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Technical Bulletin No. 452 M Cctober 1934

UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, ™.C,

EXPERIMENTS WITH NITROGEN FERTI-
LIZERS ON COTTON SOILS

By . L. Sxinwen, senfor bischemist, R. A, Lixgperiy, assistont chenst, ond .8,
AnAMS, dsseciate soil fechnologist, division af Soil Fertiltity, Soil Tuvestigativns,
Bureaw af Chemistry gl Seils, and C. B, Wintiama, heud af Agranoemy Disision,
and H. B. Maxx, agronomist, North Coreline Agricultural Erperiment Station
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INTRODBUCTION

Yields of cotton on many soils in the southeastern Cotton Bslt are
determined more by the available nitrogen supply than by any other
controllable soil-fertility factor. In this region the yield of cotton

= may be at least doubled and sometimes tripled through the applica-
% tion of large quantities of commereial nitrogen with mineral fertilizers.

- ¥ The predominant need for nitrogen in this territory may be better

understood when it is considered that practically all virgin'soils in this
™ region have a low nitrogen content. The nitrogen content of many
Cof these soils is rapidly reduced through cultivation, the climatic
conditions favoring a rapid loss of nitrogen. Most of the soils of the
coastal plains, which comprise & large section of the southeastern
Cotton Belt, nre of such texture that the aeration is good even when
they are uncultivated. The result is a very rapid decomposition of
organic matter, initially in the soil, or added through green-manuring
crops, and & depletion of the soil’s store of nitrogan.” To meet this
diminishing supply of available nitrogen, especially on soils where
cotton is grown year after year, and on soils where but little organic
matter from sol-mproving crops is obtained, it becomes NCeCeSSAry (o
use large quantities of fertilizers containing commercial nitrogen.
Bince the decrease of the available supply of organic nitrocen ' from
vegetable and animal byproducts for fertilizers, the introduction of
synthetic nitrogen salts, and the manufacture of chesper mineral
! The tern “organic nitrogen” is used In this hulletin o define organic nitrogon o) vegotnhle or animal
whste origin, such as cottonsced meal, tanknage, driod blood, fsh scrap, e,
TOMREC—3——1
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nitrogen, considerable experimentation has been in progress to study
the effects of various carriers, and mixtures of different carriers of
nitrogen on southern soils and how to use them: to best advantage in
mixtures witi shosphorie acid and potash. Results of such work

conducted by t }n, State experiment stations of the Cotton Belt and
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Froueks L—>ap of the southeasiern Colton Belt, showing the sofls of the Atlkntie nud GQull Coustal Phios nird the Piedimont, whero the resulls

the United Stntes Department of Agriculture have been reported from
time to time. The relative eflects ol nitrogen sources on yield of
cobton have been studied in North Carolina, South Carolina, Georgia,
Alaboama, Mississippi, Arkansas, and other States, and 1e])01ted on
from $ime to time. A general soll map of the southeastern Cotton
Belt, where these resulls apply, is given in figure 1. The nitrogen
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sources in fertilizers with phosphoric scid and potash, giving best
yields, have varied with climatic and soil conditions where commonly
used materinls, as sodium nitrate, ammonium sulphate, urea, leuna-
salpeter, cottonseed meal, dried blood, tankage, fish scrap, etc., have
been used.

On prairie soils of Mississippi (7, 5),? in experiments using minsral
and synthetic sources of nitrogen in mixtures with phosphoric acid
and potash, the varistions in yield from sodiwm nitrate, anunonium
sulphate, Leunasalpeter, calcium nitrate, and wrea, ench used as the
entire source of nitrogen, were not great. Sodium pitrate and Leuna-
salpater gave slightly higher yields on many of these prairie soils.
On soils 1n south Mississippi {4}, very little differences were noted in
yield of cotton from the various inorganic and synthetic sources of
nitrogen.

In experiments in North Carelina (16) on Norfolk sandy loam at the
Upper Coastal Branch Station, Rocky Mount; on Cecil sandy loam
at the Central Experiment Stution farin, Raleigh; and on Cecil cley
loam at the Piedmont Branch Station, Statesville, inorganic sources of
nitrogen, sedium nitrate and ammonium sulphate, sach used as the
entire source of nitrogen with phosphoric scid and potash, gave larger
yields ol cotton than organic sources, such as cottonseed meal and
dried blood. The yields produced by various inorganic and synthetic
sources of nifrogen on these soils did not vary widely, except in the
case of sodium nitrate, which generally gave larger yields.

On Tiften sandy loam in Georgia (18), sodium nitrate gave slightly
larger ylelds than did other sources of nitrogen in complete lertilizers
for cotton. Cottonseed meal, dried blood, and tankage, as the entire
source ol nitrogen, did not give as large yields as did inorganic or
synthetic nitrogen. Mixtures of inorganic nitrogen and organic
nitrogen were not used.

On Cecil sandy clay loam in Georgia (3, 14), sodium nitrate, {ol-
lowed by ammonium sulphate, gave best results when compared with
synthetic nitrogen and tankage. In other experiments made for 7
Years, there was not o wide variation in yield of cotton [rom different
inorganic, synthetic, or organic nitrogen sources.

In o number of experiments made for several years in Alabama (75)
in which sodium nitrate, arnmonium sulphate, ammoniom phosphate,
Leunasalpeter, uren, and cottonseed menl were used, each as the
entire source of nitrogen for cotton with phesphoric acid snd potesh,
good results were generally secured froin cach. On the Clarksville and
Holston soil series, sodium nitrate was the most cffective source of
pitrogen. On the Decabur soil series, sodium nitrate and urea wore the
leading sources. On the Hartsells and Cecil soil groups, sodium nitrate
and ammonium sulphate produced equsl increases in pounds ol cot-
ton per acre. On the Oktibbehu soil group of the Black Belt, sm-
monium phosphate and sodium nitrnte gave grentest increascs.

Sodium nitrate and smmonium sulphate were of approximately
equal value for cotton on the Greenville soil group of the coastal
plglxl.im Sodium nitrate was most effeetive on Norfolk and Ruston
soils.

? Ttudle nutibers In parentheses refer to Lilterutare Clied, p. 28,
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On heavy soils in Arkansas (6, 7), yields of cotton from various
gources of inorganic and synthetic nifrogen did not vary widely.
Sodium nitrate generally gave slightly larger ylelds.

INORGANIC, ORGANIC, AND SYNTHETIC NITROGEN EXPERIMENTS
EXPERIMENTS IN NCRTH CAROLINA

Experiments were made on nine soil types in North Carelina® to
study the effects of inorganie and synthetic sources of nitrogen in
mixtures with phosphorie acid and potash for cotton. The detailed
results of this cooperative work are published in Bulletin No. 266 of
the North Carolina Agricultural Experiment Station (71}, A sum-
mary of the data, including the average yield of all the experiments on
the varions soil types in North Carcling, is given in table 1.

Tanre 1.—Sunmary of yicids per acre of seed collon secured in experiments on
nine soil Yypes in North Caroline with various smurces of nitrogen

{
Parts-t Qreon- Marl-
month é‘;ﬁfﬂ, viila D;_‘:;d‘ boro | Mark-| App-
snndy Tongt sundy chty sandy | horo | ling
Soures of mnitrogen in | loam, hal! lgnm, ! linain, } fine )sandy
#-5-4 fertiiizor applied | Now hie Wal- Lex WH- !sandy | loam,
ut rile of 830 ponads | Bern, by, den son, |lonmw, | Kings
an acre ! " | wver: P fiver- e nver- | Sea- [Mount| N
nge 2 é’:’_ v | nges ygnrs ngo 2 | hoard,| tain,
yeoars, 1’62_;_2'5 vears, | 1250 years, | 1025 | 1024
1633 -2 15262771 19026-27|

ington,

| L, .| b, | Lbs,
Spdinm nitrafe. _.-.... 5 1 2,450 ) 1, 620
Ammonium slphate 1] L4R ) L5
Ammoulum nitrate R 1357 1 1,428
Ammoninm chloridoe__.. L3ED 1,409
Ammonium ehioride ! 8 1,185 | 1,407
Ammonium phosphnte 2 830 1525 | 1,485

-] I B35 1 1,430 1 1,457 E 1,264 (7]

5300 ) 1, 867
Me fertllizer. . ‘- 48 465 :

g0 | Caos T ; 151

! Superphosphate souree of phospboric achd fn fertifizer mixtures, ymdussivm suipimie source of potosh,
oxeept wihera hoted,

1 Patash from notassium chicride,

i Ammonim phosphiale contalning 48 percenl phosplioric geid soil 12 percent nintein souroe of phos
phoric neld in this fartilizer, In order to prapure n $-Norcent pmmonin fertfizer fromw (his sull more than
8 percent of phosphorle neid was lneluded In this fertilizer,

These soils represent some of the principal types on which cotton is
grown in the Southeast. They are classified as Marlboro fine sandy
loam and Mmrlboro sandy loam, Portsmouth sandy loan, Ceeil sendy
loam, Davidson clay, Greenville sandy loam, Appling sendy loam,
Dunbar fine sandy loam, and Coxville sandy loam, Three of these
are of the Piedmont and six of the coastal plain Cotton Belt. The
effect of the nir-derived mitrogen salts studied, when used in mixed
fertilizer with superphosphate and potash, has generally been good.

