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UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON. ©. C.

RESULTS OF FERTILIZER EXPERIMENTS ON
NORFOLK FINE SANDY LOAM AND
ON NORFOLK SANDY LOAM

By J. §. Sxixxer, Senior Blochemist, Divigion of Soil Fertility, Soll Fuvestigu-
tions, Bureaw of Chomistry und Soils®
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INTRODUCTION

The experiments repcrted in this bulletin were made at the Pee
Dee Experiment Station of Clemson College, near Florence, Florence
County, S. C., from 1919 to 1928, inclusive, on Norfolk fine sandy
Ioam, and in Darlington County, 8. C., from 1922 to 1924, inclusive,
on Norfolk sandy loam. Cotton and corn interplanted with cowpeas
were grown in rotation on two duplicate tiers of plots in the experi-
ments at the Pee Dee station, both crops being grown each year,
and cotton, preceded by corn, was grown in the Darlington
County experiments.

The Norfolk soils are among the principal soils of the Atlantic
coastal plain and are used extensively for the growing of cotton.
The Norfolk fine sandy loam occurring at the Pee Dee Experiment
Station is slightly heavier than the same soil type in the surrounding
country in Florence {7)? and Darlington (70) Counties, S. C. The
surface soil to a depth of 8 inches is light-brown or grayish-brown
loamy fine sand. It is underlain, to a depth of about 18 inches, by
similar-textured loamy fine sand of a dall yellowish-gray color.
©Below this depth, the subsoil is yellow and of fine sandy clay texture.
S¥This soil is typieal of a large area of Norfolk fine sandy loam
,oceurring in the coastal-plain area.

In Florence County 70.386 acres of Norfolk sandy loam and 44,800
gpcres of Norfolk fine sandy loam were mapped. In Darlington
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County , the adjoining county. 65.024 ncres of Norfolk sandy loam
were mapped. In North Carolina, South Carolina, Georgin. and

Atabara theve had been mapped by the United States Department of
Agriculture to December 30, 1924, 4.782.208 acres of Norfellc sandy
loamn and 3.799.800 acres of Novfollt fine sandy loam,

The triangle system of fertilizer experimentation (72} was used in
the experiments to be deseribed.  This plan consists of vsing the fer-
tilizer constituents, nitrogen {ammonia), phosphoric acid, and potash,
singly. two together, and three together, the vatios varying in 3 per
cent stages. This plan of fertilizer experimentation originated
with a study of nutrient solutions (/7) and has since been used ex-
tensively in agueous calture investigntions (73, 713). Following the
nse of the trinngle system in solution-cultiure work. it was used in
field studies, first in a grass experiment at the Pennsylvania State
College {8) and laler with many crops in various sections of the
nited States in connection with fertilizer problems.  The scheme
has been found vuluable ax a hasi= for preparing fertilizer mixtuves,
charting data, and interpreting results.  The triangle has been sug-
gested as a basis for the simplification of the list of fertilizer analyses
manufactiwed for the several regions of the United States (8). The
system 1s explained in detail in the following pages.

PLAN OF THE EXPERIMENT AND FERTILIZER MIXTURES

At the Pee Dee Ixperiment Station, two tiers or series of plots
were used in the fertilizer experiments nnder discussion. IBach tier
consisted of twenty-eight Jy-acre plots. Twenty-one plots ve-
ceived tertilizer applications und seven, or every third plot, received
no fertilizer and served as cheeks. Cotton and corn were grown in
rotation.  Cowpeas were broadeast in the corn at ity last cultivation
to produce vegetation for plowing under. The two tiers of plots,
with cotton and corn, are shown in Figuare 1.

The experiment was planned and conducted to study the effect of
different fertilizer ratios on the Norfolk fine smudy leam soil on
cotton and corn. The plots received 21 different treatments of single
fertilizer clements and combinations of the three clements. The com-
position of the 21 mixtures used is shown as bags of fertilizers in
Figare 2. The bug af each extreme point represents a fortilizer con-
taining I8 per cent ammonia (NHy), 15 per cent phosphoric acid
{(P.0;), and 15 per cent potash (K,0).?

