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FERTILIZERS FOR COTTON. 

INTRODUCTORY, 

Wc have reason to believe from extended observation and experience 
in tbe 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, etc., are often unnecossarily applied at a cost 
amounting to $4 or $5 per acre. It is especially timely at this season, 
when the farmers are about to plant tbeir crops for the year, to discuss 
the manurial requirements of cotton, and to give in condensed form 
the results of careful and long-continued experiments bearing directly 
upon this question. The subject is so broad as to require subdivision. 
It will, therefore, be discussed under the following heads: Does cotton 
require potash, phosphoric acid, and nitrogen I If so, in what amounts 
»ud in what forms? Does it need lime? Will copperas prevent its 
rusting? At what time or times should nitrate of soda be applied? 
How should the fertilizers bo applied? 

DOES COTTON REQUIRE POTASH, PHOSPHORIC ACID, AND NITROGEN? 

It is now held that potash, phosphoric acid, and nitrogen are the 
three most important constituents of manures, and the only ones gener- 
ally called for by soils. In most soils there is a sufticiency of the other 
elements of plant food—such as lime, magnesia, soda, sulphur, iron, 
etc. In a limited number, lime is sometimes deficient. It can, how- 
ever, be easily supplied by cheap forms of calcareous manures. 

In beginning experimental work bearing upon these questions a few 
years ago, when director at the South Carolina Experiment Station, we 
had little in the way of published information to guide us. It was gen- 
erally believed that cotton required phosphoric acid, but opinion was 
divided as to the importance of potash and nitrogen. In deciding upon 
the amount of each constituent to be used in our tests several courses 
were open to us : To take arbitrary amounts of each ; to accept the per- 
centages of the ammoniated acid phosphates offered for sale in our mar- 
kets; or to employ the amounts contained, according to analysis, in a 
crop 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 crop 
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analysis is not an infallible guide.   It was  considered better,  how- 
ever, than a mere rule of thumb. 

We found, to our disappointment, that the published analyses of the 
parts of the cotton plant were, with the exception of those of the seed 
all old and probably nnreliablc.   Wo were obliged to use them in lieu 
of anything better, but began at once an elaborate series of analyses 
and determinations of our own. 

According to the old analyses, the plants of a crop of cotton yielding 
300 pounds of lint per acre contain 52 pounds of nitrogen, 2G pounds 
ofpliosphoric acid, and 48 poundsof potash. These amounts we assumed 
to be the full applications or doses required to produce a crop giving 
300 pounds of lint per acre. Where not otherwise stated, these amounts 
were supplied as follows; The nitrogen by 330 pounds of nitrate of soda 
(containing 10 per cent of nitrogen) ; the phosphoric acid by acid phos- 
phate (containing 10 per cent of phosphoric acid—about 15 per cent 
available and 1 per cent insoluble) ; the potash by muriate of potash 
(containing 50 per cent of potash). 

In the following pages the full dose of any constituent is conveniently 
represented by the numeral 1 placed before its name; 1 nitrogen, for 
example, means 52 pounds nitrogen (furnished by 330 pounds of nitrate 
of soda, etc.), 1 potash means 48 pounds of potash, etc. Smaller or 
larger amounts are expressed in the same way: 2 phosphoric acid 
means a double dose or 52 pounds of phosphoric acid, ¿ potash means 
the half dose or 24 pounds of potash, etc. 

Several plats were left unfertilized, some received only one constit- 
uent, others received two constituents, and others, again, all three con- 
stituents. The full dose of a constituent was used in every case. Each 
test was continued on the same plats from year to year. Every test 
was carefully duplicated, the two plats being separated from each 
other in the experimental field by considerable intervals. 

The station had two farms, situated in different sections of the State. 
Every test was separately made at each farm and carefully repeated 
for three years. This duplication and repetition gave us valuable data 
for verifying and correcting results. The missing plants in every plat 
were carefully determined and allowed for in order to reduce the plats 
to a uniform stand. By close observation the amount of error incident 
to the work—errors due to differences in the mechauical and chemical 
condition of the soils in the plats employed and numerous accidental 
causes—was accurately determined. This error averaged ±30 pounds 
of lint cotton per acre for the three farms in 1888, ±32 pounds in 1889, 
and i 32 pounds in 1800, making au average of ± 31 pounds for the 
three years. 

From an examination of the soils of the two farms and inquiry as to 
jtheir history it was assumed, at the beginning of our tests, that the 
particular soils to be experimented on would give, without manures of 
any kind, about 50 pounds of lint per acre. The results showed that 
the unfertilized plats, thoroughly prepared and cultivated, gave some- 



what better returns than this.   The soils selected were very thin, being 
greatly exhausted by years of improvident tillage. 

The iigreement in the results of the tests on the two farms is so 
remarkably close as to show the controlling influence of the plant, and 
therefore to justify us in usiug the combined averages of the two farms: 

Combined annual average yields of lint per acre on two farms for three years. 

Furtilizor. 1888. 1880. 1890. 

Pound». Pound«. Pounds. 
98 83 73 

120 83 91 
108 156 154 
109 73 114 
191 193 171 
180 161 168 
203 206 240 
298 316 339 

Average 
of tbrce 
years. 

I'lif. rtilized  
J'dlili/.'il with— 

Potaâh  
Phosphoric acid  
Nitrogen  
Pulnshaiid phoaplioric acid  
Potash and nilrogon  
Phosphoric acid and nitrogen  
Potash, phospboric acid, and nitrogen 

85 

159 
99 

185 
170 
216 
318 

Taking the averages of the unfertilized plats as unity, the compara- 
tive average results of the several applications for the three years can 
be couveuiently shown as follows : 

Comparative average yields of lint for three years. 

Fertilizer. Upper 
faim. 

Lower 
farm. 

Two 
farms. 

VnlVi tilizod  
PertiUzwl with— 

Potash  
Phosphonc acid  
Nitrogen  
Potash and phoapboric acid  
Potash and nitrogen  
Ptiosphoric acid and nitrogen  
Potash, pbospborio acid, and nitrogen 

1.00 

(i. in; 
2.00 
1.68 
2.19 

2 71 
1.02 

1.00 

1.31 
1.7 H 
0.83 
2.16 
2, it 
2.40 
3.69 

1.00 

l.U 
1.89 
1.20 
2.17 
1.99 
2.54 
3.77 

The combination of potash, phosphoric acid, and nitrogen gave an 
average increase, as compared with the averages of unfertilized plats, 
of 300 per cent at the upper farm and 250 per cent at the lower, and 
an average yield of about 100 pounds more lint per acre than any com- 
bination of two of tliese materials. The figures leave no doubt as to 
the importance of potash, phosphoric acid, and nitrogen to cotton. 

A careful study of the detailed results of the fests may be condensed 
into the following table, which shows the gain in pounds of lint per 
acre aftbrded by adding any one constituent to the unfertilized plats, 
or to either of the other constituents, or to both : 

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

Fertilizing constituent 
added. 

Unfertil- 
ized. Potasb. 

Pbospho- 
ric acid. Nitrogen. 

Potash 
and phos- 

phoric 
acid. 

Potasb 
and nitro- 

gen. 

Phospho- 
ric acid 

and nitro- 
gen. 

ÎOtMh.... 
Pounds. 

