information to guide us. 1t was gen-
erally believed that cotton required phosphorie acid, but opinion was
divided as to the importance of potash and nitrogen. In deciding upon
the anmount of each eonstituent to be used in our tests several courses
were open to-us: To take arbitrary ammounts of eaeh; to aecept the per-
centages of the ammoniated aeid phosphates offered for sale in our mar-
kets; or to employ the amounts contained, according to analysis, in a
erop yielding a given weight of lint per acre. The last was preferred
as offering a convenient working hypothesis, with the full knowledge
of the fact that in determining the manurial requirements of any erop
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analysis is not an infallible gnide. It was eonsidered better, how-
ever, than a mere rule of thumb,

We found, to our disappointment, that the pnblished analyses of the
parts of the eotton plant were, with the exception of thoseof the seed,
all old and probably unreliable. Ve were obliged to use them in lieg
of anything better, but began at once an elaborate series of aualyses
and deterininations of our own,

Aeccording to theold analyses, the plants of a erop of cotton yiclding
300 pounds of lint per acre contain 52 pounds of nitrogen, 26 ponnds
of phiosphorie acid, and 48 poundsof potash, Theseamountsweassinned
to be the full applieations or doses required to produee a erop giving
300 pounds of lint per aere. Whero not otherwise stated, these amonnts
were supplied as follows: The nitrogen by 330 pounds of nitrate of soda
(eontaining 16 per eent of nitrogen); the plhosphorie aeid by acid phos-
phate (eontaining 16 per eent of phosphorie acid—abont 15 per cent
available and 1 per eent insoluble); the potash by muriate of potash
(eontaining 50 per cent of potash).

Inthe following pages the fnll dose of any constitnent is eonveniently
represented by thie numeral 1 placed before its name; 1 nitrogen, for
example, means 52 pounds nitrogen (furnished by 330 pounds of nitrate
of soda, ete.), 1 potash means 48 ponnds of potash, ete. Smaller or
larger amounts are expressed in the same way: 2 phosphoric aeid
nteans a double dose or 52 pounds of phosphorie acid, § potash means
the Lalf dose or 24 pounds of potash, ete.

Several plats were left unfertilized, some received only one eoustit-
uent, others reeeived two constitnents, and others, again, all three con-
gtituents, The full dose of a eonstituent wasused in every ease. Eaeh
test was eontinned on the same plats from year to year. Every test
was carefully dnplieated, the two plats being separated from each
other in the experimental ficld by cousiderable intervals.

The station had two farms, sitnated in different sections of the State.
Every test was separatcly made at caeh farm and earefully repeated
for three years. This duplieation and repetition gave us valuable data
for verifying and eorreeting resnlts. The missing plants in every plat
were earcfully determined and allowed for in ordcr to reduee the plats
to a uniform stand. By closc observation tlie amonnt of error ineident
to the work—errors dne to differences in the meehanical and chemical
eondition of the soils in thie plats employed and nninerous aeeidental
eanses—was aecurately determined. This error averaged 430 ponnds
of lint eotton per acre for the three farms in 1888, 432 pounds in 1889,
and £32 pounds in 1890, making an average of +31 pounds for the
three years.

From an examination of the soils of the two farms and inquiry as to
their history it was assnmed, at the beginning of onr tests, that the
particular soils to be experimented on wounld give, without manures of
any kind, about 50 pounds of liut per aere. Tho results showed that
the unfertilized plats, thoronghly prepared and cultivated, gave some-
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what better returns than this, The soils seleeted were very thin, being
greatly exhausted by years of improvident tillage,

The agreement in the results of the tests on the two farms is so
remarkably elose as to show the eontrolling inflnence of the plant, and
therefore to justify us in using the eombined averages of the two farms:

Combined annual average yields of lint per acre on two farma for three years,

I -
. Average
TFeortilizer. 1888, 1889. 1890, of three
years.
Pounds. | Peunds. | Pounds.| Peunds.
Pofertilized coeeeeeienis caeeaietiiiiiiiiiaaiiattitaneenianaan 83 73 85
Tertllized with—

OBAB R e e e e oo e ceeccoetettcactestesctestettacccaanaanans 120 83 01 28
Phosphorfe acld ....coooiieiiiiiiiiiil 108 156 154 159
Nitrogen .ccceeneanncaieccacanaacssacenan 109 73 114 99
Potash and phesphoric acid . 191 192 | 171 185
Potash and nltrogen........... - 180 161 168 170
Phosphorie acid and nitrogen.......... 203 206 240 216
Potash, phespheric acid, and nitrogen 288 318 359 318

Taking the averages of the nufertilized plats as unity, the eompara-
tive average results of the several applications for the three years ean
be conveniently shown as follows:

Comparative average yields of lint for threc years,

o i Upper | Lewer Twe
Fertiifzer. farm. farm farms,
Tnfortilized. .o s ceeeecaca it ciiitatteseeat et tacanetaccaaaaaan 1.00 1. 00 1. 00
Fertilized with—
Potash - 0.96 1.31 1.14
Plospheric acid . 2,00 1.78 1.89
Nitrogen .. ....... - 1.58 0.83 1,20
Potash and phespl . 2.19 2.16 2.17
Potash and nitrogen ...... . 1.93 2.05 1.99
Phosphoric acid and nitrogen......... 5 2,74 2.40 2.54
Potash, phoaplorie acid, and nitrogen .......cocciaiiiiiaiiaiaa... | 4.02 3.52 3.77

The combination of potash, phospliorie acid, and nitrogen gave an
average inerease, as compared with the averages of unfertilized plats,
of 300 per cent at the upper farm and 250 per eent at the lower, and
an average yicld of about 100 pounds more lint per aere than any eom-
bination of two of these materials. The figures leave no doubt as to
the importanee of potash, phospliorie acid, and nitrogen to eotton.

A careful study of the detailed results of the tests may be condensed
into the following table, which shows the gaiu in pounds of lint per
acre afforded by adding auy oune eonstitneut to the unfertilized plats,
or to either of the other eonstitueuts, or to both:

Increase in yield of lint per acre from applying each of the fertilizing constituents alone
, or combined with the other two.

N I U N Ty e

ertilizlng constituent nfertil. *hoapho-|ys and phos- litpo. Tl ac
added. fzed. Potash. rie nAI:)l'd. Nitrogen. phorie and g‘l’tm land nitro-

l acid, geu- goen,

1 1

Pounds. | Pounds. | Pounds. | Pounds.

Potash,oo.iieeieniennenees 3 %0 PR RO 1
Nitrogen vevoreeeel 138 s
Thosphorio acid |oacessacas 158 l ..........

1]
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Tt will be seen that the nitrogen gave better results than the Dotash,
and the phosphorie acid better results thau the nitrogen. Taking the
combined average of the eombination of any twe of the constituents as
oue, the effect of adding the third may be expressed as follows: Pot.
ash 1.47, uitrogen 1.72, phosphorie acid 1.87. Itis eclear fromn these
figures that phosphoric acid was of greater relative importance to the
cotton evop than uitrogen, and uitrogen of more importance than potash,

PROPORTIONS AND AMOUNTS OF POTASH, PIIOSPHORIC ACID, AND
NITROGEN REQUIRED.

Our applicatiens, it will be vemembered, were intended for a erop
yielding 300 pounds of lint per acre. \\'lule the results of the foregeing
tests leave no doubt as to the importanee of potash, phosphorie aeid,
and nitrogen, it does net ueeessarily follow that the amounts supphed
weve the rln'ht enes. The full or theoretieal dose may well have been
teo small on the oune haud or too large on the other, In order to deter-
mine this point other series of experiments were eavried on in whieh
different ameunts of each eonstituent were employed. In one scries
different ameunts of potash were used with full doses of the other con-
stituents; in anothev sevies the phosphoric acid, and in a third the uitro.
gen varied, the other two remaining the same. Tor eouvecuience the
twe eonstituents remaining fixed (as to amounts used) in a series may
be called the eonstants, and the one ehanging the variant. Iun stating
the results the average yield of lint per acre for the twe farms for the
three years is given.