In Figure 2 the bags on the line forminy the base of the triangle
represent mixtures containing uo phosphorie acid, those on the line
just above contain 8 per cent phosphoric acid, and those on the next
line G per cent phosphoric acid. This progression continues, so that
the extreme bag of the triangle contains 13 per cent phosphoric acid.
In the same manner the bags on the two sides contain no potagh and
no ammonia, and those on the lines parallel to them contein from
3 to 15 per cenl of these clements.

A graduul deereage in the percentage of phosphoric acid and a
gradnal inerease in percentages of ammonig and potash in the fer-

dFertilizer consbituents are given i Dhis badlegiv in (he ovder—auimoeiin, phvsphoric
acid. wad porash. The Veetiliver aprlyses o patio dee on the ammoma basis, as this way
commay practioe whon 1he experimonis were o operation,
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Frgraes 3. -Colton mnl corn prown in vetnlion an fhe plels on Nuvfolk fage saudy
fuam al lhe Pee Dee Experipest Station, Houth Curofinue

PHOSPHORIC ACID
AMMONIA
POTASH
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Frornl 2—Naws of ferlilizers, arrauged inoa OF

fertHizer mgrettient i the 21 fevtilizers nsed in experiments
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tilizer oceur from the bag at the top of the triangle (marked 1)
downward toward the base. Similarly a gradual decrease in am-
monia and increase in phosphoric acid and potash tale place from
the bag marked 21 toward the opposite side of the triangle. "The
fertilizers in the bags inside the triangle are complete fertilizers,
whereas those in the bags on the cutside lines are combinations ot
two fertilizer elements. The bags on the extreme points contain
maximum amounts of single elements used in the experiment.

The fertilizer constituents in each fertilizer total 15 per cent,
whether one, two, or three of the constituents is present. Kach plot
received the saume number of pounds of plant-food constituents but
in different ratios. The fertilizer was applied each year at the rate
of 900 pounds per acre to cotton and 450 pounds per acre to corn.
In other words, ecach plot received 135 pounds of plant food per
acre for cotton and 67.5 pounds per acre for corn. or a total of 202.5
pounds in the course of the two years.

The phosphoric acid used in the fertilizer mixtures was from
superphosphate, the nitrogen from one-third each of nitrate of soda,
sulphate of ammonia, and cottonseed meal, and the potash from
sulphate of potagh. All the fertilizer was applied in the seed fur-
rows about one weck before planting time. The experiment was
continued for 10 years, 1919 to 1928, inclusive.

COTTON ON NORFOLK FINE SANDY LOAM

Table 1 gives results obtained in experiments with cotton on Nor-
folls fine sandy Joam from 1919 to 1928. These datw are possibly
easier to study by means of the triangle diagram, and in order that
the results may be readily visualized the yield for each year, the
average yield for the 10 years, and the average per cent of cotlon
open at the first picking are given in Figures 3 and 4.

The average composition or ratio of ammonia, phosphoric acid,
and potash 1n the three fertilizer mixtures which produced the
largest vield in each diagraus, or in each year, is given in the follow-
ing tabulation:

Yeur: NIL~T0—K:0
1 1 UV e e N2
32 .02
190 L - mm e o e _ . =10-1
08 . e e e — H— /-2