13 
14 
74 

Pounds. Pounds. 
26 
67 

Pounds. 
71 

Pounds. Pounds. Pounds. 
102 

gfeVfSB.. 72 
87 

133 
nwjhoTlo acid 117 158 " 
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It -will bo seen that tlic nitrogen gave better results than the potash 
and the phosphoric acid better results than the nitrogen. Taking the 
combined average of the combination of any two of the constituents as 
one, the effect of adding the third may be expressed as follows: Pot- 
ash 1.-17, nitrogen 1.72, phosphoric acid 1.87. It is clear from these 
figures that phosphoric acid was of greater relative importance to the 
cotton crop than nitrogen, and nitrogen of more importance than potash. 

PKOrOBTIONS   AND   AMOUNTS   OF   l'OTASH,   PHOSPHOEIO   ACID,  AND 
NITROGEN KEQtJIUED. 

Our applications, it will be remembered, were intended for a crop 
yielding 300 pounds of lint per acre. While the results of the foregoiii!» 
tests leave no doubt as to the importance of potash, phosphoric acid 
and nitrogen, it does not necessarily follow that the amounts supplied 
were the right ones. The full or theoretical dose may well have been 
too small on the one hand or too large on the other. In order to deter- 
mine this point other scries of experiments were carried on in which 
different amounts of each constituent were employed. In one series 
different amounts of potash were used with full doses of the other con- 
stituents; in another series the phosphoric acid, and in a third the nitro- 
gen varied, the other two remaining the same. For convenience the 
two constituents remaining fixed (as to amounts used) in a series may 
be called the constants, and the one changing the variant. In stating 
the results the average yield of lint per acre for the two farms for the 
three years is given. 

POTASH. 

In this series phosphoric acid and nitrogen were the constants and 
potash the variant. Full, double, and half doses (48 pounds, 00 pounds, 
and lii pounds) of potash were tested, with full dosos of phosphoric 
aoid and nitrogen, with the following results: 

Ponnda. 
2 pot ash  329 
1 potash  318 
i potiwh  294 

It will be seen that the double dose gave only 9 pounds more than 
the full dose, and the latter only 2-4 pounds more than the half dose. 
The average probable error for the two farms amounted to ±31 pounds 
of lint lier acre. It appears, therefore, that the several amounts gave 
about the same average results. It has already been mentioned that 
the potash in this series of tests was supplied by muriate of potash. In 
another series—which will bo discussed later on—undertaken for the 
purpose of determining the relativo values of the several kinds of pot- 
assic manures, different amounts of potash wero also tested in the form 
of kainit and sulphate of potash. The full dose of potash in the kainit 
gave 331 pounds and the half dose 332 pounds ; the full dose in sulplmte 
of potash gave 322 pounds and the half dose 205 pounds. With kainit 
there was a difierenco of 1 pound in favor of the half dose; with the sul- 
phate of potash, a difference of 27 pounds in favor of the full dose. 
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The results of tlie one scries strongly support those of the other, and 
ve must, thereforo, couclvulc that the full aucl double doses of potash 
were excessive. 

niOSPIIORIC  ACID, 

In this scries potash and nitrogen were the constants and phosphoric 
acid the variant. Full, double, and half doses (20 pounds, 52 pounds, 
SDCI 13 pounds) Tvere tested together with full doses of potash and nitro- 
gen.   The phosphoric acid was supplied by acid phosphate. 

Pounds. 
2 phosphoric acid  386 
1 pUosphorio acid  398 
1 phosphoric acid ....,  277 

The mean difference between the averages of the double and full 
doses was OS pounds for the two farms. The difference between the full 
and half doses averaged 41 pounds for the two farms. Increasing the 
dose by 100 per cent seems to have been attended with a correspond- 
ing increase of from 05 to 75 pounds of lint. Indeed, increasing the 
amount of phosphoric acid produced marked effects at the two farms 
both in this series and in another series of experiments with different 
phosphatic fertilizers. In the latter series the full dose of x)hosphoric 
acid in reduced phosphate (see p. 10) averaged 44 pounds more lint than 
the half dose for the two farms. It follows, therefore, that double doses 
of phosphoric acid can be advantageously employed. 

NITUOGIÎX, 

In this series nitrogen was the variant and phosphoric acid and 
potash the constants. As nitrogen is the most expensive constituent 
of fertilizers, it was thought advisable to test it in several different 
proportions, with full doses of the others. The nitrogen was supplied 
by nitrate of soda.   The full dose amounted to 52 pounds. 

rounds. 
2 nitrogen 209 
Xi nitrogen 257 
1 nitrogen 318 
J nitrogen  31G 
i nitrogen  269 
i nitrojjeu 232 

The close parallelism between the results of the tests at the two 
farms was remarkable. It will be seen that the full and three-quarter 
doses gave almost exactly the same combined averages—318 pounds 
and 316 pounds, respectively—and better results than the heavier 
doses, which probably lowered the yield, as compared with the full dose, 
by inducing too luxuriant a growth of stem and foliage, or what is 
commonly known as iceed. The half dose gave exactly the same yield 
as the double dose, ßeduciug the dose by more than 50 per cent 
unmistakably diminished the yield, as will appear from a comparison 
of the average of the full and quarter doses. As compared with the 
quarter dose, the half dose does not show an increase suflicient to make 
up for its additional cost.   That the full dose of nitrogen was excessive, 
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as compared with the half dose, also appears from the results of another 
series of experimouts with different nitrogenous manures in which full 
and half doses of nitrogen were employed. In that series the half dose 
of nitrogen in dried blood gave G pounds more lint than the full dose 
in the cotton-seed meal 33 pounds more, and in the ground cotton seed 
7 pounds more. 

It follows, therefore, that the three-quarter, full, one and one half, 
and double doses were excessive, and that the difference in favor of 
the half dose as compared with the quarter dose was not sutticiently 
large to meet its additional cost. 

The results of the preceding tests taken together show that a crop 
of cotton yielding 300 pounds of lint per acre requires double the full 
or theoretical amount of phosphoric acid, but only about one fourth to 
one half the full amounts of potash and nitrogen. 

DOUBLK   DOSES  OF  TWO  COXSTITUENTS. 

In all the foregoing series of tests except one, two of the constitu- 
ents wore constants, while the third was increased or diminished. It 
was deemed advisable, in order to test the effect of increasing the 
amounts of the two minerals (potash and phosphoric acid), or nitrogen 
and one mineral, to carry on another series in which one constituent 
should be taken as the constant and the other two as the variants. 
Tiiis series was also intended to be a check upon those discuSwSed above. 
To present the results more clearly, the double doses of the two con- 
stituents will be compared with the double and also with the single 
doses of each. 

Pounds. 
1 potash and 1 phosphoric acid  318 
2 potash aud 1 phosphoric acid  329 
1 potash and 2 phosphoric acid  386 
2 potash aud 2 phosphoric acid  358 

(1) Double doses of the minerals.—In the tests under this head the 
full dose of nitrogen was used in each case and is, therefore, not men- 
tioned in the comparison. In this and the two following statements of 
results of yield of lint per aere the ftrst three tests are taken from the 
preceding series. 

It is evident that doubling both minerals gave no better returns than 
doubling only the phosphoric acid, for the difference between the aver- 
ages of the two applications did not exceed the probable error at either 
farm. Their beneficial effects as compared with those of the other two 
wore doubtless due in both cases to the increased dose of phosphoric 
acid. 

