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By J ..T. SKINNlm, i:{elliol' Biocheln'iM, Diviltion of SoiL Fel't'ilitJj, Soif Ilwes/i!J(/

No-ns, Btu'ean of Ohemistry ana SoUs 1 

CONTENTS 

Page Page
Introduction ____________________________ ,_ __ 1 CottOIl on Norfolk sandy 101110 _ J2 
Plan of the experiment and fertilizer mixt\1'~<;_ 2 Increased yield, from fertilizers _________ _ J8 
CoLton on Norfolk fine sandy loam______ 4. Influent'C of fertilizers on time of opening 19

Increased yield from fertilizers ___ .... _.__ 10 
Iufluent'" of fertilizers on time of opening DisclL~:ig~~~~~______ ~~~~ :~:::::::::: _:::::: -:::: 19of cotton___________________________ , __ !O Summary__________________________________ _ 20 

Corn on Norfolk fine sundy loam____________ 4 21Literature cited ____________________________ _ 

INTRODUCTION 

The experiments repcl'teLl in this bulletin were made at the Pee 
Dee Experiment Station of Clemson College, neal' Florence, Florence 
County, S, C" {rom 1919 to 1928, inclusive, on Norfolk fine sandy 
loam, andln Darlington County., S, 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 extensi "ely 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 (1) 2 and Darlington (10) 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 tt depth of about 18 inches, by 
similar-textured loamy fine sand of a dull yellowish-gray color. 

c;;Below this depth, the subsoil is yellow and of finc sanely clay texture. 
S!!I'his soil is typical of !l. large area of Norfolk fine sanely loam 

,occurring in the coastal-plain area. 
~ In Florence Connty 70.336 acres of Norfolk sandy loam and 44,800 
t!fres of Norfolk fine Randy loam wcre mapped. In Darlington 
~ 
'5;;1 ~rhis report is the result of cooperati\'e work C:lrril'd 011 by thl' U. S. Deparlment of 
"'Agriculture and the Sou111 Carolina Agricultlll"Ul ],xperlnIPnt Stillion at it~ brunch station 
at l<'lorence, S. C. Assistance by It. ID. Currin, slIpl'rintendent. and E. E. Hull. IIgronomist
of the branch station, who furnishe(l technical aid Ilnd fllcllitles for carrying out the 
detllils of the work, is acknowledged.

'. Italic numbers in parentheses refer to Literature Citell, I). :n. 

21448°-31--1 
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Cou~ty , the adjoining (,OUl1ty. G;'l,024- HcreS of Norfolk sandy loam 
were mapped. In N:orth Carolina, South Carolina, Georgia, and 

Alabama there had been 111ap]>e(] by the United States Dcpnrtment of 
Agriculture to December 30. 1D2-:1:, 4.TS2.2GS acres of Norfolk sandy 
loam and 3.7DD.300 acres of Norfolk fine sandy loam. 

'J he triangle -systcm of fl'rtilizl'l' experiml'ntation (12) was used in 
the experimellt:-; to be describe(1. This plan (,Ollsists of using the fer
tilizer constituents, nitrogen (ammonia.) , phosphoric acid, and potnsh, 
singly, two together, and threl' to!!ether, the ratios YlIl'ying in 3 pel' 
cent stnges. This plan of ~ertililler cxpl'rimentation originated 
with a study of nutl'ient solutions (! 1) anfl has sinee been used ex
tensively in aqueous cultmc j nYestigatiolls (1.), 13). Following the 
llse of the triangle systl'1ll in soilltion-('ultllrc wOl'k, it was used ill 
fil'lc1 stuc1ips. fi n,t ill n, !!l'a:-;:-; (>xperilllent at the Penllsylvall ia State 
College (8) and later with mnlly crops in nU'ious scctions of the 
United St:ttes in connectioll ·with fertili7.el' pl'oblellls. The scheille 
has been found valunble ns a. basis for preparing fcrtilillel' mixtures, 
('harting cllLht. aml intel'pl'etinp: l'l'slllts, The triangle has been sug
gested as a basis for the simplification of the list of f!:'l'tililler analyses 
manufactured for the seYel'alrt'giotls of the United States (3). The 
system is explaincd in detail in the following pages. 

PLAN OF THE EXPERHlENT AND FERTILIZER l\UXTURES 

At the Pel' Dee Expel'inwnt Station 1 two tiers 01' series of plots 
wpre nsl'cl ill the fel'tili7.€'l' pxperimcnts undcr discussion. Each tiel' 
consisted of twenty-eight -do-acre plots; Twcnty-one plots rc
cein.'cl :fl'rtilillel' applientiom: alld Seyell 1 or C\'ery third plot, received 
no fertilizer and sel'YCcl as ch€'cks, Cotton and corn werc grown in 
rotation, C'o"'peas were broadcast in thc corn at its last cultivation 
to procluC'c ycgetation for plowinp: nl1(ll'r. The two tiel'S of plots, 
with cotton awl eorn~ are :"IIOWIl in Fipll'e 1. 

The experiment was planned and conducted to study the effect of 
different fcrtilizpl.' ratios on the Norfoll.( fine sHmIy loam soil on 
cotton and COl'll. The plots received 21 different tl't'atments of single 
fertilizer t'leulPnts amI combinations of the three cklllt'nts, Tht' COlll

position of the 21 mixtl1l'es used is shown as bailS of fertilillers in 
Figure 2. The bag at ench p:s:trpll1e point represent~ a fertilizel' COll

tainil1~ 15 pel' (,Put ammonia (XHa), 15 per cent phosphoric acid 
(P~O;.), and 15 per cent potash (K20).3 

In Fignl'c :2 the bags on the line 1'orming t11e hase 01' the triangle 
represent mixtures containing 110 phosphoric acid, those on the line 
just nboye contain 3 per Cl'nt phosphoric aciel, and those on the next 
line G pCI' (,l'nt phosphoric acid, This progression continues, so that 
the extreme bap: of the tl'ial1!!le contains 15 pel' CCllt phosphoric acid. 
In the SHill(> malll]('l' the ba:-rs on till' two sicIps contain no pot.ash and 
110 ammonia~ and thosp on Ill(' lilw::; parallel to them contain frOtll 
3 to 15 per cent of thps(' elenwllts. 

A gradllal (I('('I'('as(' ill tlw pel'Gen tng"(' of pllOf;phOl'ic acid and it 
gradllal ill(,l'('as{'ill IH'I'C('niag<'s of alllllionin nn(1 potash in tIl(' fel'

:, Fp,'tilizPl' COl1HtHl1l'IIfs tll'p giw'II in Ihi~ hullf'tin in Ih .. orel,"'-l1mmonin, ph''"llhnl'ic
neid, nnd pOhlSh. Tlw f(ll'tili:i'.Pl' nlllll,\"~es 01.' ratio are on the ammonia. tmsis, ns this was 
r.olllllJon pl'lIcti('" '1'11011 Iltr e~qlcl'jllH'llt' ,\"pre In olwl"Iltion. 

http:f(ll'tili:i'.Pl
http:fertili7.el


3 RESULTS OF FERTILIZER EXPEnIMENTS 

~'IGVltB 1.---ltottOll Hnd (~orll ;.!I'(lWll ill rutation 011 the plots on Norfolk fille sandy
loam at til(' l'eu Dee EXllcriment Station, South Carolina 

PHOSPHORIC ACID 


AMMONIA 


POTASH 


FIGl."Ug 2.-Ba;!s of fert"ilizt'l'K, arJ'altg'l'fi in n U'inllglp, ~howill;.! IWl'cPlllng'lls of PHcb 
rl~rtilizPI' ilJ;,!rll(!h'ut ill the !!1 fprtili/wl'~ used ill llxpcL'imput:; 
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tilizer occur from the bag at the top of the triangle (marketl 1) 
downward toward the base. Similarly a gradual decrease in am
monia and increase in phosphoric acid and potash take place I ..om 
the bag marked 21 toward the opposite side of the triangle. The 
fertilizers in the bags inside the triangle are complete fertilizerH, 
whereas those in the bags on the outside lines are combinations of 
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. Each plot 
received the same number of pounds of plant-food constituents bllt 
in different ratios. The fertilizer was applied each year at the rate 
of 900 pounds pel' acre to cotton and 450 pounds per acre to COl'll. 