e e e e e mm mmmem - T

I e el e - T4

e e m e Dl ol ien e - PR S P

. o . - I e o b el

BT o o mmmee ot e [ VR URD | Tl S
1928 ... . . . R _— JRURVIURRER . = |

In the first Tour years of the experiment there is more or less vari-
ation from year to year in the composition of the three mixtures
which produced the highest yields, and the avernge fertilizer analysis
falls at cifferent points on the triangle diagram. ‘These points or
ratiog are far apart at fist, become closer after the first year, remnain
reasonably close for the second, third, and fourth years, are identical
for the next three years, vary slightly io the eighth and ninth years,
and break in the tenth year, owing undoubtedly to weather conditions.
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The wide difference in the composition of the three mixtures which
produced the highest yields the first year as compared with those in
the following years is probably owing to the fact that following the
first year the plots in cotton had been planted to corn with cowpeas
for green manure, The growing of the peas und turning under of
the vegetation undoubtedly made a difference in the requirement for
nitrogen. Preceding the first year of the experiments, no vegetation
had been turned under, and leguminous crops had not been grown.
In arriving at the fertilizer ratio which produced the hizhest yields
according to the data, possibly the first year's vesults should be
omitted. The three mixtures which produced the highest yields,
when the average of 10 years is considered as shown in ligure 4, IT,
are Nos. 5, 6, and 9. These three have an average ratio of ammonia,
phospheric acid, and potash, of 5-8-2, respectively.

Another compilation of the data is presented in Table 2. Here
the yields from mixtures on the various lines of the triangle or all
the mixtures containing a constant amount of cach fertilizer con-
stituent are averaged. The mixtures containing 3 and 6 per cent
ammona have produced highest average yields, the 6 per cent mix-
tures being higher than the3 per cent. The 6 and 9 per cent phos-
phoric-neid mixtures have given highest average yields of the
phosphoric-acid group, the 9 per cent giving slightly higher yields
than the 6 per cent.

TasLe 2—Bffect of different proportions of amnionia, phoesphoric aeid, end
potush in fertilizers on yield of colton en Norfolk: fine sandy logm

Por-
centage
of pot-

Pur-
@ eﬁf:gc centage| Ten-
Fertilizer mix- | of am- Fertilizer mix- OfI?DI:_?g' ay o | Fertillzer mix- | ash in avay
tures in Figura{ monia tures in Figure [P | tures in Figure | cach 0

b ; - acid in | yield of i | yield of
4,E,and T'ablcl lr;lfll::‘-:h i, E, and Tabla1 in ench | cotten |'r E» 8ud Tablel ﬁ:g;— Fotton

ture 1{:11;: per acre mix. |DPeracre
ture

Teot-

Per cent] Pounds Na. Per eent] No. Per cent| Pounds
0 1,028 | 16,17,18, 19,20, 21 1] 84 1, 5.0, 14 15,31 0 1,135

1,103 11, 12,13 14,15 3 2. 5,90, 14,20 1220

3
1,240 78,9, 10 ] ] 4,8,13,10 G 1, 145
4

1,162 4,50 9 208 7,12,18 1,037
1,005 2.4 12 11,17 12 504
872 1 1 16 15 887

In the mixtures of the varying potash groups, the highest average
yield is from the 3 per cent potash fertilizers. From the analysis
of the data, it would appear that the best fertilizer is a mixture
containing from 3 to 6 per cent ammonia, 6 to 9 per cent phosphoric
acid, and 3 per cent potash. A 6-9-3 unalysis may be chosen as
that giving the highest yield. The ratio of fertilizer constituents is
practically the same as derived by this and the formeyr deduction.

The 5-8-2 ratio, when computed to percentage of 100, is 33.3-53.3—
13.4 and the 6-9-3 becomes 33.3-50-16.7. From the data of the ex-
periment as a whole, the proper fertilizer would appear to be a
mixture containing 5 te 6 per cent ammonia, 8 to 9 per cent, phos-
phoric acid, and 2 to 8 per cent potash.

21448°—31——2
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INCREASED YIELD FROM FERTILIZERS

The results, considered from the point of view of increased yields
of the fertilized plots over those having no fertilizer are as given
in Table 8 The average of the three fertilizers which produced
the highest yield in each year is given and compared with an average
of the seven checks or no-fertilizer plots.