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

Fournis. 
1 nitrogen and 1 potash  318 
1 nitrogen and 2 potash  329 
2 nitrogen and 1 potash  269 
2 nitrogen and 2 potash  268 
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Double doses of nitrogen and potash gave almost exactly the same 
results at each farm as the full or singlo dose of nitrogen, and both 
applications were inferior to the first two, in which single doses of nitro- 
geu were used. Here, again, there is evidence of the injurious effects 
of excessive doses of nitrogen. The fruit requires phosphoric acid. 
The heavy growth of weed induced by the excess of nitrogen consumes 
a large part of the phosphoric acid, when it is present in limited 
amounts, and^the supply fails before the plant has perfected all its fruit. 
The unseasonable growth is also generally checked or destroyed by 
cold weather. It follows from this that whenever heavy amounts of 
nitrogen are employed the phosphoric acid should be correspondingly 
increased.   This statement is borne out by the results of the next tests. 

(3) Double closes of nitrogen and phosphoric acid.—Potash (full dose) 
was the constant.   The yield of lint per acre was as follows : 

Pounds. 
1 nitrogen, 1 phosphoric acid  318 
2 nitrogen, 1 phosphoric acid  269 
1 nitrogen, 2 phosphoric acid  386 
2 nitrogen, 2 phosphoric acid  405 

The difference iu the effects of the double dose of nitrogen when 
combined with the double dose and the single dose of phosphoric acid 
is very striking and abundantly confirms the point made above. The 
double dose of phosphoric acid gave about the same combined average 
as the double dose of nitrogen and phosphoric acid. Both show de- 
cided gains as compared with the applications containing single doses 
of nitrogen and phosphoric acid. 

The conclusions drawn from the results of the experiments discussed 
under the preceding heads are still further strengthened by the results 
of this series of tests, 

DOUBLE DOSES OP THREE CONSTITUENTS. 

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

Pounds. 
1 potash, 1 phosphoric acid, 1 nitrogen  318 
2 potash, 2 phosphoric acid, 2 nitrogen 320 

On comparing their combined averages it is apparent th at the two 
iipplieations gave about the same results. It will be asked, Why did 
ilouhling all three constituents fail to show any increase, when doubling 
the phosphoric acid, or even the phosphoric acid and nitrogen, was of 
MMh decided benefit to the crop? It can be replied that the excessive 
applications of potassic and nitrogenous salts (muriate of potash and 
nitrate of soda) probably acted injuriously upon the crop, especially in 
the early stages of its growth, and thereby neutralized the beneficial 
effects of the phosphoric acid. The deficiency of the soils in vegeta, 
hie matter seriously affected their relations to heat and moisture and 
unfitted them to respond to heavy applications of commercial fertilizers 
or chemicals. 
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In tlicir advocncy of tlie intensive system of farming some go so fur 
as to claim that " doubling tlie man arc will double the crop." No amount 
of food will fatten a very lean animal in a few weeks' time. And so 
with an impoverished Mil. It can not be forced into immediate fertility 
by lavish applications of commercial fertilizers. Its mechanical cou- 
ditiou—its physical properties—must be improved by thorough tillage 
and the addition of vegetable matter. The results of the foregoing 
experiments show the necessity of caution in the use and application of 
manures, for they make it clear that with a given amount of phosphoric 
acid only comparatively small doses of potash and nitrogen were needed 
and that all amounts of potash and nitrogen in excess of these doses 
were simply thrown away. 

It will be of interest to compare with the above test another in which 
double doses of the three constituents were employed in connection 
with vegetable matter. Six tons of good stable manure supply the 
full or theoretical doses of the three constituents, together with a largo 
amount of humus. Twelve tons will furnish double doses of the three. 
These two amounts were tested in the scries of experiments with nitrog- 
enous manures to be discussed later on. Their average results of 
yield of lint per acre may be given here as follows : 

1 potasli, 1 iihosphoric acid, 1 nitrogen (stable manure)  392 
2 potash, 2 phosjihoric acitl, 2 uitrogou (stable manure)  462 

Comparing the combined «werages of stable manure and the com- 
mercial fertilizers it will be seen that in the former the single dosea 
of the three constituents gave 7-1 pounds more lint and the double 
doses 142 pounds more than the corresponding doses in the latter. 
The difference in favor of the stable manure is, in large part, attribut- 
able to the beneficial effects of its humus. Comparing, next, the com- 
bined averages of the two applications of stable manure wo find that 
doubling the dose, so far from doubling the crop, only gave an increase 
of 70 pounds of lint. The increase was by no means commensurate 
with the increased cost of the application. The results of our tests are 
not opposed to the judicious use of liberal amounts of manures, but 
oidy to their lavish and unintelligent employment. The enrichment of 
an impoverished soil is the work not of months but of years, and it can 
only be economically accomplished in our climate by turning irnder green 
crops and other forma of vegetable matter in connection with applica- 
tions of fertilizers. 

But it may be claimed that heavy applications of fertilizers are cumu- 
lative in their effects and will, therefore, pay in the long run. Our 
observations, covering a period of throe years, showed that this was 
not the case at our farms. 

IN WHAT FORMS CAN rOTASH, rnoSPHOUIC ACID., AND NITROGEN BE 
MOST  EFFEGTIVELY  SUPPLIED î 

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



15 

erally classed wood aslies, cottoTi-scod liull ashes, kainit, sylvinit, muri- 
ate of potash, and sulphate of potash; under the second, floats, basic 
slag, hone meal, boneblack, dissolved boneblack, acid phosphate or 
(iiipcriihosphatc of lime, and phosphhtic guanos; under the third, sul- 
phato of ammonia, nitrate of soda, dried blood, fish scrap, tankago, 
cotton-seed meal, and guanos. When the variety offered is so great 
tho (letennination of the relative values of the several kinds in each 
class becomes a matter of importance. 

Our tests were conüncd to the kinds commonly used in the South. 
The experiments included tests of potassic manures, tests of phosphatic 
manures, and tests of nitrogenous manures. In each series equivalent 
amounts of the several fertilizers were used, that is, amounts furnish- 
ing the same number of pounds of the given constituent. The per- 
■ntage of potash, phosphoric acid, or nitrogen in the kinds tested was 
determined beforehand. Care was taken to use liberal amounts in order 
to allow for possible loss in their handling or application. It is known 
tLat nitrogen, phosphoric 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 amounts of 
each fertilizer were employed—one containing the full and the other 
the half dose of the given constituent. 

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 amounts of each were employed. The cost of the potash in each kind 
will be given later on ; here we are only concerned with their effects 
upon the crop. The full doses of phosphoric acid and nitrogen were 
supplied, as in tho preceding series, 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 ñrst be compared. 

Pouiulg. 

Muriate of potash  318 
Snlphato of potash  322 
Kaiuit  331 

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

It may be objected that potash is possibly less «ctive in some one or 
more of the salts and that the amount of the fertilizer used will there- 
fore affect its results. Tomeotthis point, equivalent amounts supplying 
the half dose of potash were also tested with the following results: 

Pounds. 
Muriate of potnsh  -09 
Sulphate of potash  295 
Kaiuit  332 
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The agreement in the oombined averages is again close, for the dif- 
ference between those of the kaiuit and the sulphate does not exceed 
the probable error. 