In this work, each nitrogen salt was used as the entire source of
nitrogen in & §-8-4 * {ertilizer applied before cottonsesd was planted,
at the rute of 900 pounds an acre. Superphosphate was the source

3 Acknowledgment Js_madoe for tho nssistones of and rooheraiion by 1. O, Black, Kints Mounteln;
C. I>. Bradiam, Now Dern; 8. C, Lattlmore, Shelby; . W, Holomnn, Weldon; J. W, Meadows, Now
Hern; 1. P. Lucss, Wihison; M. R, Stevonson, émli{mrd: and E. C. Btekas, Loxinglon, eonpernting lariters,
who fyrnished lond fer the experitnents in Nortly Carollna nud nbor required for plasnting nnd enitivnting
the crap; and to R, . Qulledie, connty ngent of Horthonipton County, and B, C. Shefileld, connty nrant
of Davidson County, for general assistines p the work.,

+ Foriilizar goalyses wro glven ‘n this builetin in the order of nmmouiy, phissphoric acid, and potnsh.

The fertilizers wore prepured on Lhe pmmozin rather thnn the aiiropesn bosis as this was tha custam wlen
theso experiments were mnde.
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of phosphoric acid and potessium sulphate the source of potash,
‘except in one plot with ammoninm chloride. In this case potassium
chloride was the source of potnsh, which was added to study the offect
of fertilizers contuining two chloride salts. When ammonium phos-
phete was used, this was the source of phosphoric acid as well as the
source of nitrogen.

On Portsmouth sandy loam, In & 2-year test near New Bern, the

- average acre yields of seed cotton runged from 1,290 to 905 pounds.
Ammontum sulphete gave the highest yield and ammonium ckloride
the lowest.

On Cecil sandy foam, in 8 2-year test near Shelby, the average yields
ranged from 1,051 to 877 pounds; the highest was from sodium nitrate
nnd the lowest from Leunassalpeter.

On Creenville sandy loam In a 2-year test near Weldon, the average
yields rapged from 2,040 to 1,245 pounds. Ammonium sulphate
gave the highest yield and ammorium chloride the lowest.

On Davidson cﬁy in a 2-year test at Lexington, the yields ranged
from 1,525 to 1,i85 pounds, the highest being {rom ammonium
phosphate and the lowest from ammontum chloride.

On Marlboro sandy loam in a 2-year test near Wilson, the average
vields ranged from 1,620 to 1,407 pounds, the highest being Jrom
sodium nitrate and the lowest {rom smmoniuim chloride.

On Marlboro fine sendy loam, in a single-year test at Seaboard, the
yields ranged from 1,495 to 1,242 pounds per acre, the highest being
from sodium nitrate and the lowest from ammonium chloride.

On Appling sandy loam in o single-year test near Xinps Mountain,
the yields for the various salts ranged from 1,313 to 938 pounds. The
crop grown with sedium nitrate gave the best returns and with am-
monium chloride the lowest.

On Dunbar fine sandy loam in a single<yenr test at New Bern, the
yields ranged from 1,152 to 810 pounds. The highest yield was from
ammonium chioride and the lowest from uren.

On Coxville sandy loam in a single-year test at New Bern, the
vields ranged from 786 to 640 pounds. The highest yield was from
ammonium chloride and the lowest from ures.

The average yields of all the experiments range from 1,269 to 1,061
pounds of seed cotton per acre. The highest yield is for ammonium
sulphate and the lowest for ammonium chloride.

The results of these experiments with cotton on the various soil
types show the avernge yields of seed cotion per acre, produced by
fertilizers containing different nitrogen salts, are as follows: Ammo-
nium sulphate, 1,268 pounds an acre; sodium nitrate, 1,263 pounds;
ammonium nitrete, 1,236 pounds; ammenium phosphate, 1,217
pounds; urea, 1,199 pounds; ammonium chloride {used in mixtures
with potassium sulphate), 1,180 pounds; snd ammonium chloride
{used in mixtures with potassium chioride}, 1,061 pounds per acre.

In these experiments, ammonium nitrate, ammonium phosphate,
and urea, have proved to be good forms of plant food for cotton and
have produced ﬁn‘ger vields t%]ml did amumonium chloride. The use
of these gmir-derived nitrogen salts, containing relatively high con-
centrations of nitrogen, when applied in mixed fertilizer of the
analysis used, has not produced any appreciably injurious effeet on
germingtion of cotton or on the plants in the early stages of growsa.
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Neither has there been any indication of unusual leaching of them [rom
the soil in this work. :

Ammonium chloride used in fertilizer with potassium chloride as
the source of potash gave smaller yields than in mixtures with potas-
sium sulphate as the souree of potash. The plants did not develop
normally, nor did they make ag good growth. A 6-8-4 fertilizer
applied at the rate of 900 pounds an acre, using the two chiorine
salts, adds 141 pounds of chlorine per acre, compared to 112 pounds
of chlorine added in the mixture contalning ammonium chioride
and potagsiwin sulphate. Apparently, the chlorine conéent of the
fertilizer containing the two chlorine salts is the cause of the depressed
vields. (9

In -eorlier cooperutive work (§) with nifrogen sources on cotton
soils of North Caroline, semewhat larger yields of cotton were secured
on some of the soil types used in the experiments discussed above
when the nitrogen was derived in part from incrganic sources and in
part from organic sources, such 8s cottonseed meal, fish serap, dried
blood, or tankage, while other soils gave as large yields fromn fertilizers
containing a single inorganic source of nitrogen,

EXPERIMENTS IN SOUTH CARROLINA

Ta South Carolina, experiments’ were made on three soil types,
with inorgamie and synthetic sources of mitrogen in [lertilizors for
cotton, the detalls of which were reported, together with other
nitrogen experiments made in that State (J0). The experimcnts
were made for 5 years on Norfolk fine sandy loam ab the Pee Dee
Experiment Station of Clemson College, at Florence, 1 year on
Norfolk sandy loam at Hartsville, and 2 yesrs on Marlboro sandy
lonm =t Bennettsville. A summary of the data is given in table 2.

Tanne 2—Summary aof yiclds per acre of seed cotton secured {n esperimenls on three
soil types tn South Cavoling with vartous sewrces of ntlrogen

Norfolk E
overy {ing .
| T['"‘IY Nortoli Alnrlboro .
i long, vorfolk | oo
| Pee Dee samdy -
1 Experi- _lonn, ! nu\[.‘illll?:t'ts
t ment }Jm’tsvillcr] n\'cra;:e
Siatiou, W24 % ks vonrs
AVETHRE | H Iﬁ"f-"’.i N
§ yenrs, T
143125 1

I

.‘ Ttalutive
roling

Sonrce of nitrogen in 6-8-3 fertilizer ! applied

ut rte of 400 pounds an nere Avernge

Panzitly Poumdy Fowds Pantds Pereent

Sodium nilnle e L A0 1,430 1,01 i
Ammonivn sulinle e i Ay 1,155
Ammenium nitrate. . 5 Y 1,204
Amnnoniom chloride. .. . H27 1,10
Ammanicm phosphale ? v { A4 1, 146
[ - : . L
Mo feridli - Taf T

1 Suparphesphate source of phespharic acid in fertilizer mixtures, polassium sulphato souree of patash.
? Ammanium phosphate {contnining 48 percent phosphorie peid and 12 peresnt Rumonjum) supplied,
phosphoric acid axeeeding 8 percent in this fertilier.