In other words, each plot received 135 pounds of plant food pel' 
acre for cotton and 67.5 pounds pel' acre for corn, or a total of 202.5 
pounds in the course of the two yearH. 

T11e phosphoric acid used in the fertiEzer mixtures was frolll 
superphosphate, the nitrogen from one-third each of nitrate of soda, 
~mlphate of ammonia, and cottonseed meal, and the potash from 
SUlphate of potash. .All tlle fertilizer was applied in the seed fur
rows about one week before planting time. The experiment was 
continued for 10 years, 1919 to 1928, inclusive. 

COTTON ON NORFOLK FINE SANDY LOAM 

1'a1>le 1 gin's l'esults obtained in experiments "'ith cotton on Nor
folk fine sandy loam from 1D19 to IV28. These dabt are possibly 
easier to study by means of the triangle diagram, am1 in order that 
the results may be readily visualized the yield for each year, the 
a,verage yield for the 10 years, and the average per cent of cotton 
open at the first picking are given in Figures 3 and 4. 

The aV6rage composition or ratio of ammonia, phosphoric acil1, 
and potash in the three fertilizer mixtures which produced the 
largest )rield in each diagralll, or in each year, is given in the follow
illg tabulation: 
Year: NII::-T'"O,,-K"O 

1()1!l_~ ... _____ . ___ . _~____. ____ . _____ . ]:!- ~-l 

1!)20 ___ ~. _____ . ~__ ___ .___ .~ __.___ _ -t- D-2 
1921 ___ ~_~ ._ __ ___ -1-10-1 
1!)2:L_~~__. ____ __ fi- 8-2 
Hl23 __~ _~. ..~ ._~_~_. . .___ ___ ,I- 7-4 
1024-___ • . __ ~ ~ . _~__ . .... ____ 4- 7-4 
1!)2~ ___ .. _ .__ .. ~_~ ___ ~ __ ~. __ ... _ .__ ___ .1- 7-4 
1!)2(j __ . __. fi- 7-H 
]!)~7 __ . _. .~______ ... ~ .. ~. _ __.. __ ___ __. _ :;- 8-2 
1!)!.!8 ____ - - __ .. __ . ..._____ __ s- 1-(; 

In the first fOllr years of tlw experiment thert' is mo1'l' or iPss "a l'i
ation from year to year in the composition of the three mixtures 
which produced the highest yields, and the average fertilizer analysiH 
falls at different points on the triangle diagram. These points or 
ratios are far apart nt fir'st, lwC'ollw closer after the first year, remain 
],easonably close for the second, third, and fourth yellrs, 'are identical 
for the next three years, vary slightly in the eighth and ninth years, 
and break in the tenth year, owing undoubtedly to weather conditions. 
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~I'AIlL" 1.-Yiel/l of .~ccll ('ollon lilT ({(-/"(, ill fcrliliz(·/"·ru{in ('.l·pcrilllcnIN fli/. Norfolk 
/illn 8/111({/l 10(/11/, /!U!i--l!U8 

----I~~I;--illIU--cot::I~ '~i:d--~;;--:: 1'~:~IIU21--:: 
ljr:.;~- Fertilizer ratio of first Total open at of first Total open nt of first 'l'otnl open nt 
No. (NIl3-P,O.-K,O) 	 picking yield first picking yield first Ipi<'king yield first 

Sept. 15 picking Sept. 28 Jlicking .Sept. 26 picking
---'-------1------------------1---1------

Pounds Pounds Per cent Pounds Ponnds Per centll Ponnll8 Ponnris Per cent 1 0-IIHL ___________ __ 780 1,780 44 1,140 1,892 60 340 1, .,.10 222 0-12-3________ .. ____ _ 680 1,628 42 1,100 1,892 liS 620 1,620 a83 3-12--0____________ .  840 1,984 42 1,300 2,160 60 I 420 1,720 2-1 
X (1)-------------- ___ _ 500 1,396 36 H40 1,480 03 I 31iO 1,380 264 0-9-6_____________ __ 

660 1,562 42 \ 040 1,710 61. 300 1,160 175 H)-3______________ _ 760 2. OlD 38 1,080 2,030 .;:l I 360 1,920 196 6-IHl_____ .. ______ _ 500 2,158 23 720 1,670 4:1 I 240 1,740 14 
520 1.358 3S 760 1,4211 54 1 220 1,460 15

X (1) ________ • _______ _ 
7 11--0-9_______ ..____ _ 520 1,3i2 38 900 1,000 56 320 1,340 24S 3-6-IL _____________ _ 520 1,676 :n 740 1,668 46 220 1,120 20
9 6-6-3____ .... ____ .. _ 500 2,150 Zl 740 2,004 37 140 1,300 11X (1) _____ .._...... ___ _ 500 1,520 33 600 1,460 41 200 1,100 J710 !1-fr(L _____ .._____ _ 420 2,130 19 600 1,020 37 IHO 1,680 1111 11--3-12_____________ • 500 1,446 35 560 1,090 .11 112 1,040 10

12 3-3-9_____ ._ ...... __ 41i0 1,596 29 700 1, '160 52 1i0 1,000 6 
500 1,358 37 880 1,31i8 0·\ 80 1,000 8 ~ £?:i:ti=:::=:=:::::::: 440 1,936 23 640 1,480 43 180 1,220 15

14 11-3-3.. _... _______ __ 400 2,270 18 500 1,4.50 34 140 1,240 11
15 12-3--0_______ ._ .... _ 240 2,240 10 [lilO 1,560 37 140 1,120 13
X (1) ________ ........ __ 
 600 2, Olli 29 660 1,304 .1 I liO S40 7
16 0-0-15____ • __ .. _... _ 480 1,040 2<J 640 1,040 61 140 820 17 
17 3-0-12....._..... __ _ 260 1,058 10 7~ 1,840 M 260 1,020 20
18 6-II--U____ .. ________ _ 260 1,1120 14 [k~O 1,180 49 80 840 10
X (1) .._.. _.......____ _ 
 ono 1,8U8 31 720 1,272 57 60 \100 7
19 11-11--0 ___ ••• _____ • __ _ Hill 2,078 8 260 1,040 25 140 1,060 1:1
20 12-0-3 _____________ _ 180 2, 108 8 140 8.50 16 40 840
21 15--0--0_ .. ____ • _.... _ 200 2,280 U 160 !l38 17 10 SOOX (1) ...._______ .. ____ _ 460 I, UOO 21 600 1, 256 48 10 H40 

:\yerage of 7 
checks ___ ._ 517 1,635 32 1 737 1,301l 54 HI I, rS8 13 

1 	
1922 1923 1924I 

Ferti.1 Fertilizer rntio Yield Cotton Yield Cott;.I~ln~W---1Cott;;'J lizer (NH3-P,O.-K,O) of first Total open at of first 'rotal open IItll of first 'rotul lopen ntNo. picking yield first picking yield first picking yield first 
::lept. 13 picking Sept. 13 picking SeJlt. 6 picking

------1------------- - -------- 
Pou.nds Pound" Per eeTlt Pound. Pounds Pcr cent PrJ/lilli" Pound., Prr cent 

I . 0-15-0 ..... ________ . :l20 5GO 57 740 9!10 7.1 ' :l30 5:l0 li2 
2 (H2-3_ ... ____ . ___ . 320 520 62 840 1,240 6S 260 440 59 
3 :1-12-0.._______ •. __ 420 820 51 880 1,120 71) 360 480 75 

X 	 (1) ...... _____ ... _.__ 180 440 41 4.50 710 65 160 240 07 
4 11--11-6.. _.... ______ 340 680 fJO 1,040 1,310 77 :l40 570 60 
[,: :I-!1-3_.. __ .... _____ 480 940 51 1,120 1,430 78 530 800 66 