TaBLE 3.—Average yicld of cotton from. the three fertilizers wwhich produced the

highest yields, compured to aceeruge yivld from wo-fertilizer piots on Norfolk
fine sandy loane. 191971928

_ ; A{fmgo yiekl ?E seed
. enllon per pe -
Threo th : per pere from—;
Year sst-ylelding Tocranse
fortilizors Phges highd Lo i
in Tuble 1 ot o N forti-
. est viclding Yizors
' feriflizers
Mo, Founds Ponatds | Pounds | Per eent
4,15, 31 2,263 1,835 b 3.4
3, 3 9 2,5 1, 341 G4 al.2
3 05 8 1,793 1,083 TG 5.6
5 6,49 1,033 i 662 178. 4
5 8 9 1,483 §20 . B 0.8
5 8 4 817 LY 430 1111
5 8 9 1,671 1,218 432 v
. 5, & 0 1,727 1,088 41 50,0
5, 8 0 1,238 447 1 71 177.0
14, 18, 18} 57 05 0 452 1.6
AVERHIE oo L L L el i eeee- 5 6, 9| 1,347 it 314 53. 2

INFLUENCE OF FERTILIZERS ON TIME OF OPENING OF COTTON

In Figure 4, I, the average percentages for 10 years of total yield
of cotton open at the first picking are given. The data for each
year and dates of first picking are given in Table 1. ‘The mixtures
containing the higher percentages of phospboric acid, 9, 12, and
15, favor early maturing and opening, whereas mixtures containing
the higher percentages of nitrogen have tended to delay maturing
and opening. The higher percentuges of potash have slightly de-
layed maturing and opening but not sufficiently to be an appreciable
factor in this consideration.

When the data are analyzed from the point of view of the increas-
ing percentages of nitrogen, phosphoric acid, or potash, it 1s seen that
the mixtures containing no phosphate (the group shown in the bot-
tom row, line 16 to 21, fig. 4, ') have malured less cotton early
and that early maturing increases with cach group or line of mixtures
as the phosphate increases. Considering the duata with regard to
the effect of nitrogen, the no-nitvogen mixtures (group along line
between 1 and 16) have produced only slightly higher percentages
of cotton earlier than fertilizers contrining 3 per cent ammonia
{group along line between 8 and 17). The slight differences are in
the range of experimental error, There is an appreciable difference
in these experiments between the percentage of the total yield of
cotton which matured early from 8 per cent ummmonia mixtures
{group along line between 8 and 17) and 6 per cent ammonin mix-
tures {group along line between 6 and 18} ; however, the total yield
from the 6 per cent ammonia fertilizers is greater. The application
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of fertilizers containing more than 6 per cent of ammonisa has resulted
in an appreciably lower percentage of cotton upening early. There
is little or no corrclation between the percentage of potash in the
fertilizer and the fime of opening of the cotton. The data are in
harmony with results secured in other cxperiments on these and
related soil types (4, 6, 9).

CORN ON NORFQLK FINE SANDY LOAM

The results of the fertilizer-ratio experiment with corn grown in
rotation with cotton for nine years ave given in Table 4. There was
a marled increase in corn yields from some of the fertilizer mixtures
containing high proportions of nitrogen in each year of the experi-
ment. These results are best visnalized in the triangle diagram.
(Fig. 8.) These are the average yields of corn for the nine years
of the cxperiment. The average of the seven no-fertilizer plots is
29.5 bushels per acre. The high-nitrogen. mixtuves, Nos. 10, 14, 15,
19, 20, and 21, have given highest yields. The mixtures containing
no nitrogen, that is, those in the group along line 1 to 16, gave about
the same yield as no fertilizers. There is an increase with the in-
crease of nitrogen up to 9 per cent in the fertilizer; for instance, the
mixtures in the group along line 8 to 17, containing 8 per cent an-
monia, gave greater yields than those in the group along line 1
to 16, containing no nitrogen, and those in the group along line 6
to 18, containing 6 per cent ammonia, gave greater returns than the
3 per tent ammonia mixtures. Nitrogen is thus shown to be the
imporiant fertilizer element for corn on this soil.

TarLe 4—Ticld of corn per acre in fertilizer-ratio erperimonts on. Norfolls fine
sandy foam, 1015-1027
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COTTON ON NORFOLK SANDY LOAM

A 3.year experiment was made on Norfolk sandy loam, a soil
closely related in physical characteristics to Norfolk fine sandy loam,
on which the results discussed in the preceding pages were obtained.
These experiments were made on farmis in Darlington County, S. C.,
on new plots each year in fields in which corn was grown the pre-
ceding year. The results are valuable in connection with those se-
cured at the Pee Dee Experiment Station. A soil map and plot of
the 1922 experiment are shown in Figure 6. Norfolk sandy loam
differs from Norfolk fine sandy Ioam in that it is of a lighter texture,
is more sandy, and leaches more readily. The plan of the experi-
ments and rate of fertilizer application are the same as in the former
experiments.