# Ackuowledgment i3 madw for the sssistanee of ond cooperation by J. 4. Adoms, Bennetisvilie; Alex,
Prnngon, Floreoee; R. E. Qurrin, Pee Duee Expariment Siation, Flerance; I D, Dargan, Durlingtoa;
R. P, Gllesple, Hartsville: and B, E. Mo, Durlington, cooporsting farmers, who contribaled lam for
the oxperiments in South Caroling, and labor reuired for planting endd cultivating the crops; und to A, H,
Ward, former county agentl of Darlington County, for geneeal asslsianee in the wark,
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When all the cotton experiments are considered, the yields of
cotton from ammonium phosphate, ammoninm nitrate, and urew
did not vary widely from those produced by rodium nitrate and
emmontum  sulphate, Ammopium chloride “produced a slightly
smaller average yieid than other inorganic nitrogen carriers in the
o-year experiment on Norfollk very fine sandy loam. In the first 2
years of the experiment on this soll, ammonium eldoride gave larger
yields than did sodium nitrate and ammoninm sulphate, but in the
last 3 years the yields from the ammonium chlozide plots were con-
siderably smaller, the difference in yield Increasing each year.

In otber experiments by the same workers, sodium nitrate and
ammonium sulphate wore uscd as single sources of nitrogen in com-
plete fertilizers (with superphosphate and potash), combined In
different proportions, and together with (1) dried blood, (2) cotton-
seed meal, (3) fish scrap, and (4) tenkage. In the experiments,
which ineluded organic materials, 50 pereent of the pitrogen in the
fertilizer was from inorganic sources and 50 poercent from organie
sources. The exporiments were mede on five soil types which
represent the principul sotls used for cotton in the scuth Atlantic
Coestal Plain, A summary of the data secuved is given in table 3.



http:supel'phospha.te

Taste 3—~Effect of various sources of nitrogen in fertilizers on yield of collon on several seil types in South Carolina

Norfolk fine |Ruston coarse[Norfolk sandy Norfolk sandy 1 Anilhoro sandy loaim
sandy loam, | sandy loam, loam, vorlo < sandy foam, - ncy e
Florence Darlington | Darlington Hartsville Bennettsrille

Sources of nitrogen in 6-6-3 fertilizer 1 applied 1920 1921 1922
at rate of 800 pounds per acre

Cot- Cot- . Cot-
ton ton Yieid | ton
open open g rer |open
Sept. Sept. . .| acre - |Sept.
23 18 8 22

. Pct. Pct. . . ct. Pet. Lbs. .

Sodium.nitrate oo FO 39 51 64 01 1,285.7

i\ammonium su]nhgtp 42 65 g 94 260 1, 254.5

33 percent from sodium nitrate

g? percent {rom argx'noniurtn stulphate 15 63 2 1,358.4
7 percent. from sodium nitrate... .. - o5 )

33 percent from ammonium sulphite 2 58 3 1, 385.9

25 percent from sodium nitrate .

25 percent {rom ammeoniuim sulphate 38 61 90 77 11,413.7

50 percent from dried blood

25 percent from sodiumn nitrate. . - )

25 percent from ammonium sulphate 45 64 E 1,410.9

50 percent {rom cottonseed meafl___

25 percent from sodium nitrate._..

25 percent from ammonium sulphate 44 67 ¥ 7 54 |1,434.5

) percent from fish serap.... .. o

25 percent from sodium nitrate....

25 percent irom ammonium sulphate 1,560 5 53 65 1,404.0

50 percent from tankage

No fertilizer 780 7 0620 35 903 70 680 71 787.9

t Superphosphate source of phosphoric seid in fertilizer mixtures, potassinm sulphate source of potash.

THALINDIOVY JO "ITdHA ‘§ 0, ‘29 NILATIAT TVOINHOEL




EXPERIMENTS WITH NITROGEN FERTILIZERS ON COTPON SOILS 9

- The comparative yields from sodium nitrate and smmonium sul-
phate varied with the soill. Larger yields were produced by sodium
nitrate on Norfolk fine sandy loam at Florence, and larger yields
from ammonium sulphate on Ruston cosrse sendy loam and Norfolk
sandy loam at Darlington. There was but little variation in yields
from these {wo nitrogen sources on the other soil types. The aver-
ages of all the experiments were practically the same.

Two sources of inorganic nitrogen proved io be better than o
single source in scme of the experiments, and nitrogen one-half from
the two inm;ianic sources and one-hall from organie sources proved
better than did single inorganic sources on some soils. The average
vields of all the experiments favor slightly the mixtures (1) of two
sources of inorgame, and (2) mixtures of inorganic and organic
mitrogen. There was no consistent or appreciable difference in
eerliness of cotton produced by the inorganic sources of nitrogen or
mixtures of inorganic and orgunic nitrogen.

In & B-year experiment on Norfolk very fine sandy lomm, cou-
ducted at the Pec Dee Experiment Stetion, Florence, where cotton
was grown in rotation with corn interplanted with cowpeas, sodium
nitrate gave somewhat larger yields of cotton thau did ammonium
sulphate for 4 years and » lurger sverage yield for 6 years. Mix-
tures of inorganic and organic nitrogen guve slightly larger average
vields for & years than did single Inorganic nitrogen sources. ‘Fhesc
data are given in table 4. The detoiled results with both cotton
and corn are given by Skinner and Buie (J0). There was no eon-
sistent or appreciable difference in the earliness of cotton as inflysnced
by nitrogen sources or combination of several sources,

THLEH® ) —2




Tapte 4—FEffect of various sources of nitrogen th mived fertilizers on yield of collon. on Norfoll: very fine sandy loam at Pee Dee Experimeil
Station, Florence, S.C.

)

1920 1921 1022 1923 1924 1025

Source of nitrogen in 6-8-4 fertilizers ! applied at rafe of _ Aﬂ\gér- It‘f‘l,:'
900 pounds per gere Yield Cotton| yrija Cotton| yriaa Cotton| yia1d Cotion Yield Cotton Yield Cotton vield | vield
h open open i open open open | °

ol _ODET >
per acre SEDL o8 per acrel Scpt. 26 per acre| Sept. [} per acre; SE[)L 13 per acre Sepn. 6 per acre| Aug. 27

Pounds | Percent | Pounds | Percent {Pounds | Percent | Pounds | Perceiit | Pounds | Percent | Pounds | Percent | Ponnds | Percent
Sodium nitrate, 1,764 45 [ 1,020 35 460 701 1,430 B7 810 42 1,734 58 | 1,203.0 100
:z}*;mmoni%;}l :nlph(r;fn it ) 1,316 331 1,220 5 420 56| 1,260 70 810 531 1,330 44 | 1,059.3 88
3 percent {rom sodium nitrate " o o ; P - - -
I bercent fro ammioniom Suiphite. -1} 24 ] 1,260 2 3] 1,220 62| 700 51l 1,440 47 {1,100.6 92
7 percent from sodium nitrate ] o = P

33 percent from nmmonium sulphates. i 1,400 21 50| 1,380 85 800 441 1,560 49 11,272.6 106
25 percent {rom sodium nitrate. ... ... . -
25 percent from ammonium sulphate 1,240 22 g 541 1,230 44 51 11,250.0 104
50 percent from driec blood

25 percent from sodium: nitrate " ;
25 percent {rom ammonium sulphate - § 1,180 4 611 1,490 59 11,2535.0 104
50 percent from cottonseed meal
25 percent from sodium nitrate -
25 percent froin ammotium sulphate 1, 140 21 63 | 1,390 581 1,265.0 105
50 percent from fish scrap....-
25 percent from sodium nitrate
25 percent froin ammonium sulphate. _. - 76 { 1,350 61 §1,254.3 14
50 percent from tankage.. e .
No fertilicer - 25 E 1,080 E 61} 878.0{.ccoeees

1 Superphosphate source of phosphorie acid and potassium sulphate source of potash in fertilizer mixtures.

FIALIAOTEDY JO "IdHd 'S ‘0 ‘267 NILETING TYOINHOML
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EXPERIMENTS IN GEORGIA

An experiment made on Cecil sandy clay in Georgia for 6 years
gives further data to show the slight superiority of {erfilizers contain-
ing both inorganic and orgenic nitrogen over fertilizers containing
only quickly available inorganic nitrogen on cotton. This experi
ment was made on land on which cotton and corn were grown in
rotation on two tiers of plots. The corn received no tertilizer.
The experiment was made in cooperation with the sgronomy divi-
sion of the Georgia State College of Agriculture® and is part of a
general fertilizer experiment with fertilizer ratios and sources of
potash and nitrogen. The data are given in table 5 for the years 1920
to 1926, except 1925 when the crop fatled owing to abnormal weather
conditions.

The date show greater returns from a mixture of sodium nitrate and
ammnonium sulphate than from either of these inorwanic sources
singgr, and still greater returns from fertilizers having nitrogen de-
rived In part from inorganic sources and in part from orgunic muterials,
such as cottonseed meal, dried blood, fish scrap, and tankage. There
was more cotton picked early on plots receiving fertilizers containing
both inorganic and orgsnic nitrogen than from plots fertilized only
with inorgunic nitrogen.