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

These tests were also intended to check those of the preceding 
series. Their results were referred to under that head and it will be 
sulUdeut to give here only their combined averages. 

Combined average yiM of lint per acre for three year». 

Fertilizer. 

1 potnRh. 
| putu^h. 

Muriato 
of potaäti. 

Pound». 
318 
2M 

Sulplinte 
of potatih. 

Pound*. 
322 

Kaiuit. 

-Tounrfi. 
331 m 

In each case the half dose was practically as effective as the full 
dose. 

rlIOSPUATIC MANURES. 

Experiments with phosphatic manures are not as simple as those 
with potassic. Whatever may be true of potash, it is certain that some 
forms of phosphoric acid are more soluble, and hence more available 
to the plant, than others. In acid phosphate, dissolved boneblack, etc., 
the phosphoric acid is readily soluble; in reduced or precipitated phos- 
phate it is slowly soluble; in basic slag, floats, coarse bones, etc., it is 
insoluble (in water or weak acids). Our experiments bear upon the 
relative values of these three classes of phosphatic manures. 

Three forms of phosphoric acid are recognized by the fertilizer con- 
trol stations and have different money values assigned them—the 
Boluble, the reverted (slowly soluble), and the insoluble. The first two 
are generally classed together as available. There is great difference 
of opinion as to the relative agricultural value of those three forms. 
For a time it was held that to be of value to the plant phosphoric acid 
must be readily soluble, hence the slowly soluble form was held to be 
of little account. Afterwards it was discovered that the soluble form 
when applied to the soil was precipitated by its bases, such as alumina, 
iron, etc., and converted into the dicalcio or slowly soluble form, also 
called the reduced or reverted. Some contend that the precipitated or 
reverted acid is, for this reason, as available to the plant as the soluble. 
It is replied that the solubility of a fertilizer is largely determined by 
its fineness of division, and, grauting that the soluble acid is imme- 
diately dissolved by the waters of the soil and precipitated, this solu- 
tion and subsequent precipitation secures a thoroughness of distribu- 
tion and fineness of division that can not be effected by mechanical 
means. The advocates of the reverted acid urge, however, that the 
Boluble form is often taken up by the crop before it is precipitated and 
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that its acidity is injurious to the plant. In favor of the basic or 
iiisoluble form it is asserted tliatit 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 
collect data bearing upon these points. 

All three forms of phosphoric acid were tested at the two farms. The 
soluble form was supplied by acid phosphate containing 16 per cent 
total phosphoric acid (about 11 per cent soluble, 3J per cent reverted, 
¡nul 1 :( per cent insoluble). The reverted form was supplied by reduced 
phosphate. This was made by mixing acid phosphate and floats in the 
■roportion of 2 pounds of the former to 1 pound of the latter and 
iDowing the mixture to stand for some weeks until the soluble phos- 
phoric acid was precipitated. The reduced phosphate contained 19.5 
per ('cnt total phosphoric acid (about 10 per cent available, the rest 
iii-iiluble). The insoluble form was supplied by basic slag, containing 
21.5 per cent phosphoric acid, and also by floats, containing 26.5 per 
cent phosphoric acid. It is claimed for the slag that its phosphoric acid 
iä more easily rendered available by the solvents of the soil than other 
insoluble forms. 

The acid phosphate contains, in addition to its phosphate of lime, a 
large amount of sulphate of lime. This sulphate sometimes acts bene- 
ficially on certain soils on account of its lime. Hence it is usual in 
experiments with difi'erent classes of phosphatic manures to have one 
or more plats dressed with plaster or sulphate of lime in order to test 
the relations of the soil to lime. As we had a series of tests of calcare- 
ous manures running alongside of this one which bore on this very 
point, sulphate of lime plats were omitted. Such amounts of the 
diil'erent phosphatic fertilizers were used as would supply the full dose 
(20 pounds) and also the half dose (13 pounds) of phosphoric acid. 
These were employed with full doses of potash and nitrogen. Compar- 
ing, first, the effects of the full dose of phosphoric acid in different 
forms, we have : 

Pounds. 
Acid phosphate  318 
Reduced phosplmte  249 
Floats  204 
Basic slag  194 

The two insoluble phosphates—slag and floats—gave about the same 
average results. As compared with their combined averages the re- 
duced phosphate shows a gain of about 45 pounds of lint. The acid 
phosphate gave 69 pounds more than the reduced phosphate and 112 
pounds more than thç floats. It is clear that the results were directly 
proportionate to the solubility of the phosphoric 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 phosphoric 
acid) and potash without nitrogen, or acid phosphate and nitrogen 
without potash. 

17873—Xo. 14 2 
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The half doses of phosphorio acid gave the following results; 
I'ounds, 

Acid phosphate  277 
Reduced phosphate  205 
Floats  171 
Basic slag  188 

The average results of the half doses agree very closely -with those 
of the full doses. The acid phosphate shows 72 pounds more liut 
than the reduced phosphate and 10G pounds more than the floats. 

As to the comparativo effects of the full and half doses it appears that 
in the insoluble forms, floats and slag, one dose was about as effective 
as the other, both being apparently of little benefit to the crop; for 
allowance must be made for the nitrogen and potash with which tliey 
were combined. In the slowly soluble form, reduced phosphate, the 
full dose gave 44 pounds more than the half dose; in the soluble form, 
acid phosphate, it gave 31 pounds more than the half dose. 

jaTROGKNOUS   MANURES. 

Two forms of nitrogen are recognized by agricultural chemists- 
organic nitrogen, contained in matters of vegetable or animal origin, 
such as stable manure, cottonseed meal, dried blood, flsh scrap, etc.; 
and inorganic nitrogen, contained in mineral matters, such as sulphate 
of ammonia, nitrate of soda, nitrate of potash, etc. In the following 
tests the inorganic nitrogeu was furnished by nitrate of soda, containing 
IG per cent of nitrogen, and the organic nitrogen by dried blood, con- 
taining 12^ per cent of nitrogen, cottonseed meal containing 7 percent 
of nitrogen, cotton seed containing 2J jior cent of nitrogen, and stable 
manure containing 0.45 per cent of nitrogen. Tests were made of both 
ground and unground cotton seed. Mixed nitrogen (about one half 
organic and one half inorganic) was furnished by a mixture of stable 
manure and nitrate of soda. Cotton-seed meal, cotton seed, and stable 
manure contain also phosphoric acid and potash. Allowance was 
of course made for their percentages of these two constituents. Equiv- 
alent amounts of the several fertilizers were used. Potash aud phos- 
phoric acid (full doses) were the constants. 

Tlie full dose of nitrogeu in the several organic manures gave results 
as follows : 

Founds. 
Stable manure  302 
Dried blood  358 
Cottou-sced meal  313 
Cotton seed (ground)  28G 
Cotton seed (whole)  275 

The stable manure gave the best combined average aud the dried 
blood the next best. Cottonseed meal and cotton seed gave very 
nearly the same averages. The whole cotton seed gave just as good 
results as the ground. 

