
 
 

Give to AgEcon Search 

 
 

 

The World’s Largest Open Access Agricultural & Applied Economics Digital Library 
 

 
 

This document is discoverable and free to researchers across the 
globe due to the work of AgEcon Search. 

 
 
 

Help ensure our sustainability. 
 

 
 
 
 
 
 
 

AgEcon Search 
http://ageconsearch.umn.edu 

aesearch@umn.edu 
 
 
 

 
 
 
 
 
 
Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only. 
No other use, including posting to another Internet site, is permitted without permission from the copyright 
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C. 

https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu




1.0 ;~ "I"~~ 11111 

2
.
5 

8~"", 

B.,;. 1111122 2.2 

:: ~II~ 
I' 
.: II~o 
,_ l~~1.1 ...... '- ~ ~ 

111111.8 

111111.25 1I1I1~.·4 111111.6 

MICROCOF( RESOLUTION TEST CHART 
NATiONAL BuelAU ilf ~TANDARO,_; 1"(d A 

~: 1111,28 .111111.0 2 5 

~"'" 3 2D.ii. 11111 . I 2.2 
I;.; 11'11361- I,~
1:

:: IM~ 
r.. "1.1 ... ~~ 

III I! 1.8 

1I1I11.2~ 111111.4 111111.6 

MICROCOPY RESOLUTION nST CHART 
NA1'!'NAl BUREAI! Of STAN[tArI(h V'f,; A. 

http:111111.25


.By 

H. V. JORDAN 

Auoclate Soll'T&1inololll8t 


P. R. DAWSON 

A1I8ociate Biochemist 


J. J. SKINNER 

Senior Biochemist 


and 

J. ,H. HUNTER 

Asslstlult SoU Technoloalst 


'Dlvlslon of SoU FertUlty, SoU InYeetlptlons 

'Bureau of Chemistry and Sods 




Q 

-

Technical Bulletin No. 426 August 1934 

UNITED STATES DEPARTMENT OF AGRICULTCRE 

WASHINGTON, D.C. \ 

THE RELATION OF FERTILIZERS TO THE 
CONTROL OF COTTON ROOT ROT IN TEXAS 1 

By H. V. JORDAN, associate soiltcchnologist; P. R. DAWiWN,2 associate 'biochemist; 
J. J. SKINNER,3 senior biochemist, and J. H. HUNTER, asststant soil technologist, 

Division of Soil Fertility, Soil Investigations, Bltreau of Ohemistry and Soils 


CONTENTS 

Puge Page 
Introduction••••• __ ._..•••••_•••..•••••.••.• Supplementuryexperlments-Continued
Pre"ious investigations ••.•••_••••••.•••••••• Experiments with Yllrious nitrogen
Scope of the present invpstigations. __ •••..•••• 5 sources................................ 47 

Ollmate..................................... 6 Experiments with fertilizers on cotton 

Soils••••••••••.•.•••••••••••••••••••.•••.••• 6 followinl: clelln fallow.................. 48 

Detniled plans of the ~xperiments .•••••••.••• 7 Experiments WiLh fertilizers for cottun 
Relation of fertilizers to cotton root rot. •••.• 12 following sorghum............ .•••••••• 50 
Results from fertillzers on the scveml soil Indirect control of col,ton root rot through usc 

typesc•••••_•••••••••.••••••••••.•••••••••• 13 of fertilizers............................... 52 

Results on Houston blllck clay •••••••••• 1:3 Evusion of losses through IIccelerated 
Results on Houston cla~·••••.••••••.••••• 2:3 maturity.............................. 52 

Results on BeB clay..................... 23 Otrsetting of losses through increllsed 

Results on "'il~ou clay•••.•••••••••.•••• 27 yields................................. 52 

Results on Wilson clay loam ••••••••••..• 30 Relution of fertilizers to the control of cotton 

~ ;Results on Irving clay •••••••.•.•.•••••• 32 root rot.................................... 57 

:;<,~Ilesults on Denton Chly••••••••••..•••••. :15 Considerations inyoh'ed in fertilizer usage... 64 
Jt;Results on Miller silty clay 101101._••••• _ 38 Factors IIITectlnv; fertilizer rcsponse_..... 65 
~xperimellts at the United States Field Methud of fertilizer IIppJiclltlon. __ ••••••• 66 

Station, San Antonio ••••••••~•••••••.• 42 Economic consideration ••• _ ••• _••_...... 67 
Rcsidual etrects of fertilizers .•••••••••••. 42 Relation of fertilizer uSHge to other mellns of 
General trend of rcsults••..••••••••••••.• 43 control of cotton Toot rot. __ •••••.•••••••••• 69 

Suppiementary experiments ••••••.•••••••••• ·14 Summary.........................._........ 69 

Experiments with concentrnted fertilizers. H Literature clted ••••••••• _................... 72 


\-~J' ,-, ".. , '.. , \ ~r. )'r.;t'
INTRODUCTION' '", ~ ,) '. \' ' .• : ~"'r,,,t~-'1·!,).:J 

Ootton root rot .is the most deatl'l1ctivc pln.llt disease in Texas, in 
many sections of which it has become an important limiting factor in 
cotton production. It is also serious in certain portions of other 
Southwestern States, particularly Al'izr,'Oa, Ne\\' Mexico, and Oali
fornia; and it occurs in Oklnhoma, Arkansas, and l\Ie::\:ico. The 
causal organism is a soil-inhabiting fungus, Phymatotl'ichum omniroru.m 
which attacks the underground portions of the plants. 

I 'rhe Im'estigations reported herein lire II part of corruluted studies on this geneml problem In which the 
Bureuu of Ohemlstrl'lInd Soils lind the Bureal. of 1'lllnt lndusl.ry or Lhe U.S. DeJlarLment of Agriculture,
the 'rexns Agricultural Experiment Stution and the University of Texlls Hre cooperating. A nUlllber of the 
experitncnts were made on SUbstations of some of Lhese organizHtions IIndncknowl~tigmcnt, is mnde of the 
assistanco of 11. C. l\lcNllmarn, superintendent, U.S. Cottonllreetiing Field Station, OreenYille, Geo. T. 
RntlitTe, superintllndent, U.S. h'leld Stntion, SlIn Antonio, Henry Dllnluyy, superintendent, suhstution 
no. 5, 'I'esns Agrlculturnl .Experlmont Station, 'remple; and other mom hers of t.ho stotTs of tbese stntlons. 
Acknowledgnlent is also mnde ofcooperntlon or tho University of'l'oxlls in furnishing premlscs for Inbornt.ory
lind omce usc lind In extending nssistunce in Illllny other respects. Vulullble IIssistllncc in securing field 
dntll. WllS rendered b)' B. R. Collins nne! W. V. Bluck, ussistunt soil t.ech:lOlogisls, and D. H. Ergle, assistnnt 
chem·st. 

• In chllrge of soil·fertllity cotton root· rot inycstigutions, Austin, 'r6l'C. 

31n chnrge of cot.ton soilnv<i fortilizer invcstigntions. 
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While of greatest economic importance in relation to cotton, root 
rot attacks many other field and truck crops, particularly legumes 
and root crops; it infects and f~'equently kills many shade and orchard 
trees; and it is often a serious menace to ornamental plants and shrubs. 
Of the field crops only members of the grass family, such as corn, 
sorghum, and small grains, appear to be free from attack by the 
disease. IIi occurs on many species of native vegetation and appears 
to be indigenous throughout most of the area over which it extends. 

The disease has been found in 196 counties in Texas, as reported 

FiOUItE I.-Known distribution of root rot in 'rexlls, black areas indicating counties whero it is more 
prevnlent and causes L'Onsldomble damage, shaded areaS counties whero the disease is known to be present 
but is less prevalent, Rnd white areaS COUll ties where root rot has not beon found, or whero no record is 
avallablo. (Reproduced by permission of tho Texas Agricultural Experiment Station, from Bulletin 
423 (66, FiU.i, p. 6).) 

by Taubenhaus and Ezekiel (66);1 A map showing distribution of 
root rot in Texas is shown in Figure 1. It is particularly destruc
tive in the black-land prairie section of the State, characterized by 
heavy clay soils, predominantly calCilreous and alkaline in reaction. 
In light, sandy, acid soils occurring in portions of east Texas, cotton 
root rot is of minor importance. The annual losses to the Texas 
cotton crop have been estimated by Taubenhaus and Ezekiel (66) at 
10 to 15 percent for the State as a whole; but in se:asons favorable to 
root .rot the losses in certain localities may greatly exceed these 
figures. Including the damage to many plants other than cotton 
affected by the disease, the figure for the average aggregate aunual 

4 'Italic numbers in parentheses refor to Literature Cltod, p. 72. 

r' 
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losses in Texas has been set by the authors cited nt approximately 
$100,000,000.