~ I ¥;)~:::::::::::::- t~~ l'i~ ;:g ~~8 1,~~~ ~~ ~~ ~~g lill 
7 ' 11--6-'1 2HO 580 48 800 1,140 70 340 710 48 
8 1 8-6-6:::::::::::::: 320 7liO 42 mlo l,a50 73 41i1l 800 61 
'I 6-6:i 4nO I, om 43 1130 1,370 liS 410 790 52X . (I)_~'_:-:::::::::::::i Hill 400 40 530 !lW 5S ~OO 370 f>4 

i~ .i:-i=YL.:::::::::::i ~~~ 1 t~~ :.~ !~8 ~~8 ~l ~~8 :~~ 18 
12 3-:J-9_______________ 3~0 580 55 4HO !l(j(1 W 21i1l 040 41 
X (1)__________________ 180 360 50 424 744 [,7 180 :190 41i 
13 1i-3-1;.. .. _.•________ 320 700 41i 024 1, Ili4 fJ4 440 640 52 
14 !I--3-a__ •• _.••• __ __ __ 300 680 44 OflO I, I30 [,~ ~,IO 5flO 44 
15 12-3--0_ •• ___________ 8·10 700 49 440 800 55 3S0 li30 flO 
X (1) _____ .. ___________ 240 400 (j(l 580 !ISO 5n 2~0 470 47 
Hi 0-11--15 __ ...... ______ 240 320 75 .1.50 !l80 5n 180 430 42 
Ii 3-0-12______________ 240 380 fJ3 lil]O 880 57 :J1iO i(j(1 47 
18 0-0-9_______________ 200 300 67 860 780 40 2:lO 770 26 
X (1)__________________ 160 200 80 500 830 liO ~40 410 59 
III !HI--O__ ••• _. ____ .___ 218 als 69 370 830 ·\5 350 720 4U 
20 12-0-3.. _____ • __ •• __ 180 280 64 300 70tl 4:) 350 iOO 44 
21 15--0--0.. ____________ lliO 300 53 260 819 32 , a20 fiOO 411 
X (1) _______________ ._., 220 :120 IlH 460 8fJO f>4,:!OIl 460 oJ:! 

Ayerng6 of7 .-----------1-
checks_____ ! ISR 371 51 405 I 82!1 nn . 207 I aS7 fJ:1 

1 rheck. 
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'J\\BJAil l.-l'iclrl of Ncc(l cottnn }wr ((er(l ill fertilizt'r·ratio r',/ij)('rill/.('IIIN Oil Nurful/.' 

{illl! s((Jlr!!! 10011/, IIII!}· -.I!U8~( 'ollt illtwd 

IltUi (H20 I!'~j" 

Ferti- I 
lizer ' Fertilizer ratio Yield CoLt.on Yield I' ('oltun - yield---- I Cotton 
Xo. (NH3-P,Os-K,O) of tlrst, '1'otnl open ntl of first 'I'olnl open aL of first Totnl open Ilt 

picking yield first picking yield first picking yield firsL 
Aug. 27 picking L Sept. 3 picking Sept.]2 pickingI ------------;----------- 
POU.71ds Poullds Per ceut Pmtllli." PoulIds,Per ceut Poul/li" PDll1lds Per cellt 

1 o-UHL _._. ___ .. ___ 7S! J, HS 68 7UO I, (;$1 I 7,1.3 201 a20 li3.7 
2 0-12-3•..•• __ ..• ____ 1,020 1",;',1 (iO 1,100 l,4,SO I' 7,1.:1 402 ';4(; 73. Ii 
3 3-12-0... __ ._ .. ___ •. 1,010 1,4;" {;\I 1,000 1,200 77,5 514 704 73,0 

X (1) ••••••• ___________ fj40 \l4U (is 020 880 I 70.'; 222 :lfi8 lio,a 
4 o-!Hi.... ____ ... !l70 1,.150 63 SOO 1,ano fiS,g 378 1;04 75.0 
5 3-9-:1..._ .... ____ 1,1ao 1,044 fill !lliO 1,0.0 57,5 704 1,244 li3.8 
Ii 6-9-0. __ .. ,_.. I,OW 1.4,,0 72 1,100 l,no I oa.o 798 1',.242 Q4"5',~ 

X (1) ........ ____ 540 1,000 5-1 080 I 1,070, 03.5 221l1~,40 14S 0 

7 0-0-9___ ... __ 7N) 1,424 53 84(1 i 1,444' 58.2 470 55. a 
S 3-6-6________ USO 1.720 ':>7 : uno I,7ao fi5.5 422 gOO 40.9 
o 0-0-3. ___ ..... S50 J,ii50 I 52! 710 1,720 41.3 I;I}! 1,228 41.0 

X (1) ••••_.. _..._ ~!O, I, O~O 5:) !iliO 1, !20 "S.!I 251i 370 69.2 
10 !Hl-O... __ .___ .,Ii!) 1,4hO 38 .180 1.,,00 25. a -lIS 050 44.0 
11 0-3-12__ __ tiU4, I, :ll}! r,a' filO 1,280 -17. fj 2-12 4liO 52,6 
123-3-0_____ 660; 1,·144 -Ilii 700 1,:120 58. a ~:,118fi 802 43,1 
X (1) •••• _.. __ 700, 1,2,,{ 5fi 000 I,U:IO 1;R.2 " a94 60.4 
J3 H-3-6 ___ . OHO' I, ,,;0 -It ,,2U 1,520 ,.:110.1.. 8~ : :J52 1,128 31. 2 
14 9-3-3.... _ :170' 1..44 21i 450 1,41l0 :17S 1,19li 31. H 
15 12-3-0_ ... _ 380, 1,31i-! 28 a80 1,280 211.7 110 5f1fj 1S,5 
X (1) .... ____ ...... ow' 1.301 .10 Gao 1,010 H2.-I 282 .518 &/,4 
IG 0-0-15_ ... __ .... fi24! 1,55-1 40 400 1,070 3.,4 26G liUS 39,S 
17 :J-tJ-12.• ___ .. 3:10,1,440 2a 420 1,IbO :l5,1l 222 822 27,0 
IS (i-Q-!l__ .... _.. )!lOII,I!1·1 10 ,180 1,:]10 :16.0 SO 740 10.8 
X (1)_...... ___ ... 770' I, -IflO 53 700 1,200 58. a 488 .178 &1,-1 
JU !Hl-IL_... ........ 21l-1 1,I5S 2:.1 :l40 I,a:!o 2fi.O 88 784 11.2 
20 12-0-3 ___ • ______ .... 130 1,040 12 370 1,410 21i,2 24 518 4. Ii 
21 15-0-0.. _ 8-1 .24 12 :lliO I, I~O :10.;; 28 :Js-t 7. a 
x (1) __ •• ___ ~' 1,r,04_~~ 1,290 ~~_~ii:'~ 

A	'"crage or 7 

l'he('ks_ ~ 
 fiullI,2~__ ___ ~~ I,OSIi I 00.4: :JJ:l 

1 
70.0."I 	 44. 