POTASH,

In this sevies phospherie acid and unitrogen were thio constants and
potash the vaviant. Full, double, and half doses (48 pounds, 96 pounds,
aud 24 pounds) of potash were tested, with full doses of phospheric
acid and nitrogen, with the following results:

Pounds.
b 11 ) 329
Ipotash.. oo e eeeeeaas 318
B 111 717 294

Tt will be seen that the double dose gave ouly 9 peunds more than
the full dose, and the latter enly 24 pounds more thian the half dose.
The average probable evror for the two farms amouuted te 431 pounds
of lint per acre. 1t appears, therefore, that the several amounts gave
abeut the same average results. It has already been mentioned that
the potash in this series of tests was supplied by wuriate of potash. In
auother series—avhich will be discussed later on—undertaken for the
purpose of determining the velative values of the several kinds of pet-
assie wmanuves, different amowts of potash were also tested in the form
of kainit and snlphate of potash., The full dose of potash in the kainit
gave 331 pounds and the half dose 332 pounds; the full dose in sulphate
of potash gave 322 pounds and the half dose 295 pounds, With kainit
there was a difference of 1 ponnd in favor of the half dose; with the sul
phate of potash, a differcuee of 37 pouuds in favor of the full dose.
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The results of tho one series strongly snpport those of the other, and
we must, theretoro, conclude that the full and double doses of potash
were excessive.

PILOSPIIORIC ACID,

In thisseries potash and nitrogen were the constants and phosphoric
acid the variant. I'nll, double, and half doses (26 pounds, 52 pounds,
and 13 pounds) were tested together with full doses of potash and nitro-
gen. The phosphoric acid was supplied by acid phosphate.

Pounds.
2 phosphioric acid . ceeeviiint it i e i ree e eeeaa 386
1 phosphoric acid cuonen oot i 398
$ phosphoric acid ........oooooLlLL s 217

The mean differonco between the averages of the doublo and full
doses was 6S pounds for tho two farms. The difference between the full
and half doses averaged 41 pounds for tho two farms, Inercasing tho
doso by 100 per cent seems to have been attended with a correspond-
ing inerease of from 65 to 75 pounds of lint. Indeed, increasing the
amount of phosphoric acid prodnced marked offects at tho two farms
both in this scries and in another series of experiments with different
phosphatic fertilizers. In tho latter scrics the full doso of phosphorie
acid in reduced phosphato (see . 16) averaged 44 pounds moro lint than
the hialf dose for the two farms, It follows, thorefore, that double doses
of phosphoric acid can be advantageonsly employed,

NITROGEN,

In this series nitrogen was the variant and phosphorie acid and
potash the constants. As nitrogen is tlle most expensivo constituent
of fertilizers, it was thought advisablo to test it in several different
proportions, with full doscs of tho others. The nitrogen was supplied
by nitrate of soda. The full doso amounted to 52 pounds.

Tounds,

R 3 4 o ) P 269
B 11 e < 257
L DirOgem. e e 318
B N0 e 316
B T 0 269
B o 438D 232

The closc parallelism between tho results of the tests at the two
farms was remarkable, It will bo scen that the full and three-qunarter
doses pnve almost exactly the samo combined averages-—318 pounds
and 316 ponnds, respeetively—and better resnlts than tho heavier
doses, which probably lowered the yield, as compared with tho full dose,
by inducing too Inxuriant a growth of stemn and folage, or what is
eommonly known as weed. The half dose gavo exactly the samo yicld
a8 the donblo dose. Redueing tho doso by more than 50 per cent
unistalkably diminished tho yield, as will appear from a comparison
of the averago of tho full and quarter doses. As compared with tho
qnarter doso, tho half dose docs not show an increase suflicient t6 mako
up for its additional cost. That the full dose of nitrogen was exeessive,
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as compared with the half dese, alse appears frem the results of anether
series of experiments with different nitrogenous manures in which fulj
and half doses of nitregen were employed. In that series the half dose
ef nitrogen in dried blood gave 6 pounds more lint than the full dose,
in the eetton-sced meal 33 pennds mere, and in the ground eotten seed
7 pennds mere.

It fellows, therefore, that the three-quarter, full, ene aund one half,
aud donble doses were exeessive, and that the difference in favor of
the half dose as compared with the quarter dose was not safileiently
large te meet its additienal eost.

The results ef the preceding tests taken together show that & erep
of cotton yielding 300 ponnds of lint per aere requires dounble the full
er theorctical amonnt of phosphorvie acid, but only abeut one fourth to
one half the full amounts of potash and nitrogen.

DOUBLE DOSES8 OF TWO CONSTITUENTS,

In all the foregoing series of tests exeept ene, two of the eeunstitn.
ents were constants, while the third was inereased er diminished. It
was decemed advisable, in order to test the effect of increasing the
amounts of the two minerals (potash and phosphorie aeid), er nitrogen
and one mineral, to earry on another series in which one eonstituent
shonld be taken as the constant and the other twe as the variants,
This series was also inteuded to be a ehieck upou those diseussed above,
To present the results more clearly, the donble doses ef the two eou-
stitnents will be compared with the double and also with the single
doses of eaeh.

Toundls,
1 potash and 1 phosphoric acid...... et e eeceeianciaaeeaann 318
2 potash and 1 phosphoric acitl..oooiiiiiiiii i iiiaien s 329
1 potash and 2 phosphoric acid....cieeiiiaiiiniiirininiiivannns 336
2 potash and 2 phosphoric acid ..o oiiiiiiiiii iiii ittt i 358

(1) Double doses of the minerals.—In the tests under this head the
full dese of uitrogen was nsed in each case aud is, therefore, not men-
tioned in the eemparison. In this and the two fellewing statements of
resnlts of yicld ef lint per acre the first three tests are taken from the
preeeding series.

It is evident that doubling both minerals gave no better retnrus than
doubling only the phosphorie acid, for the difference between the aver-
ages of the two applications did not exceed the probable error at either
farin, Their benefieial effeets as compared with these of the other two
were deubtless due in beth eases to the inereased dose of phosphorie
aeid.

(2) Double doses of nitrogen and potash.—In these tests phosphoric
aeid (full dose) was the constant,

Pounds.
1 nitrogen and 1 potash . ... ..ttt 318
Initrogenand 2 potash ... iiii i it cer e 329

2 nitrogen and 1 potash 269

2 nitrogen and 2 potash .. ..oi it il i it iee cieeaaes 268
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Double doses of nitrogen and potash gave almost exaetly the same
results at eaeh farmn as the full or single dose of nitrogen, and both
applications were inferior to the first two, in whieh single doses of nitro-
gen were used. Here, again, there is evidenee of the injurions effects
of excessive doses of nitrogen. The fruit reqnires phosphorie aeid.
The heavy growth of weed indueed by the exeessof nitrogen eonsumnes
g large part of the phosphorie acid, when it is present in limited
amouuts, and the supply fails before the plant has perfeeted all its fruit,
The unseasonable growth is also generally eheeked or destroyed by
cold weather. It follows from this that whenever heavy amounts of
pitrogen are employed the phosphorie aeid should be correspondingly
increased, This statement is borue out by the results of the next tests,

(8) Doublc doscs of nitrogen and phosphoric acid.—Potash (full dose)
was the coustant. The yield of lint per aere was as follows:

1 nitrogen, 1 phosphoricacid.cceesoieeininiiiiiiiiiic i iieeaennnn 318
2 nitrogen, 1 phosphoric acid.coeeeoee e it i e e 269
1 nitrogon, 2 phosphoric aeid..cceo oo il e 386
2 nitrogen, 2 phosphorio acid..cooeieis iiiiiiiiiiiiene cenaeann 403

The differenee in the effeets of the double dose of nitrogen when
combined with the double dose and the single dose of phosphorie aeid
is very striking and abundantly eonfirms the point made above. The
double dose of phosplhorie acid gave about the same eomnbined average
a8 the double dose of nitrogen and pliosphorie aeid. Both show de-
cided gains as eompared with the applieations eontaining single doses
of nitrogen and phosphorie aeid.

The eonelusions drawn from the results of the experiments diseussed
under the preeeding heads are still further strengthened by the results
of this series of tests.

DOUBLE DOSES OF THREE CONSTITUENTS.