The damage to cott(ln is cnused by the destruction of plants before 
mnturity of the crop. The fungus infects the roots, destroys the 
epidermal fin(l cambium layers, and causes the plants to wilt and die 

FIGURK 2.-A. Root·rot spots in cotton field on Houston clay. DnllllS County. B. I,nrge tle\,\ on Honston 
black clay. Caldwell Countr. in which cotton has nearly all been killed by root rot. Grass has grown up
in places where cotton plants died early in the season. Photographed September 11. 1931., 

very quickly. In central Texas the first plants to die usually succumb 
in June. Killing progresses throughout ~,he crop senson at rates 
varying with bhe soil moisture, temperature, and other factors not 
aU or which are known. Losses in cotton vary with the proportion 
of plants whjch clie and their stage of development when death occurs. 
In Figure 2 are shown root-rot spots in cotton fields and a large field 
in which nearly all cotton has been killed. 
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PREVIOUS INVESTIGATIONS 

The fungous nature of cotton root rot was first recognized by 
Pnmmel in 1888 (421. 48). In 1907 Shear (56) described the ozonimll 

. or vegetative stn~e of tbe organism; while Duggar (10) in 1916 re
ported the conidInI stage, In recent years numerous studies (6, 8, 
9,11,12,13,14,15,16,21,24,25,27,29,30,31,32,33,37,38,39,44, 
45,53,54,57,61,62,63,64, 65, 66, 67, 68, 69, 70) in Texas und 
Arizona by investigators of the Bureatl of Plant Industry and the 
Texil,s Agricultuml Experiment Station have greatly extended the 
knowledge of the life history und physiology of the root-rot fungus, the 
range of cultivated and wild plants aft'ected, the mode of spread and 
dissemination, means of overwintering and perpetuation, Lehavior 
under field Cl'OP conditions, and the relation of the fungus to environ
mental factors, 

Investigations by the same agencies on the control of root rot 
(1,6,11,12,13,14,20,21,22,23,26,27,28,29,31,32,40,46,47,48, 
49, 54, 58, 59, 63, 66, 70) Iltwe covered a variety of lines of attack 
Experiments have been conducted with bll.rriers of sOl'ghum, toxic 
materials, 01' open t.renches; with soil disinfectants and other toxic 
materials; and with Goil-acidifying agents, SUCll us sulphur and 
marcasit.e. Tests have been mnde of the comp;1l'ative resistance OJ' 

susceptibility 01' different strains, vttl'ieties, 01' species of plants, 
Extensive trials have been carried out with clean fttllows, rotation 
with nonsusceptible crops, modified tillage, and with application of 
manure nnd fertilizers, ,Yhile no pmctical meltns of actually eradi
cating the disease on a field scale have been forbhcoming, measures 
of control have been developed thltt offer promise for appliclttion 
under limited conditions. 

As far as acclllllulu,ted evidence indicates, the ciLt/snl organism of 
cotton root rot is n soil-inhabiting fungus, and effects its dnmage 
through pal'!tsitism of the underground portions of susceptible host 
plants, It should, consequently, be n.menable to control through 
modificn,tion of the environmental or soil conditions as they affect the 
organism or its hosts. Previous experiments on control of tho disease 
bymodified tililtge Cl' use of soil nmendments hl1ve had this end in view. 
Similar apPl'oltches to the problem of control have been followed in 
the case of many other plnnt diseases, where modification of the soil 
environment hns been nccol),plished by the appliclttion of plant food 
and soil nmendments, or through changed tillage methods, Treat
ments of this type may be. effective either tlu'ough making the soil 
less fn.vorltble for the causal organism 01' more faYol'a.ble for the pro
duction of a healthy, disease-resistant plant. 

To cite It familial' exnmple, control of the common scab of potatoes 
has been effected tlll'oll~h use of chemical treatments or fertilizer 
materiltls which tend to lnCl'ense or' maintain a degree of soil nQidity 
recognized as llni'u.vol'l1ble to the disense. The dnte n,nd cltnl'l1ctel' of 
tillage have been reported to influence the se"erity of foot rot in 
wheat, in experiments conducted in Kanslts (55). The use of liberal 
qultntities 01' cOJl1ll1eJ'cin.l fertilizers hns led to 111l1tel'in.l control of the 
root rot of pens, through delaying onset of the disense Itnd actun.Uy 
decreasing its seyerity (18, 19), The results of investigations in 
Mississippi (34,35,36) indicate tlmt potassium suIts mny be beneficiu.l 
in reducing da~nl1ge from Fusl1dulU wilt of cotton; nnd experiments 

http:actun.Uy
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in Arkansas (74) showed definite control of the disense after applica
tion of potash-containing fertilizers to soils on which sucll fertilizer 
treatment led to stimulation oJ plant growth and increased yields of 
seed cotton. . 

Some previous experiments on the 11se of fertilizt~rs in l'eln,tion to . 
control of cotton root rot lULve been reported. .Manure treatments, 
as described by Scofield (54.), Taubenhaus and Killough (70), :.tnd 
Ratliffe und Atkins (46). gave negn.tive or inconclusive results. King 
and Loomis (14, 26, 27), however, h:we demonstrated n, progressive 
decline in root-rot infestn,tion, following the npplication of manure 

. 't 	 and other organic l'csidues over a period of yeaTs, Limited tl'ials 
\"ith commercial fertilizer, rC'ported by Tn,l1benhaus find Killough (70) 
yielded negative or inconclusive results. Ln.t,er work bY' the Texas 
station (6, Repts. 41, 42, 43; 12; 14; 66) n.nd by li:zekiel and Neal (1S) 
has not shown any direeb reduction in root rot, except. in pot, experi
ments where the mtes of fi.pplicfi,tion were excessive, Increases in 
yield that might offsetJosses occurred in some instnnces. 

SCOPE OF THE PRESEN,]' INVESTIGATIONS 

In 1928, the Division of Soil Ferti1ity undertook a program of 
investigntions in Texas on the relation of soil fertility and the use of 
fertilizers to the con trol of cotton root rot. Recogni,;ing that the 
disease is })luch more widespread nnd destructive on certain soil types, 
or on certain nrens of It given type, thn.Tl on otlJers, studies were 
directed townrd nscertaining whu,t, if any, differences in soil properties 
nre correlated with this llnequnl distri.bution. The results have been 
productive of much fnndn.mentnl informntion regarding the character
istics of the prevailing soils j hnve shed further 1igh t upon the soil 
preferences of the fungus; and Ilfl.ve served ns 1\, hasis upon which to 
plan and conduct field triali=;. The dntn. obtained havn emphasized 
the significance of the problem of fnctors afi'ecting soil fm·tility." 

Other investigl\,tions have been concerned with the efrects of deep 
tillage. The mosl; preyn.lent soils of the black-land prairie section of 
Texas nrc cl1arncteristicnlly henvy n.nd highly colloidal. Suriace 
drn.innge is almost everywhere sn,tisfactory, btl t intel'llnl dL'flinnge is 
deficient. Accordingly fl, ll10diHeation of soil conditions through deep 
tillage has been attempted, with striking results in the suppression 
of root rot. 

A further very impOl'tnnt phase of the investigations consisted of n 
series of fi('ld fertilizer experiments, inangul'nted in 1928 n,nd con
tinued through the succeeding seasons. The object of these experi
ments was to study the efrects of n.ddecl plnl1 t food upon the maturity 
n,nd yie1d of the cotton crop growing under conditions of Toot-rot 
infestation, and upon the l'esistu.nee of the p1n.nts to the disense. The 
work hitS been done exclusively with eotton, und with It fow exceptions 
the eXf(l1'imentshuve been conducted i11 .fields uniformly infested with 
root rut. 

Detailed reports of the sl;uc1ies on soil c11lunctcristics nnd on the 
effects of subsoiling llrc repol·ted elsewhere,. This bu1letin presents 
a, progress report of the field experiments 'with fertilizers from 1928 to 
1931/ inclusive. 

6Members of the sflllT ollhe Austln s[lIlion of tllC 1311rCHlI who rendered "nlllllule assistance in secnring
data nrc Prlnstoll Jenkins, n. A. Nelson, John l'/Irker, n. m. ('one, lind L.lIl. Oreen, 
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These field experiments have been confined almost entirely to 
the black-land prairie section of Texas in which cotton root rot is 
widely' prevalent and of great economir importance. The field!:> have 
been so located, however, as to cover the range of variations in climatic 
condition::; and soil types characteristic of tEs section. 

CLIMATE 

The section in which the investigations were conducted is charac
terized by It climate distinctly subhumid in the extreme southern part, 
with rainfall gradually increasing to the north. The mean annual 
rainfall at San Antonio is 27.18 inches; at Austin, 34.08 inches; at 
Temple, 33.96 inches; at Waco, 35.26 inches; at Dallas, 36.16 inches; 
and at Greenville, 37.63 inches.6 Normally, a period of hot, dry 
weather occurs during the latter half of June, July, August, and Sep
tember, and at this time evaporation and transpiration are high. 
The relatively low rainfall complicates the problem of securing 
maximum returns from added plant food, and this is made even 
more acute by its unfavorable distribution. 

The sea:::on of 192R was characterized by a wet period in early 
summer. Rainfall was plentiful in the early part of the growing 
season of 1929 also. The summer, however, was qnite dry in the 
northern part of the section, although in the southern part rains 
continued well into July. 1930 was characterized by It comparatively 
wet spring and a very dry and hot summer, the conditions becoming 
more extreme in the northern part of the section. 1931 was almost 
the reverse, with a dry period in the early growing season, followed 
by fairly well distributed rains and generally ~ JSS extreme 
temperatures. 

Taubenhaus and Dana (62) have shown that rainfall during the 
growing season is of major importance among the climatic factors 
influencing the severity of cotton root rot. Rains at this time 
cause more rapid spread of the disease and consequent increased 
destructiveness. This conelation is borne out in these experiments. 
Hunt mortality, with its resultant loss from root rot, was high in 
1928. In 1929, the disease was much more destructive in the southern 
part of the section than in the northern. In 1930, losses from root rot 
were not large on any of the fields occupied by the tests. Losses in 
1931 were of considerable magnitude throughout the section. 

SOILS 

The black-land prairie section of Texas is characterized by its pre
dominant soils of very dark color and heavy clay texture, which when 
wet assume a waxy, sticky consistency, leading to the common name of 
"black waxy land." These soils are widely known for their produc
tivity, which has remained at It remarkably high level. Almost no 
fertilizer and very little manure are used; in many fields cotton is 
grown practically continuously; and the use of cover or green-manure 
crops is not common. 