The full doses of nitrogen iu the inorganic, mixed, and organic forma 
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may be compared by taking as the representative of the latter the 
average of the uve organic manures mentioned above : 

Poands. 
Misod nitrogen  395 
Organic nitrogen  325 
laorgauio nitrogen  318 

Tlie mixed nitrogen, as stated above, was furnished by stable manure 
and nitrate of soda, the inorganic nitrogen by nitrate of soda. This 
(OBparison favors the mixed nitrogen, and makes the other two forms 
»how practically the same combined averages. By referring to the 
mtagAS of the organio manures given above it will be seen, however, 
that ¡u one kind (stable manure) organio nitrogen gave just the same 
results as the mixed nitrogen, and in another (dried blood) better 
results than inorganic nitrogen j also that in the other three kinds (cotton- 
seed meal, ground cotton seed, and whole cotton seed) it was about 
as effective as the inorganic form. It is clear that the stable manure 
largely affected the foregoing comparisons. Wherever used its effects 
were pronounced, and increasingly so from year to year. Six tons of 
stulile manure and 3 tons of stable manure mixed with 1G0 pounds of 
nitrate of soda, both furnishing the full dose of nitrogea (together with 
full doses of potash and phosphoric acid), applied annually upon the 
■me plats, greatly improved their physical properties, as will appear 
from the following comparisons of averages for 1888 and 1890: 

At the upper farm the stable manure averaged 230 pounds for 1888 
ami 3S7 pounds for 1890; at the lower farm, 377 pounds for 1888 and 
53(i pounds for 1890. The mixture of stable manure and nitrate of soda 
gave at the upper farm 203 pounds in 1888 and 454 pounds in 1890; at 
the lower, 370 pounds in 1888 and 525 pounds in 1890. Its cumulative 
effects were marked. It is often impossible, however, for the farmer to 
get a sufflciency of stable manure for his entire crop. That a part of 
it can bo 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 1G0 pounds 
nitrate of soda, 395 pounds. 

It is evident that 100 pounds of nitrate of soda were fully equal in 
its effects to 3 tons of stable manure. For similar reasons to those 
given under the last head, half doses of nitrogen were also tested, 
ffitli the following results: 

Poiinda. 
Dried blood  364 
Cotton-seed meal  343 
Ground cotton seed 279 
Nitrate of soda 2GÍ) 

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

Leaving out the stable manure, and in the comparison of the remain- 
'"g uiUogeuous fertilizers averaging the results of the full and half 
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doses of each kind (taking it as fully established tliat the two doses 
were equally effective), their results may be finally shown as follows; 

PoumU. 
Dried blood  361 
Cotton-seod meal  327 
Ground cotton seed  '..'83 
Nitrate of soda  293 

The dried blood showed the best average results and the cotton-seed 
meal the next best. The ground cotton seed and nitrate of soda gave 
about the same averages. 

It appears from the results of the tests of this series that organic 
nitrogen gave better results than inorganic; that of the several organic 
fertilizers stable manure was the best and dried blood the next best, 
that the difference between the cottonseed meal and cotton seed was 
slight, but in favor of the meal, and that there was no difference 
between the ground ami whole cotton saed; also that the inorganic 
lorm, in nitrate of soda, was equally as effective as the organic form in 
cotton seed. 

The comparative effects of the full and half doses of nitrogen in the 
different kinds of nitrogenous manures were referred to in discussing 
the results of the precediug series. They may be given a little more 
fully here. 

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

Brieil   !   Cotton- 
blood,    seed meal. 

Ground 
cotton 
seed. 

Nitrat« 
of aoda. 

Tun Attee 
Poundi. 

358 
see 

Pounds. 
312 
313 

Pounds. 
286 
279 

Pounds. 
318 
20» 

The probable error must be allowed for. There can be no question 
of the equal efficacy of the half dose as compared with the full. The 
results strengthen the conclusions drawn from those of the precediug 
series, to the effect that the half, as well as the full, dose of nitrogen 
was excessive, and the true amount required is to be found somewhere 
between the quarter and half dose. 

CALCAREOUS MANURES. 

Although it is now held that it is only necessary to retitrn to the 
soil nitrogen, phosphoric acid, and potash, yet a soil may sometimes be 
deficient in lime, and hence need calcareous manures. Again, some 
plants require considerable percentages of lime. In order to ascertain 
whether cotton on the soils of our farms would respond to applica- 
tions of lime, and also to check our series of tests of phosphatic fertili- 
zers, as explained above, a number of experiments were carried on at 
both farms, alongside of those of this series. Abundant deposits of 
marl, a highly calcareous manure, are found in different parts of the 
South.   Ileuce it was preferred for our tests.   The kind used was finely 
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ground and contained 55.4 per cent of lime, together with 2.9 per cent 
■bosphoric acid and a trace of potash. The dose of lime required by 
a crop of cotton giving 300 pounds of lint per acre is, according to the 
old analyses, 60 pounds. This amount was furnished by 110 pounds of 
marl. It was added to the full doses of nitrogen, phosphoric acid, 
and potash, with the following results : 

Pounds. 
1 potash, 1 pliosphoric acid, and 1 nitrogen  318 
1 potash, 1 phosphoric acid, 1 nitrogen, and 1 lirao  250 

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

It was stated that the marl contained a small percentage (2.9 per cent) 
of phosphoric acid. While in the number of pounds required to furnish 
the full or double dose of lime the amount of phosphoric 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 more fully the effects of the insoluble phos- 
phoric acid in combination with other fertilizers and when used alone, 
450 pounds of marl per acre were used at the upper farm in combina- 
tion with full doses of potash, phosphoric acid (in acid phosphate), and 
nitrogen (in cotton-seed meal), and 900 pounds per acre were applied 
alone at both farms.    On the upper farm the results were as follows: 

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

1883. 1889. 1890. Throe 
yeai-B. 

1 potash, 1 phoaphoric acid, 1 nitroRcn  
Same, with addition of Í5Ü pounds of marl. 

Pound». 
276 

Founds, 
352 
an 

Pounds. 
307 
;¡!i.r. 

Founds. 
312 
299 

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

Pounds. 
Unfertilized     85 
1 phosphoric acid and 8 lime (in 900 pounds of marl)     94 
1 phosphoric acid (in acid phosphate)  159 

The marl, containing eight times the amount of lime required by the 
given crop, as well as the full dose of phosphoric 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 phosphoric acid 
in acid phosphate. 

It appears, therefore, from the results of these tests, as well as from 
those of the preceding series, that insoluble phosphoric acid, whether 
supplied by basic slag, ñoats, or marl, is inferior to the soluble phos- 
phoric acid in the acid phosphate, and of little value to cotton. 
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In ¡ill the foresoing tests, with a single exception, the marl was of no 
benefit to the crop. In the exception referred to, its beneficial effecta 
were probably due to its action upon the organic matters of the soil. 
This will more clearly appear from the results of the following testa 
made at the lower farm. In 1888 two plats (duplicates) were dressed 
with 900 ponnds marl each and planted in cotton, Cowpeas were ' 
drilled in between the rows at the last working given the cotton. la 
(he Cill, after the cotton was picked out, the plats were seeded in oats. 
In tlio spring of 1880 the oats were turned under, and peas were again 
planted without manures of any kind. In the fall the peas were 
plowed under and the plats were seeded in oats. In the spring of 
1890 the oats were turned under and the plats were again dressed with 
900 pounds of marl and put back in cotton. It is well known that cal- 
careous manures act beneficially upon leguminous crops, such as peas, 
clover, etc. It was expected of this test, first, that the heavy dressing 
of marl would greatly improve the several crops of peas and, therefore, 
nid in supplying a largo amonnt of vegetable matter to the soil and at 
the sume time hasten its decomposition; and second, that this vegeta- 
ble matter would, in its turn, cheaply famish nitrogen to the cotton 
crop, and improve the physical properties of the soil. It will bo 
noticed that marl was the only fertilizer used, that the plats were 
in peas without cotton in 1889 and unmanured, and that when planted 
in cotton in 1888 and 1890 each received 900 pounds of marl per acre. 
It will bo interesting to compare the results with some already noticed. 