TanLe 5.—Effect of vurivus sources of nitrogen in Jertilizen an yield of collon on
Cectl sandy clay, Athens, Ga.
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RATIO OF INORGANIC AND SYNTHETIC TO ORGANIC NITROGEN

In 1927, experiments to study the best ratio of inorganic and syn-
thetic to organic nitrogen in fertilizer mixiures with phosphoric acid
snd potesh were planned by representatives of experiment stations
of the Southeastern States and of the Unitod States Department of

? Credit s dua 3. R. Fain, hoad of the agronomy dlvision of the Guor;iiu Siste College of Apriculturs, for
[+

coogemtlan in conducting this work and to A. P, Winston, superintendont of the dplry farm, for nglstonico
in detsila of condueting thiz experimunt,
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Agriculture. The experiments were inaugurated on a wide range of
goils including the principal soil types used for cotton production in
the Southeastern States. In this work, nitrogen, phosphoric acid,
and potash were used in mixtures, the source of nitrogen varying.
The plen of the experiment included sodium nitrate as the entire
source of nitrogen, and nitrogen from mixtures of sodium nitrate and
cottonseed meal in the following proportions, respectively: 90:10,
80:20, 65:35, 50:50, and 25:75. Ammonium sulphate was likewise
used as the entire source of nitrogen and in varying proportions with
cottonseed meal. Ures and Leunasalpeter as types of synthetic
nitrogen were also used as the single sources of mitrogen and with
cottonseed meel in varying proportions. Plots fertilized with phos-
phoric acid and potash, without nitrogen, were included and served
as checks.

The tesults of experiments on several soil types in which this plan
was used are as follows:

On Norfolk sandy loam better results were secured with fertilizers
containing approximately equal proportions of nitrogen from inor-
ganic selts, sodium nitrate or smmonium sulphate, and cottonseed
meal than from fertilizers containing nitrogen from larger percentages
of inorganic nitrogen in the first 4 years of an experiment at Holland,
Va., reported by Batten and Hutcheson (2). A similar result was
saculred with nitrogen derived from Leunesalpeter and cottonseed
meal. ’

On Greenville sandy loam and Decatur clay loam, better results
were secured with fertilizers containing nitrogen derived entirely from
sodium nitrate, or 80 percent or meore from sodium nitrate, and a
small proportion from cottonseced meal than from fertilizers contain-
ing nitrogen from small percentages of sodium nitrats and large per-
centages of cottonsecd meal in 3-year experiments in Alabama,
reported by Tidmore and Williamson {15).

On Cecil sandy loam, betiter results were secured from fertilizers
containing nitrogen derived 90 percent irom sodium nitrate and 10

ercent from cottonseed meal, at Experiment, Ga., in 1930, reported
Ey Bledsoe (3, 14), though in previous years fertilizers containing
nitrogen from smaller percentages of sodium nitrate and larger per-
centages of cottonseed meal than this are reported to have given best
results. The 65 : 35 and 80 ; 20 ratios, respectively, of sodium nitrate
and cottonseed mea] produced largest yiclds.

On Tifton sandy loam at Tifton, Ga., it is reported (12) that work
in progress with nitrogen appears to show that fertilizers for cotton
on this soil gave best results when the nitrogen wus derived 75 to 80
percent from sodium nitrate or smmonium sulpbate and 25 to 20
percent from organic material, such as cottonseed meal.

In experiments on a heavy soil in Arkansas (6, 7), with fertilizers
- containing organic nitrogen in the form of cottonseed meal in varyin
proportions with (1) sodium nitrate, (2) ammonium sulphate, an
(3) Leunssalpeter, there was a marked tendency the first 2 years of
the experiments for the yields of cotton fo incrense as the ratio of
organic nitrogen was reduced until the low rate of 30 percent or less
of organic nitrogen was reached when the yields differed but little,
Thess results, however, varied from year to year, possibly owing to
westher conditions. After 3 years, best results were secured with
higher ratios of organic nitrogen. From the results as a whole it
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appears that the best ratio of inorganic to organic nitrogen is 70 to
80 percent of the former and 30 to 20 percent of the latter.
Experiments conducted by the South Carolina Agricultural Exper-
iment Station,’ to determine the best ratio of tnorganic or synthetic
nitrogen and cottonseed meal for cotton soils in South Caroling, have
been In progress several years on Cecil clay loum, Norfolk saudy
loam, and ot%ler soll types. The data are helpful and in harmony with
those already reported in other States, but are not very conclusive as
to the exact ratio of inorganic to organic nitrogen for cotlon fertilizers,

EXPERIMENTS ON CECIL CLAY LOAM

_The results of a G-year experiment on Cecil clay loam at Youngs-
ville,® N.C., are given in table 6 and shown graphically in figure 2,
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Froune 2—Averago ylald of cotton for & yours on Cecil cloy losin, Youngsville, N.C., from 200 pounds
per acre of 6-10-4 ferlilizor contuining nlirozon from varlous proportlons of inergonie of syontholie soirves
and cotd i meal. Hachured section of column represants yloid from Orst pleking; entirs height of
volumn reprosonty total yinld,

In this experiment s 6-10-4 fertilizer was applied annually at the
rate of 800 pounds an aere in the furrow by hand 8 to 10 days before
plenting. It was mixed in the soil and bedded on. The beds were
settled at time of plenting the seed, and generally good stands were
obtained,

Considering first the sodium nitrute series, the three fertilizers
giving largest average yields over the 6-year period are shoso having
nitrogen derived 90 percent from sodium nitrate and 10 percent from
cottonseed meel, 80 percent from sodium nitrate and 20 percent from
cottonseed mesl, and nitrogen derived »oll from sodium nifrute.
Largest yields were obtained for 3 years from the 90:10 ratio, for 2
years from the 80:20 ratio, end for 1 year from the fertilizer having
nifrogen entirely from sodium nitrate. The yields from these thres

¥ Privote communicatlons by T. 8 Bule and 1. P. Coonor of the Sonth Cavelinn Agrlenitura) Taperi-
tnent Stetion.

* Acknowledpment Is tnnde for Lhe assistance of und cooperstion by W. . Moy, Younpavitle, N.{"., wha
turnishied land for these experlmenty nnd Mibor rotpuired for plunting nnd cultivatine the crog,
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fertilizers did not vary widely, except the last year of the experimoent
when the fertilizer containing all of the nitrogen from sodium nitrate
yiolded 200 pounds of cotton less than the 80:20 mixture.

There was & substantial increase in yizld of cotton [rom the lertilizer
containing nitrogen over those.containing phosphate and potash and
no nifrogen. _

In the G-year average, the yields with two exceptions increased as
the nitrogen from sodium nitrate increased and that from cottonseed
megl decreased to the 90:10 ratio. The lowest average yield, 1,027
pounds nf cotton per acre, was from the 25:75 ratio, and the largest

average yield, 1,356 pounds per acre, trom the 90:10 ratio. The

fertilizer having nitrogen entirely from sodium nitrate gave an average
yield of 1,284 pounds per acre.




TABLE 6.—Telds of colton 1928-53 on Cecil clay loam, Youngsville, N.C., from fertilizer containing nitrogen from different sources ¢nd in
different percentages from mineral or synthelic nifrogen and organic nitrogen

[Fertilizer applied annually at rate of 800 potinds per acre before planting; source of fert ili{.exl' ing]redients: Nitrogen as noted, phosphoric acid from superphosphate, potash from
potassinm sulphate ’

1928 1929 1030 1931 1932 1933

Aver-
- o Cotton ) «-; N Cotton Cotton; age
Yield e | picked | Yield | Yield | picked picked | vield
fiest | acee | MISE | ogere | f5st fiest
picking picking picking| picking

Source of nitrogen in 6-10-4 fertilizer Cotton
. p}ﬁ};‘éd per per
picking] dcre acre

. Pounds| Percent| Pounds 'Pounds Pereent | Pounds| Percent| Pounds| Percent{ Pounds| Percent} Poirnds
Nao nitrogen . 516 81 684 34 600 581 1.371 62 705 441 1,368 68 874
25 percent from sodium nitrate, 75 percent from cottonseed menl. .. .. 761 1,002 B 555 60| 1,208 2 4 1,704 79 1,027
50 percent from sodium nitrate, 50 percent from cottonseed meal. ... W72 76 4 661 56 i HH : 1, 896 6l
65 percent from sodium nitrate, 35 percent from eottonseed meal. ) 70 50 B 321 1,87 60
I G L) DA SR . . 81 - G2 i 1,372 72
80 percent from sodium aitrate, 20 percent from coitonseed el § Th . 58 79 2,304 59
90 percent from sodium nitrate, 10 percent from cottonseed meal.._..| 1,000 42 737 i 2,136 62
100 percent from sodium nitrate, 0 percent from cottonseed meal. % , 02 g 61 i 2, 088 55
No nitrogen. 2 { : 1,412

No nitrogen... — - 73 2 R D 5 1,272
25 percent from ammonjum sulphate, 75 bercent, from seed meal. §

&0 percent. from arnmonium sulphate, 50 percent from cottonseed menl.
65 percent from ammonium sulphate, 35 percent from cot tonseed meal.,
BN 113 4711 o H N s e e d .. m
80 percent from ammonium sulphate, 20 pereent from cottonsced meal.
90 percent from amnionium sulphate, 10 percent froni cotiouseed meal |
100 pereent from ammonium sulphate, 0 percent from cottonseed meal,
No nitrogen....