The most prevalent soils are those of the Houston sel'ies which, 
according to Carter (5), covers about 80 percent of the total upland 
area of the section. The most important members of this series are 
Houston black clay and Houston clay. Soils of the Wilson series, 

6 RainCallllgures compiled from U.S. Weather Bureau's Ollmatological Data, Texas Section (7,t). 
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including both the clay and the clay loam, arc second in extent. 
The terrace correlatives of the Houston and Wilson soils, classi
fied in the BeH and Irving series, respectively, are important in 
locol areas. Other soil types of minor extent occur in. the general 
section. Experiment fields were located on representative areas of 
these soil types.7 

DETAILED PLANS OF THE EXPERIMENTS 

These experiments were planned according to the well-known tri
angle system for fertilizer experimentcition (52). The triangular dia
gram was originally suggested by Schreinemakers in 1893 (50) and 
again by Bancroft (2) in 1902 for application in physical chemistry 
where graphic representation of percentage composition of three com
ponent parts is involved. Its applicntlon to plant-nutrient studies 
was originated by Schreiner and Skinner (51) in a study involving 
nutrient solutions; and it has since been used extensively in aqueous 
culture investigations (60, '71). Its first application to field fertilizer 
experiments was in a rotation experiment at Arlington Experiment 
Farm, Va., and at Pennsylvania State College (,4.1); it has since been 
used extensively in field experiments with many crops throughout 
the United States. The scheme has proved valuable as a basis for 
preparing fertilizer mixtures, charting data, and interpreting results. 
Its application in the fertilizer industry has been suggested by 
Bear (3). 

The fertilizer analyses 8 used in the present work are shown in the 
diagrams in figure 3. It will be noted that all mixtures contain 
a total of 15 percent of plant food. Those represented at the apexes of 
the triangle contain only 1 01 the usual components of a fertilizer 
mixture, namely, nitrogen, phosphoric'acid, and potash. Those repre
sented along the boundary lines contain 2, and those in the interior of 
the triangle 3, of the compollents of a complete fertilizer. 

It will be noted further that the mixture represented at the top 
apex contains 15 percent of nitrogen; those on the line just beneath 
contain 12 percent; and those on successively lower cross lines con
tain 9, 6, and 3 percent, and no nitrogen, respectively. A similar 
arrangement for phosphoric acid will be noted when reading from the 
lower loft; and for potash when reading from the lower right. Thus 
any proportion of the fertilizer clements can be plotted in a triangular 
representation such as this, although those actually used differed 
from each other in steps of 3 llercent. 

Such a series of fertilizer hnlllyses is of special value because of the 
facility with which the results can be interpreted. In a field which 
shows major response to phosphoric acid, for example, response would 
be of alow order to ratios containing none of this constituent. The 
reSponse would be progressively greater to ratios containing respec
tively, 3, 6, 9, 12, and 15 percent. An actual example of such an 
instance is furnished by the results of the Craig experiment for 1928, 
represented diagrammatically in figure 20, A. The trend 01 response 
here is unmistakable. A similar trond, differing only in tho location 
of maximum response, is shown in the plotte.d results from other field 
experiments. 

r Acknowlodgment Is made o{ the assistance of W, 'I', Carter, senior soil scientist, Division of Soil Survey 
Burenu of Chemistry nnd Soils, in correlating tho soil types on which the eXllcrimcnts wcre conducted. 

a Throughout this builetln the figures in a fertilizer analysis refer, respcetivel~', to tho percentages of 
nitrogen, available phosphoric acid, and potash. 
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The complete series of 21 l'll.tios was applied in only two of the 
experiments reported hel'e, namely, those on the; Crajg and Oscar 
Nelson fields. For the other experiments a selection wa.s 1l1nde of 
9 fertilizers, including those at the apexes of the triangle and others at 
interior key points. These nnll.lyses are represented by figure 3, B. 

The restriction of most of the experiments to 9 rntios was found 

N 
~,

;-0\ 

'~ __2P 

12-3-0 12-0-3 

iO/\/\__ ~~ __'? 
9-6-0 9-3-3 9-0-6 

6/ \9/ \,J/ \'8 
(j-9-~-6·~-J-66-O-9

A /\/\/\/\
~ --~--q--'?__ tr 

3-12-0 3-9-3 3-6-(; ;]-J-9 3-0-12 

! /\/\/\/\/\--?__" __ r __ (/ __ /~ 

p. 0 0-15-0 0-12-3 O-!Hi 0-6-9 0-3-/2 0-0-15 v 0 
,2 'S n2 

N 

B 

!
~0.5o-I5-0 

FIGUln; 3.-Trlnllg]e dingrnllls of 21 l~rtill1.Cr nnll]Ys~s (.1), nnd 01 the 
9 fcrtfllzcr mHos u~~d ill most of (he eXlwrimcllls (H). 

nccossal'y in order to 
conflne the plots to 
arens as uniform u.s 
possible in respect to 
soil and root-rot in
festn,tion, without too 
greutly reducing the 
size of in d i v i dual 
plots. 'rhe mup of 
fI, t,ypicnJ. experiment 
field indicating by 
bluck lines the dis
tribution of dead cot
ton when the field 
was selected is shown 
in figure 4. Root rot 
spreads chal'Ucteristi
cully in all dil'ections 
from initial centers of 
infection. Invasion 
of nalTOW plots by in
fection ori&,inating in 
ndjucent plots might 
purtially 01' complete
ly mask any efJ'ect of 
a given plot treatment 
upon the disease. Ac
cordingly, in most of 
the experiments, the 
plots were from 6 to 
8 rows in width and 
from 200 to 250 feet 
in length. One ex
ception WfiS the Craig 
experiment, where 21 
ratios wm:e employed
with bu t two -1' 0 W
I t I tl' 

p os. n' us case 
limitation to narrow plots was necessary in order that all should tmn
sect an area ofrelutively tlIlifOrllll'Oot-rotinfestation. The plots were, 
however, approximll,tely 500 feet in length, about half of which WfiS in 
noninfested ground. JII the experiment at the United States Cotton 
Breeding Field Station ut Grcenville, two-row plots, 400 feet in IengHt, 
were replicated three times. The Oscar Nelson experiment, compris
ing 21 fertilizer l'ntios, wns on noninfested ground !tnd wus ]l1id out 
with four-row plot.s. 

The plots \vere arranged in scries in which at least every fourth 
plot received no fertilizer nIHI served I1S a check plot. In mnking 
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comparisons of yields, treated plots adjoining check plots were com
pared with those checks, and the interior one of three adjacent treated 
plots with the average of the two nearest checks. Such a method 
of comparison reduces to a minimum the errors arising from soil 
variations and unequal distribution of root rot. A different arrange
ment was followed at substation no. 5 of the Texas Agricultural 
Experiment Station at Temple. Here the plots were grouped in 
three tiers, the center one of which was untreated. Accordingly, 
there was a check plot adjacent to each treated plot. Each treat
ment was replicated eight times in 1929, but owing to a reduction in 
the area of the experiment in the succeeding years only four replica
tions were retained. Plots in this experiment were 9 rows by 44 feet. 

The fertilizer mixtures employed in the triangle ratio experiments 
were compounded from the commonly used commerciul materials. 

, J
* ' ,.; ~ 

, • "I 

". : .1 

" I
,> 

I 
I 

FIGUItE 5.-Method employed In applying fertilizer to experiment plots in most of the experiments. 

Except where specific staternent to the contrary is made, nitrogen 
was derived from one third each nitrate of soda, sulphate of ammonia, 
and cottonseed meali phosphoric acid was from superphosphate, 
and potash from sulphate of potash. These experiments were 
supplemented by comparative tests of various sources of nitrogen and 
phosphoric acidi and many of the newer, highly concentrated fer
tilizers were compared with the more commonly 'used lower grade 
goods. The fertilizers were applied in most cases at the rate of 600 
pounds of I5-percent goods per acre, or t.he equivalent. In a few 
experiments lower rates of application were compared with this 
standard rate. 

Applications in most of the experiments to be described were made 
a week to 10 days in advance of planting, and bedded on. A type of 
distributor was used which deposited the fertilizer in a rather con
centrated stream and about an inch below the bottom of the furrow 
as shown in figure 5. The placement was thus directly beneath 
where the seed was eventually planted. 



11 RELATION OF FERTILIZERS TO COTTON ROOT ROT 

The experiment fields were under close observation thl'oughollt the 
season; and map records of the distribution of cotton Idlled by l'OOt 

rot were made at frcquent intervals, 
.. Most of the experiments were conducted in cooperation with 
representative farmers and landowners of the section, A number 

• cOOPERATIVE FIELD EXPERIMENTS 

.. COOPcR,i-'lNG £XPERI/oIENr STATIONS 

• HdAD('IlAI1TEPS AND LABORATORY. AUSTIN 

FiGURE 6.-J,oClltion oC field e~peri!llents in Texas, the shaded aren rcprescnting the lIlllJor black·lllnd 
prnirie section, according to Cnrter (Ii). 

were carried out with the cooperation of field stations of the Bureau 
of Plant Industry and of the Texas Agricultural Experiment Station. 
The geographicai distribution of the work is indicated on the map in 
figure 6. Further information with regard to the fields is given in 
table 1. 

f 
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TABLE l.-Locat'ion 0/ experiment fields, soil lyp.o,s, and duration of experiment 

Name oC field I County Soil type li~':i~r I Remnrksexperi· 
ment 

~------I----I-------I·--J----,--.-. 
H. W. Craig••••••••••••••• Hunt.••••••• Wilson clay loam ••••••••• 1028-31 I 
United Statos Cotton .....do...._•• Wilson clay .............. 1028-31 i'

Breeding Field Stntion. 
A. J. King........._....... Dallas....... IIouston black clay, fint 1020-31 


phase.

E. B. Range , ..................do....... lIouston hlack clay, non· 1920-31 


caicnreotls i\hase. 