The point may be made, Would not doubling all three eonstituents
give better results than doubling any two of them? Our tests answer
it as follows:

YTounds,
1 potash, 1 phosphorie acid, 1 nitrogen . .cevveeieecinemecaciencnas 318
2 potash, 2 phosphorio acid, 2 nitrogen ..o oiieiiiiiiai it e 320

On eomparing their eombined averages it is apparent that the two
applieations gave about the same resnlts. It will be asked, Why did
doubling all three eonstitnents fail to show any inerease, wheu doubling
the phosphorie aeid, or even the pliospliorie acid and nitrogen, was of
such decided benefit to the crop? It can be replied that the exeessive
applications of potassie and nitrogenous salts (muriate of potash and
nitrate of soda) probably aeted injuriously upon the erop, espeeially in
the early stages of its growth, and thereby neutralized the benefieial
effects of the pliosphorie acid. The defieiency of the soils in vegeta.
ble matter seriously affeeted their relations to heat and noisture and
unfitted them to respond to heavy applications of commereial fertilizers
or ehemieals,
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In their advoeacy of the intensivo system of farming some go so far
as to claimn that ¢ donbling the manuare will double the crop.” No amount
of food will fatten a very lean animal in a few weeks’ time. And s
with an impoverished soil. It can not be forced into immediate fertility
by lavish applications ot eommereial fertilizers. Its mechanieal cop.
dition—its physical properties—must be improved by thorough tillage
and the addition of vegetable matter. The results of the foregoing
experiments show the neeessity of caution in tho use and application of
manures, for they malke it clear that with a given amount of phosprorie
acid only eomparatively small doses of potash and nitrogen were needed
and that all amounts ot potash and nitrogen in execess of these doses
wero simply thrown away.

It will bo of interest to comparo with the above test another in which
doublo doses of tho three constituents were employed in eonnection
with vegetable matter. Six tous of good stable manwre supply the
full or theoretical doses of tho three constitnents, together with a large
amount of humus., Twelvo tous will furnish double doses of the thiree.
Theso two amounts wero tested in tho series of experiments with nitrog-
enons manures to bo disenssed later on, Their averago results of
yield of lint per acro may be given here as follows:

Pounds,
1 potash, 1 phosphoricacid, 1 nitrogen (stable manure)............ 392
2 potash, 2 phosphoric acid, 2 nitrogen (stable manure)............ 462

Comparing tho combined averages of stablo manuro and the com-
mereial fertilizers it will be seen thiat in the former the single doses
of tho three constituents gave 74 pounds more lint and the donble
doses 142 pounds more than tho eorresponding doses in the latter.
The difference in favor of the stablo maunuvo is, in large part, attribut-
able to the beneficial effeets of its hmmus, Comparing, next, the com-
bined averages of the two applications of stable manure wo find that
doubling tho dose, so far from doubling tho crop, only gavo an increaso
of 70 pounds of lint. Tho increase was by no means commensurate
with the increased cost of the application. The vesults of our tests are
not opposed to the judicions uso ot liberal amounts of manures, bnt
only to their lavish and unintelligent employment. Tho enrichment of
an impoverished =oil is the work not of months but of years, and it can
only bo economically accomplished in enr climate by turning under green
crops and othoer forms of vegetablo matter in councetion with applica-
tions of fertilizers.

But itmay bo claimed that heavy applications of fertilizers are cumu-
lative in their effects and willy therefore, pay in tho long run. Our
obsecrvations, covoring & period of throe years, showed that this was
not tho caso at our farms.

IN WITAT FORMS CAN POTASI, PIIOSPITORIC ACID, AND NITROGEN DE
MOST EFFLCTIVELY SUPPLIED?

Numerous kinds of potassie, phosphatic, and nitrogenons manures
are now offered for sale in our markets. Under the first head are gen-



15

erally classed wood ashes, cotton-seed hnll ashes, kainit, sylvinit, muri-
ate of potash, and sulphate of potash; under the second, floats, basie
glag, bone meal, boneblack, dissolved boneblack, acid phosphate or
guperphosphate of lime, and phosphatie guanos; nnder the third, sul-
phate of ammonia, nitrate of soda, dried blood, fish serap, tankage,
cotton-secd neal, and guanos. When the variety offered is so great
the deteninination of the relative valmes of the several kinds in each
class becomes a matter of importance.

Our tests were counfined to the kinds commonly nsed in the Sonth,
The experiments included tests of potassic mannres, tests of phosphatie
manures, and tests of nitrogenons manures. In each series equnivalent
amounts of the several fertilizers were nsed, that is, amonnts furnish.
ing the same number of pounds of the given constituent. The per-
centage of potash, phosphorie acid, or nitrogen in the kinds tested was
determined beforchand. Care was taken to use liberal amounts in order
to allow for possible loss in their handling or application. Itisknown
that nitrogen, phosphorie acid, and potash are more available (to the
plant) in some forms than in others. In order to determine this point,
as well as to check the tests of the preceding series, two amnounts of
cach fertilizer were employed—one containing the full and the other
the half dose of the given constitnent.

POTASSIC MANURES,

Three kinds of potassic manures were tested——muriate of potash,
containing 50 per cent of potash, sulphate of potash containing 37 per
cent of potash, and kainit containing 12 per cent of potash. Equiva-
lent amonnts of eachwereemployed. Thecostof the potashineach kind
will be given later on; here we are only concerned with their effects
upon the crop. The full doses of phosphorie acid and nitrogen were
supplied, as in the preceding serics, by acid phosphate and nitrogen,
These two being the constants are omitted for the sake of clearness in
the statement, The effects of the full dose of potash in the three (potas-
sic) fertilizers will first be compared.

Pounds.
Muriate of potash coiie ittt i i it e 318
Sulphato of Potash.cee et ieimei ittt ciiiriiiieieaei e aieens 322
Kaluit.. . crocoonreenamance concue e omais serere as crrernne s aBreT T e e sETe T 331

The agreement in the combined averages of the three applications is
very close.

It may be objected that potash is possibly less active in some one or
morc of the salts and that the amonnt of the fertilizer nsed will there-
fore affect its results. Tomeet this point, equivalentamonnts supplying
the half dese of potash were also tested with the following results:

Poands.
Muriate of potash. cove corneiiiiii i i ei i 269
Sulphnte of POtash. ... vuoir i iiiiiriaioet ettt oiiiiraanas 295

4 332
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The agreement in the combined averages is again elose, for the dif.
ferenee botweon those of the kainit and tho sulphate does not exeeed
the probable error.

It follows from these results that the three kinds may be indifforontly
used for supplying the required dose of potash.

These tests were also intended to cheek those of tho preeeding
series, Their results were referred to nnder that head and it will be
sufficient to givo hero only their eombined avorages,

Cumbined average yicld of lint per acre for three years,

Fertilizer. Muriate | Sulphate Kainit,

of potash. | of potash.
— N IR -
Pounds. Pounds. | Pounda.
B 1] € T T 318 322 33

30 L T T 204 205 | 332

In each case the half dose was practieally as effeetive as the full

dose.
PHOSIPIIATIC MANURES,

Experiments with phosphatic mnanures aro not as simple as those
with potassie. Whatever may be true of potash, it is eertain that some
forms of phosphorie acid are mnore soluble, and heneo more available
to the plant, than others. In acid phosphato, dissolved boneblack, ete,,
the phosphorie aeid is readily solublo; in redneed or preeipitated phos-
pliato it is slowly solublo; in basie slag, floats, eoarse bones, ete., it is
insolublo (in water or weak acids). Our experiments bear upon the
relative values of these three classes of phosphatic mannres,