Detailed data are given in Table 5 and in Figure 7, A, B, C, and D.

The plots, on the Dargan farm, with varying amounts of nitrogen,
are shown in IFfigures 8 and 9. In 1922, in the experiment on the Dar-
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Fiorue 5—aAverage acre ylold in bushels of
corn_ott Norfolk fine sandy loam at the
I'te Dee Experiment Station [rom the 21
fertilizers used in the experiment, 1910-
1927. The cemposition of the fertilizer
wmixfures 1 o 21 is given in Table 4 und
in Figure 2 .

gan farm, the three fertilizer mixtures which produced the highest
yields were Nos, 6. 10, and 14, of the following respective compositions,
6-9-3, 9-6-0, and 9-3-3, and an average composition of 8-6-1, recorded
in Figure 7, A. The average composition of the three fertilizers which
produced the highest yield in the first year of the Gillespie-farm
experiment is 7-7-1 (fig, 7, B), and in the second year, 7-6-2. (Fig.
7, C.) Avcraging the three years’ results, the three mixtures which
produced the highest yields are Nos. 6, 9, and 10, as shown in Figure
7, D. These three fertilizers have an average analysis of 7 per cent
ammonia, T per cent phosphoric acid, and I per cent potash, which
seemed to represent the fertilizer analyses giving best results. The
average composition of the three mixtures which produced the high-
ost yields in each year is very nearly the same, and the deduction
seems significant. "Cotton yields from --acre plots fertilized with
various mixtures of nitrogen, phosphate, and potash are shown in
Figure 20.

£
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Figung 7.—A 1o D, yiclds of entton in pounds per acre en Norfolk sandy loam,
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TESULTS OF FERTILIZER EXPERIMENTS

TFigune 8.—Cotten ou Norfolk sandy leam: Neo. 11, on left, recelved fertilizer cou-
taining phosplite and potash but no nitrogen and yieldml 920 pounds per sere;
0. 1%, on ripht received ferillizer contalning phospbate, petush, and nitrogen

(4 per cent anunonin) @l yielded 1,266 peunds per acre

Fwrne D—Cotton on Norfollc sandy loam: Nn, 12, on Ieff, reevi
{nining phosphale, pofash, and nitresen (3 per erat wmmonia t and yielded 1t
rounds soed eolion por neee; checl, buffer row in middbe, received no fertilizer;
No. 33, on right, reeeived fortllizer contalning phosirhele, potash, oawd nltrogen
(G per cent ammoniz) and yielded 1,580 poumls sced collon per sere




Ficury 10.—Yield of cotton from o %-gcre plots on Norfolk sandy loam in Darlington County, S. C.

A—Check (no fertilizer), yicld 32 pounds, cquivalent to 640 pounds per acre; 10, fertilizer containing nitrogen (9 per
cent ammonia), 6 per cent phosphoric acid, no potash, yicld, 87 pounds, equivalent to 1,740 pounds per acre; 11, fer-
tilizer containing no nitrogen, 3 per cent .phosphoric acid, 12 per cent potash, yield, 46 pounds, equivalent to 920 pounds
per acre.

B—Check (no fertilizer), yield, 32 pounds, equivalent to 640 pounds per acre; 5, fertilizer containing nitrogen (3 per
cent aminonia), 9 per cent phosphorie acid, 3 per cent g)otnsh, yield, 71 pounds, equivalent to 1,420 {wunds ner acre; 14,
fertilizer containing nitrogen (9 per cent ammonia), per cent phosphorie acld, 3 per cent potash; yield, 81 pounds,
cquivalent to 1,620 pounds per acre. )
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Tawip G-—Yield of seed cotton per were i fortifizer-ralin erperisent on Norfolk
sundy towm, Duvifiglon Connty, N0 O, HL3-402
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Flie computation of the data presented in Table 6; where an aver-
age is made of the fertilizers according Lo their nitrogen. phosphorie
acid, and polash content. confirms in o general way the fertihzoer
analyses disenssed above. The 6 per cend and § per cent ammonia
mixtures have given the Jargest avernge yields in the nitrogen group,
and the 6 per cent and 9 per cent phosphoric acid the largest yields
in the varying phosphate group. The 3 per cent potash mixtare
gave the largest average yield in the potash group; it is followed
closely by the § per cent potash mixtures. The vield from thes.
two groups, however. does not greatly exceed the average yield
from the no-potash mixtures.