Average yields of Hut per acre at the lower farm in 1S90. 
Poumls. 

l'iifcrtilizoïl (in cotton in 1888 an<11889, unfortilizod oach year)     86 

900 vomulsof marl (in cotton in 1888 and 1889, ivith 900 pounds marl 
each year)     71 

Full doses of aitrogen, phoaphorio acid, and potash (1888 and 1889— 
same crop and fertilizers)  393 

900 pimnds of marl (1888 cotton with 900 pounds marl ; 1889 peas only 
uiiftrtilizod)  3G1 

The figures are surprising. While the marl used alone was clearly 
of no value to the cotton, in connection with the vegetable matter of 
the peas and oats it increased the yield more than tenfold, and gave 
returns nearly equal to those of the full doses of nitrogen, phosphoric 
acid, and potash. 

The tests of this series go to show that lime in marl, whether used 
n small or large doses, is of little value to cotton in the absence of 
oriianit; matter, but that where this is present it acts beneficially; also 
that it can be used with decided advantage upon the pea crop. 

EFFECTS OF COPPEKAS. 

Articles have been repeatedly published iu Southern agricultural 
journals asserting that copperas would prevent the rusting of cotton. 
Such claims are opposed to the opinion generally held that sulphate of 
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iron (copperas) acts injuriously in the soil. In order to test tliera, dif- 
ferent amounts of copperas were applied each year with full doses of 
nitrogen, phosphoric acid, and potash, with the following results: 

Pounds. 
Without copperas  318 
With 100 pouuda of copperas  283 
With 50 pounds of copperas  307 

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

TEE  BEST  TIME  FOR  APPLYING NITRATE  OF  SODA. 

There is considerable difference of opinion as to the best time for ap- 
plying nitrate of soda. It can, of course, be most economically applied 
with the other fertilizers at the time of planting. It is objoctcd 
to this, that there is danger of the nitrate being -washed out of the 
soil by heavy spring rains before the crop is sufflciently advanced to 
assimilate it. Others hold that it can bo more effectively applied iu 
one or more top-dressings, A number of experiments bearing upon this 
question were begun at the lower farm iu 1889, The full doses of potash 
ami phosphoric acid were in every case used with the nitrate of soda, 

Nitrate of soda containing the full dose of nitrogen was applied at 
différent times, as follows: All at time of planting; half at planting 
and half in one top-dressing; all in one top-dressing; all in two equal 
top-dressings. From the results of the tests it appeared that nitrate 
of soda can be applied as effectively, and certainly more economically, 
with the other fertilizers at the time of planting, as it can iu one or 
moro top-dressings, 

METHODS  OF  APPLYING  FERTILIZERS. 

In the South the fertilizers used ou cotton are generally applied in 
tbo hill or drill before or at the time of planting. Whether drilling 
■will, under all circumstances, give better results than broadcasting is 
a question not yet decided. Our tests boro upon it. Applications con- 
taining both the full and half doses of nitrogen, with full doses of 
potash and phosphoric acid, were tested at both farms. The nitrogen 
was furnished by cottonseed meal. The applications containing the 
full dose gave results as follows: 

rounds. 
In hill 312 
Broadcast  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 : 
Poumls. 

In hill  313 
Broadcast  215 

The difference in favor of drilling amounted to about 100 pounds of 
lint per acre at each farm. 
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Other oombinationa of fertilizers were tested in the same way at the 
lower l'iinn. The results showed that where liberal amounts of fertil- 
izers were used one method was certainly as eft'ective as the other, 
hui where smalli-r amounts were employed the tests appeared to favor 
drilling. 

THEORETICAL AND ACTUAL YIELD OF LINT PER ACRE. 

It has been explained that our applications, when full doses were 
nscil, supplied the amount of potash, phosphoric acid, and nitrogen 
contained in a crop of cotton yielding 3ÜÜ pounds of lint per acre. 
According to the old analyses and determinations, which we were 
obliged to fall back upon, this crop is made up as follows: Lint 300 
pounds, seed (iOO pounds, leaves 500 pounds, bolls 500 pounds, stems 
1,200 pounds, roots 300 pounds; total 3,400 pounds, containing 52 
pounds of nitrogen, 48 pounds of potash, and 26 pounds, of phosphoric 
acid. Determinations and analyses made by our assistant chemist, J. 
]1. McBrydo, continued for two years and carefully duplicated and 
checked 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 pounds of leaves, 575 pounds of bolls, 658 pounds of stems, and 250 
pounds of roots; total 2,841 pounds, containing 46 pounds of nitrogen, 
30 pounds of potash, and 12 pounds of phosphoric acid. The two 
séries dider widely in their amounts of stems and phosphoric acid. In 
other respects, the agreement between them is reasonably close. 

The table giving the results of our analyses and determinations 
is of such value in the present connection as to call for its insertion 
here. It was first given to the public in a bulletin of the experiment 
station of the University of Tennessee entitled A Chemical Study of 
the Cotton Plant. 

Ferlilising eonëtilumlt contained in a crop of cotton yieUHng S00 pounds of lint per acre. 

Fertilizing count ituenta (cal- 
culated). 

Tmintlfl per acre. 

In 300 
Imilll'U 

lint. 

111654 
poumls 

sceil. 

In 404 
iinumU 

IK.II.S. 

In 575 
Îiouuda 
oaves. 

In 658 
pounds 
stems. 

In 250 
pounds 
roots. 

In 2,841 
pounda 

total crop. 

Nlfrnir^n  
PhMphorio acid, r.O, 
PotMh. K,0  
Soda, Na,0  
Lime, CaO  
MaiîiieidH, MffO  
Sulphuric acW, SO,.. 
Insoluble matter  

o n 
D. 18 
2.22 
u. H 
ii. It 
il, II 
0.M 
II. ib 

20.1)8 
6.06 
7.68 
(), 11 
I .... 

■J.ÏÏ, 
» si 
0.U 

4, Mi 
1.14 

12.20 
0.19 
;i. 75 
1.01 
1.78 
l.li 

13.85 
2.57 
8.57 
1.01 

31.57 
5.73 
;i. 88 
(.48 

S IT 
1.22 
7,71 
II 88 
r., r.n 
■J. 1:1 
(i. U 
». Ml 

1.82 
0.38 
2.75 
0.38 
1.30 
0.80 
0.28 
0.68 

45.94 
12.15 
30.11 
3.03 

43.95 
13.64 
7.25 
8,24 

Confining our attention for the present to the old analyses, it will be of 
interest to inquire as to the correspondence between the expected and 
actual results of the applications. As already stated, after examining 
the soils of the two farms and inquiring into their history, we assumed 
that they would produce, without manures of any kind, about 50 pounds 
of lint per acre.   It will bo seen from the figures that they gave some- 
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what better results than this, their average produce 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 applica- 
tions furnished amounts of the three constituents suflicient, theoreti- 
cally, to produce 300 pounds of lint per acre. Hence, tlie crops should 
have averaged for the three years 374 pounds of lint at the upper farm 
and 390 pounds at the lower, or 385 xiounds for the two farms. 