Three forms of pliosphorie acid are recognized by tho fertilizer con-
trol stations and have different money values assigned thein—the
soluble, the reverted (slowly soluble), and the insoluble. The first two
aro gonerally classed togethor as available. Thero is great difference
of opinion as to the relative agricultnral valno of these threo forms.
TFor a time it was held that to bo of value to the plant phosphorie acid
must be readily solublo, honco tho slowly soluble form was held to be
of little account, Afterwards it was diseovered that the soluble form
wlhen applied to the soil was preeipitated by its bases, suel as alumina,
iron, ete., and eonverted into tho dicalcic ov slowly soluble form, also
ealled the rodnced or reverted. Some eontend that the precipitated or
reverted aeid is, for this reason, as available to the plaut as the soluble.
It is replied that the solubility of a fertilizer is largely determnined by
its fineness of division, and, grauting that the soluble aeid is imme-
diately dissolved by the waters of the soil and preeipitated, this solu-
tion and subsoquent precipitation secures a thoroughness of distribu-
tion and fineness of division that ean not be effeceted by meehanieal
means. The advoeates of the reverted aeid nrge, however, that the
soluble form is often taken up by the crop before it is precipitated and
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that its acidity is injnrious to the plant. In favor of the basie or
insoluble form it is asserted thatit is gradually dissolved by the reagents
of the soil and rendered available and that it is consequently of value
to crops of comparatively slow growth. It is of interest, therefore, to
colleet data bearing npon these points,

All thiree forms of pliospliorie acid were tested at the two farms. The
soluble form was supplied by acid plhosphate eontaining 16 per cent
total phosphorie acid (about 11 per ecent soluble, 31 per eent reverted,
and 13 per eent insoluble), Thereverted form was supplied by reduced
phosphate. This was made by mixing aeid phosphate and floats in the
proportion of 2 pounds of the fornter to 1 pound of the latter and
allowing the mixture to stand for some weeks until the soluble phos-
phoric acid was precipitated, The reduced phosphate eontained 19.5
per cent total phospliorie aeid (about 10 per cent available, the rest
insoluble). The insoluble formn was supplied by basic slag, eontaining
215 per eent phospliorie aecid, and also by floats, containing 26.5 per
cent phosphorie aeid. It iselaimed for the slag that its phosphorie aeid
is more easily rendered available by the solvents of the soil than other
insoluble forms. »

The aeid phosphate contains, in addition to its phosphate of lime, a
large amonnt of sulphate of lime. This sulphate sometimes aets bene-
ficially on eertain soils on aecount of its lime. Henee it is usual in
experiments with different classes of phosphatic manures to have one
or more plats dressed with plaster or snlphate of lime in order to test
the relations of the soil to lime. As we had a series of tests of ealeare.
ons manures running alongside of this one whieh bore on this very
point, sulphate of lime plats were omitted. Sueh amounts of the
different phosphatie fertilizers were used as would supply the full dose
(26 ponnds) and also the half dose (13 pounds) of phosphoric aeid.
These were employed with full doses of potash and nitrogen. Compar-
ing, first, the effcets of the full dose of phosphorie aeid in different
forns, we have:

Pounds.
Acid Phosphate ... oe i ia it et it enieecteaeecaas 318
Reduced phosphate .o oooeii i it iie it i iceieeatarancanncans 249
Foats . it e e i e dareeeecieeciaecaeaen s 204
Basie 8lag . ..o i it iaeiai e 194

The two insoluble phosphates—slag and floats—gave about the same
average results. As eompared with their ecombined averages the re-
duced phosphate shows a gain of about 45 pounds of lint. The aeid
phosphate gave 69 pounds more than the reduced phosphate and 112
pounds more than the floats, It is elear that the results were directly
proportionate to the solnbility of the plosplhorie acid—the more solu-
ble the acid the larger the average yield of lint. The floats and slag
gave no better results than acid phosphate (with soluble phosphorie
acid) and potash withont nitrogen, or acid phosphate and nitrogen
without potash.

17873-—XNo. 14—-2
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Tho half doses of phosphoric acid gavo the following results:

Pounds,
Acid phosphate. ..o. it i i e e cee el 277
Reduced phosphate. .. oooee i i il 203
D ¥ 171
Basic Blag. coveiiieiieiiiieiiieriieiiiiiiiiiiiiiitiies et eeaaa.. 188

The averago results of the half doses agreo very closely with those
.of tho full doses. Tho acid phosphato shows 72 pouunds woro ling
than tlio reduced phosphato and 106 pounds woro than tho floats.

As to the comparative effects of tho full aud half doses it appears that
in the insoluble forms, floats aud slag, ono doso was about as effective
as the other, both being apparently of littlo benefit to tho crop; for
allowanco must bo made for tho nitrogen and potash with which they
wero combined. In tho slowly solublo form, reduced phosphate, the
full doso gave 44 pounds wore than tho half dose; in the solnble form,
aeid phosphate, it gavo 31 pounds moro than tho half dose,

NITROGENOUS MANURES.

Two forms of nitrogon aro recognized by agricultural chemists—
organic nitrogen, contained in matters of vegetablo or animal origin,
such as stablo manure, cotton-sced meal, dried blood, fish scrap, cte.;
and inorganic nitrogen, coutained in mineral matters, such as sulphate
of ammnonia, nitrate of soda, nitrato of potash, etc. In tho following
tests tho inorganic nitrogen was furnished by nitrate of soda, containing
16 per eent of nitrogen, and tho organie nitrogen by dried blood, con-
taining 124 per cent of nitrogen, eotton-seed meal containing 7 per cent
of nitrogen, cotton seed containing 24 per cent of nitrogen, and stable
manure containing 0.45 per cent of nitrogen. Tests wero made of both
ground and unground eotton sced. Mixed nitrogen (about one half
organic and ono half inorganie) was furnished by a mixturo of stable
manuro and nitrate of soda. Cotton-seed meal, cotton seed, and stablo
manunro contain also phosphorie acid and potash. Allowance was
of courso mado for their percentages of theso two constitnents, Equiv-
alent amonnts of tho several fertilizers wore used. Iotash and plos-
phoric aeid (full doses) wero tho constants.

The full doso of nitrogen in tho scveral organic manures gave results
as follows:

Pounds.
SEADIO MANUTO s eer connee cveeeanesancacaccscscascncssanassencnees 392
Dricd DIOOA .« .o ceetteeciaeiececnceaaccacsssecsccasoncecacensan 358
Cotbon-8e6d Meal . . o.vee it cecisaaeeeuscecnccsccacasancnscns 312
Cotton scod (ground) .ocon ciiieiiiiiiniiieteeeceecieactanacanan 286
Cotton seed (whole) ..o iiveieiiiiiiiiininnnne.. e eeecaeeaceaas 275

The stablo manuro gave tho best combined averago and the dricd
blood tho noxt best. Cotton-secd meal and eotton seed gave very
nearly tho samo averages. Tho wholo cotton sced gavo just as good
results as tlio ground.,

Tho full doses of nitrogen in tho inorganic, mixed, and organic forms
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may be eompared by taking as the representative of the latter the
average of the five organic manures mentioned above:

Pounds.
Mixod NItrOgeN . cuveencivmiesceniinccoccececccecccncnncanansncnnn 395
Organic NitTOgen . e oo i i iiiiiiieieeeae. 325
Inorganic NIbrogen oo i e it cerees e aae 318

The mixed nitrogen, as stated above, was furnished by stable mannre
and nitrate of soda, the inorganic nitrogen by nitrate of soda. This
comparison favors the mixed nitrogen, and makes the other two forms
show praetieally the same combined averages. By referring to the
gverages of the organie manures given above it will be seen, however,
that in one kind (stable manure) organie nitrogen gave just tlic same
results as the mixed uitrogen, and in another (dried blood) better
resultsthaninorganic nitrogen; also thatin the otherthree kinds (cotton-
geed meal, gronnd cotton seed, and whole cotton seed) it was about
gs effective as the inorganie form. Itis clear that the stable manure
largely affeeted the foregoing eomparisons. Wherever used its cffeets
were prononnced, and inereasingly so from year to year. Six tons of
stable mannre and 3 tons of stable mnanure mixed with 160 pounds of
nitrate of soda, both furnishing the full dosc of nitrogen (together with
full doses of potash and phosphoric aeid), applied annually upon the
same plats, greatly improved their physieal properties, as will appear
from the following eomparisons of averages for 1888 and 1890:

At the upper farm the stable mannre averaged 236 pounds for 1888
and 387 pounds for 1890; at the lower farm, 377 pounds for 1888 and
536 pounds for 1890. The wmixture of stable manure and nitrate of soda
gave at the upper farm 203 pounds in 1888 and 45& pounds in 1890; at
the lower, 376 pounds iu 1888 and 525 ponnds in 1890, Its cumulative
effeets were marked. It is often impossible, however, for the farmer to
get a suflicieney of stable manure for his entire erop. That a part of
it ean be fully replaced by some other nitrogenous fertilizer clearly
appears from the following: Six tons of stable manure gave 392
pounds of lint per acre; 3 tons of stable manure and 160 pouuds
nitrate of soda, 395 pounds.