W. E. JOlle,q 3•••••••••••••_ •••••do....... TIouston blnck clay ....... 
1030-:11 Hosllits in 1U30 not COlli' 

pnrnhie due to irregular 
plullting.:T. W. Jonos (Whit,e ostnte, .....do•..•••• Bell clny................. l!J20-3! 
 First planting oC lOaO crop
destroyed hy hllll; reo 
pilln ted crop ~everely
dnmllged I)y bollwornl. 

owner). 

J. B. Earle................ MeLennnn•• Miller sllty cillY loam, 1020-31 

hcavy·sn!;iloll phnse. 


J. J. Cooper....................do••••••• 
 Houston clny............. 1031

Substlltion 	no. 5, 'i'nxlls J3011. ....... . 
 HOIlSt01\ black clay....... ll)20.3l
Agriculturlll Expori. 

ment station. 

Carl Stried ' ..........__... Williamson. Denton clay._ ...".__.... 1031 

A. Peterson (Nelson cs· .....do............(10..........._........ lU29.31


tBto, owner). 
O. Nelson 3 (0. E. Nelson ..... do....... In'ing clny.............. lU20-:11 
 Yleids in 1029 not com·estate, owner). pllmhle due to insect 

Injury.
W. F. Voelker............. Trnvis ...... Houston black clny, fint 102\).31 
 Poor ~tnnd on purt ofphuso. field In ,1030. Yleld!tnot 

COUl parnhle.W. n. A. Nelson, experi· .....do...... Houst.on blnck CIIlY, 1929·3\ 
ment no. l.' 	 (;TlH'clly phllso.

'V. n. A. Nelson, experi· .....do............do........_..." ••__ •• 
 1031 Iment no. 2.' 
W. O. Blanks 3.__ • ___ ••••• C'tlhlwelL.•. Honston blnck cluy, lint 1930-31 Iphose.
Blnnks plantntton, exper)· .....do....... Houston clay. nut phose•• 
 103l Iment no. 1.' 

United Stutes San Antonio Bexor._..... Houston elny lomn ....__• 
 102'1-:11 IFIeld Stution. 

I N'ames given the fieids nrc those oC owners or operators oC the farms on which the exp~riments were 
conducted. The authors acknowled~e here the vulunhle Ilssistonce renilered hy I hesc Carm owners und 
operntors III connecUon wIth the COIHIIlC!: 01 exrlCrimcnts on thcir lllnd. 

, Pr!mnrlly a te;t of ncldi(ying nQcnts and specinl lertiii7.er moterials. Hcslllt.s c()fIsltierell here onl~' in
connection with concentrated ferl.lii1.ers. 

J Fields not infosletl with root rot. 'i'he exporiments were conducted to test. (ertiii7.er elIect without the 
varintions introduced by nn une~ul\l distrihutlon oC root rot.. 

I Rotation and 1,,!Jow oxperimont untler the supervision of H. C. 1'I'fcN'I111IlTn, sllperintcn<iMt, U.S. 
Cot.ton Dreeding meid St.ation at Oreenyilic. Fertiii7.0r supplements npplied in 19:11 only.

, .Primarlly deep·tiiinge experiments, a numiJer of (crtili7.cl' suppiements include!!. 

RELATION OF FERTILIZERS TO COTTON ROOT ROT 

Two well-defined cfff'cts of fertilizers in crop production, both of 
which should hu,ye yallle as 111en,I1S of eYlleling 01' offsetting cotton 
root-rot losses, are l'('spectiYely, accelernted maturity and increased 
yields. Accolern.tioJ) oJ mn.tul'it.y is of pUl'ticulnr significance in rela
tion to II. progrcssiYe c1isellse slIch as root rot; while incrensed yields, 
if of sufficient magnitude, would fully compensnte for resultant losses. 

It wns shown (6, Rept. 42, p. 116) for the sonson of 1929, itt the 
Temple substation of the Texns stnt.ion, that cotton which died of 
root rot, in JUly WitS p1'IwticaI1y n, tot-niloss in so fnI' ns the ('rop was 
conccmed. Plnnts dying in August produccd 41 peJ'cent of n. croPi 

" 	 ill September, 85 percent; nnel in October n. full crop. '1~he propot'
tion of It Cl'Op pl'(1duccd under like eondit.iOl1S will pl'obnbly Ynry 
somewlmt from thesefigul'('S in othol' sensons nncl at other locations, 
but s11ch vm'iations will not be great. It follows, thCJ.'efol'e, that a 

http:crtili7.cl
http:Fertiii7.0r
http:ertiii7.er
http:lertiii7.er
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13 RELATION OF FER'l'ILIZERS TO COTTON ROOT RO'l' 

gain of 2 01' 3 weeks as a result of accelerating maturity through fer
tilizers should result in materially larger yields of cotton. 

Such an acceleration of maturity must of necessity be reflected in 
final yields under conditions where a progressive dying of plants 
occurs throughQut the season. It will not be such an important 
factor in fields free of root rot; or, as is sometimes the case, where 
cotton does not die until practically mature. It would afford, 
therefore, insurance against excessive losses from the disease. 

Any increase in yield from fertilizer will of course tend to counter
balance the loss from root rot. The extent of loss in any individual 
field can be estimated only approximately; accordingly, the magni
tude of fertilizer effect needed, completely to counterbalance the loss, 
is necessarily indefinite. 

Acceleration of maturity will probably contribute in a very sub
st.antial way to increased yields in many cases where root-rot infesta
tion occurs. These two effects of fertilizers are manifestly more or 
less correlated. Combined they will constitute what might be termed 
indirect control of the disease. 

Other effects of fertilizers in relation to plant disease may lead to 
more direct control. Accelerated growth IVld enhanced vigor of 
pln.nts resulting from adequate supplies of readily available plant 
food may reduce their susceptibility to attack by root rot or may 
prolong their period of survival even after infection. Consideration 
should lJ,lso be given to a diminished virulence of the disease as lJ, con
sequence of the influence of fertilizer treatments on the soil environ
ment of the causal orga.!lism or upon the activity of competing 
orgnnisms. 

The ex/;ent to which such effects have been revealed in the experi~ 
mental results and their significance in rela.tion to cotton root-rot 
losses will be developed in the dl"Lta herein reported. 

RESULTS FROM FERTILIZERS ON THE SEVERAL SOIL TYPES 

RBSULTS ON HOUSTON BLACK CLAY 

Honston bla.ck cla.y is one of the most fertile and highly prized 
soils of the Texas black-land section. It occurs' usually in less~eroded 
situations. The surface soil is a black, highly colloidal clay, which 
grades into a brown or yellowish-brown clay subsoil. The parent 
material is marl or chalk. Both soil u.nd subsoil are calcareous, 
although in this respect the soil diHers in degree in different locu.tions. 

Experimentnl data from fertilizer ~ests on this soil type include 
3 years' results on the Kingfield in Dallas COllnty and on the experi
ment in cooperation with substation no. 5 of the Texas station at 
Temple, Bell County. Two years' results lue included on the Voelker 
field 9 in Travis County and on the Blanks field in Caldwell County. 
One yen,r's data are presented on the VV. E. Jones field 10 in Dallas 
County. Summaries of the detl"Liled results nre given ill tables 2 to 
6 and the data are shown graphicully in figures 7 to 11. 

vA poor stand oC cotton was obtaincd on a port.ion of t.his ficld inl!l:lO. The results nrc accordingly not 
comparable Cor the ontire experiment; u[l(l !lro tIot included here. 

10 The results on this Held in lU30 wero not cOlllpnrnblo, owing to irreglllnr planting. 
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FIGURE 7.-Increases in yield of seed cotton In pounds per acre (A-G) and percentnges of totnl yield obtained at first picking CD-F) from fertilizers containing various ratios of 
nitrogen, phosphoric acid, and potlll'h, on Houston black clay, A. J. Kingfield, Dallas County, Tex.: A, Increa~es In yl~lds obtained In 1929 over average (or check plots of ~ '\ 
634 pounds per acre; D, Increases In yields obtained In 1930 over average for cbeck plots of 500 pounds per acre; G, Increases In yields obtained In 1931 over average for , ~' check plots of 703 pounds per acre; D, percentages obtained at first picking in 19211, a\'erage for check plots 51 percent; E, percentages obtained at first picking In 19r.o, 

average for check plots 39 percent.; F,.parcentages obtained at first picking In 1931, average for cbeek plots.M percent. 
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FIGURE S.-Increases in yield of seed cotton in ponnds per acre from rertlllzers containing various rnti03 of 
nitrogen, phosphoric acid. Bnd potash. on Houston black clay. at snbstation no. 6. Texas Agrlcultnrnl 
ExPtJI"lmell l Station. Temple, Bell County: A, Increases in yields obtained in 1929 over average for check 
plots of 502 pounds per Bcre; B, increases in yields obtained in 1930 over average ror check plots of 502 
pounds per acre; C, lncrellSllS In yields obtained in 193\ over average for check plots of 533 pounds per acre. 
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FIGURE D.-Increascs In yield of seed cotton In pounds per acre (A-B) and percentages 01 total yield ob

tained at first pickIng (C-D) from fertilizers t'Ontuining various ratios of mtrogen, phosphoric acid, and 
potash, on Houston blackelny, W.F. Voell>er field, 'i'ravis County, Te.'t.: A,lncrea.';cs In yields obtained 
In ]929 over nvernge lor check plots of 012 pounds per acre; B, Increases in yields obtained In 1931 over aver· 
age for eheck plots of 001 pounds per ncre; C, percentages obtained at first picking in ]929, avernge for 
check plots au percent; D, percentagcs obtained at first picking In 1931, average for check plots 30 percent. 
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FIGURE IO.-Increases In yield o[ seed cotton in pounds per acrc (,I-B) and percentages o[ total yield ob
tilined at 1lrst picking (C-D) from fertilizers contuinlng various rntlos of nitrogen, phosphoric acid, and 
potash, on Houston black clny, \V. C.llIanks fMd, Cnhlwell County, Tex.:.4, Increases In yields obtained 
In 1930 over averngll [or check plots 0[763 ponnds per ncre; n, increases In yields obtained in 1931 over aver
age for check plots of 095 pounds per acre; C, percentllgcs o"lnlned nt flrst picking in 1930, average [or check 
plots 30 percent; D, percentllges obtnined nt first picking In 1931, nverage [or check plots f>O percent. 
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FIGURE Il.-incrc.'lSCS In yield o[semll~lttoI1 in poundspcr nere (A1ulll1 llerCenlageS ot 101111 yield obtl\ine<l 
at 1lrsl. pi,.klng (l) from fertlllzcrs t,(llItniuing vflrlOUS mtins of nitrogen, IIhos\,horic acid, and potAsh, on 
llouston black clay, W. E. JOD<~ field, nllllns ('ounty, TeX.: A. incr~nscs In Yields oblulucd over IIverngr. 
for check plots of 024 pOllnds Jlcr ocre; B. pert'<!ntllges obUllncd nt first picking, avcrnlt<! [or chcck plots 21 
p~rcent. 
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TABLE 2.-Yields and increases in yield of 8.eed collon per acre on Houston black 
clay, flat phase, on A. J. King field, Dallas County, 192.9-31 