1____--,---::2~____i A"erage 1!1J!1-I928 

l"erLi· I Yield Cotton: Yield Cotton!izer Fertilizer rntio (NIl3·P,O.-K,O) of first 'rotnl open nt' of first 'l'otnl open atNo. 
PiCking yield first pirking yield first 
Sept, 8 picking ISept, 8 pickingj

I--------------~------------
I POf/7Id.,: Pound"I Per ce7li Pou7Ids }>ou'llds IPer rent 

I o-J5--{I........ . -: 524, 6041 86.7' 505.2 1,042.8 57.1 
2 0-12-3 •• _ __." , 41>1 I 5liS 85.2: 082, Ii I, 148,8 50,·1 
a 3-12·0..___ .• t 372 ·1121 00,3' 711.H 1,216,0 5S.1iX (1) •••• ____ • __ __ , 172 212 81. I: 424,4 S04.0 ,52,7 
4 O-!Hi ...... . ,1·10 588 i'l, 8: 11:\0, 8 1,099, ·1 .57.4.. --I 
Ii 3-!J-3.... .. - , 528 088 70.7; 774,2 1,437.0 .14, I 
Ii (l-!Hi .... ___ " 48'1 588 H2,3' 0.2,2 1,350,8 49,5X (1) __ •. _ a:12 4.4,1) 75, 'I, oI2,~' Ii 87,2,lj I .!8. ~ 
7 (Hl-Y_. :lfiO 060 IH,:I' li,j.,O J I. OM. 0 ;ill."
8 HHi. .... 552 700 72.li liIO.4 1,248.4 49.a 
!l lMi-:J_._ 5tH I 712 i9. ~ 5S0.!;oj 1,398. -1 41. 5 

X (1) •. _.•. , 	 312 I a72 8:1. U :WU, 0 8i5.2 45. Ii
10 9-6-0. __ _ [>10 : 7:12 7;1,8 418,8 I, 2:l9. 2 33,8 
11 0-3-12...... 3"6' 504 ,0. Ii ·107,4 020.4 44,0
12 3-:J-!l•. , 476 I 7:12 05,0 4;,!t.2 1,050,~ 43,5
X (1)_.... .. "80 428 Il5, -1 ,JOO, 2 SS2. fi 48,8 
13 6-3-6.... . 572 ' 812 70,4 4i1i. 8 1,217,0, 39,2
14 9-3-3 .. __ . __ fi71i ' 910 73.8 ,III. -I 1,2:13,.5 33,3
1.5 12-:1-0. __ .. 	 -! ,180 518 87. fl :J.J7.0 I, OS4. 0 a2, ()
X (1). __ a52 4{i8 75.2 427.4 nal. () 45. U 
10 0-0--15_. 288 :lOU 72. 7 380, 8 881!. 8 42. II 
17 3-0-12_ .... 300 !iaU 72.7 3114,2 1,IJOUI aO.4 
18 Ii-o-U.• - .•. .1011 8:12 07, a 302,0 080,0 30, IIx (1)_..... ____ .. - .. _ ... ___ • 384 4tH 82.74fi2,2 021.2 50.2
1Y IHHL. ______ _ _". ___ .'.1 672 824 81..5 281i,Z 1,014,2 28,2
20 12-0-3.-. __ .... _ _ _... __... iBO 7aO /3,4 225,·1 027.2 24, a
21 15-0-0_______ ... .~ _~¥ ... 520 (iOS 85.5 210.2 S72.:i 24.0 
X (1)._ ..... 

__ 

..'I~ 452 ~,,:,~~:~ __ \~:,~~ 
.1 :](4 405 7i. 5 422,!) 882.8 j 47.4 

I ('heck, 
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RESULTS OF FERTILIZER EXPERIMENTS 9 

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 and 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 highest yields 
according to the data, possibly the first year's results should be 
omitted. The three mixtures which produced the highest yields, 
when the average of 10 years is considered as shown in Figure 4, E, 
are Nos. 5,6, and 9. These three have an average ratio of ammonia, 
phosphoric 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 each fertilizer con
stituent are averaged. The mixtures containing 3 and 6 per cent 
ammonia have produced highest average yields, the 6 per cent mix
tures being higher than the 3 pel' cent. The 6 and 9 per cent phos
phoric-acid mixtures have given highest average yields of the 
phosphoric-acid group, the 9 pel" cent giving slightly higher yields 
than the 6 per cent. 

TABLE 2.-Effeet of different propO/·tions of ammunia, phosphoric acid, and 
potash in fertilizer.s on yield of eotton on Norfolk fine sa.ndy loam 

PerPer-
I 

Per- coutageTen· centngc Ten- Tencentage year of phos- year yearFertilizer mix- ofam- Fertilizer mix- Fertilizer mix- ~g~~
average phoric average averageturca in Figure monia turcs in Figure tures ill Figure eachyield of acid in yield of 4, E, aud Table 1 yield of i,E,and ~'abl~1 in e.ach 4, E, and Table 1 ferticottOIl in each cotton cottonmix- Jizer 

ture per acre nIh:- per acre per acremixture ture 

No. Per cent Pound. 4.Vo. Per cent Pound. ;..ro. Per cent Pounds 
i, 2, 4, 7,11,16 0 1,028 10,17,18,19,20,21 0 948 1,3,6.10,15,21 0 1,135 

3,5,8,12,17 3 1,193 11,12,13,14,15 3 1,104 2,5,9,14,20 3 1,229 
6,9,13,18 6 1,240 i, 8, 9, 10 6 I 237 4,8,13, l!} 6 1,145 
10,14,19 I !} 1,162 4,5,6 n 1:298 7,12,18 9 1,037 

15,20 I 12 1,005 2,3 12 1,182 11,17 12 964 
21 15 872 I 15 1,043 16 15 887 

I J I 

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 l),ppear that the best fertilizer is a mixture 
containing from 3 to 6 per cent ammonia, (j to 9 per cent phosphoric 
acid, and 3 per cent potash. A 6-9-3 analysis may be chosen as 
that giving the highest yield. The ratio of fertilizer constituents is 
practically the same as derived by this and the former 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 to 6 per cent ammonia, 8 to 9 per cent phos
phoric acid, and 2 to 3 per cent potash. 

21448°-31--2 
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INCREASED YIELD FROM FERTILIZERS 

The results, considered fl.'om the point of view of increased yields 
of the fertilized plots over those having no fertilizer are as gi ven 
in Table 3. 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 Vic7!Z at cotton fro 1/1. the three fcrfi.lizC'l"s 1vhich produced the 
highe8t 1/ield'8, CUJlJPU1'cit to allerage 1/i('ld, troln 1I0-{el·ti1izer plots on Norfolk 
tinc -saud!! 10al11, 19JI}-.11128 

! I Average yield of seed i 
Three high I rattan per acre from-l 
est-yieldingYeur Increase
.fertilizors ,Threo high. _ . 
In Tnble 1 I est yielding N~. fnrtI· . 

'fertilizers ltzers I 
------------------------- -·I------I-------·I----------~-----

No. Pounds P%lds I P01l111is Per C",lt 
1919____ ...........__ ..... . 14,15,21 2,203 1,035 628 38.4 
1920.. _.... .. 3, 5, 9 2,065 1, 366 600 51. 2 
1921. ........... .. 3, 5, 6 1,703 1,083 710 65. 6 
1922. __ .......... .. 5, 6, 9 1,033 371 662 178.4 
1923___ ... _ .... __ • 5, 8, 9 1, 'S383 829 . 554 66.8 
1924. __ .......... _ 5, 8, 9 17 387 430 Ill. 1 
1925____ .. .. 5, 8, 9 1,671 1,219 452 37.1 
1926___ ...... .. 6, 8, 9 1,727 1,086 fAl 50.0 

5, 6, 9 1, 85-,' 447 I 791 177.01927. _____ ........ . 238
1928__.... , ...... .. . ...... •.. .. 14,18,19 405 452 111.6 

.: ....... --5:"',"':6,-,-.) 1---1,-39-7-1---88-31~--;8,2
I 

INFLUENCE OF FERTILIZERS ON TIllIE OF OPENING OF COTTON 

In Figure 4, F, 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 phosphoric 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 pert'entages of potash have slightly de
layed1l1aturing and opening but not sufficiently to be an appreciable 
factor in this consideration. 

"Vhen the data are analyzed from the point of view of the increas
ing percentages of nitrogen, phosphorie acid, 01' potash, it is seen that 
the mixtures containing 110 phosphate (the group shown in the bot
tom row, line 16 to 21, fig. 4, F) haye matured less cotton early 
and that early maturing increases with each group or line of mixtures 
as the phosphate increases. Considering the daht with regard to 
the effect of J1itl'ogen, thc no-nitrogen mixtures (group along line 
between 1 and 16) haye produced only slightly higher percentages 
of cotton earlier than fertilizers containing 3 per ('cut ammonia 
(group along line between 3 and 17). The slight differences are in 
the range of exprrimental errol'. There is an appreciable difference 
in these experiments between the percentage of the total yield of 
cotton which matured early from 3 per eent ammonia mixtures 
(group along line between 3 and 17) and 6 per cent ammonia mix
tures (v,rol1p along line brtwerll 6 aJ1(l 18) ; llO'wever, the total yield 
from the 6 per cent ammonia fertilizers is greater. The application 
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of fertilizers contain;.ng more than 6 per cent of ammonia has resulted 
in an appreciably lower percentage of cotton opening early. There 
is little or no correlation between the percentage of potash in the 
fertilizer and the time of opening of the cotton. The data are in 
harmony with results secured in other experiments on these and 
related ::loil types (4,6,9). 