1t is evident that 160 pounds of nitrate of soda were fully equal in
its effects to 3 tons of stable manure. Tor similar reasons to those
given under the last head, half doses of nitrogen were also tested,
with the following resnlts:

Pounds.
Dried Bloo. . e o ceeieceieceseccteanecccacaecceaacsasssssasannn 361
Cotton-seed Meal.. cceeeeeens ceeeceecccccacccscccraassaces casannss 343
Ground cotton 8€6Ql «.cueee ceeeenecenncacacacesannsccanaassaansanan 279
Nitrate of 8008 cnene cacne e eaieie ittt 269

The dried blood maintained its superiority. The cotton-seed meal
showed somewhat better results than the ground cotton seed and
nitrate of soda, whieh gave abont the same combined averages.

Leaving out the stable manure,and in the comparison of the remain-
ing mitrogenous fertilizers averaging the results of the full and half
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doses of each kind (taking it as fully established that the two doseg
were equally effeetive), their resnlts may be finalty shown as follows:

Ponnds,
Dried Dlood. oo iieier i eeee ieieieencnneannns eemeesceaeee e 361
Cotton-seed meal oo it ne it ittt iiaseecearreanaaeeana, 327
Ground cotton Beerl . ... ... cieeie ieeeieeeee e caaoneaananan 283
NILTate Of BOA@ oot ereteiaeencrenneennacccaasaencaencnnnncans 293

The dried blooad shiowed the best average results and the cotton-seed
meal the next best. The ground cotton seed and uitrate of soda gave
about the same averages.

It appears from the results of the tests of this series that organie
nitrogen gave better results than inorganie; that of thoe several arganie
fertilizers stable mannre was the best and dried blood the next best,
that the dillerence between the cotton-seed meal and cotton seed was
slight, but in favor of the meal, aud that there was no difference
between the ground and whole cotton saed; also that the inorganic
tforwm, in nitrate of soda, was eqnally as effeetive as the organie form in
eotton seed.

The eomparative effeets of the fnll and half doses of nitrogen in the
differcut kinds of nitrogenous manures were referred to in disenssing
the results of the preceding sevies. They may be given a little more
fully heve.

Combined average yield of lint per acre on the two farms for three years.

| Ground -
Dried Cotton- Nitrate
cotton of suda.

blood. seed mcalI sauil.
|-
Pounds. | Pounds. | Pounds. | Pounds.
Full do86 cevvnereereenrineriecrierecnsecsannns Seeetiennsncnns I 358 312 286 318
279 200

TIalf O8O ceuneenroceroesoesesosesseccosrroncccassecscncnsnns ‘ 304 311

The probable error must be allowed for. There ean be no question
of the equal efficacy of the half dose as compared with the full. The
results strengthen the eonclusions drawn from those of the preceding
series, to the effeet that the half, as well as the full, dose of nitrogen
was exeessive, aud the true amonnt required is to be found somewhere
between the quarter and half dose.

CALCAREOQOUS MANURLS.

Altliongh it is now lield that it is ouly neeessary to return to the
soil nitrogen, phosphoric acid, and potash, yet a soil may sowmetimes be
deficient in lime, and henee ueed ealeareous mauures, Again, some
plants require eonsiderable perecutages of lime, In order to aseertain
whether eotton on the soils of onr farms would respond to appliea-
tions of lime, and also to check our serics of tests of phosphatie fertili-
zors, as explained above, a number of experiments were carried on at
botli farms, alougside of those of this serics. Abundant deposits of
marl, a highly calcareous manure, are found in different parts of the
South. Heuce it was preferred for our tests, The kind used was finely
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ground and eontained 55.4 per eent of lime, together with 2.9 per cent
phosphoric acid and a trace of potash. The dose of lime required by
g crop of eotton giving 300 pounds of lint per acre is, according to the
old analyses, 60 pounds. This amount was furnished by 110 pounds of
mark. It was added to the full doses of nitrogen, phosplorie aeid,
gud potash, with the following results:

Pounds,
1 potash, 1 phosphoric acid, and 1 nitrogen........................ 318
1 potash, 1 phosphorio acid, 1 nitrogen, and 1 luno 4310

In these and several other tests made at oue or other farms the marl
failed to show any beneficial effeet upon the crop.

It was stated that the marl eontained a small pereentage (2.9 per eent)
of phosphoric acid. 'While in the number of pounds required to furuigh
the full or double dosc of lime the amount of phosphorie acid would be
insignificant, 450 pounds of marl would furnish 13 pounds of phos-
phoric acid or half the theoretical amount required, and 900 pounds
would furnish the full dose. The phosphoric acid in marl is insoluble,
In order to supplement the preceding series of experiments with phos.
phatic manures, by testing nmore fully the effects of the insoluble phos-
phoric acid in combination with other fertilizers and when used aloue,
450 pounds of marl per acre were used at the upper farm in combina-
tion with full doses of potaslh, phosphoric acid (in acid phosphate), and
nitrogen (in eotton-seed meal), and 900 pounds per acre were applied
alone at both farms. On thiec upper farm the results were as follows:

Average yield of lint per acre at the upper farm for three years.

Three

1883, | 1889, ‘ 1800 | Conrer
Pounds, | Pounds, | Pounds.| Pounds.
1 potash, 1 phosphoric acid, 1 nitrogen...........ceeeeaeee, 276 352 307 312
Bame, with addition of 450 pounds of MATl eereereiienninnes 261 341 295 299

The two applications gave about the same returns. The average
yields on the two farms for three years in pouunds of lint per acre were
as follows:

Pounda
Unfertilized ..oeeeieeeiieeneoeioetcanauencesneecnseseccesncanennns 85
1 phosphoric acid and 8 limo (in 900 pounds of marl)..........cn.n. 94
1 phosphoric acid (in acid phosphate)...coevaiev i iaiiananans 159

The marl, eontaining eight tines the amount of lime required by the
given crop, as well as the full dose of phosphorie acid in the insoluble
form, gave about the same combined average as the unfertilized plats,
and much poorer returns than the full dose of soluble phosphorie acid
in acid phosphate.

It appears, therefore, from the results of these tests, as well as from
those of the preceding serics, that insoluble phosphoric acid, whether
supplied by basic slag, floats, or marl, is inferior to the soluble plos-
Phoric aeid in the acid phosphate, and of little value to cotton.
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In all the foregoing tests, with a singlo oxeeption, the mart was of no
beunefit to the erop. In the exeeption referred to, its benoficial effeets
were probably dno to its aetion upou the orgauic matters of the soil,
This will more elearly appear from the resnlts of the following testy
made at tho lower farm. In 1888 two plats (duplieates) wero dressed
with 900 ponuds warl each and planted in eotton. Cowpeas were
drilled in between the rows ab tho last working given the cotton, In
the fall, after the cotton was picked ont, the plats were seeded in oats,
In the spring of 1889 the oats were turned nnder, and peas were again
planted withont manures of any kind. In the fall the peas were
plowed nnder and the plats wero seeded in oats. Iu tho spring of
1890 tho oats were tnrned nnder and the plats were again dressed with
900 pounds of marl and put back in cotton. It is well known that cal-
earcons manures act beneficially npon leguminons erops, such as peas,
clover, cte. It was expeeted of this test, first, that the heavy dressing
of marl would greatly improve the several erops of peas and, therefore,
aid in snpplying a large amonnt of vegetablo matter to the soil and at
tlie same time hasten its decomposition; and second, that this vegeta-
ble matter wonld, in its turn, eheaply fnrnish nitrogen to the cotton
crop, and improve tho physieal properties of the soil. It will be
noticed that marl was the only fertilizer used, that tho plats were
in peas withont eotton in 1889 and nnmanured, and that when planted
in eotton in 1838 and 1890 cach reccived 900 pounds of marl per acre.
It will be interesting to compare the results with some already noticed.