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

Pountla. 
Expected crop  385 
Stable manure and nitrate of soda   395 
Stable manure  392 
Dried blood  385 

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

It lias already been observed that either increasing the amount of 
nitrogen or potash by as much as 100 per cent or decreasing it by 50 
per cent was without effect upon the crop, but that it quickly responded 
to any change in the soluble phosphoric acid. By way of additional 
conftrmatiou of this statement, and in order to show the difference 
between the expected and actual results of the several applications of 
commercial fertilizers, it may be well to submit a few more comparisons. 
Excluding, therefore, the stable manure and cotton seed, the average 
of the applications containing the full doses of the three constituents 
(the phosphoric acid in soluble form), the average of those containing 
half doses of potash or nitrogen together with full doses of the other 
constituent and of soluble phosphoric acid, and the averages of those 
containing double doses of potash or nitrogen, together with the full 
dose of soluble phosphoric acid and the full or double dose of the other 
constituent, may be compared as follows: 

Pounds. 
Expected crop  385 
Average of full dose of three constituents  328 
Average half dose of nitrogen or potash  316 
Average of double doses of nitrogen or potash or both  289 

It will be noticed that the three averages fell considerably below the 
expected or theoretical crop. 

The average of the several applications containing double doses of 
soluble phosphoric acid, together with full doses of the other two cou- 
Btituents, or the full dose of one and double dose of the other, corre- 
sponded almost exactly, on the other hand, with the theoretical average, 
as appears from the following: 

Ponnda. 
Expected crop  385 
Average of double dose of soluble phosphoric acid  386 

The agreement between the combined averages is perfect. 
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It is knowu tliat fertilizers produce their full effects only in good sea- 
sons. Tlie tests showed that 1889 was the most favorable of the three 
seasons at tho upper farm, and 1S90 the most favorable at tlirp lower 
farm. It may bo asked, How would the comparisons of the actual and 
expected results stand for those years ? It is noteworthy that the un- 
fertilized plats averaged 80 pounds of lint per acre at tho upper farm in 
18S9, and tho sainc number of pounds at the lower in 1890. Tho several 
applications wore therefore expected to show 380 pounds of lint per 
aero at each farm for tho years named. Comparing with this five of 
the applications containing full doses of nitrogen, phosphoric acid, and 
potash, we have : 

Average yiehh of lint per aere on two farms. 

fiirai,)883. 
Lower 

farm, 1890. 

Erpoctcd crop  
Dried blooa  
Kitratd u!   .mla  
Coltnu-aced meal .. 
Kainil  
Sulpl a!,  of pütuäll. 

Pound». 
886 
8M 
148 
352 
m 
SSO 

l'oundii. 
■¿il 
410 

;::.:. 
IM 

"Whether we consider the correspondenco between tho assumed and 
actual yields, between the results of tho same applications at tho two 
farms, or between the results of tho sevoral applications at each farm, 
the agreement in tho figures is surprising—closer could not bo expected 
in work of this kind. In no caso does ihe diñ'ercuce exceed the prob- 
able error. 

CONCLUSIONS. 

Carefully studied in all their bearings the results of our tests of fer- 
tilizers warrant the following general conclusions: 

(1) Cotton requires nitrogen, phosphoric acid, and potash. 
(2) Of the three, phosx>horic acid is relatively tho most important 

and controls tho action of the other two. It can be used alono with 
some advantage to tho crop, but much moro effectively in connection 
with potash and nitrogen. 

(3) Nitrogen is relatively moro important than potash. It can only 
be advantageously used in combination with phosphoric acid, or phos- 
phoric acid and potash. 

(4) Potash, like nitrogen, is of little value to cotton when applied 
separately; it must bo combined with the other constituents. 

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

Between one fourth nml one balf nitrogen, about 2 phonplioric acid, between one 
fourth anil two fifths potash. 

Or, stated in terms of our later and corrected analyses: 

Botween throe sevenths anil four sevenths nitrogen, about ii phosphoric acid, be- 
tween one thiril and ouo half potuali. 
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With proper allo-svance for tlie cost as wcll as tlie effect of eacli appli- 
cation, tlio requirements may be moro exactly given as follows : 0.43 
nitrogen, 4,16 phosplioric acid, 0.38 potash. In other words, the 
required proportion is, 1 nitrogen,, 2^ phosphoric acid, and | potash, and 
the amounts called for by a crop yielding 300 pounds of lint per acre 
arc, nitrogen 20 pounds, phosphoric acid 50 pounds, and potash 15 
pouuds. 

(6) The amount of phosphoric acid determines the amount of nitro- 
gen and potash ; with a given amount of the first, only certain amounts 
of tlie last two can bo profitably used. 

(7) The amount of phosphoric acid and proportionate amounts of 
nitrogen and potash can not be indofinitely increased with the expecta- 
tion of obtaining a corresponding increase in the crop. The gain in 
crop does not keep pace with increase of fertilizers, and a point is 
spmlily reached beyond which this gain is not sufficient to meet the 
additional cost of the heavier applications. Tlio soil can not be profit- 
ably forcedf the application of fertilizers must be regulated by its 
medianical as well as chemical condition. 

(8) Potash can be as effectively supplied by muriate of potash or 
kainit as it can by sulphate of potash. This is opposed to the view 
Thich regards the chlorides of the two former as injurious, and there- 
fore holds that the higher priced potash of the latter is to be preferred. 
Since equivalent amounts of potash in the three kinds are of equal 
value to cotton, the choice of the farmer must be determined by their 
relative cost. At present prices, and especially when the matter of 
freight is considered, the potash of the muriate is the cheapest. 

(9) Phosphoric acid is of value to cotton in proportion to its solubil- 
ity; hence the several kinds of phosphatic manures can not be indif- 
ferently employed. Preference must be given to acid phosphates 
cnnhiinhig considerable percentages of soluble phosphoric acid. In- 
soluble phosphoric acid in slag, floats, or marl is of little direct value 
to tlie crop upon which it is applied, and even granting that its effects 
in the soil may be lusting, they are not, in the long run, suificiently 
pronounced to meet the interest on the capital invested in the applica- 
tion. Speculating in futures is not a safe business. According to the 
best agricultural experience of our day, the better plan is to use only 
Bucb fertilizers as will meet the demands of the crop upon which they 
are applied. 

(10) Inorganic, organic, and mixed nitrogen are of very nearly equal 
nine to cotton. The slight difference is in favor of the last two. 
Stable manure, containing organic nitrogen is the best fertilizer of its 
class, and is lasting or cumulative in its effects. The organic nitrogen 
of stable manure to the amount of 50 per cent can be fully replaced by 
the inorganic nitrogen of nitrate of soda. 

Of the commercial-forms of nitrogen, among which the farmer has to 
choose, the organic nitrogen of dried blood is perhaps the best, and at 
present prices the cheapest.   As between cotton-seed meal and cotton 
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' seed there is a slight difference in favor of the former. Whole cotton 
seed is as efficacious as ground cotton seed. Inorganic nitrogen in 
nitrate of soda is about as valuable to cotton as organic nitrogen in 
cotton seed or cottonseed meal. 