Tante §.—Yields of cotton fram forlilizers coniaining different proportions of
anponit, phosphorie aoid, and potash on Norfoll sundy loan

I3
P : i'or- .

('l:ill{ll‘.-lgo Ten- eentape]  Ten- Ifﬁ “I'en-
Fertiliner inix- | of aii- “v:fr:.f o| Feriilizer mix- “fﬁ:j;?é" 33_‘:;'::,{! Fortilizer mix- | nge of a\l':f;:;;‘;o
Lures in Figure { monia | U000 %{ tures in Figure ri!eitl in 'ieldlzzf tures in Fignre f potnsh yiold of

Ty Dy oud Tabie § ':-!I'lrf('l‘- hcc';! ton 7, By and Fuble 5 forli- }L'G!.t(l!! 7. D, andTablab :-III“I'EF‘ cotion

iizer NP o e SIS ol iy
tixture| T 0OTE mif’_\:-r‘t(lr;m i mixtoro| e fere

| ;

Prr eeal] Pornds No, Per eend| Pounds Prr centy Ponrnils
! 85 | 16,17, 04, 19,20, 2¢ 1] o971 & LYy
3 151 10,223,003, 14,35 k) 1,115 3 1, 141
i I n3ui0 [ 1, 237 i 1,133
0 1,238 £, 5, fi ] 1,164 ] 1,083
i 1, 163 2,8 12 833 12 40
‘ i 1, 407 i i3 0 15 G413

The soil on which the experiments were made has not responded
markedly to potash. A mixture contalning approximately € per
cent, ammonin, 6 to 8 per cent phosphoric acid, and a relatively low
praportion of potash would be selected on the basis of the analysis of
the data. This is very similar to the 7-7-1 ratic deduced from the
data first considered.  Considering the data as a whole, « mixture
containing 6 to 7 per cent ammonia, 6 to 8 per cent phosphorie acid,
arel 1 to 3 per cent potash might be chosen,

N
INCREASED YIELD FROM FERTILIZERS

The increased yicld from fertilizers was great each year. In
1922, the average yield from the checks, or no-fertilizer plots, was
837 pounds Per acre and that from the three mixtures producing
highest yields {Nos., 6, 10, and 14} was 1,653, an inecrease of 816
pounds or 97.5 per cent, In 1923 the average of the checks was
803 pounds per acre and of the three mixtures producing highest
vields {Nos. 6, 9, and 10}, 1,380 pounds, an increase of 577 pounds
or 71.8 per cent. In 1024, the checks averaged 297 pounds and the
three nrixtures producing highest yields (Nos. 6, 9, and 14} 1,146
pounds, an increase of 843 pounds or 283.8 per cent. For three
years, the checks gave an average yield of 451 pounds and the
three mixtures producing highest yields {Nos. 6, 9, and 10) an
:t\reil;'agc of 1369 poumls, an Increase of 918 pounds or 203.5 per
cent. '
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INFLUENCE OF FERTILIZER ON THE TIME 08 OPENING OF THE COTTON

The percenlage of cotton open ab the first picking in the experi-
ment on Norfollk sandy loam, as an avernge for three vears, is given
in Figure 7, B. The data for each year and dates of picking are
given in Table 5. Mixtures containing higher percentages of phos-
phoric acid have caused early maturing and opening of cotlon,
Fertilizer mixtures containing no phosphate matured cotton late,
There is no close correlation between the amount of nitrogen or
potash in the fertilizer and the time of maturing and opening of
cotton.