CORN ON NORFOLK FINE SANDY LOAM 

The results of the fertilizer-ratio experiment with corn grown in 
rotation with cotton for nine years are given in Table 4. There was 
a marked 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 visualized in the triangle diagram. 
(Fig. 5.) These are the avera,ge yields of corn for the nine years 
of the experiment. The average of the seven no-fertilizer plots is 
29.5 bushels pel' acre. The high-nitrogen mixtures, 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 pel' cent in the fertilizer; for instance, the 
mixtures in the group along line 3 to 17, containing 3 per cent am
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 cent ammonia mixtures. Nitrogen is thus shown to be the 
important fertilizer element for corn on this soil. 

TABLE 4.-Y-iclcl of corll ]leI" 	acrc hb fertilizcr-ratio ('.Tpcrilllellts on "Sorfollv fine 
sandy loam, 1!)19-1[127 

FerU
liz'Jr Fertili7.cr rntio 1919 i 1920 1021 1922 1023 1021 1925 1920 1927 Au~e:-

_);_-0_._1___(_N_I_r,_-l_',_O_,-K_,O_l___I__I__________________ 
BUSh./BU.'h. BII_,II. Blish. BIl.,h. BU<Jh. Bush. Bu.,h. BliSh. Bu.,h.

1 0-15-0_________ .. ________ ._ .. 20.9 25.0 40.0 24.0 33.1 33.3 33.3 :1-1.0 38.8 32_1 
2 0--12-3 ___________ - ____ " __ ,, 23.0 23.0 38.2 25.2 3,1.5 34.2 25.3 33.2 29.1 29.7 
3 3-12-0 _____ .. ________ . _______ 20_4 23_6 50.7 27.6 32.8 30.0 30.8 33.2 37.5 33_2 

X (Il _________________________ 10.7 22.2 42.1 29.7 28.S 21i.4 27.7 29.1 27.0~o.o 

4 0--9-0 _______________ . ______ 21i.0 23.0 36.5 25.3 29. I 31.3 27.8 26.3 27.7 28.2 
5 3-9-3. ____________ • _______ 29.1 25.0 -12.3 29.1 34.2 29.0 30.3 33.1 40.2 32.5 
6 n-9-IJ ________ • _________ 29.1 44.4 51.0 32.7 35. I 31t8 37.5 46.9 45.8 39.9 

X (1)._. __________________ to.7 19.'1 45.3 23.2 31.7 27.1 26.4. 31.3 34.7 28.·1 
7 0--9-!l _______________ "' ___ W.·I 25.0 42A 21. 0 34.5 28.3 29_·1 22.2 36.1 28.7 
8 3-(\-0________ _ 2·1.0 23.r. 38.1 26.4 37.1 34.3 30.0 32.2 ·13.0 32.2 
09-0-3______________ 2'1.0 38.S 48.3 a8.2 35.1 38.8 30.1 42.7 50.0 39.1 

X (1)---~-------____ 19.4 23.0 40.1 20.7 39.1 30.2 31.9 30.6 41.0 31..5 
\0 9-6-0 ________ 31.8 3·1.7 50.3 43_0 39.4 45.4 -10.3 47.0 55.5 43.7 
11 0-3-12___ •• ___ _ _____ 30..; 27.7 35.3 28.0 38.2 36.2 24.'1 28.0 3n.l a1.0 
12 3-3-9_____________________ 31.8 29.1 -12.7 32_3 32.5 36_0 20.4 31.0 40.2 33.0 
X (1) _________________ .. _____ 2-1.9 26.S 35.1 20.1 29.4 31.9 22.2 31.] 31.7 29.1 
13 9-3-6_ .. ____ .__ _ __ .. ___ :1:1.2 43.0 -18.0 30..1 27.1 38.0 23.6 42.1 43.0 37.2 
14 0--3-3 _________ .. _______ .. _ 40.8 .n_r. 49.2 4r..2 3-1.8 40.5 30.n 51.2 52_7 43.7 
15 12-3-{)_________ _ 41.6 W.9 62.3 -17.0 ·10.0 37.4 3r..9 49.8 54.1 47.3 
X (1)_. __________ • ___ . _.. 13.8 19.4 40.0 39.0 :1·1.5 29.1 15.2 -10.1 29.1 28.9 
lfi o--o--IIL _____ . ____________ 1.5.2 2:1.0 32.7 30.0 :11.1 31.3 11.7 27.7 25.0 25.·1 
17 3-0-12_____________ ------123.3 20.4 [42.1 33.3 29.7 30.3 B.7 37.1 34.7 30.2 
18 9-0--9 _________ . ___ .• ___ ._ 27.7 3n.l 45.3 :18.3 34.2 20.1 22.2 42.r. 41.r. 35.2 
X (Il __ .. _________ .. ,, __ ,_. __ 10_7 27.7 39.1 28.1 3U 2S.3 ~3.6 as.2 34.7 30.0 
19 9-0-6. __________ -----------i 31.1 -18.0 iiS.O a8.0 :m.l 21J.H :11.0 51.2 55.5 42.7 
20 12-{).a .. _______ • _____ •________ 1as.s li8.a 53.2 30.2 ·12.S 27.-1 :lG. I 53.i' 61.1 45.3 
21 15-0-0_. _________ • __________ -10.2 113.9 50.0 aO.l 41.<1 28.3 38.0 5:1.0 50.9 ·15.4 
x (1) ____________ •• _________ •___ 117.7 33.3 -15.1 27.2 32.5 25.8 26.·} -12.9 3S.S 32.2

-1-----------
Averngc of chccks___ _ 18. 0 21. 6 41.0 27. 2 32. 6 28. 7 2·1. 6 3·\. Ii 3,1,7 29_ 5 

1 

I Check_ 

http:Fertili7.cr
http:contain;.ng
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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 N odolk fine sandy loam, 
on which the results discussed in the preceding pages were obtained. 
These experiments were made on farms 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 loam 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 Figures 8 and 9. In 1922, in the experiment on the Dar

2.9.7 .93.2.. . 

2 .so 

28.2 32.S .!I9.9. . . 

of< oS" 6' 

'''17 3"'i;2 3~1 ~-!-7 
7 .8 .9 /t:> 

3,16' 33.6' 037.2 .pa.7 47.<3. . . . . 

// /2 /.11 /4 /s 

"'2. 72.s:~' 3a2 36;2 of<.s:03 4S-P 
K2~6 /~ /8 /9 20 2/NHa 
FIGn.E 5.-A"era~c acre yield in bUShels of 

corn on Norfolk fihe sandy loam at th~ 
l'el) Dee ExpPriment Station from the 21 
f('rtillzers used in the experiment, 1919
1927. The composition of the fertilizer 
mixtures 1 to 21 is given in Tnble 4 and 
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.) Averaging the three years' results, the three mixtures which 
produced the highest yields are Nos. 6, 9, and 10, as shown in Fjgnre 
7, D. These three fertilizers have an average analysis of 7 per cent 
ammonia, 7 per cent phosphoric acid, and 1 per cent potash, which 
seemed to represent .the fertilizer analyses giving best results. The 
average composition of the three mixtures which produced the high
est yields in each year is very nearly the same, and the deduction 
seems significant. Cotton yields from io-acre plots fertilized with 
various mixtures of nitrogen, phosphate, and potash are shown in 
Figure 10. 
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DarliIlgton, S. C., from the 21 fertilizl'rs used in the experillll'llt. 'l'lte three 
fertilizers which produced the largest crops in each yenr arc connected by a 
heuvy blncl, lIne, and the average composition in amIllouia, phosphoric acid. 
and potash of ench of the three mixtures is recorded in the triangle: A, Yield 
in 1022, on Dnrllau farm; B, in 1023, on Gill('spie fnrm; C. in l!)24, Oil GIll(,Sllil!
farm; D, uyerage yipld for three years, 1!J2:!-1H2·l; E, n"el':t~(l percentage of 
total yield of cotton open ut first picking for tllrel! years, lO::!2-1024 