No nitrogen..... I

25 percent from Leunasalpeter, cottonseed meal_..

50 percent frons Leunasalpeter, 50 percent from cottonseed meal_-

65 pereent from Leunasalpeter, 35 percent fromt cottonseed menk. -
No nitrogen.

80 percent from Leunasalpeter, 20 percent from cottonseed menl..

490 percent from Leunasalpeter, 10 percent from cotionseed meal. .
100 percent from Leunasalpeter, 0 percent from cottonseed meal..
No nitrogen .

Average of nitrogen plots in sodium nitrate Series.......o.ooica...
Average of nitrogen plots in-arnmonium sulphate series.
Average of nitrogen plots in Leunnsalpeter series..

Average of no nitrogen plots..co..v .. oo
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In the ammonium sulphate series, the 80:20, 90:10, and 100:0
aitrogen ratios were likewise the three highest yielding fertilizers
during the 6 years of the experiment. For 3 years the fertilizer
huving nitrogen entively from anunonium sulphate gave largest
vields, for 1 year the 90:10, for 1 year the 80:20, and for 1 yenr the
65:35 gave largest yields. The average yields from the G-year
experiment were 1,316 pounds per acre for the [ertilizer having nitro-
gen entirely from ammonium sulphate, 1,253 pounds for the 90:10
ratio mixture, and 1,219 pounds from the 80:20 ratio mixture. The
smallest yieids were from the mixture baving nitrogen derived 25
percent from smmonium sulphate and 75 percent frow: cottonseed
meal and from the mixture heving nitrogen from equal piropertions
of the two materials.

In the Lounasalpeter series, the largest yields of cotton were from
the 90:10, 80:20, and 65:35 ratios. Ior 3 years the 90:10 ratio
apve largest yields, for 2 years the 80:20 gnve largest yields, and for
1 yenr the 65:35 gave largest yields. Au average of the 6 years’
results was 1,120 pounds for the 25:75 ratio, 1,136 pounds for the
50:50 ratio, 1,282 pounds for the 65:35 ratio, 1,331 pounds for the
80:20 ratio, 1,435 pounds for the 90:10 ratio, and 1,218 pounds for
the fertilizer with ali the nitrogen derived from Leunasalpeter.

The relative offects of sodium nitrate, ammonium sulphate, and
Leunasalpeter ms single sources of mitrogen in fortilizer with phos-
phoric acid and potash on this soil are compared in table 7. For 4
years ammonium sulphate took the lead, for 1 year sodium nitrate
was higher, and for 1 year Leunasalpeter gave largest yields. The
highest average yield of the 6 years was [rom ammoniwn sulphate.

TauLk 7—VYields of colton on Cecil cluy loam, Voungswille, N.C., from sodium
nitrate, anvmonium sulphate, end Leungsalpeler as sources of nilrogen in 6-10-4
fertilizer

Yiokd of secd cotlon per nere Yield of seed ¢otlon per nere
from-- from~—

Ao~
nigm
sulphate

Amnino-
nium
sulphnte

Leunasnl-
peer

T.eunnsal- -_- Sodilm
peLer nitrate
|.
1
Pounds | Ponmds | Pounds | Pounds | Pounds | Pounda
Uit 1,050 W0 R 182 519 1,240 TG

1, [ L1 [F1£%] - 2,58 1,50 1, HA4
1,0 1, 184 :
1

1,798 311 - AVETUES . e 1,324 1,318 1,218
' ' '

Sudinm
nilraley

There was not a wide varistion in vield [rom fertilizers containing
sodium nitrate, ammoniwmn suiphate, or Leunasalpeter, when part ol
the nitrogen in the mixture was derived from the inorganic or syn-
thetic source and part from cottonseed meal As shown in table 6,
for 2 years, 1928 and 1930, the yiekls were practically the same; the
sodium nitate series gove largest yiekls for 2 years, the ammonium
sulphate series for 1 yenr, and the Leunasalpeter series lor 1 year.

Fertilizers giving largest total yields gencrally gave largest yields
of cotton at the first picking, as shown in figure 2, indicating the ratio
of quickly available inorganic nitrogen to slowly available nitrogen
from cottonseed meal which gives largest yields on this soil; also
gives the earliest cotton.
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EXPERIMENTS ON NORFOLK FINE SAND

A mitrogen-ratio experiment was made for a single year on Norfolk
fine sapd st the Sandhill Experiment Station ol Clemson College,
near Columbis, S.C.  This soil is typical of that occurring in the sand-
hill section of North Carolina, South Carolina, and Georgia, shown
in fizure 3. Much of this area is devoted to cotion production,
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FLauge 3.—Sand-blii section of North Carollng, South Curclinm, and Qeorple, Iving borween Lhe Pied-
mont aod Alsptic Coustal Piains boles, where Norfolk fine samd ovcurs in Inrge aress.  Shaded seelion
iz the supd-hll section.

although some of this soil is naturally unproductive and may he
expected to give smnll yields of cotton unless large applications of
fertilizer are used. Commercial lertilizers are necessary for cofton
on this soil and usually two applications ench scauson are made.
The fertilizers used in the nitrogen-ratio expetiments were applied in
two applications, 400 pounds an acre a few days before planting and
400 pounds as a side dressing 4 weeks after the plants came up.  The
results are given in table 8.
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TasLe 8.—Yields of cotton on Norfolk fine sand from fertilizer coniaining different
sources of nitregen and different proportions of nitrogen from TROTGAnIc Or SYn-
thetic und orgunic nitrogen, Sundhill Erperiment Station, Columbia, S.C.

[Fertlizer npplled nt rode of 500 postnds per acre, oae-hindf before plenting aud one-hall @ weeks siier colton
cRine up

. Yield of | Cotron
Souree of nitrogen in -84 fortllizer ! cattan | open first
er nere | pekine
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80 pereent from smifn pityate, 20 pereent frome colionsced mend. . i
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Mo nitrogen [ et mm e
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25 pereent (rom amnonivin sulphinte, 75 pereent from cotionseed mend. . ... o ..

50 peretnt From wintapic iy suiphale, 50 pereent from eotbonsecd neeal e

63 pereent fron REmmomum suiphnte, 36 percent from eotlonsect mend. .. ... .. -

H0 pereent leomn annponivm suiphinte, 20 percent from eottonsesd menl., o .. .

4 poreent frony mtinoniuim sulphate, 10 percent from eotlonseed menl. .. - . ... .

100 pereent from prunonicm suiphaie, O percont from cottonseed weal. .. ... ...

Na nltragen - e imias
L PR -

25 pereend frot Taunusnipoter, 75 pereend from cotionseed men]

M) parcent femn Lounusadjpeter, 54 percend (rom cattanseed menf. .. ..

i pereunt o Legnnsalpeter, 35 pereent fromw eoltonseed meal . .

80 peremmt frosn Laznnsaljeler, 9 percent from cottonseed meal. ..

%2 pereent from Loannusutpoter, B pereent from coltonseed mend. o

W00 pereeul from Leupesalpetoer, O percent frow cotiopseed mead_ |
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In this experiment the fertilizers containing nitrogen derived from
the higher percentages ol cottonseed meal gave highest yields. In
the sodium nitrate and srmunonium sulphate series mixtures contain-
ing from 35 to 76 percent of the nitrogen {rom cottonseed mesl and
the remainder from sodivwm nitrate or ammoniwn sulphate were best.
Fertilizer containing nitrogen [rom mixtures of Leunasalpeter and
cottonseed meal gave best results when the nitrogen was derived 20
to 50 percent from thic latter. Tt would scem that for best results
with cotton on this sandy soil the nitrogen in the fertilizer should
contain more of the siowly available lorm than for cotton on a sandy
loam or a heavy clay soil.