1929 

Fertll17.er First picking, Aug. 28analyl!Os 	 Total CottonPlot no. (N-P,Os -----1------.-----I open llt
K,O) Increase 1 Irnc~ellse 1 JJrstYield from fer- Yield from fer pickingttlizcr t!liter 

Pound! Pounds Pounds Pou,nds PerantCbeck_____________________________________ _ 193 ___________ _ 
5&0 351.____________________________ 0-15- 0 	 ---------20244 51 576 425______________.._____________ 3- 9- 3 

352 102 646 57 M 
Cbeck______________ • ______________________ _ ~b~ L______ ~~_ 8_____________________________ 3- 6-- 6 686 58 55 

628 499_____________________________ 6- &- 3 	 ---------08
12__________________________ ., 3- 3- 9 411l 1121 6U6 60 

391 47 654 16 ijO
13____________________________ 6- 3- 6 459 i8 729 82 C:lCbeck_. ____.._____________• ______________ _ 647 51i14____________________________ 9- 3- 3 ~~A --------iiiB-j ---------00707 7316__________________________ ._ 0- 0-15 

68S 8 58 
Cbeck_________________ •___________________ _ 
21._________________ ..________ 15- 0- 0 397 15/ 752 40 70 ~~ ---------~~- it2 .. _----- .. ---- 62 

1930 	 1931 

Fertilizer 	 First picking, Total C First picking, Total 
analyses Aug. 21 otton Sept. 23 Cotton

Plot nol N-r,Os- open open 
K,O) IIncrellSel Inerensel at.flr,::t ! Inerensel Increase l at JJr_st 

Yield from Yield Cram ~l~;- !Yield from Yield from ~I~kg-
CertlJlzer CertlJlzer" fertilizer fertilizer------1----1---- - ----------------

Lb. Lb. Lb. Lb. Percent Lb. Lb. Lb. Lb. PercentCheck________
1___________ 
5___________ 

________ 0_ 

0-15- 0 
3- 9- :I 

~~~ 
3-10 

------47" 
150 

~~~ 
ell7 

------ii7" 
165 

!5 
51 

~~~ 
457 

------94" 
113 

~M -----i50
855 228 

g~ 
53 

8___________ 3- 0- 6Check_________________ _
9___________ G- 6-- a 
!~_______.._ 3- 3- 9 
13__________ 6- 3- 6Cbeck______ • __________ _ 

306 135m-----i4f 
299 134 
357 190 

664 161 

~~ -----i43
585 104 
0.18 189 

46 

~~ 
51 
E5 

453 

~8g 
4iS 
491 

103 816 170 

156 g~g -----284
111 861 109 
118 974 236 

56 

~ 
55 
50 

14._________ 9- 3- 3 
10__________ 0- 0-15 
21.._ _______ 15- 0- 0
Check___- ____________ __ 

~~ -----154" 
216 18 
346 108238 

~~~ 
539 
682535 

-----iii
42 

147 

~~ 
40 
ijl44 

~~ -----i70 ~~ -----220
552/ 143 973 195 
629 18.~ 1,160 342444 _________ 818 

~~ 
57 
5454 

I Plots occur In the field In the snme order lIS they are presented nbo ...e. In calculating" Increase from 
Certillzer" troated plots adjoining check plots are compared witll those checks. Intermediate plots are 
compared with the a \'ernge of 2 nearest checks. 

TABLE 3.-Yields and increases in yield of seed cotton per acre on Houston black 
clay at substation no. 5, Texas .4uri~Lltural Experiment Station, 1929-81 

1929 1930 1031 

}-ertilizer --
Yield Yield YieldPlot annlyses oCnd- IIncrease 'lfnd- Increase oCnd- Increaseno. (N-l',O~- Yield Yield YieldJoining Cram tdining Cram Joining CromX,O) of plot of Vlot 01 plotcheck fertilizer I check Certillzer I check fertilizer 
plot plot plot 

L ______ POl/ndB POI/,I/(/' Pound., ]>0""'/8 pouru/BI~ Pounds Pound., Pou7/d. 
5_______ 	 0-15- 0 f>Oll 5H -:15 556 553 3 064 612 52 

3- 9- 3 594 527 07 582 553 29 629 610 138_______9_______ :1- 6-- fl 571 479 92 5117 88 623 580 43 
12______ 6- 6-:\ 581 481 100 573 1~g I 103 533 425 108 
13______ :1- a- 9 548 .~OO 48 525 479 46 510 473 37 
H ______ 6-:1- 0 .509 SOO 9 558 479 79 565 473 92 

9- 3- a 032 481 151 608 470 138 558 425 13.316______ 0- o-J.~ 476 479 -3 556 479 77 577 580 -3 
15- 0- 0 614 527 87 62·1 553 il 700 616 93 

21______ 

1 Cnlculnted hy compnrison with adjoining check piot. This e!tperilDent in ...olved n test of \'arieties and 
planting dates in addition to tho Certllizer-llnalyses comparison. The ahove datu Cor 1929 are for a varieties 
(Lone Star. Koscb, DelCos) Bnd 2 planting dates. Tbe i:lnta Cor 1930nre for 3 varieties (Bennett, Kasch, and 
DelCos) and 2 planting dates. 'rbo 11131 datil Involve onJy a sIngle ...urlety (QuaUu) Bnd a single planting 
datu. Tbe table above summurlzes the essential datB pertaining to fertllizer elIeet. 

4557\J_3~-3 
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TABLE 4.-Yields and increases in yield of seed calion per acre on Halls/on black 
clay, flat phase, on W. F. Foelker field, Travis County, 1929 and 1931 

1_____-,-_1_92_9______1 10:11' 

Fertilizer First picking, I Total I -First- pickinl!, I TotalIanaiyses Allg. 19 Cotton Aug. 18 Cotton
Plot no. (N-P,O,- ,---,----11---:---- open _ open

K,O) ,. I I Int flrst I at flrst 
, Incrense Increase pick. I rncrea~e Increase pick· 
IYieid from Yield from \ ing Yil·ld I from Yield from ing 

_____I.____I__f~~ __ fert!Iizer' ______(ertilizer' __ fertilizer' , ___

ILb. Lb. Lb. 1,1). IPercent Lb. I Lb. Lb. LI). I' Perun! 
Check..... ••••.••••••• 200 \......... M2 --····--·, 48 180 I ...... ·. M9 ......... a3 
1. ••. __ •.••• 0-15- (} :144 84 tln9 127 I 51 HI. Ii 5411 00 i 36 
~ __ .•••.• __ • :J- fl- 6 :l931 103 7i4 1 148 [,] 241 1 i6 652 SO 1 37 
5...... ..... :1- 9-:J :109 50 827 I 118 . 45 255 i 106 005 118 'I 37Check •• ____ ......____ •• :llll ••••••••• 709 •__ •.•.•1 45 1491. __ ..... 577 __ .______ 26 
9 ______ •••• 6- 0-:1 432 JI:l 8:l5 120 iii" 2:101 81 ~,~_,1 104 :14 
12 •• _____ .• 3- :1- 9 350 I 85 784 \13 i :?l -ary'o'I!, i 28 34 i :1I 
13 .• __ .. _... r.. 3- 6 362 139 837 W4 I "'j i liO !!32 -17; a7 
C'hec'k.• ". ............ 22:1 ...... __ . fli:! ......... , '" ~_~Z 1""_--'1'" 840 ......... )' :10 
14-. _..... __ 9- a- 3 2M 31 8a5 1(12 ; ao -'"" u I 92:1 74 26 
I~ .• _. _. • _ 0- 0-1,'; 201 1 H i lias 39 I :2~~' i Jr.4! -31 0:19 -5 I 20 
21._ ..... ___ trl- 0- 0 IS'I I a5l 72S 20a : I 1112: 5\1 7211 290 , 26 
Check ...... ___ ....... __ 151 •___ ..... 52[0 .........: 29 13a \"""'''1 -I:lY ••_······1 30 

, Plots occur in the field in the same ord". us they liTe presented abo\·e. In calculating" increase from ferti· 
lizer" treated plots adjoining check plots ure compared with those checks. Intermediate plots are com· 
pared with the a\'erllge of 2 neurest checks. 

I Jo'ertilizer plncement, WIIS shallo\\'iu this experiment for 1931. It is Ilrohuhle that the minerlll elements 
or the fertilizers were not fully elfectil'c for tliis rellson (p. 13). 