S'/. 
/.5" 

47 
;;VHa 

acre 011 Norfolk sandy loam, 
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FIGURE S.-Cotton on Norfolk sandy loam: No. II, on left, received fertilizer con
taininl: pho~phate amI [JotaBh hut no nitrol:(,11 an<1 yielded !l:!O potlllll~ per acre; 
No. 12, 011 ri;.:ht rel'e\YNI fcrtilizl'r containing phosphate, potash, and lIitrogen 
(3 per cent allllnonia) und ~'i['ld('d l.:WO potllHIS per acre 

FWl'llFl !l.-Cntton on ~orfoJl{ sandy "loam: No. 12, 011 I~ft, rpc<,i\'p<1 fe!'tiliz('r C<l'l
tailling pho~Llhat[" )lotnsh, UJl(I nitro;!!'n (:\ PI'!' CPllt nll11l10l1ial :IIH1 yieldc(1 l,:!UO 
pounds sc!'[\ collon p('\' nerc; chc('k, hull'"r row ill mitl<ll", 1'('('I'iv('d no f('rtilizl'l';
No. 13, on rlght T('('civ('(} tt(lrtili~Wl· contnining Jlllo:-;phute, potash, and nitrogen

t(6 per cent ammonia) and yicld~'d 1,580 pounds seed cottOIl 11('1' acre 
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}j'IGUUl,J 10.-Yleld of cotton from ,'.-acre plots on Norfolk sundy loam in DuI'll ngto n County, S. C. 
A-Check (no fertlliz~r), yield 32 pounds, equivalent to 640 pounds per acre; 10, fertilizer contninlng nitrogen ([) per q 

cent ammonia), 6 per cent plJOsphorlc acill, no putash. yield, 87 pounds, cqulvnl<mt to 1,740 pounds !leI' ncre; 11, fer
tilizer containing no nitrogen, 3 per cent ·pho~flhorlc ncill, 12 p('r c('nt potash, yield, 46 pounds, equivalent to [)20 pounds ~ 
per a,·re. 

D-CllI'ck (no fprtlllzer). yield, :l2 pounds, equivalent to 640 pounllH pel' ncrI'; 5, t"rtilizl'r containing nitrogen (:l per 
cent ammonlu), [) PCI' cI'nt phosphoric ncid, 3 pt'r centpotllsh, yield, 71 poundH. equlnllcut to 1,420 110Ululs pel' ncr,,; 14,
fertlIlzpr containing nitrogen (!J per cent ammonia), 3 PCI' cent phosphoric ncid, 3 ppr cI!nt POlllSh, yield, 81 pounds, 
equlvalcnt to 1,620 pounds per ncre. 

1-3 
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TAIIU: fj.-,n('lt~ of N('ed ('olton fll'!' 1((,1'1' in {('/'/i/iZI·I'·I'II!iU (·.I'IH'I'ilJl('1I1 un SUl'fu/J.: 
80IHly loom, })(fJ'/ill!lluJl. ('01111/11, 1'1. U., .I!I.!.?-J!I,!} 

Dargan farm, Hl22 G ilJesph~ rnrm, Hl2a 

F~rti· I' 'I' 11 I' ) r () Yil'I<l, C' t' Yield, ('nUilllIi7.l'rXo, 'crtl I'or ratio (X ,. ,t ,'n,). tlr,t Totnl I ",on, JirSL ~'otnl 
oIlC'1l',p,it'king yield f;~Jl)in _ : pit· king yieltl Bept.18Sept, 7 , 'lJ ,( ! Sept, I~ 

1---------------------,----,---- ----, 
: POlmds Pounds I Pcr cent 1 POltnds Pounds Per cellt 

I 0-1.;-0__________________ ._._____ .' &JO 1,120 I 71 I fiGO 760 7·1 
2 0-12-3__ , ___ ., .....-------- ....-. 740 I 1,100 67 G20 860 72 
3 	 3-12-0___.... __ ..... __ • _____ .. ___ 8S0 1,320 (iii iW 1,060 74

(1). ___ .. __ ...•. _. _____________ ... (l00 !l00 07 (HO 820 78 
o-\1-fl...........____ ............ 7GO 1,120 US 700 1,020 fiU 


5 3-H-:!. .......... __ .... .......... 1,020 1,4~>() 72 1,030 1,300 711 

6 1)-[1-(1-_....... ........... I,OIiO l,noo 6D 1,040 1,440 72 


(1) ____ •.... ____ • __ ... 5no 940 .;9 noo SSO liS 
7 O-{HI... _.... 680 1,120 61 Il-WI 1,2·10 liS 
8 3-{Hi__ .... -... 8-10 1,300 G2 780 I 1,200 0,1 
II 	 (HI-3____ _ _ UIiO I. 520 63(i~1 GGO 1,3tiO 50 

(1) ..._____ .. (Hil !lnO GOO 880 US 
10 \l-{i-fL ____ . _ 1,100 I, 740 ~ WI) 1,310 00 
11 0-3-12.. _.... _ IiOO 920 60 G20 r 1,000 ()2 
12 3-3-11____ ..... 	 760 1,200 700 Ii 1,(HiO (if) 

(I) .... __ •. .. _ (100 82IJ 7:l 48IJ 720 (i7 
13 0-:J-6 __ .. \)50 1,1;'''0 62 740 I 1,200 02 
H \l-a-3.... 1,000 1,620 02 520 1,100 47 
15 12-:H)__ \120 i, fJUO 5!1 300 \)40 32 

(I)......... litH) 840 72 ,1801 720 (i7 
16 0-0-)5..120 7-10 57 :HO I 700 4\1 
17 3-{}-12_____ liOO ],020 59 4·10 liIiO [II 

18 (HHl... -- 040 1,200 r.3 520 I 1,020 51 
(IL~--- .. - 520 71i0 un GOO 740 SL 

lD IHHi....... 'I 7·10 1,280 58 4bO l,lIiO 4L 
~2~ 12-o·a .• - , 7liO I, 31iO ~Q,' , aso I !IW 31) 

1:.-0-0.. " .... ______ ., 700 1,220 " ·IOI) , 900 44 
(1). ••• __ • ________ ... __ .180 1110 74 I !i-IO I 8!i0 74 

.A "crago unfertilized .. ~ ~ __ _" __.__;~~;-!~!---m-J'~03~ 
1=~~~~e~Pic (urm" 1924 "~-i A vemge 


F,'rti·1
lizerNo, Fertilizer rutin (XII,·p,n,·K,O) Yield, ; Cotton I Yield, Cotton 
,fir~t 'I'?llli I open first' 'I'!'tul open first 

I.',('klll!: rleld ~ 'Ilt 19 picking!, y,"I': Ilickin; , ;-Il'llL. HI ,l . , g 

!--------:-~----I----',----
Pound.'! POllnd.~ }Jl'r crnt PUlI:wl.'f l'Olllld.'f I'er cent 

I 

0-10-0.. " •• , __ , .. __ ••. HO aoo ! -17 f>O() I 727 liD 
2 0-12-3 ........ _ ,;() a(X) I ~~) 47:1 753 Ii:l 
:1 :J-I2-{). __ ... ,lUll !iIiO 70 707 l,oi3 70 

(1)-- •• --. 2-10 320 7[0 ,wa (;SO 7a 
O-!HL_ •.• 210 r>lo 44 [,(i7 8\13 Ihl 

fi :l-'J-'J _ •• ·HiO t;8O ,;2 1\37 I, 200 70 
n D-9-0... __ _ [>bO I, iliO 50 8\1a 1,4(]{) 114 