There was & marked increase in vield of early cotton from flerti-
lizers containing the higher percentages of slowly available nitrogen
compared with those containing principally quickly availsble nitrogen

EXPERIMENTS ON RUSTON SANDY LOAM

NITROGENS RATIOR

An experiinent was made on Ruston sandy loam at Fayetteville
N.C.0 for 3 years. Preceding the inauguration of the experiment the,
field had grown cotton in rotation with corn interplunted with soy-
beans. The vegetation produced by the soybeans was plowed under
in the fall for green munure. By this practice the scil had been
maeintained al a high level of fertility, und large yields of cotion were

¥ Land for tho exjroritnents on Ruston sandy Joam, al Favattaviiie, N.C,, was conlributed by T J. Purdie.
s Yol pful sssksithnes 2nd cooperation Iy aeknowledped snd that of S, I Guy, whe contribgited lnbor for
planting snd cultivating the erap, T'he general nysistnnce of N. 13, Stavens, county szent of Comberiand
Counly, s appreckntod,
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secured. The year preceding the inauguration of the experiment, the
field was in corn an beans and g mass of vegetation from the soy-
bean vines was i;urmecir under late in the fall. Cotton was grown
continuously in the experiment for 3 years, each plot receiving identical
fertilizer treatmenis each year, and no vegetation except cotton stalks
was grown or turned under durmo the 3—yefn' period. In this experi-
ment 800 pounds an scre of & 6- -8 or 0-8-8 fertilizer were used and
applied before planting. ~The results secured in 1931, 1932, and 1933
are given in figure 4 and in table 9.

TaBrr 90— Vields of cotlon on Ruston sendy loam, Fagetienille, N.C., from ferlilizer
containing nilregen from differcal sources and varying percenlages of wineral,
synlhetic, and organic nitrogen

[Fortitizer anplicd ad rate of 800 pounds per pore: sovree of fartilizor ingretlients: Nitropen us nated, phosphoric
neid fram superphiospbate, pobosh frotn potessizm clidoride)

|
141 1932 K3

Aver-
Sonree of nitrogen i 0-8-8 fertilizer - Cotlow ] + Cotton| - Qution  age
¥ :'g:_d open | ¥ Eg:_‘l open | 'gl‘l open | yield
dero | fust R 4 fesu | TR dest
plcking pleking picking

Poumits: Pereent | Pounds| Pereent | Povndz | Percent| Poudz
No nitropen.. 2,876 T8 1,325 G ] 1,475 ™ 1,707

25 mercent from sedium nilrsie, ¥5 percent
from cottonseed meal. L.l 2,160 51 1,35 A 1,87
50 percent from sodinm nitoole, 50 pcrcmr,
from cottonseed mesl ... ] 2000 1,387 2, G630 1,846
05 percent from sodium nitrale, 35 percunt
from cottonsecd menl 2,445 1, 53R 2125 1, 90
30 pereent from sn(hnm mitritls, 2 pereend
frotn coth 1 renl. 2,52 1,549 321 1,805
W percont from sod:um mtmte 19 pereent
from cott } mreanl = 0y 1, 557 2, 100 g i, A
100 percent from sotium nitrade, mru.nl
from cottonsend menl 2100 \ I 437 H 2, 1450

Averape of spdim nitrade series_ oo o 2107 1,405 908

No nilrogen 2,80 302 1, 4 1, 640

45 pereenl from ammomum suiphnie, 75 pur-
cant froe cottonsesd mend. .. .. 2,104 3,402 i 1,860 1,771
50 percend from ammonium wipl:ufe [5) ;:er-
cent from eottonseed menl o100 1,87 |1t 1,83
65 peronnt fron smmonjem selphate, 35 per-
cant from votionzeed ol 2,075 1, 547 5 1,462 1,8%
&0 pereend frown ammonium suiphate, 20 per-
cani from cotbonseed Mreal . .o _L_.o. 2155 1, 902 3, G 1,
10 pereent frarn ammoninm selphate, 10 per-
cent. from cotlonseed maend 210 Th 1, B2 i, 82§
10 pereent from aminoHum sulphate, © per-
cent fram coll !ameni.. JRUSO B N177 LR - 1,738

Avernge of ummanim suiplate sorios. ... 4080 1,487 1,855 !

No nitrogon. .. 2,248 - 1,325 - (AR R

45 pareent frean wrea, 76 percent from votlon-
secd niend 2, 000 RN 3 1, 865
50 percant froin wran, & percent fram eotlon.
seesd mend 1,925 i, 5M a 1,037
s percent from uren, 35 parcent from eotion-
maal 2, 185 1,345 ¥ Ay

H0 percent from uren, 20 ;n.rcc-n!. fromn cotton-
seed tneal 2, g 1,362 | 1,55
K} percent from uren, M pereent (forn eotion.
sead meal 2,085 1,500 1, 880
100 pareant lromnt umu, E) percent from cotton.
seed menl e 1L, %5 1,437 1,782

Averagn of grea sorles. ..o SO - 2,010 1,403 1,908

1117 TR B -+ | 1, A% 1,425 1 a5
Avernps of no-nflrogen plots. ... .. 280 1,428 [ 1
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F16urE 4.—Yields of cotton on Ruston sandy lvam, Fayetteville, N.C., from 800 pounds per acre of 6-8-8. fertilizer containing nitrogen from various proportions of
inorganic or synthetic sources and cottonseed meul. Iachured section represents yield from first picking; entire column represents total yield: A, yields in
1931; B, yields in 1932; C, yields in 1933. In 1931 cotton followed corn interplanted with soy beans for green manure, and cotton followed cotton in 1932 and 1933.
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In 1931, when cotton followed corn and soybeans, the no-nitrogen
fertilizers gave larger yields than did any of the fertilizer mixtures
containing nitrogen, regirdless of the source of nitrogen. In 1932, the
second year after corn aud soybeans were grown, the yields from the
fertilizers containing nitrogen were greater than from the no-pitrogen
fertilizers, but the differences were not wide. In 1933, after cotton
had grown 2 years in succession without turning under green-manure
crops, there was a decidedly increased yield from the nitrogen fertilizer
over the no-nitrogen fertilizers.

Considering first the sodium nitrate series, the largest average yield
for the 3 years, 1,995 pounds of seced cotton per sicre, was ebtained from
the mixture having its nitrcgen derived 80 percent irom sodium nitrate
and 20 percent from cotbonsced meal. The 90:10 and 65:35 ratios
produced yields very near those of the 80:20 ratio.  Fertilizer having
its nitrogen derived entirely from sodium nitrate gave an average
vield of 1,896 pounds an acre, and the mixture having its nitrogen 50
percent from the inorganie source and 50 percent from the organic
source gave an average yield of 1,846 pounds an ncre.  Though there
was no inereased yleid from nitrogen the (irst year of the experiment,
the largest yield from fertilizers containing nitrogen was from the 80:20
ratio this year as well as the second and third years of the experiment.

In the ammonium sulphate series, the largest average yield, 1,900
pounds per acre, was also from the fertilizer having thenitrogen derived
80 percent from ammonium sulphate and 20 percent from cottonseed
meul. The 90:10, 65:35, and 50:50 ratios gave about the same avernge
vield over the 3-yenr period.  The largest yield eath year was from
the 80:20 ratio.

The results in the urea series were not so uniferm. The highest
average yield of 1,827 pounds was from the 65:35 rutio, However,
this did not vary widely from the yield preduced by the 90:10 and
50:50 ratio. The 65:35 ratio gave the highest yield in 2 of the 3 years.

The lack of response to nitrogen the first year of the experiment may
be attributed to the growing and incorporation ol soybean vines with
the soil the preceding your, 1t hias been noted thut added nitrogen
produced a slight increase the second year and a marked increasc the
third yenr, indicabing a decrense of nitrogen supplied from the legume
green-manure crop the sccond year and possibly o depletion of this
nitrogen the third year.

When the experiment was started in the spring of 1931, the soil con-
tained 1.02 percent of carbon and 0.085 percent of total nitrogen.
At the end of the experiment in 1933 its organic carbon content was
0.86 percent and its total nitrogen content 0.053 percent. The pH of
the soil of the different plots was practically the same, ranging from
5.0 to 5.3. The addition of the various nitrogen materials did not
chenge the reaction of the soil apprecisbly during the 3 years.

Fertilizers giving largest total yields gencrally gave largest yiclds
of early cotton as noted by yields secured at the first pickings shown in
figures 2 and 4.

Fertilizer contrining nitrogen, 30 percent from inorganic sources
and 20 percent fromn organic, have given best results.