TABLE 5.-Yields and increases in yield of seed colton per acre on Houslon black 
clay, flat pilase, on lV. C. Blanks field, Cilldwell Cou.nty, 1980-81 

J!131,1930 

Fertilizer IFirst picking, i '.fotul I : First picking, : Total 
nnnh·ses I Aug. 15 i I Cotton I Sept. Jl I :Cotton

Plot no. N-P:O~- , ' open I ; , open 
,nt first 1---'----1K;O) !, :' I ' at first 

1 !Increase I ;Increase] pick· ; Increase iIncrease \ pick· 
',Yield I from ,Yield I, frolll , ing jYield i from Yield \' from . ing 

_~_' i, ___'!~\.--:,:fcrtilizerli---l,--l~\-- fellilizer 
l 

:,. ___ 

,----, ii' I : I'. I lljb.. Lb. ! Lb. I Lb. 'PtrC~nt ~~;,! Lb, ~ ~~; 'I Lb. 1Pactll(
Cr.ec~ .... _........_....- .105 \••• ____ •• , 840 ,__ •______ 1 ,{O 3._ \" __ ''''''1 ".1 ----'''',' 4H 
1. •.. __ •• .1 O.I5-0'! 3S4! 711: 8GS i :IS! 44 425 1 5a 775 21 55 
fi ....__ •••. .1 :i· n- a 388 115 i 823 'I ao ' 47 584; 2:19 989 2.';8 I 59 
g....... ,,_. a- o· (). 431 1111, S75 130; 4Y 545 227 960 2.2 I 5i 
Check .......... __••.• _ 240 1....... __ : 745 i·-··-·--·i 32 1- :IlS --.--.--. 68$ ·-------·1 46 
II........... (l- 0- :I : 410 I 170 I 877 I 132 1 48 581 263 1,001 316 t 58 
12 .. ,.______ :J- a- \I' '105, 147, S:JI ~S 1 49 4&1 150 8211 160, 59 
13," __ "'" 6-- 3- 0 I 3G2 I SU' 77S :14 I 47 !IIi 270 017 2117 I 67 
Ch~ck••__ .. ____ ........' 2701.........1 741 ..._____ .' 37 341 _________ 650 __ ... ____ )' 5:1 
H.......... II- :1- :I! :l21)! 53 I 7:12 I -\1 I 45 545 204 927 277 59 
16.______ .__ 0- 0-1.1 f :112 I 29\' 703\ -30 I 44 372 I 31 655 -4\ 57 
21 __ .... __ • 15- 0- 0 i 3:14 I 45 771i 52 I 43 1 5115 2M 1.038 :170 57 
Check •• ____ •• __ ._. _____ , 280 1__ ' __ ' ___ , 724 ---- _____ 1 40 1 341 1'------·-- 608,__ ....._. 51 

, ,I I " 

'Plots occur in the field in the sume order as Ihey are presented aho\·e. In calculating "Increase from 
fertilizer" Ircnted plols udJoining check pl01S arc compared with those checks. Intermediate 1'1015 !Ire 
campllred with Ihe ul'ernge of 2 nearest checks, 
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TABLE 6.-Yields (md. increascs in yield of seed cotton pcr acre on HOllston black 
clay, on W. E. Jones field, Dall(!.~ County, 1931 

FIrst pic'king, Scpt. I 'rotnl IFertlliz('r CottOll
rmnlyses open atPlot no. Increase Increase(N-P,O,- flr~tYield from Yield fromK,O) plckin!!lertlJlzer I fertilizer I 

Pounrl. Pound" P,l/Lnds Pound. Perctnt 
Cbe~k••_......_••••••.• __ ••_. __ ._. __ ••••_•• 325 ..••••••••• __ ],022 ._••_____ •__ 321____....... _._ ••• __ ..._______ (}-1r>- 0 
 32:1 -2 1,009 47 305. __• ___ •• __ •• _•••• _........._ 3- 11- 3 
 323 flO 1,051 133 31S_•• __ ..__ •• __ • __ ._••••, ....._ ~- (I- 0 358 158 986 173Check •••. ____ ••_...... __ .........._._...... :~6


200 __ • __ ••••• _. 81~ ._••• _. ___ ._ 25 
368168 920 113 40 
339 121 1,OOf, 154 :i4 
430 194 1,084 ]!I5 40
230 ....._._ ••. _ 889 ...." ••••••• 27 
314 78 975 86 32~~;,;l~;·~~~~~=:··~·~:~···l···lM Zl8 0 951 20 25 
3(K1 82 1,194 131 !lB

Check....-•••--. -.-'"- .••- - -I...._-.__ -....1 227 •• __ ._. ____• n73 1__ ._._..___ _ 23 

I Plots occur in the field in the same order as they lire pr~senterl aho\·e. In calculating "increase from 
rertilber" trented plots adjoining clwck rllots lire cOIlIllared with tltose cltec'ks. Intermeclinte plots are 
comparee! with the lI"crnve of 2 nt'nrc~t. c·ltcc·ks. 

~~s indicated in figures 7, S, 9,10, and 11, the most effective fertilizer 
fot' Houston black day hilS consistently been one rather high in nitl'o
gen content. In the King and Blanks experiments for 1931 and the 
Voelker experiment for both yeRl'S the 15-0-0 fertilizer has given the 
greatest increase in total yield. In all other cases, however, a ferti
lizer with 6 to 9 percent of nitrogen, 3 to 6 percent of available phos
phoric acid, and about 3 percent of potash has given t.he best returns. 
Such a mtio has also proved well adapted, even where nitrogen alone 
has been most efl·ective. A 1: I, to 3: 1, ratio between nitrogen and 
phosphoric acid, 'with perhaps II s111all proport.ion of potash, is accord
ingly indicated. 

B'oth phosphoric acid find nitrogen hnve Ilccelemted maturity in the 
experiments on this soil type, with high-phosphate ratios the more 
effectiye in most instllnces. However, high-nitrogen ratios, such as 
the 9-3-3 nnd 15-0-0, hllve been wry (~ffectiye in this respect in all 
except the Voelkel' (Ixpel'iment. This is sho'\\'11 in figures 7, D-E; 9, 
0, D; 10, 0, D; lind 11, B. Such mntmity acceleration has undoubt
(Idly contributed.to tJw higher ~'ields on fertilized plots. As judged by 
their combined eff(ld on maturity and yields, therefore, the high
nitrogen ratios secm best Adapted. 

The ma}.;mum increases in ~rield range from 13 percent in the King 
experiment in 1929 to 5~ pel'ce,nt on the Blanks field in 1931. A 
cumulative efred of fertilizc}' is cvident in the results, as sho\\'11 by 
the generally greater response in ellch slIccessiye yenr. The ma).:imum 
increases in yield on the .King field in the 3 successive yeaI'S were 82, 
212, and 342 pounds, respectively, of seed cotton per acre. The 
greatest increase in yield on the Bhmks experiment in 11)30 was 132 
pounds nnd in 1931 it was 370 pounds. Thus the effectiveness of a 
given treatment should be j:l~lged by the ayernge results oyer a. term 
of years. The effect of fClJ'bhzel' on cott.on plants in several fields of 
Houston black clay is shc)\\'11 in Hgure ] 2. 

In the Blanks lind W'. E. ,Jbnes experiments there were included 
series of plots which received t11e snme fertilizer ]'fitios Itt 300 pounds 
per acre, or half the st-Ilndard mte. Summaries of the results aTe 
given in tnblcs 7 nnd R, fLnd shown gJ'nphicnlly in figmes 13 and 14,
A,B. 

http:contributed.to
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li'IGUI\E 12.-ElIect of fertilizers on the growth of cotton on nouslou black clay In Texlls: A, Very young 
cotton, Range field, Dnllus County, June 10, 1931,11lot at left treated with 6-1()-4 fertiliwr at 600 pounds
per acre, unfertilized plot at rIght; B, young callan, W. E. Jones field, Dallas County, plot at lelt trealed 
Withl5-3D-15ierUUzC1 at lDOpounds perncre, unlerllllzed]llotatright; O,growthotcottonon W.F, Voelker 
field, Travis County, photographed July 17, 19:10, plot at right treat.ed with 1HI-3 lertllizer nt 000 pounds 
per acre, unle,tilized plot at left.. 

http:treat.ed
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FIGTJRE 13.-Increases In yield oC seod cotton in pounds per ncre (A-B) nnd percentages of totnl yield ob· 
tained at first picking (C-j)) from fertilizcrs containing various ratios of nitrogen, phosphoric acid. and 
potash, on Houston blnck clny, W. O. Blanks field, Caldwell County. Tex., using 300 pOllll(ls fertilizer 
per acre: A, increases In yields obtalnert In 1930 over average (or check plots of 705 pounds per aero; B, 
increase.~ in yields obtained In 11131 over average (or check plct.~ oC 614 pounds per nere; C, J)ercentage.q
obtained at first picking In 1930. average for check plots 33 percent; D, percentages obtained at !lrst pick· 
Ing In 1931, avernge for check plots 47 percent. 

TABLE 7'.-Yields and increa8e.~ in yield oj seed cotton per acre Olt [-[oils/on black 
clay, flat phase, on 1fT. C. Blanks field, Caldwell County, when fertilizers were 
used at the ratc of 800 pounds per acre, 1980-81 

----;------;--------~--;------.---.----

1930 19311___--:__.__-,-__1 

Fertilizer! First )licking, ! 'rotnl ll-F-I-rs-t-)l-IC-k-in-g-,'I--T-o-t-SI--;--
analyses .\Il~. 15 Cotton Sept. 1\ I OottonPlot no. 

(~!'6?'- !-~·--I---· n~)l£~t !'----,-~-I a~~r~t
I Incrcnse lncrense pick· Increase IIncrcnse pick·
Yield (rom Yield from ing jYield frolll Yield' (rom ing

fertilizer' fertilizer' fertilizer' \fertilizer' 

----1---" -----------------~--'--
Lb. Lb. Lb. Lb. Percent Lb. Lb. Lb. I Lb. PercentOheck. ______..___ •__ ._. 