DISCUSSION

For a number of years experiments have been made in the South-
ern States to ascertnin the fertilizer requirements of the various
soils for cotton. The work was planned primavrily to determine the
fertilizer element having most influence on production. In recent
experiments with cotton attention has been given to a study of the
ratio of the three constituents, nitrogen, phosphate, and potash, in
fertilizers. The fertilizer investigations of this hurean with cotton
were planned to study not anly the suitability of fertilizer materials
and quantities of fertilizers needed bot also to ascertain the best
ratio of nitrogen, phosphoric ncid, and potash for specifie soil types.
Results bave been reported of experiments on Portsmouth sandy
loam, Dunbar fine sandy loam, Ruston sandy loam, Wickham fine
sandy loam. and Georgeville silt lonm in North Carolina {9, 14)
and Cecil sandy clay loam in Georgin (3).

The data given in this hulletin contribute to the knowledge of the
proper fertilization of Norfolk fine sandy loum and the related
type, Norfolk sandy loam, twe solls oceurring generally in the coastal
plains. These soils are utilized for cotton production possibly more
than any other soil types.

The proportion of nitrogen, phosphoric acid, and potash giving
the best results in the fertilizer mixture as determined by the triangle
system of fertilizer experimentation on these soils dees not differ
widely from that indicated by data secured from other field experi-
mental schemes. For best results with cotten on Norfolk fine sandy
loam, the work indicates a fertilizer containing 8 to 6 per cent
ammonia, 6 to 9 per cent phosphoric acid, and 3 per cent potash, and
for Norfolk sandy loam & mixture containing 6 to 9 per cent am-
montia, 6 to $ per cent phosphoric weid, and 0 o 3 per cont potash,
Preference is for a §-8-2 grade for the former soil and 1 T—7-1 for
the latter.

Experiments conducted by the South Carolina Agricultural Bx-
periment Station near Allendale, in Allendale County, on Nerfolk
sandy loam (7} for the three years 1420 to 1923 gave « IOSPONSe
from nitrogen and phosphate, but little or none from potash. In
this experiment, first the phosphoric acid and polash content of
the fertilizer was constant, Lut that of ammonia varied from 2 to 8
per cent in the mixture; next the nitrogen and potash were constant
and the phosphoric acid varied from 2 to 10 por eent; und next the
nitrogen and phosphoric acid were constant and the potash varied
from 2 to 6 per cent. TFertilizer mixtures containing 6 per cent and 8
per cent ammonia guve the largest yields, those from the 8 per cent
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ammonia being slightly larger. There was an increase in yicld
with additions of phosphorvic acid up te 6 per cent. Mixtures con-
taining no potash gave as large yields as did these containing 2 and
4 per cent potash. The fertilizer analysis which appears, from these
experiments, to give best results is 6 to 8 per cent ammonia, G per
cent phosphoric acid, and no potash.

In similar experiments in North Cavolina made by the North
Carolina Agricultural Experiment Station {6}, a mixture contain-
ing 7 per cent ammonia, 8 per cent phosphoric acid, and 3 per cent
potash gave best results on Norfolk sandy loam and one containing
5 per cent ammonia, ¢ per cent phosphoric ncid. and 3 per cent pot-
ash on Norfolk fine sandy loam.

The agronomic researcl committee of the Southeastern States (2),
which is made up of the agronomists of the experiment stations of
the Scuthern States east of the Mississippi, o representative of the
Burean of Chemistry and Soils of the United States Department of
Agriculture, and a representative of the soil-improvement committee
of the National Fertilizer Association, after considering the data
secured in fertilizer experiments with cotton conducted by the De-
partment of Agriculture and the Stafe experiment stations recom-
mend for the coastal-plain section of North Carclineg and South Carn-
lina, for the lighter types of soils which include those of the Norfolk
series, a mixture analyzing 4 to 5 per eent ummonia, 8§ per cent
phosphorie acid, and 3 to 4 per cent potash. A 5-8-3 and 0 484
analysis ave suggested. [fertilizer recommendations by this com-
mittee vary according to soil conditions. For use on lighter and
sandier phases of the soils, in addition to a 5-8-3 or a 484 analysis
from 18 to 30 pounds of nitrogen per acre from readily awvailable
material to be applied as a side application at the first cultivation of
the cotton after chopping is recommended. For the heavier types ot
soils, which include the very fine sandy loams, especially when occur-
ring in the cxtreme northern section of the Cotton Belt, where exarly
inaturity is an essential factor. & mixture containing 5 per cent am-
monia, 10 to 12 per cent phosphoric acid, and 3 per cent potush is
recommended,