The use of large percentages of nitrogep from the more expensive
organic sourees of vegetable and animal waste origin would not seem
justifinble, as indicated by the results secured on the Ruston sandy
loam or the Cecil elay lonm previously discussed. There is some
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indication, however, that fertilizer for cotton on the lighter phases of
Norfolk sandy soils should contain slightly more slowly available
organic nitrogen than fertilizer for cotton on the heavier Cecil clay
loam.

These results are in general harmony with the results of similar
experiments on Greenville sandy loam and Decatur clay loam in
Alnbama, on Cecil sandy clay loam and Tilton sandy loam in Georgia,
and on heavy soils in Arkansas.

Lighter and more sandy soils than these produced larger yields of
cotton when the fertilizer containing nitrogen, phosphorie acid, and
potash, applied before planting, liad nitrogen derived approximately
half from Inorganic sourees, a8 sodium nitrate or ammonium sulphate,
and balf from cottonseed meal, as shown by results of experiments on
Norfolk fine sand in South Caroling, which Is in gencral harmony with
the results reported on Norfolk sandy loam in Virginia.

NITROOGEN BOUUCES AND TIME OF APPLICATION

The comparative ellects of sodium nitrate, ammonium sulphate, and
ures as sources of nitrogen in cotton fertilizers on Ruston sandy loam,
when uacd as u single source or in mixtures, first, with cottonseed
moal, and second, with ammonium phosphate, are given in table 10,
togetber with data on effect of time of application of nitrogen on
cotton yields.
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The yields indicate that when the three are used, each as the entire
source of mitrogen in fertilizer for oreplanting applieations, sodium
nitrate is relatively more efficient, although in 1 vear of the 3 urea
gave as large a yield. Where each was nsed with cottonseed meal,
there was not a marked difference in vield. The average of the 3
vears, however, is in favor of sodium nitrate, Where cach was used
with ammonium phosphate, sodium nitrate was more efficient than
ammonium sulphate or ures.

Sodium nitrate gave slightly better results than ammonium sulphate
or urea, when part of the nitrogen was applied in mixtures with phos-
phoric acid and potash belore planting and part later in the growing
period. The data as a whole show that slightly better yields may be
secured from sodimm nitrate than from ammonium sulphate or urea.
Although the former is a physiologically alkaline fertilizer and the
latter twu are physiologicaliy acid fertilizers, anv change in the reac-
tion of the soil was not appreciable as the pH of Lie soil was practicaily
the same at the ond of the 3-vear period.” The more lavorable resulfs
from sodiim nitrate may be attributed to a number of factors, possibly
to » temporary chisnge 1n the reaction of the soil during the growing
period or possibly because nitrate nitrogen is more favorable to
cotton on this soil type.

The data are arranged in table 11 fo show the effecis of nitrogen,
applied at different times, on the stand, yield, and earliness of cotton.
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Tapue 11— Effect of time of application of nilrogen on stnd, yield, and earliness of collon on Ruston sandy loant, Fayetleville, N.

C.
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fertilizer with 5 6-8-8 analysis, conteining sodium nitrate, when
applied et the rate of 800 pounds an acre, before planting interfered
htly more with the germination of the cotton in 1931, than when
one-half and two-thirds of the inorganic nitrogen was withheld for
later applicetions. Howuover, in the second and third years there wus
no difference in this respect. The yields from fertilizers containing
the full smount of nitrogen applied before planting were larger in 2
yesrs than when one-half and two-thirds of the nitrogen was withheld
for Inter upplications. The average for the 3 years is in favor of
applylng all the nitrogen with phosphoric scid and potash before
planting.  There is some evidenee to show that withholding part ol
the nitrogen for later applications favors an earlier opening of a larger
percentage of cotton, but this tendency is slight.
The fertilizer containing amumonium sulphate when applied before
lanting interfered more with the germination of the cotton, but gave
arger yields than when one-half and two-thirds of the nitrogen was
withheld for later applications the first year of the experiment. The
average yield is but slightly in favor of spplication of all nitrogen with
phosphoric acid and potash before planting. More cotton opened
eaclier when the nitrogen was applied in 2 or 3 applications.

Where uren was used s the source of nitvogen, the results are not
clear as to the most favorable time for applyiny- witrogen. There was no
marked or consistent difference in yield or time of maturing of cotton,
resulting from the variation in time of spplying the nitrogen. From
the results of each of the series of experiments there seems no svidence
to favor split or delayed applications of part of the nitrogen for cotton
on the Ruston soil.

NITHOGER SGURCES IN CONCENTHATED FEUTILIZEHS

The experiments on Ruston sandy loam included & study of sodium
nitrate, aramonium sulphate, and drea as sources of nitrogen in con-
centrated fertilizers with ammonium plosphate and potassium sul-
phate. Fertilizers were prepared in double strength, analyzing 12
percent of ammonia, 16 percent of phospharic acid, and 16 percent of
potash, and compared with a 6-8-8 fertilizer containing superphos-
phate, nitrogen, and potassium sulphate. The results are given in
table 12. The double-strength fertilizer containing ammonium phos-
phate, sodium nitrate, and potash did not give as large yields of cotton
as the single-strength fertilizer composed of superphosphate, sodium
nitrate, and potash. The substitution of cottonseed mesnl as part of
the nitrogen in the (-8-8 fertilizer produced the sume quantity of
cotton as the fertilizer containing all its nitrogen from sodium nitrate.

Neither did the concentmteg fertilizer composed of ammonivm
phosphate, ammonium sulphate, and potassium sulphate give us good
returns as the 6-8-8 composed of superphosphate, ammonium sul-
phate, and petassinm sulphate. Thesubstitution of cottonseed meal for
part of the amnonium sulphate made the fertilizer more efficient for
eotton.

Likewise the concentrated fertilizer containing ammeonium plos-
- phate, uren, and potassium sulphate was less favorable to cotton than
the single-strength fertilizer composed of superphosphate, ures, and
potassium sulphate. The 6-8-8 fertilizer containing both ures and
cottonseed meal as sources of nitrogen gave Inrger _vierds of cotton than
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fertilizor containing ounly ures, in all but I year, and larger average
yields for 3 years.

Tante 12— Yiclds of colton from ordinary-analysis fertilizer aml voncenivaled
Jertilizor on Ruston sandy logm, Fayettenille, N.C.

Fertitizor Rata

{'\!lltfi[‘:-l'};iigs— ner Source of fortilizer miterlals 12 Avor-
Ky

HETD Bt

Paunds Powmdy) Pounds) Poxnds) Povnds
Ran Smimrphosphnte, sotium niirate, sed potns- | 2, W0 [ 1,447 | 2160 1, B4R
shem sulphale.
500 | Superpbosphate, sodinm nitmate, colicnseed | 2,826 | 1,538 ] 2,125 1, HOH
fiiend, yud potassiven sniphate.!
400 | Ammonium phesphate, sodivm oitrale, and | LEW | 4,824 | bW 1, SRR
potusslom sulphate,
800 | Seporphosphate, nminooium swipbeie, and | L4975 | 1,387 | L7
putesshnn sulphata.
Superphusphute, anunonlum auiphate, cotton- | 2,675 | L6357 | L 862
seed meal, and potomsivm solphnle?
12-36- 1 P Ammonima phasphte, ummoniom sulphate, | 54075} L2021 1,007
rud polassian sulphate,
=88 i Superphosplote, uren, and potneslmin sulphate | LUG | L4665 1,712
trH-8..- Supurphiosphate, uren, cottnnseed meal, nnd | 2,835 ) L& 2m2
potesslun suiphote’
123 Eiti] ;\n&ntguiiim phosphats, vres, und potessiem | 1,802 | L& | 200
suiphnio.
No fertilbeor .. oaea.. LU Hi¥] 874

|

t Nivropen derived 85 percent from sadhum niteate and 35 poreent trom cotionseed mosl,
1 Nitrogen devived (5 pereonl from nmmouiein sulphate sad 35 percent from cottonseed menl,
3 Nitrogen dorived U5 prereent from uren and 35 pereent from cotlonseed manl,

SUMMARY

Results of experiments are reported showing the relative eflects of
various sources of inorganic, synthetic, and organic nitrogen in
fertilizers for cotton on the principal soils of the southeastern Cotten
Belt. On many soils there was not » wide variation in yield of cotton
{rom fertilizers containing phosphoric acid and potash with different
sources of nitrogen, such as sodium nitrate, wnmonium sulphate,
ammonium nitrate, uren, Leunsselpeter, and ammonium phosphate,
In Isc?me of the experiments ammonium chloride gave slightly lower
yields.