1 ___ •••• ___ • 0-15- 0 ~ig 9:1 m'·"·'30' ~~ g~g "·-"40' g~ l)""··30· g

5___ •.•••__ • :1- 0- 3 29·1 os 71)4 50 :IS 472 184 iOIl I ill 511
8_ •• _._..___ 3- 0- 0 354 128 824 13$ 4:1 416 151 7:l9! 13L .'ill
Check •• __ •• __ ••• _. __ ••• 220 •••• J!J..'l. USIl '''._j':.,' :tl 205 '."_'_" Oos "......... 44
9. __ •••_••_. 6- fI- 3 3:;0 iUO"., 42 472 207 839 Z.1I 511 
12._••_••• _. 3- 3- \l 323 Il~ 750 57 4:1 314 511 050 63 4813.______ .__ 0- 3- 6 301 69 718 19 42 401 150 ill 1 146 56Oheck_._. __ •____ •__ ••_. Zl2 ••--.-7.2-- 699 33 251 -·.---18-5-· 505!._.__ •••_ 44 
14.~._._••• _ 9~ 3- 3 3!J.\ 720 21 42 436 786 22l li5 
10._•••••___ 0- 0-15 253 10 695 -2 311 378 82 Oii' 68 56 
21._._____•• 15- 0- 0 314 60 761 67 41 512 171 868 1 216 51)
Check.___ •___ •• _••_••~. 254 •••______ 694 •____ •••_ 37 341 .-------- 05~ 1.'____.__ 52 

J Plots occllr In the field In I,he slime order as thel' nrc presented nbove. Tn calculating Hinere~se from 
!ertllizer" trented piots ndJoillillg check plots lIre compared witll those checks. Intermedilltu p lots arc 
compared with the a\'erage of 2 nearest chccks. 
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NN 
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FIGURE 14.-..1. IJ. Results from using 300 pounds of fertilizer per Mre on Houston black clay, W. E. Jones 
field. Dallns Count~·. 1931: A, Increases In yield In pounds of ,eed ~ot~()n per acre over I\verage yields frolll 
check plots of9i1 pounds; B, per~enta~es ofylelcl obtained at first pi\,kml(,n\'eruge of check plots 23 percent;
C, D, results frolll using 000 poun!\s 01 fertilizer per acre on Houston cluy, J. J. Cooper field, McLennan 
County, 19;Il~ C, increases in 'yield overllvcrnge yield (rom cherk plots o( 5i1 pounds; D, percentages of 
~'ield obtaine!\ ut first picking, u\'emge of check plots 51 percent. 

T,\nLE S.-Yields and increlLsesin ?field of .~eed col/o/t 7)cr acre on li(}u.~lon black 
clal/, on W. E. ,J(}ne,~ field, DlLlias COUlltl), 1931, wi",! fertilizers were ll.~ed Cltlhe 
rate of 800 l)f)unds per Itcrc 

'l'otal 
Cotton 
openalPlot no. first 
picking 

I Plots OL'Cur In the field in the same order I\S the), lire presentell (11)Q\·e. fn clliculnting "Incrense frolll 
fertilizer" treated plots al\jolnlnl( check plots ure compare!\ with those che~ks. Intermedlnte plots are 
compnred with the average o! 2 nearest che~ks. 

When these data are compared with the corresponding results 
from fertilizers applied at 600 pounds per acre, it is seen that cotton 
has responded to the same ratios, On the Bln.nks field the magnitude 
of response in the two series wus nbout equnl in 11:130, und only of 
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moderately lower order from t!le 300-pound rate in 1931. On bile 
VIr. E. Jones field the increases in yield from the lower acre rate were 
only a little less than those from the higher rate. In all cases the 
increase per pound of fertili,zer wus very much in fnyor of the 300
pound application. In accelerating maturity the lower rate was 
also quite effectiye. These results suggest that lower acre rates than 
600 pounds might be mOl'e economical on this soil type. 

RESULTS ON HOUSTON CLAY 

Houston clay is a brown, grayish-brown, or dark-brown cll1Y, with 
abrown 01' yellowish-brown clay ~ilhsoil. Soil, subsoil, and the parent 
materiul are calcareous. The Cooper field in McLennan County is 
the only one Oll soil of this type i and only the 1931 resnlts are tlYailllble, 
as the experiment wus inaugurated in that season. Yield data are 
presented in table 9 and shown graphically in figure 14, 0, D. 

TABLE 9.-Yields and increases in yield of seed col/on per acre on [{ous/on clay on 
J. J. C001Jer field, lVJcLcnnan Count.y, 1931 

First pickfn~, Sept. 3 I Totul 
Fert!li7.er Cotton 
analyses open at Plot no. (N-P,Os-	 first-:0 Il~i~~e !-'1-.I-el-rl----;I-I-~--~~-~~-S"-.

J{,O) picking
fertlUzer I fertilizer II 

Percentl-p-ou-nd-"~/-Check.._•.••• _____•__ •_____ ..\..____ "_____ __ Poulld., POll1ld& .• I_._p_O_I_'.Il_'I"'_'_1 
57 

L ...._......_______ ..__ ...... G-lfi- 0 ~~~ ----.. --201-:,~l·1 o:n I Ino 765 __ ._. ______ • ___....__..______ :1- 9- 3 
S___..____..._______ ..._____ •• 3- 6- 6 !~g 183 I 50d 120 74 

Cl1eck.._••_._ .. __ ....._... ___ ..______ ..___ _ 57 
9____ ..........._. ___ ...___ .... 6- tl- 3 . 	 ~~g ----···-zjO·! mI--·-----~~· 

73 


~6 
12.. _•• ___ ..........___ ....... 3- :1- 9 i 	 60
4ZJ 125 i 701 I 13913....._._..._••________...... 0- 3- 6 I 	 308 71 I -8; 130 51 

'''.'7 . __ •• ' __ " ._'.' ('1<1 .,0
" 	 !)~. ·-------3-03--503 2ar, I .,., 59 
-II. 100 i j\ll I 121 ! 57~ill~:::::m::m~~::::::::I.•••IH! 

53~~i "'''-''~~~-l ~~ l---....-~~·, 
55 

I Plots occur III the field In the same order us the, ure IJresentcll nho\'e. III cnlcuhltinl( "increuse Crom 
fertilizer" trellted plots adjoining check plots 11ft) COlIlPllred with those checks. Illt.ernwdlute 1')015 are 
cmnpllred with the ,wcrngc of 2 n"carest checks. 

It is evident that cotton on this field responded to a fertilizer ratio 
similar to those that were most efl'ective on Houston black clay. The 
magnitude of response, however, was much greater. The 9 :3':3 ratio 
gave Ull increuse m yield of 303 pounds of seed cotton per acre, which 
is 53 percent of the basic yield of the field as indicated by check plots. 
The 6-6-3 fertilizer WIlS nearly as efi'ective, with an increase in yield 
of 282 pounds. 

The results show that the degree of acceleration of maturity varied 
directly with the percenta~e of phosphoric ncid in the fertilizer. EYen 
with the 9-3-3 fertilizer, however, maturity acceleration WIlS appre
ciable. Fifty-nine percent of the total crop wus secured Itt the first 
picking, as agllinst 54 percent from check plots. 

UESULTS ON DELL CLAY 

Bell clay is an old nlluvial soil occupying 11 second-bottom 01' terrace 
position. The surfllce soil is a black, highly colloidal clay, similar to 
the Houston bluck clay in chemical nnd physical properties. This 

http:Fert!li7.er
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grades beneath into dark-gray or brown clay. This soil differs from 
those of the Houston series in that the depth of the surface soil gen
erally is ~reater, and especially the depth to parent material. The 
relief vanes from flat to gently undulating. The soil is calcareous 
throughout the profile. 

The J. W. Jones field is representative of this soil type. The experi
ment comprises two series of plots (designated as series 1 and 2), 
located at opposite ends of the same I:l-acre field. Identical treatments 
have been used in bo~h series. Serjes 1 is in an area where root rot is 
uniformly distributed, although in the years covered by these experi-

FIGURE IS.-Increases in yield of seed cotton in pounds per acre (A-B) and percentages of total yield 
obtained at first picking (C-D) from fertilizers containing various ratios of nitrogen, phosphoric acid, 
and potash, on Dell clay, J. W. Jones field, Dallas Oounty, 'I'ex.: A, Increases In yields obtalneli in 1029 
over average for check plots of 516 pounds per acre; B, incrcases In yields obtained In 1031 over average 
for check plots of 807 pounds pcr acre; C, percentages obtnlned at first plckln;( in 1029, average for check 
plots 31 percent; D, perccntages obtained at first picking in 1931, avcrage for check plots 22 percent. 

ments cotton did not die Ilpprecittbly until after the crop had prac
tically matured. Series 2 is on noninf'ested soil. The experiment has 
been in progress for 3 years; but hail and insect injury to the 1930 
crop made the results for that year unreliable. 

The soil on which both series of plots Il,re located responded to the 
same fertilizer ratios. However, the soil of series 2 proved a little 
more responsive in 1929 and very appreciably more so in 1931. This 
area has suffered a little more from erosion than the location of series 
1, and this may account for the difference, at least in part. Complete 
data for both series are given in table 10. The essential data were 
averaged, and thesc avcmges are shown graphically in figure 15, which 
probably represents most accurately what might be expected on this 
soil type. 
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TABLE 1O.-Yields and increase.g in yield of seen cotton per acre on Bell cla-lI on 
J. W. Jones field, Dallas County, Tex., 19/39-31 

SERIES 2 

I1930 	 1931 

Fertilizer First picking, 	 First picking,Total 	 Total Cottonanalyses Aug. 21 Cotton Sept. 2 Plot no, 	 open openN-P,OI
at tlrstK,O) Increase Increase 	 Increage at first 
pick· [Increase pick·Yield from Yield from Yield from Yield fromIllg 	 Ingfert!Uzer! fertilizer! __ fertilizer! fertUizer! 