(11) Used alone or in combination with commercial fertilizers the 
lime of marl is of no direct value to cotton. Mixed with acid phosphate 
it may even act injuriously by retarding or preventing its solution in 
the soils. Applied upon leguminous crops, such as cowpeas, vetch, 
etc., which are to bo turned under as a preparation for cotton, its indi- 
rect value is great. 

(12) Applications of copperas are without effect upon cotton, 
(13) Nitrate of soda should generally be applied with the other fertil- 

izers at the time of planting. 
(14) Fertilizers may be indifferently drilled or broadcasted where 

they are liberally applied, but drilling is to be preferred where small 
amounts are employed. 

(15) The foregoing conclusions of course apply only to soils similar 
in character and condition to those tested at our two farms. Of these 
the lower was light and sandy; the upper contained a considerable per- 
centage of clay. Both were quite thin. They fairly represented, there- 
fore, large and different classes of Southern soils. When it is also 
stated that the seasons of the three years varied greatly and that the 
results of the corresponding tests closely agreed at the two farms, it 
follows that the conclusions admit of fairly wide application. 

PRACTICAL APPLICATIONS. 

Tt may be asked by the farmer, How can the required amounts of 
nitrogen, phosphoric acid, and potash be supplied Î Suppose the choice 
of materials to be limited—that oidy cotton seed, kainit, or stable 
manure can be obtained. The following tabular statements will fur- 
nish useful guidance in the work of preparing composts or mixing fer- 
tilizers. The first gives the average percentages of nitrogen, phos- 
phoric acid, and potash in different fertilizing materials. 

Average percentages of nitrogen, phosphoric acid, and potash- in different fertiUzen» 

FertillzOT. K i trogen. Phosphoric 
acid. Fotuh. 

Per cent, 
30.50 
15.75 
12.00 
7.00 
2.50 
0.45 

Per cent. Per cent. 

Pried blood                        
2.75 
1.30 
0.25 

18.00 
15.00 
21.50 
26. 50 
13.50 

8 00 
1.75 

1.75 
1.20 
0.40 

Acid phofip hate  

Float«  
1.75 

22.6»   6.00 
50.00 

Bui phut« of potash  37.0» 
Kainit !  12.00 
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The figures represent, in eacli case, the averages of many analyses. 
Suppose it is wished to use nitrate of soda. It contains, according to 
tlie tabular statement, 15^ per cent of nitrogen, and it will bo found, by 
a very simple calculation, that 127 pounds will furnish the required 
dose of nitrogen, 20 pounds. If cottou-seed meal is preferred, a similar 
calculation will show that 285 pounds will give tlie required amount of 
nitrogen, and also 7.8 pounds of phosphoric acid and 4.9 pounds of 
potash. According to the above percentages the remainder of the 
phosphoric acid and potash required can be supplied by 281 pounds of 
acid phosphate and 92 pounds of kainit. 

The number of pounds of nitrogen, phosphoric acid, and potash 
required by a crop of cotton yielding 300 pounds of lint per acre, are 
supplied by each of the following formulas: 

Formulas required by cotton, 

/•Muriato of potash povincls.. 30 
1< Acid phospliute (16 per oont of phospborio acid) do.... 312 

I Nitrate of soda (Iß per oeut of nitrogeu)  do  125 
( Muriate of potash do  30 

2! Acid pUospliate (15 per ceut of pliospüorio acid) do  334 
I Dried blood do  167 
(•Muriato of potash do.... 20 

31 Acid phosphate (15 per oeut of phosphoric acid) do  281 
ICottou-scod meal do  286 
r Muriate of potash do  10 

4< Acid phosphate (with potash) do  312 
I Cottou-seed meal do  286 

/- Cottou-seed hull ashes <lo  45 
5Í Acid, phosphate (15 per cent of phosphoric acid) do  261 

I Cottou-seed meal do  286 
{Wood ashes (uuleached) do.... 167 

Acid phosphate ( 15 per ceut of phosphoric acid) do.... 261 
Cotton-soed meal do  286 

IKaiult do  58 
Acid phosphate (15 per cent of phosphoric acid) do  300 
Nitrate of soda do  70 
Stahle manure ton.. 1 

(■Muriate of potash pouuds.. 20 
oj Acid phosphate (15 per ceut of phosphoric acid)  do  800 

] Nitrate of soda do  64 
[Cotton seed bushels.. 23^ 
i Kainit pounds.. 64 

lj Acid phosphate (15 per cent of phosphoric acid)  do  273 
I Cotton-seed meal do  143 
[Cotton seed bushels.. ISJ 
{Kainit pounds.. 45 

Acid phosphate (15 per cent of phosphoric acid) do  264 
Cotton seed bushels.. 26f 

{Acid phosphate (15 per cent of phosphoric acid) pounds.. 266 
Nitrate of soda dot... 13 
Stable manure tons.. 2 

i Ammoniated acid phosphate with potash, containing, nitrogen, 4 per cent 
12^    (equal to 4.85 per cent ammonia) ; phosphoric acid, 10 per cent (nearly 

I    all available); and potash, 3 per cent pounds.. BOO 
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Ko. 1 is the formula used in our tests. The mnterials cost about 
$4.50. Where commercial fertilizers are employed No. 2 will give the 
best results.   Cost, about $4.25. 

Whoa dried blood can not bo obtained it can be replaced by cotton- 
seed meal, as in No. 3.   Cost, about $4.70. 

According to the late reports of State chemists, the acid phospliates 
offered for sale in our markets contain, on the average, 15 per cent of 
total phosphoric acid. There is, unibi tiuiately, somo confusion in the 
nomenclature of the phospliates. The term acid phosphate is applied 
by some manufacturers to dissolved phosphatic rock containing small 
percentages of potash. Without the potash the fertilizer is indiffer- 
ently called dissolved bones, superphosphate of lime, acidulated rock, 
etc. At the Ubrth the last kinds are called plain superphosphates^or 
acid phosphates—a better term. 

It is sometimes difficult to get the plain acid phosphate—that is, an 
acid phosphate without potash.   In this case No. 4 should be used. 

In the neighborhood of the oil mills cotton-seed hull ashes can often 
bo bought at moderate prices and may be advantageously substituted, 
as in No. 5, for the muriate of potash in No. 3.   Cost, about $4.75. 

When the wood ashes of the household fires are carefully saved, they 
may in turn replace the cotton-seed hull ashes, as in No. 0, and reduce 
the cost to $4.30; 

In No. 7 half the required amount of nitrogen is furnished by nitrate 
of soda and half by stable manure, and the potash chiefly by kainit. It 
will bo remembered that mixed nitrogen gave excellent results. The 
materials, exclusive of the stable manure, will cost about $3.25. 

lu No. 8 tho potash is supplied by muriate of potash, and the stable 
manure is replaced by cotton seed. The cost, exclusive of the cotton 
seed, is about $3.05. 

In No. 9 kainit replaces the muriate of potash in No. 8, and cotton- 
seed meal the nitrate of soda. Cost, exclusive of the cotton seed, about 
$3.,-'r>. 

No. 10 may bo used whoa there is an abundance of cotton seed, 
lixchuling the cotton seed, tho other materials will cost about $1.70. 

If, on the other hand, the supply of stable manure is abundant, No. 
11 may be used with advantage. The materials, exclusive of the stable 
manure, will cost about $1.70. 

If it is desired to use a manufactured article, one containing the per- 
centages of No. lii should be ordered. 
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