Fertilizers containing nitrogen derived partly from quickly available
inorganic or synthetic nitrogen and partly from slowly avellable
organic nitrogen of vegetable or animal-waste origin gave larger returns
on some soils than fertilizers containing only quickly available inor-
gnnic or synthetic nitrogen, while on other soils quiclly available
nitrogen gave #s good results as & mixture of the two types of nitrogen
carriers.

In u» G-year experiment on Cecil clay loam in North Carolina a
6-8-4 fertilizer, applied at the rate of 800 pounds an aere in which
nitrogen was derived from various proportions of sodium nitrate and
cottonseed meal, gave larger average yields with the 90:10 ratio,
followed closely by the 80 : 20 ratio. Fertilizers containing ammo-
nium sulphaie as the entire source of nitrogen gave larger average
vields than those containing a mixture o ammonium suiphate and
cottonseed meal. The next most effective in this series was the 80 : 10
ratio. When Leunssalpeter and cottonseed meal were used as the
source of nitrogen, largest returns were from the 90:10 ratio,

The largest yields of cotton st the early pickings on the Cecil
clay loam were generally from the fertilizers giving lergest total
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yields. However, in the ammonium sulphate-cottonseed meal mix-
tures there was a tendency for the early vyields to increase as the
nitrogen from cottonseed meal increased. Nitrogen, 65 percent
from sodium nitrate and 35 percent from cottonseed meal, proved
to be the most effective ratio,

On Norfelk fine sand in South Carolina, more favorable results
were securcd when the nitrogen was derived 35 to 75 percent from
orgacnic sources, such ns cottonseed meal, and the remainder from
quickly available inorganic sources. In these experiments the ferti-
lizer giving largest yields generally produced most eotton nt the
first peking,

In a 3-year experiment on Ruston sandy loam in North Carolina,
no increased yields of cotton were secured from the addition of coni-
mercial nitrogen the first year on soil on which corn and soybeans
had grown the preceding year. The soil contained 1.02 percent of
carbon and 0.065 percent of nitrogen nt the beginning of the experi-
ment. The second year a moderate response from added nitrogen
was secured and the third year a marked responrc. The soil at the
end of the 3-year period contained 0.86 pervent of carbon and 0.053
percent of nitrogen.

The first year of the experiment fertilizers containing nitrogen in
the proportion of 80:20 from sodium nitrnte and cottonseed meal,
respectively, gave largest retwns,  With mixtures of aimmonium sul-
phate and cottonseed meal the 80: 20 ratio was best, and with mixtures
of urea and cottonsced meal the 65:35 ratio gave best results.

The second year fortilizers containing nitrogen in the proportion
of 65:35, 80:20, and 90:10 from sodium nitrate and cottonseed
meal, gave equally good results. TFertilizers containing nitrogen
from ammonium sulpiabe and cottonseed meal were most effective
when the nitrogen was B0 percent from the former and 20 percent
from the latter, The 65:35 and 90:10 ratios gave almost as good
results. The yields from mixtures of urea and cottonsead meal were
not consistent.

The third year the 80:20 ratio of sodium nitrate and cottonseed
meal, the 80:20 ratio of ammonium sulphate and cottonseed meal
and the 63:35 ratio of urea and cottonseed meal were most profitable.
The fertilizers giving largest total yields generally gave largest yields
at the first picking,

Results of experiments with various proportions ol inorgnnic and
organic nitrogen previously reported by other workers show largest
yields of cotton on Greenville sandy loam and Decatur clay loam in
Alabama from fertilizer containing nitrogen principally from sodium
nitrate or 80 to 90 percent from sodium nitrate and the remainder
from cottonseed meal; on Norfolk sandy loam in Virginin from
fertilizer containing approximately equul proportions of norganic and
organic nitrogen; on Cecil sandy clay in Georgin from fertilizers con-
talning nitrogen in proportions ol 90:10 from sodium nitrate aand
cottonseed meal, respectively; on Tifton sandy loam in Georgia, from
fertilizers having nitrogen in an 80:20 ratio of inoreanie an organic
form; and op heavy soils in Arkanmsas [rom [ertilizers containing
nitrogen 70 to 80 percent from inorganic and 30 to 20 percent from
organic materials,

Nitrogen applied in mixtures with phosphoric acid and potash
before planting gave larger returns on Ruston sandy loam than
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when part was applied after the cotbon was up, regardless of the
source of nitrogen. :

Double-strength fertilizers containing smmonium phosphate and
sodium nitrate, or ammonium phosphate and ammonium sulphste,
or ammonium phosphate and urea, each with potash, gave smaller
returns on Ruston sandy loam than single-strength fertilizers con-
taining superphosphate, nitrogen, and potash.

LITERATURE CITED

Axpens, €. B, and Hunu, W. W,
1928, coTTON FERTILIZER BXPBRIMENTS. Miss. Agr. Expl. Sta. Buil
230, 9 pp.
Barrex, B T., and Horeuesox, T. B.
1932, EXPERIMENTS WITH LIME, FENTILIZERS, AND A YARIETY OF FIELD
OROPS IN THE COTTON AND PEANUT SECTION OF VIRQINIA. Va.
Agr. Bxpt. Sta. Buil. 284, 21 pp,, illus.
Luspsos, R. P,
1620, cOTTON PFERTILIZEHS AND CULTURAL mETHODS. Ga. Bxpt. Sta.
Bull. 152, 37 pp., lus.
I'erris, B B,
1925, cOTTON EXPERIMBNTS, 1025, SOUTH MISSISSIPPI BRANCI EXPHRI-
MENT sTaTION. Miss. Agr. Expt. Sta. Cire. 43, [7) pp.
Missiasiprl AGRIVILTURAL BXPERIMENT STATION, AURONOMY DEPARTMENT.
1081, CcOMMERCIAL FERTILIZERS FORI COTTON, 1985—1030,  Miss. Agr. Exph
Sta. Bull. 288, 30 pp., iflus,
NELBON, M.
1928. THE BFFECTS 1¥ PERTILIZATION OF COTTON OF DIFFERENT &0URUER
or NrrrocEN.,  Ark. Agr. Bapt. Sta. Bull. 231 (Ann. Rept. 40):
22-23.
1980, sourcEs or XI1TROGEN. Ark. Agr. Bxpt. Sta. Bull. 257 (Aan,
Rept. 42): 19-20.
Farr, W. I°, and Sxixwer, J. T
1924, RESULTS OF PBRTILIZER BXPERIMENTS WITH QOTTON AND LRISH
POTATOBS ON SOME OF THE PRINCIIAL KOIL TYPES OF MNORTI
caronia. N, C. Dept..Agr. Bull. Sept., 89 pp., illus.
Brinwsr, 4. L
1931, INFLUENCE OF POTASH S0URCHS AND CHLORBINE CONTENT OF FLR-
TILIZBRS ON YIBLD OF coTrow. Jour. Amer. Soc. Agron. 23:
13-21.
{10) and Boig, T. 8.
1926. so;;lncz-:s ar amMmonNia, S C. Apr. DIxpt. Sta. Buil. 227, 32 pp,
ilus,
{11) Wisniams, C. B and Maxx, H. B
1029, BPFECTS OF 8YNTHETIO NITUOCEN AND CONCENTRATED FERTILIZERS
ON COTTON AND SWEET poratoss. N.C. Agr. Expt. Sta. Bull
266, 40 pp., Hius
{12) Szanm, 8. H.
1932, COTTON—RATIO OF ORUANIC TU INORGANIC aMmonia.  Ga. Constal
Piain Expt. Sta. Bull. 19 {Ann. Rept. 12): 16-17.
{13)
1042, corToN—s0ERCES OF NITROGEN. Ga. Coastal Plain Bxpt. Sta.
Bull. 19 {Ann. Repf. 12): 17,
{14} Srucxsy, H. P.
1930. TOPDRESSING COTTON WITH SODIUM NITRATE AND ANMONIUM
sULPHATE. Ga. Bxpl. Sta. Aen. Rept. 43: 17,
{i5) Tipmors, J. W., and Wirniamgoxn, I T
1932, SXPERINENTS WITH COMMEHRCIAL NITROGENOUS FERTILIZERS.  Alu.
Apr. Iixpt. Sta. Bull. 238, 80 pp., illus.
(16) WiLLiaums, . B, Jacksown, 8, K., and Manx, H. B.
1926. FERTILIZER EXPERIMENTS witu corror. N.C. Agr. Expf Sta.
Bull. 250, 18 pp., illus.

U5 GOVEMNMERT PRINTING OFFICE . 1320

For salie by the Superfvtesdent of Docwments, Washington, O, Price § vents




g

o

-
. -
- -
.
. -
pe—— iy
—l LR - - . e i
----- TS kT T o wY N U S SR [ NS B LI S I S in mamme . I LI N TR —