Average yields of lint per acre at the lower farm in 1890.

Pouands.

Unfertilized (in cotton in 1888 and 1889, unfertilized each year).... 86
900 pounds of marl (in cotton in 1888 and 1889, with 900 pounds marl

ench FOar) . . i e e e e 71
Full doses of nitrogen, [)110‘11)11011b acid, and potash (1888 and 1889—

same crop and fertilizers). oo i i iare i ceaaas tecaes 392
900 ponnds of marl (1888 cotton with 900 pounds mar!; 1889 peas only

Mnfertilizod) ¢ ovove i i e tee e aeerececcaaeaaee aaes 364

The figures are surprising. While the marl nsed alone was clearly
of no value to the eotton, in eonnection with the vegetable matter of
the peas and oats it inereased the yicld moro than tenfold, and gave
returns uearly equal to those of the full doses of nitrogen, phosphorie
acid, and potash.

Theo tests of this scries go to show that lime in marl, whether used
n small or large doses, is of littlo valuo to cotton in tho abscuee of
organie matter, but that whero this is present it acts beneficially; also
that it ean be used with decided advantago uwpon the pea erop.

EFFECTS OF COPPERAS,

Artieles have been repeatedly published in Southern agricultural
journals asserting that copperas would prevent tho rusting of cotton.
Suel: elaims aro opposed to the opinion generally held that sulphate of
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jron (copperas) acts injuriously in the soil. In order to test them, dif-
ferent ammounts of copperas were applied each year with full doses of
pitrogen, phosphorie acid, and potash, with the following results:

Pounds.
Withont copPeras. i it i iireee ettt st cccaccaaann 318
With 100 pounds of cOpPeras..ccoe e it iiiciricieicienceenenans 283
With 50 pounds of COPPETAS. . ee e e reae e ceicin it cieiaanen 307

It is evident the copperas prodaeed no effect, either beneficial or inju-
rious, upon the crop.

TIE BLEST TIME FOR APPLYING NITRATE OF SODA.

There is considerable differcnce of opinion as to the best time for ap-
plying nitrate of soda. It ean, of eourse, be most economieally applied
with the other fertilizers at the time of planting. It is objected
{o this, that there is danger of the nitrate being washed out of the
soil by licavy spring rains before the crop is sufficiently advanced to
assimilate it. Others hold that it can be more effectively applied in
one or more top-dressings. A numberof experimentsbearing upon this
question were begun at the lower farm in 1889.  The full doses of potash
and phosplhorie acid werein every case used with the nitrate of soda.

Nitrate of soda containing the full dose of nitrogen was applied at
different times, as follows: All at time of planting; half at planting
and Iialf in oue top-dressing; all in one top-dressing; all in two equal
top-dressings.  T'rom the results of the tests it appeared that nitrate
of soda can Lo applied as effectively, and certainly more economically,
with the other fertilizers at the time of planting, as it can in one or
more top-dressings.

METHODS OF APPLYING TERTILIZERS.

In the South the fertilizers used on eotton are generally applied in
the hill or drill before or at the time of planting, Whetler drilling
will, under all eircumstances, give better results than broadeasting is
8 question not yet decided. Our tests boro upon it. Applieations con-
taining Dotlt the full and half doses of nitrogeun, with full doses of
potash and phosplorie acid, weroe tested at both farms, The nitrogen
was furnished by eottoi-sced meal. The applications eontaining the
full dose gave results as follows:

Tounds.
60 1% 1 312
Broadeast coeeieeiecaceccacscccccacssecsancacstoncacaceasencass 303

It is evident that the two applications gave about the same results.
The applications containing the half dose of nitrogen gave results as
follows: '

Pounds.
G 1 ) 343
BroAdeast ceeeee ceeeacen coemae ot tm et ittt airaaa e 245

The difference in favor of drilling amounted to about 100 pounds of
lint per acre at cach farm,
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Other combinations of fertilizers were tested in the same way at the
lower farm. The resnlts showed that where liberal amounts of fertil.
izers were nsed one method was certainly as effective as the other,
bnt where smaller amounts were einployed the tests appeared to favor
drilling.

THEORETICAL AND ACTUAL YIELD OF LINT PER ACRE.

It has been explained that our applieations, wheu full doses were
used, supplied the amount of potash, phosphorie acid, and nitrogen
contained in a crop of cotton yielding 300 pounds of lint per acre,
According to the old analyses and determinations, whieh we were
obliged to fall back npon, this crop is made np as follows: Lint 300
ponnds, seed 600 pounds, leaves 500 pounds, bolls 500 pounds, steins
1,200 ponnds, roots 300 pounds; total 3,400 pounds, coutaining 52
pounds of nitrogen, 48 ponnds of potash, and 26 pounds, of phosphoric
acid, Determinations and analyses wmade by our assistant chemist, J,
B. McBryde, continned for two years and ecarefnlly duplicated and
cheeked each season, showed the above figures to be inaccurate, and
that the crop is made up of 300 pounds of lint, 654 pounds of seed,
401 ponnds of leaves, 575 pounds of bolls, 658 pounds of stems, and 250
pounds of roots; total 2,841 pounds, containing 46 pounds of nitrogen,
39 ponnds of potash, and 12 pounds of phosphorie acid. The two
series differ widely in their amounts of stemns and phosphorie acid, In
other respeets, the agreement hetween them is reasonably elose.

The table giving the results of our analyses and determinations
is of such value in the present connection as to eall for its insertion
here. Tt was first given to the publie in a bulletin of the experiment
stution of the University of Tennessco entitled A Chemieal Study of
the Cotton Plaut.

Fertilizing constituents conlained in a crop of cotton yielding 800 pounds of liut per acre.

Pounds per acre.

Fortillzing conatltuents (al | 1n300 | Inass | Indod | In57% | Iness | Tnzso [Iuzai
4 pounds | pounds | pounds ounds | poands | pounds | pounds
lint, seedl. bolls, eaves. stems. roots. [totalcrop.
Nhtrogon . .ooevevieeaeinnennes 0.72 20.08 4. 50 13.85 5.17 1. 62 45. 94
Thospheric acid, 1,0;. .. 0.18 6. 60 114 2.57 1.22 0.38 12,15
Totash, K4O..ovviviaiaaa. . 2.22 7.68 12.20 6.57 T.74 2.75 39.11
Soda, Nu,0. .. O os 012 0.19 1.61 0,65 0,38 3.0
Lime, Cal) ... 0.40 1.22 3.75 31.57 5.59 1.36 43.95
Magnesia, MgO... 0. 41 3. 26 101 5.73 2.43 0. 80 13.64
Sulphurie acid, SO 0.26 0.84 3.75 3.38 0.741 028 7.25
Insoluble matter. ... 0.08 0.15 114 6.43 0.89 | 0.55 | 9.2¢
||

Confining onr attention for the present to the old analyses, it will be of
interest to inquire as to the correspondence between the expeeted and
nctual results of the applications. As already stated, after examining
the soils of the two farms and inquiring into their history, we assnmed
that they would produce, withont manures of any kind, about 50 pounds
of lint per acre. 1t will be seen from the figures that they gave some-
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what better results than this, their average produee of lint for the three
years amounting to 74 pounds at the upper farm and 96 pounds at the
lower, or an average of 85 pounds for the two farms, The full appliea-
tions furnished amounts of the three eonstituents sufiicient, theoreti-
cally, to produce 300 pounds of lint per acre. Ilenee, the erops shonld
have averaged for the three years 374 pounds of lint at the upper farm
and 396 ponnds at the lower, or 385 pounds for the two farms.

It will be remembered that mixed uitrogen in stable manures and
nitrate of soda, and organie nitrogen in stable nanure, and dried blood,
gave the best averages. Their results may be compared with the above
figures as follows:

Pounds,
Expected Crop ..o eieei it iittat ittt e 385
Stable manure and nitrate of soda.. ...l iiit it iiiieeae... 395
Stablo MANUTO ceve teeeet tee e iisiieeteeecerorecceaseecearaannn 392
Driod BIood. ceuueier i it ettt tet e i acie et c et 385

~ Two of the applications aetually gave the expected averages at both
farms, and the third gave it at the lower.