(1) ..... -- :1.')0 aBO 74 ·ISO 7a3 Ilr. 
:I~'O 71~) 42 Ilia 1,0-10 ,';\1~ ,~!=:;~:::: liSO 1,0-10 51i 7:13 1,200 lit 

n tj-fi-a~ __ 
(1)..-- 	 ~I~l I, :\J~ ~ Ji\~~ I, ~~ I ~~ 

l() !/-n-o. ___ 700 1,021l (j!l tili7 1,3li71 03 
II IJ-:J-12.. 2nD fi21l r.o -1\1:\ HI:l III 
I~ 3-3-U___ . a 10 71lQ 4ii IiIK) 1,027 r.s

(Il _ •• __ __ lIiO 2-10 Iii 413 5U3 70
la U-:Hi. __ __ (HO 1,020 II:! 787 1,2(17 1i214 \I-a-3______ . Ij(I() l,I21l 5·1 707 ' 1,:1.')0 55 
15 f 12-a·O. __ ... ' tiOO "I, OtiO ,Si nOi I, l~i ,=)1 

' (1)--.--.---- , 	 11;0 2HO li2 ·113 !lOi lill
iii O-()-I,;. ____ . 200 ·u~) r.o :120 lila 52 
Ii 3-{J-I2.. 210 7~~) 2!1 417 SU7 411 
1~ U-{}-\I.. a20 bSIl an ·l!Ja I, o:tl 41l 

(1)---- .. 20<) alHI li7 4·10 liO() 73 
19 IHHL. -1m! I, OS!) 43 fI(IO 1,173 4\1 
~>() 12-0-:1•• 420 I,IX:U 40 5!!() I, 133 41;
21 IIHl-Il.. _ __ .. " :120 \100 :m -In 1,0I)7 4i 

(1) ........ ------••• -i IfiO . ~ 57 .I:a r,oa i:.! 

.----;{~t --~H; ,---m-) ---.1-;;1-, ~ ---7-0A vcrllge uJlfel"tili1.cd 

I ('n(,'rtiJizl"l, 

http:uJlfel"tili1.cd
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'I'll(' ('Ollllllltatioll of tllP (lata, lH'('Sl'llll'cl in Tabll' H, wl1\'l'l~ all an'r
age is 1I1ad(' of fhe fl'l'Iililll'rs a(TOI'dillg to thl'ir nitrogl'lI, pllOsphoril' 
acid, alld potash ('011 it'll t. l'ollfil'llIS in tL gl'ncI'ttl \Yay the feJ'tilill(,l' 
analyses discussed aboH'. The (i pel' eent and 9 pel' eent unullonin, 
mixtures have given the largest average yields in the nitrogen group, 
and the 6 per eent, and 9 per cent phosphoric [leid the largest yiehls 
in the varying phosphate group. The 3 pel' ('ent potash mixtllJ'(' 
gave the largest ayerage yield in the potash group; it is followed 
dosely by the 6 per cent potash mixtures. 'The yield fro III thl'>,~ 
h,·o groups, however. does not greatly exceed the uverage yiel(l 
from the no-potash mixtuJ'Cs. 

rl'ABLE G,-l'i('ld,~ of cotlon f/'Oln t('/'Iili:::c/',~ conlain.ill{f diffc/,('llt 1)rOporliolls of 
all/monia, pllo8phoric acid, a/I(/. 110Ia.,;h 011 Norfolk Nnnr/y 101111/ 

I

I Prr· Per. 
t'l'IlhlI;!P 'l'cn- (,(,lIt- 'Ten

t 'l' , , of phos' year F t'l" f yearF (lr 1.IZ~\}I1lX- phoric average rr l.lzrr:.mlx- age 0 B\·llrngo 
~ turcs In f ~gurc acid ill yield of _tllr~s 1ll EIl(1Ire l.'otnsh yidd of 
I,D,and Iuble5 f'rti. mttoll I.D,nndTablc5 H,l,fer. cotton 

l~ , •• \ ttll7.l'r •I l 

llli~~t~~nl per .len mixtufl' pl'r nue 

No, iPcr crnt Poullds 1vo. Per celli Pounds No. 'Pcr celli Pmt71fill 
1,2,4,7,11. ilL. ' 0 806 Hi, Ii, 18, Hl, 20, 21 0 nil 1,3,{i, 10,15.21 U 1,117 
H, 5, S, J2, Ii ,_ 3 I, ()(il 11,12, J3, 14, IS 3 1,115 2,5, U, 14,20 :l 1,141 
U,!J, 13, J8, _, __ , fl 1,200 ;,8,9,10 0 1,237 4,8,13, I!J (i 1,133 
10,14,10., ••• 9 1,27:1 ·1,./),0 9 1, Hi5 7,12,18 H 1,033 
1.1,20•••• "' ••• ' 12 1, ](iO 2,3 12 883 11, Ii 12 84()
21 ____ ,._._ .• ' IS 1, 007 1 15 727 1Ii 15 1il3 

The soil Oil which the experiments were made has not re!:>poncled 
markedly to potash. A mixtllJ'(' containing appl'Oximately G per 
cent ammonia, 6 to 8 per cent phosphoric acid, alJd a relatively low 
proportion of potash would be selected on the basis of the analysis of 
the data. This is very similar to the 7-7-1 ratio deduced from the 
data first considered. Considcring the data as a whole, a mixture 
('ontaining' 6 to 7 per cent amlllonia, 6 to 8 ppr cent phosphoric acid, 
and 1 to 3 pel' eent potash might Le chosPIl. . 

INCREASED YIELD FROM FERTILIZERS 

The incrcaRed yicld from fertiliz(>rs was great each yeal'_ In 
1922, the average yield frOIll the checks, or no-fertilizer plots, was 
837 pounds pel' acre and that from the three mixtures prodncing' 
highest yields (Nos. 6, 10, and 14) was 1,G53, an increase of 81G 
ponnds or 97.5 pel' cent. In 1923, the aycrage of the checks was 
803 pounds ]wr !lcn' and of the three mixtures producing highest 
yields (Xos. 6, 9, and 10), 1,380 pounds, an increase of 577 pounds 
or 71.8 per cent. In 192±, the checks averaged 297 pOllnds nnd the 
three mixtures producing highest yields (Nos. 6, 9, anel 14) 1,140 
pounds, an incI'ease of 843 pounds Ol' 283.8 per cent. FOl' three 
years, the checks gave an average yield of 451 pounds and the 
three mixturp~ producing highest yields (Nos. 6, 9, anel 10) an 
average of 1,1369 pOllnds, all increase of 918 poull<ls or 203,5 per 
cent. 

http:10,15.21
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The pen;l'nlagl' oj' coltoll 0IWIl at I 1 H.' first, pi('kin!!: ill Lhe.l'XI!Cri
lIlent on Norfolk sandy loalll, as all a \'eragl' :tOI' thrce Yl'ars, m gl\'en 
in Firrure 7, E. The' dabt for eHch year and clntps of picking arc 
rriven"'in Table 5. Mixtures containing higher percentnges of phos
pllOric acid have caused early maturing und opcning of cotton. 
Fertilizer mixtures containing no phosphate maturcd cotton litte. 
There is no close correlation between the amount of nitrogell or 
potash in the fertilizer and the time of mnturing and opening of 
cotton. 

DISCUSSION 

For a number of years experimcnts have heen made in the South
ern States to ascertain the fertilizcr reqllirements of the varioufi 
soils for cotton. The work was planncd primarily to dctermine the 
fertilizer clemcnt having most inflllc)]('c on prodl1dion. In recent 
experiments :with cottOIl attention has bccl! given to a study of the 
ratio of the three constitucnts, nitrogen, phosphate, and potash, in 
fertilizers. The fertilizcl' investigations of this hureau with COttOIl 

were planned to study not only the Huitability of fertilizer materials 
and quantities of fertilizers needed but also to ascertain the best 
ratio of nitrogen, phoHphoric acid, and potash for f;pecific soil types. 
Results have been reported of expet'imentf; on Portf;ll1outh sandy 
loam, Dunbar fine sandy loam, Ruston sandy loam, ,Yickham fine 
sandy l~lnm, and Geol'!!cvi,ue silt l?am_ in North Carolina (f), 14-) 
and CeCIl sandy clay loam m GeOI'gUt (b). 