SUMMARY

Results are given of a 10-year fertilizer experiment with cotton
and corn grown in rotation on Norfolk fine sandy loam, Florence
County, 8. €., at the Pec Dee Kxperiment Station of Clemson Col-
lege, and of a 3-year fertilizer experiment with cotton on Norfolle
sitndy Joam in Darlington County, 8. C.

The plan of the experiments is based on the triangle diagram.
The three fertilizer constituents, nitrogen {(ammonia), phosphoric
acid, and potash, were used singly, in combinations of two, and in
combinations of three, the ratios varying in definite proportions. The
applications of a 15 per cent plant-food fertilizer were made to cotton
at the rate of 900 pounds per acre and to corn at the rate of 430
pounds per acre. e)ne-t\\'entiet]1-::(‘1'0 plots were used, with unferti-
lized checks ocenrring after every third fertilized plot. The data
ave given in triangle figures, the dots in the triangle representing the
fertilizer ratios used. The position of the dot indientes the com-
position of the fertilizer.
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On Norfolle fine sandy loam at the Pee Dee Experiment Station,
the largest cotton yields were obtuined with fertilizer mixtures con-
taining 3 to 6 per cent ammounia, the 6 per cent mixture giving
slightly larger yields. The 9 per cent phosphoric acid mixtures
produced the largest yields, and the 8 per cent potash guve the best
results. Tt is concluded from the data as a whole that the fertilizer
ratio or analysis giving best results is a mixture containing 3 to 6 per
cent winmonia, 6 to § per cent phosphoric acid, and 0 to 8 per cent
potash. The average results indicate a 5-8-2 analysis as being best
for cotton on this soil. This fertilizer ratic does not vary widely
from results secured under other experimental plans on similar soil
types. The three fertilizer mixtures producing highest yields in cach
of the 10 years of the experiment gave an uverage increase in yield
ranging from 384 per cent to 178.4 per cent over the average in the
ne-fertilizer plots,

Fertilizer mixtares containing higher percentages of phosphoric
acid produced early maturing and early opening of cotton. Ferti-
lizers containing § per cent or more of phosphoric acid mutured
cotton earlier than mixtures contuining less of this constituent.
Mixtures containing the higher percentages of nitrogen used in the
experiments delayed maturing and opeming. 'This was true wien
the fertilizer contained as much as ¢ per cent amnionia.  Potash did
not have an appreciuble effect on the time of maturing and opening
of the cotton, though the higher percentages delayed opening slhightly.

The effects of the various fertilizer mixtures on corn on Norfolk
fine sandy Joam were variable. The high nitrogen fertilizer mix-
tures gave the largest ylelds.

On Norfolk sandy loam the largest cotton yields were secured with
fertilizer mixtures containing 6 to 9 per cent ammonix, 6 to 9 per
cent phosphoric aeid, and 0 to 3 per cent potash. The three ferti-
lizers giving best average yields for three yeurs had an avernge
compeosition of 7 per cent ammonia, 7 per cent phosphoric aeid, and
1 per cent potash. Phosphate had a decided effect in causing the
cotton fo muture and open early on this soil, and the mixtires con-
taining high percentages of nitvogen caused late maturing and
opening of the cotton. Considering the data as a whole, & mixture
for this soil should contain 6 to 7 per cent ammonia, 6 to 8 per vent
phesphoric acid, and 1 o 3 per cent potash. ‘The threc fertilizer
mixtures producing highest yields gave an increase over no fertilizer
of 07.5 per cent in 1922, TLS per cent in 1923, and 288.8 per cent
in 1924,
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