1t has already been observed that either inereasing the amount of
nitrogen or potash by as mueh as 100 per cent or decreasing it by 50
per cent was without effect upon the crop, but that it quickly responded
to any ehiange in the soluble phosplorie acid. By way of additional
confirmation of this statement, and in order to show the differenece
between the expeeted and aetual results of the several applieations of
commereial fertilizers, it may be well to submit a few imore comparisons.
Excluding, therefore, the stable manure and eotton seed, the average
of the applications eontaining the full doses of the three eonstituents
{the plosphorie aeid in soluble forw), the average of those containing
half doses of potash or nitrogen together with full doses of the other
constituent aud of soluble phosphorie aeid, and the averages of those
containing double doses of potash or nitrogen, together with the full
dose of soluble phosphorie aeid and the full or double dose of the other
constituent, may be compared as follows:

Ponnds.
Expected erop coceeiveceecconnseiacanscicatecaascanscsonecescannes 385
Average of full dose of three constituents.coceeeeeiciaaneaasn.. 328
Average half dose of nitrogen or potash.......coooiiiiiaiaiaaan. 316
Average of double doses of nitrogen or potash or both............. 289

It will be notieed that the three averages fell considerably below the
expeeted or theoretieal crop.

The average of the several applications eontaining double doses of
goluble phospliorie acid, together with full doses of the other two eou-
stituents, or the full dose of one and double dose of the other, eorre.
gponded almost exaetly, ou the othier hand, with the theoretieal average,
a8 appears from the following:

Pounds,
Expocted crop voceeececeeiiienerieeieceaeeececioeisanacanannns 385
Avorage of double dose of soluble phosphorio acid................. 356

The agreement between the combined averages is perfect,
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It is known that fertilizers produce theiv full effeets only in good seq.
sons. Tho tests showed that 1889 was the most favorable of tho three
seasons at tlie upper farm, and 1890 tho most favorable at tleye lower
farm. It may be asked, Iow wonld the comparisons of the actual ang
expected results stand for those years? It is notoworthy that the un.
fertilized plats averaged 86 pounds of lint per acre at tho wpper farn in
1889, aud tho same number of pounds at the lower in 1890. The several
applications wero therefore expected to show 386 pounds of lut per
acro at cach farm for tho years named, Comparing with this five of
the applications containing full doses of nitrogen, phosphoric acid, and
potash, we have:

Average yiclds of lint per acre on two farms.

Upper | Lower
farm, 1889.! farm, 1890,

Pounds. | Pounda.
88

FExpected crop 6 356
Dried blood. . 360 410
Nltrate of sod 348 893
Cotton-sced meal . . 352 355
B G 3 371 408
Sulphate of potanhi. . oottt ittt st 860 875

Whether we consider the correspondenco between tho assumed and
actual yields, between tho results of the samo applications at the two
farms, or between tho results of tho scveral applications at each farm,
the agreement in tho figuves is surprising—closer eould not be expeeted
in worl of this kind. Iu no case docs the differcuee exceed the prob-
ablc crror.

CONCLUSIONS,

Cavefully studied in all their bearings tho results of our tests of fer-
tilizevs warrant the following general conclusions:

(1) Cotton requires nitrogen, phosphotie acid, and potash.

(2) Of the threo, phosphorie acid is relatively tho most important
and controls the action of the other two. It can be used aloue with
somo advantage to the c¢vop, but much more effectively in connection
with potash and nitrogen.

(3) Nitrogen is relatively more important than potash. It can only
be advantageously uscd in combination with phosphortie acid, or phos-
plioric acid and potash.

(4) Potash, like nitrogen, is of little valuo to cotton when applicd
separately; it must bo combiued with the other constituents.

(5) Expressed in terms of the old analyses the proportion aud amounts
of nitrogen, phosphoric acid, and potash required, aro as follows:

Between onoe fourth and one half nitrogen, about 2 phosphoric acid, between one
fourth and two fifths potash.

Or, stated in tecrms of owr later and corrected analyses:

Between three sevenths and four sevenths nitrogen, about 4} phosphorie acid, be-
tween one third aud oune half potash,
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With proper allowanee for the cost as well as the effect of each appli-
eation, tho requirements may bo moro exaetly given as follows: 0.43
pitrogen, 4.16 phosphorie acid, 0.38 potash. In other words, tho
required proportion is, 1 nitrogen, 2} phosphoric acid, and  potash, and
the amounts ealled for by a crop yielding 300 ponnds of lint per acre
are, nitrogen 20 pounds, phosphorie aeid 50 ponnds, and potash 15
pounds.

(6) Tho amonnt of plhosphorie acid determines tho amonut of nitro-
gen and potash; with a given amount of the first, only eertain amounts
of the last two can be profitably used.

(1) Tho amount of phosphorie acid and proportionato amonnts of
nitrogen and potash ean not be indofinitely increased with the expecta-
tion of obtaining a eorresponding inerease in tho erop. The gain in
erop does not keep paee with inereaso of fertilizers, and a point is
speedily reached beyoud whieli this gain is not sufficient to meet the
additional eost of the heavicr applications, The soil ean not be profit-
ably forced; the application of fertilizers mnst bo regnlated by its
mechanical as well as ehiemieal eondition.

(§) Potashh ean bo as effeetively supplied by muriate of potash or
kainit as it ean by sulphate of potash. This is opposed to the viow
which regards the chlorides of the two foriner as injurious, and there-
fore liolds that the higher prieed potash of the latter is to be preferred.
Sinee equivalent amonnts of potash in the threo kinds are of equal
value to cotton, tho ehoiee of the farmer must bo determined Ly their
relative eost. At preseut priees, and espeeially when the matter of
freight is eonsidered, tho potash of the muriate is the eheapest.

(9) Phosphorie aeid is of value to eotton in proportion to its solubil-
ity; henee tlie several kinds of plhiesphatie maunres ean not be indif-
ferently employed. Preference must be given to acid phosphates
tontaining considerable perceuntages of soluble phosploric aeid. In-
soluble phospliorie aeid in slag, floats, or marl is of little direet value
to the erop npon whielr it is applied, and even grauting that its effeets
in the soil may bo lasting, they are not, in tho long run, suffieiently
pronounced to neet the interest oun tho capital invested in the appliea-
tion, Speenlating in futnres is not a safe business. Aceording to the
best agrienltural expericnee of our day, the better plan is to use only
such fertilizors as will meet the demands of the erop upon whieh they
are applied,

(10) Inorganie, organie, and mixed nitrogen are of very nearly equal
value to cotton. The slight difference is in favor of the last two,
Stable mannre containing organie nitrogen is the best fortilizer of its
class, and is lasting or cumulativo in its effects. The organie nitrogen
of stable mannre to the amount of 50 per eent ean be fully replaced by
the inorganic nitrogen of nitrate of soda.

Of the commereiak-forms of nitrogen, among which the farmer has to
thoose, tho organie nitrogen of dried blood is perhaps the best, and at
present prices thie cheapest. As between cotton-seed meal and cotton
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'geed there is a slight difference in favor of the fermer. Whole eotton

sced is as efficacions as gronnd cotton seed. Imorganic nitrogen in
nitrate of soda is about as valuable to cettont as organic uitrogen in
eotton seed or cotton-seed meal.

(11) Used alone or in eombination with cemmercial fertilizers the
lime of marl is of ne direet value te eetton. Mixed with acid phesplate
it may even aect injuriously by retarding or preveuting its solution in
the seils. Applied upon leguminous crops, snch as cowpeas, veteh,
ete., which ave to be turned wuder as a preparation for eotton, its indj-
reet value is great.

(12) Applications of copperas are without effeet upon cotton.

(13) Nitrate of seda shonld generally be applied with the other fertil.
izevs at the time of planting,

(14) Fertilizers way be indifferently drilled or broadeasted where
they are libervally applied, but drilling is to be preferred wheve small
awmounts arc emnployed.