The data, given in this bulletin c{mtribute to the knowledge of the 
proper fertilization of Norfolk fine sandy loam and the related 
type, Norfolk sandy lonm, two soils occurring genemlly in the coastal 
plains. These soils arc utilized for cotton l)roclllction possibly more 
than any other soil types. 

The proportion of nitrogen, phosphoric acid, and potash giving 
the best resnlts in the fertilizer mixture as determined by the trinn,gle 
system of fertilizer experimentation on tllt'SC soils does not diner 
widely from that indicated by data, secmed from other field experi
mental schemes. For best results with cotton on Norfolk fine sandy 
loam, the work indicates a fertilizer containing 3 to (3 pet' cent 
ammonia, (3 to V pel' cent phosphoric acid, unll 3 per cent potash, and 
for Norfolk sandy loam It mixture containing (3 to 9 pet' cent nm
monia, (3 to 9 per cent pllOsphol'ic acid, and 0 to a per cent potash. 
Preference is for 1t 5-8-2 grade for the former soil and a 1-7-1 for 
the latter. 

Experiments conducted by the South Cat'olina Agricultural Ex
pCl'iment Station neal' Allendale, in Allendale County, on N odolk 
sandy loam (7) for the three yea rs 10:20 to IV2;) gaY{' a, response 
from nitrogen and phosphate, but littll' or none from potash. In 
this experiment, first the phosphoric acid and potash content of 
the fertilizer was ('onstant, but that of ammoni1L Yllried frolll :2 to 8 
per cent in the mixtUl'e; next the nitrogen a lid pota~h were constant 
and the phoHphol'ie acid val'ied from 2 to 1() pel' ('ent; anel 111'xt the 
nitrogen and phosphoric acid werc constant and the potash varied 
from 2 to 6 pel' cent. Fertilizer mixtnl'l's containing (3 pl'r (,pnt and 8 
pel' cent ammonia gave the l:tl'geHt yil\lds) those fl'Oll1 the 8 pel' eellt 
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allllllOniu being slightly .larger. There was an increase in' yield 
with additions of phosi)hol'ic ada up to (j pel' cent. Mixtllres eOIl

taining no potash gave as large yields as did those containing 2 and 
4 per cent potash. The fertilizer analysis which a.ppears, from these 
experiments, to give best results is 6 'to 8 per cent ammonia, 6 per 
cent phosphoric acid, and no potash. 

In similar experiments in North Carolina made by the North 
Carolina Agricultural Experiment Station (16), 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, 6 pel' cent phosphol'lc acid~ and :3 per cent pot
ash on N odoUr fine sandy loam. 

The agronomic research c01l1mittep of the Southeastern States (12), 
which is made rip of the al?ronomists of the experiment stations of 
the Southern States east of the Mississippi, II representative of the 
Bureau of Chemistry and Soils of the United States Department of 
Agriculture, and a representative of the soil-improvement committl'e 
of the National Fertilizer .~ssociation, after considering the data 
secured in fertilizer experiments with cotton conducted by the De
partment of Agriculture and the State experiment stations l'P(,01l1
mend for the coastal-plain section of North Carolina and Sonth Cn 1'0

lina, for the lighter types of soils which include those of the Norfolk 
series, a mixture analyzing 4 to :) per cent ammonia, 8 pet· Cl'llt 
phosphoric acid, and 3 to 4 per cent potash. A :3-8-3 and a 4-8-4 
analysis are suggested. Fertilizer recommendations by this com
mittee vary according to soil conditions. For lise on lighter and 
:::andier phases of the soils, in addition to a 5-8-:3 or a 4-8-4 analysis 
from 18 to 30 pounds of nitrogen per acre from readily available 
material to be applied as a side application at the first cultivation of 
the cotton after chopping is recommended. For the heavier types of 
soils, which include the very fine sandy loams, especially when occur
ring in the extreme 1101'the1'l1 section of the Cotton Belt, 'where early 
maturity is an essential factor~ a mixt11l'e containing:) pel' cent UIII

monia, 10 to 12 per cent phosphoric ,acid, and a per cent potash is 
recommended. 

SUMMARY 

Results are given of a 10-year fertili:1.Cr experiment with cotton 
and. corn grown in rotation 011 XOl'folk fine sandy loam~ li'lol'ell('e 
COllnt", S. C., at the Ppe Dee Experilllent Htation of (,lenlsoll ('01
leooe, :;'n<1 of :t :\-year fertilizer eXlwrilllent with cotton on Not'folk 
sa71{]y loam in Darlington County, S. C. 

The plan of the experi ments i::l based on the triangle cliagl'lllll. 
'rhe three fertilizer constituents, nitrogen (ammonia), phosphoric 
aeid, and potash, "oere used singly, in combinations of two, and in 
('ombinations of three, the ratios varying in definite proportions. The 
n pplicatiolls of a Hi per cent plant-foo<l fertilizer were 111:1(10 to eotton 
at the rate of 900 pounds per acre and to corn at the rate" or 4-fiO 
pounds per acre. One-twentieth-acre plots were lIse<l, with unferti
Jizecl checks occurring after every third fertilize(l plot. 'rlH' data 
are given in triangle figur'es, the dots ill the triangle }'epresenting the 
fertilizer ratios used. Thl' position of the dot indicates the ('Ol1\

position of the fertilizer. 

http:fertili:1.Cr


21 RESULTS O.F FERTILIZE]{, EXPBlUlVIENTS 

On Xorfolk fine sanely loam at the Pee Dee Experiment Station, 
the lal'crest cotton yields were obtained with fertilizer mixtmes COll

taillin<:" 3 to G per cent ammonia, the 6 per cent mixture giving 
slightEr larger vields. The 9 per cent phosphoric acid mixtures 
produced th~ largest yields, and the 3 per cent potash gave .th~ ~est 
results. It IS concluded froll1 the data as a whole that the fertllIzer 
ratio or analysis giving best results is a mixture containing 3 to 6 per 
cent ammonia, 6 to 9 per cent phosphoric acid, and 0 to 3 per cent 
potash. The average results indicate a 5-8-2 analysis as being best 
for cotton on this soil. This fertilizer ratio does not vary widely 
from results secured under other experimental plans on similar soiL 
types. The three fertilizer mixtures producing highest yields in eachof the 10 years of the experiment gave an a\'erage incrcase in yield 
ranging from 38.4 per cent to 178.4 pel' cent on'l' the average in the 
no-fertilizer plots. 

Fertilizer mixturcs containing higher percentages of phosphoric 
acid produced early maturing and eady.oJwning of cotton. Ferti 
lizers containin:? 0 per CCllt or more or phosphoric acid maturea 
cotton earli(ll' than mixtures containing less of this constituent. 
~Iixtllres containing the higher percentages of nitrogen used in the 
experiments delayed maturing and opening. This was true wilen 
the fertilizer contained as much as V pel' cent ammonia. Potash did 
not have an appreciable effect 011 the time of maturing and opening 
of the cott(Jn, though the higher percentages delayed opening slightly. 

The efrects of the various fertilizer mixtures on corn on Norfolk 
fine samly loam were variable. The high nitrogen fertilizer mix
tures gave t!le largest yields. 

On Norfolk sandy loam the largest cotton yields were sPcllred with 
fertilizer mixtures containing 6 to V pel' cent ammonia, 6 to !) per 
('cnt phosphoric acid, and 0 to 3 per cent potash. The three ferti 
lizers giving best average yields for three years had an average 
('om position of '7 per cent ammonia, '7 per cent phosphoric acid, amI 
1 per cent potash. Phosphate had a decided effect in causing the 
cotton to mature and open early on this soil, and the mixtures COB

taining high percentages of nitrogen caused late maturing and 
opening of the cotton. Considering the data as a whole, a mixture 
for this soil should conta.in (j t07 pel' cent ammonia, (j to 8 pCI' ('cnt 
phosphoric acid, and 1 to a Iwr cent potash. The three fertilizer 
mixtUl'es producing highest yields gave an incrcase over no fel-tilizer 
?f 1:>7.5 per cent in 1022, '71.8 per cent in 1023, and 283.8 per cent 
1ll 1924. 
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