(15) The foregeing conelusions ef course apply enly te soils similar
in character and condition to those tested at our two farms, Of these
the lawer was light and sandy; the upper coutained a eousiderable per-
centage of clay. Both were quite thin. They fairly represeuted, there-
fore, large and different classes of Southern seils, When it is also
stated that the seasons of the thiree years varied greatly and that the
results of the eorrespending tests closely agreed at the two farms, it
fellews that the eeneclusions admit of fairly wide applieatien,

PRACTICAL APPLICATIONS.

Tt may be asked by thie farmer, Iow can the required amounts of
nitrogen, phosphorie acid, and potash be supplied? Suppose the choice
of materials to be limited—that ouly cotton seed, kainit, or stable
manure ean be obtained. The following tabular statements will far-
nigh nseful guidance in the work of preparing composts or mixing fer-
tilizers. The first gives the average percentages of nitregen, phos-
pliorie acid, and petash in different fertilizing materials.

Average percentages of nitrogen, phosphoric acid, and potash-in different fertilizers.

Fertlllzer. Nltrogen. Ph"‘le’(‘l‘fmc Potash.

Per cent. | Per cent. | Per cent.
Bulplate of sumonia.. 20. 50 .. .

Nitrate ot soda
Dried blood .....
Cotton-seod meal
Cotton geed .....
Btable manure ......

Dissolved boneblack ...............

Actd PhospRAato. .. ..ottt iiiiiiirieii i iiiiet it e e eieeeas .. 15,00 |ceeeeeceos
B L P .. 21.50 |oeeeeanne .
Floats.oveeveieneininieieniiannns e . 26.50 |ieeeaconse
Aclid phosphate (with potash).. 13. 50 L
Cotton-sced hull ashea 900 22.
Wood ashes....... 1.75 .

b T Y g T LY R F N P 50.
Bulphate of potash.. .. 37.
Kainit 1
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The figures represent, in each ease, the averages of many analyses.
Suppose it is wished to use nitrate of soda. It contains, according to
the tabular statement, 153 per cent of nitrogen, and it will be found, by
a very simple calenlation, that 127 pounds will furnish the required
dose of nitrogen, 20 ponnds. If eotton-seed meal is preferred, a similar
calenlation will show that 285 pounds will give the required amount of
nitrogen, and also 7.8 pounds of phosploric acid and 4.9 pouuds of
potash. According to the above percentages the remainder of the
phosphoric acid and potash required can be supplied by 281 pounds of

aeid phosphate and 92 pounds of kainit.

The number of pounds of nitrogen, phosplorie acid, and potash
required by a crop of cotton yielding 300 pounds of lint per aere, are

supplied by cach of the following formulas:

Formulas required by cotton,

Muriate of potash ...eeeiiiiiaii ittt Seeceeccccceiiea..: pounds..
I{Acid phosphate (16 per cent of phosphoric aecid) ....oovoiaooo... do....
Nitrate of soda (16 per cent of nitrogen) ..ooooooieneiin it do....
Muriate of potash ..o . i i i do....
2{Acid phosphate (15 per cent of phosphoric acid).......ooieiaoet. do....
Dried BIood wueee i i e e do....
Muriato of potash...... e do....
S{Acid phosphate (15 per cent of phosphoric acid) ceeveeeeaeiaeenn. do....
Cotton-seod meal c.aeuieeoiiiiniiinie i i eiiee e don L,
MUriate of POtaslle .. .o i cee i rceeeeae e creeeaean e Ceeee do....
4{Acid phosphate (with potash)... .. oiiiiiiiiiii il do....
Cotton-sood meal co.earennniiine i iieccen e do....
Cotton-seed hull ashes ... e iin e i cee i iaeana e do....
5{Acid, phosphate (15 per cent of phosphoric acid) c.............. . doo...
Cotton-geod Meal c.veevieiiiniienioieneeeoieneeceeonaaeneannan do....
Wood ashes (unleachod) coeveeiiiioenoencniieieininaaiaananans do....

64 Acid phospliate (15 per cent of phosphoric acid)..ceeevevvenanan.. do....
Cotton-soed meal oveeeeeeiineeiiiiieneenceoserecncecneceacanas do....

D 0B do....
7[Acid phosphate (15 por cent of phosphoric acid)....oveeiiiio.nn do....
Nitrate of soda ......... e eee eeeitteeeeeeeeateeaeaaeaeanas do....
Btablo MAIIIre coveeevoveeaneeoenceee coeectenececanteneaeenaenn-aa-10l..
Muriate of Potash. ..o ieiierie e iierinnieeeneoenmnaannanas pounds..
S{Acid phosphate (15 per cent of phosphoric acid) ..oveeevaiaane. do....
NItrate of SOQQ coveee ceenaceeecnccecases croaacesacosenaccananans do....
Cotton 8660 .. cnuenneeee caeeee e itee et aeeeaaeeaaan bushels..
[I\mnlt ........................................................ pounds..

9 Acid phosphate (15 por cent of phosplhoTic acid) «eeveveeaeannann. do....
100tton Y B0 1111 RN do....
Cotton 8eOMQ. cuuenr ier et it iaecieee i et e creeaeaaan Lushels..
DT pounds..
IO{Acxd phosphate (15 per cent of phosphoric acid) ..oveveeieaianannn do....
Cotton 8Ced. ceceneveenreeeeecietiteam et cieneemeaeaaann bushels..
Acid phosphate (15 per cent of phosphoric acid) coeeveennoo.... pounds..
u{l\ltmte of soda..... e eee e eeee e ce e teeaecs et e e do....
ES 1R ) TN 1V PLY 11 1§ tons..
Ammioniated acid phosphate with potash, contrining, nitrogen, 4 per cent
12{ (eqnal to 4.85 per cent anunonia); phosphoric acid, 10 per cent (nearly
all available); and potash, 3 per cent........ ceceeeceaeas ....pounds..

80
312
125

30
834
167

20
281
236

10
312
236

45
261
286
167
261
286

58
300

70

20
300
64
23}
64
273
143
13}
45
264
263
266
13
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No. 1 is the formula used in our tests. The materials cost about
$1.50. Where commercial fertilizers are employed No. 2 will give the
best results. Cost, about $4.25.

When dried blood eau not be obtained it ean be replaced by cotton.
seed meal, as in No. 8.  Cost, about 4,70,

Aceording to the lato reports of Stato eheinists, the acid phosphates
oftered for salo in our markets contain, on the average, 15 per cent of
total phospheric acid. There is, mfortunately, some confusion in the
nomenelature of tho phosphates., The term acid phosphate is applied
by some mannfactnrers to dissolved phosphatie rock containing small
pereentages of potash. Without the potash the fertilizer is indiffer-
ently ealled dissolved bones, superphosphate of lime, acidulated rock,
ete. At tho North the last kinds are called plain superphosphates, or
acid phosphates—a better term.

It is sometimes diflienlt to get tho plain acid phosphate—that is, an
acid phosphate without potash, In this case No. 4 should be nsed.

In the neighborhood of the oil mills cotton-seed lnll ashes ean often
be bonght at moderate prices and may be advantageonsly snbstitnted,
as in No. §, for the muriate of potash in No. 3. Cost, abont $4.75.

When the wood ashes of tho honsehold fires are carefnlly saved, they
may in turn replace the cotton-seed hull ashes, as in No. 6, and reduce
the cost to §4.30.

In No. 7 half the regnired amount of nitrogen is furnished by nitrato
of soda and half by stable manure, and the potash chiefly by kainit, 1t
will be remembered that mixed nitrogen gave excellent resnlts, 'The
materials, exclusive of tho stablo manure, will cost abont $3.235.

In No, 8 tho potash is supplied by muriate of potash, and the stable
mannro is repliced by cotton sced. The cost, exclusivo of tho cotton
seed, is about $3.03.

In No. 9 kainit replaces the muriate of potash in No. 8, and cotton-
seod meal the nitrate of soda. Cost, exclusive of the cotton sced, abont
$3.25.

No. 10 may be nsed when there is an abundance of cotton seced.
Exeluding the cotton seed, the other materials will eost about $1.70.

If, on the other hand, the snpply of stablo mannre is abundant, No.
11 mnay be used with advantage. The materials, exclusive of the stable
manuro, will cost abont $1.70.

It it is desired to nsc a mannfactnred article, one containing the per-
centages of No. 12 should be ordered.
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