Lb. Lb. Lb. Lb. Percent Lb. Lb. Lb. Lb. Percent1._._._.._._ 	 0-11,- a 275 39 559 09 ·jll 3-jO 178 1,150 30r. 30
Check_____ • ZiO 400 48 InS 845 20Ii ________ • __ ........ -------- -----iii- -----ii:;- -----238-----i60~3- U-:I 395 602 00 285 I,OS3 26 
D___________ 
8___________ 

3- f)- 0 408 225 595 142 fl9 231 114 !J80 203 24 
6- 6- 3 38l 252 014 198 02 245 180 064 435 25

Check______
.12 __________ - ..... ---_ .... _-- 120 410 31 05 -----j75- 529 12-----iii-	 -----:iii
13__________ 3- 3- 9 300 511 95 59 240 ~50 28 
14 __________ 0- 3- 6 314. 204. 532 117 59 213 134 836 203 25 

0- 3- 3 205 114 562 1<19 36 240 148 800 243 28Check______
16__________ - ....--------- 91 ------20- 413 -------i- 22 U2 617 ------90· 15 

0- 0-15 III 414 27 lZ~ 31 710 17
21 __ .. ___ ", ___ 15- 0- 0 2.50 159 506 153 .J4 314 222 U51 337 33 

SERIES 1 

Check_. __ •• 201 OOS 33 318 075 33L _________ . ...... --------- -----ii4- ------oi5___________ 0-15- 0 315 675 47 365 47 1,108 133 33 
S___ •_______ 3- 9- 3 380 215 775 172 50 390 113 1,097 114 30 

3- 0- 6 307 100 000 98 44 409 216 1,112 121. 42Check______
9. __ •_______ ------- .. - .....- 141 ------08- 50g 24 253 -----io:j- 991 -----ii1" 26 

6- 6- a 239 Oi5 7i 35 417 l,lOS 3812___ •______ 3- 3- 9 151 42 630 2S 24 344 m 1,003 • Oil 3213________ ._ 
6- a- 0 l.iO 80 oao 55 24 a85 132 1,100 103 35 

Check:__ •••• -------- ...._.. 76 ---_.... _-- !J05 --------- 13 253 ---.... ---- 097 --------- 25Check. _____
14 _________ • - .. _.. - .. _...... -- 285 051 44 303 900 -----ji7- 33·----2;i7-	 -----i2i"522 i38 8i n 42-1 1,033 ~1lfL __ • ____•• 	 9- :1- 31 2ll{ 82 555 -l\l 51 282 35 955 60 30
21 __________ 200 172 5\0 13 57 446 25(1 1.037 154 43 
Check____ ._ ---~~-~~~- 118 --------- -197 --.......---- 24 190 - .... _--- .... 883 ----_ .. _-- 22 


AVERAGE 

1. __ . __ •• __ . 0-15- 0 ..----- 77 .......--- 6S 48 - ..... -- ... 113 .. ----- 219 32 

5_ .... __ ......_.. _ 	 a- 0- a ... ---_.. lSi ... ----- 142 58 115 ------ liG 318 ___ • _______ 	 -----

3- (I- 6 ...... _-- 190 .. ----- 120 57 ....... -- .. 105 ------ 207 33
11- ________ ._ f)- 0- a --.---- 175 ------ 13b 40 ----_. 172 .. ----- 27(\ 32
12___ ••____ • :l- a- n _.... _-- 107 .. --- ..... 62 42 ------ 133 ------ 1:15 3()13___•__ •___
14__________ 	 0- a- Il --- ...... 142 86 42 ------ 133 .. ----- 183 30 

9- 3- a .. --- ..- 51 ______ 118 54 ------ 135 -.. ---- 185 3516__..______ 	 1711 (===:0- 0-1.5 ............ -9 30 33 80 24
21 __________ 	 ------ ...-.---
15- 0- 0 - ........ -- 160 ___ • __ 1 83 51 -.. .. -- 239 -_ .. __ .. 246 38 
~ 

! Plots ocour in the field In the slime order liS they nre present.ild above. Iu ealculating "lncranse from 
fertili?er" treated plots adjoining check piots nre compared with those checkS. Intermediate piots are 
compnred with the average of 2 nenrest checks. 

There is a tendency for the results on Bell clay to show two major 
peaks in response as indicated in figure 15, A, B. High-nitrogen 
fertilizers have given excellent retl1rns, especially in -H131. The 
other peo,k, and in O'enel'al the more favorable response, has been 
obtained with a fertilizer containing 3 to 6 percent of nitrogen and 
6 to 9 pel'cent of available phosphoric acid. The importance of 
potash is difficult to establish where only the nine ratios are included, 
but indications are that it is small. Accordingly a 1 : 3 : 1 or a 2: 2 : 1 
ratio of nitl'o~en, ph(Jsphoric acid, anti. potash seems best adapted. 

An appreCIable acceleration of maturity resulted from all fer
tilizers containing either nitrogen or phosphoric acid alone, or the 
two in combination. This is shown in figure 15, 0, D. The 3-9:-3 
analysis gave 58 percent of the total crop at first picking in 1929, 

45579b-3~ 
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FIGURE IO.-A, ElToct of rertilizer on enrly growth of cot.ton 01111011 clay, J. W ••lones field. Dallas Count~·, 
'ro,;.; plul. ut left trented with 3-0-3 fertllizC1' ilL 000 pounus per acrel unfertilized plot nt right, photo· 
grnphc:1 .fun~ 20, !Q3t. B. Elrect of fertllizer on the maturIty of cotton; rows at lert t.rented with 0-6-:1 
ferl Hizer nt. GOO pounds per acre hlld an IIvernge of 3 times liS mnn~' muture bollS liS the unfert.ilized 
rows at the right; lewes plucked in foreground to show open halls: photogrnphetl nt dat.e of first picking 
AUl!ust 21,1029. O. ElToct of Certlllzer lin early yIeld. Cot.ton tit left picked from [llot treuted with 0-0-3 
fort.illzer yieldml nnhe rute or3SIpounds of seed cotton per ncre lit first picking on Allgust21. 1929; COttOIl 
at right plckaj on same date (rom nnfcrtfllzc\lplot yielded lit the rotc of 129 pounds per ~cre. 
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as opposed to 31 percent for the checks. Corresponding figures in 
1931 were 31 and 22 percent, respectively. Potash alone accelerated 
maturity in 1929. 

The effects of fertilizer on early growths of cotton, on early 
maturity, and on yield on Ben clay, are shown ill figure 16. 

RESULTS ON WILSON CLAY 

The surface soil of Wilson clay is dark-~ray to nen.rly black, stiff, 
heu,vy clay. Benea.th the surfn.ce horizon lS dark-gmy clay; and the 
substratum below 3 to 5 feet is calcareous clay or marl, light gmy to 
brownish yellow in color. Soil and subsoil are noncalcareous. In 
small areas the lower subsoil approaches the surface. 

The United States Cotton Breeding Field Stn.tion at Greenville, 

Hunt County, is on soil of fAlis type. Four years' data from the 

experiments conducted here are presented in table 11 and figures 17 

and 18. 


TABLE 	H.-Yields and increases 1:/1 yield of seed coilon per acre on Wilson claJl at 

United Slales Cotton Brcediny Field Station, Hunt Cou.nty, 1928-31 


J028, totul 	 11129
I
---~--------~----~---
ll'irst picking, '1'otnl 

Aug. 20 CationPlot no. Jncref~~e 1-----.,---1--.......---1 open at 

Yield (rolll fer· lncrense Increase first 


tilizer 1 Yield (rom fer. Yield from fer· picking 

tilizer 1 Wlzer 1 


check.••••••• _••• _•••=L........... POIl?9~S .:..~~.~~~. pOllr:f; P;;;;;;;; POlL~!/i' Pounds Percen~ 

1•••••• __ •• _•••••• ______ V-If,.. 0 5151 21 109 -28 .>;53 -18 20 

5.______ •_____ ••••• _. __. 3- 9- 3 b!ll il !U1i :if> H20 5i 27 

8.. _. _____• ______....___ 3- 6- 6 557 . 12 lli3 38 040 i4 20 

Check______ ..._........ _........... __ 545 1--·· ..... ·1 125 ..----.--- 506 "'-"-,ia-' 22 

9 ...... _.. ~A_ ...... .. .. .. 6- H- ~{ 5fiS I 2a l lin 51 059 27
____ - __ _ 

12..._.__ ••• __ ....._.... :1- 3- 9 1 581 f mi I 168 :ii 628 00 27 

la •••••••_....._........1 !l- 3- G ! Illa • 128 102 55 Iii I 101 20 

Cheek..•• .. " ........._I._......_.._.., 405 ......--... 137 -- ••- ..45.1 5iU 24 


t~~~=~:=:=::~:·=.~::::::l it t:l~ ,i ~~~ i JJ~ ! l~~ -8 ~~ l~~ ~r 

21 ..............._......\ 15- G- 0 ! 5~b - 60 I 140\ 12 nso 101 21 

Check.............. __ ........ __ .. ' 4'" ........... 132 _...".... 5iU .......... 23 


I l':IIC,O. 	 ~.:.:~. ·I'_____ ______ 

IFertilizer t First. picking. ! '1'olnl 1C. First. lAcking, . 'I'otnl ! C tt 
Plot no "nnlyses i Aug. 1tl I \ OLton Sept. 11 : 0 on 

• 	 ,(N'-p.O,-, 1-----1 open ____ ------1 open 
I R,O)! !Incrt'nsP! Inerense nt .rlr:~t l'lncrense '!TIICrenFC j nt/!r?t
I ',.'kld: (rolll ,Yield ~ (rorn Iyck. IYield froll1 Yield (rom' .Ii~t 

..______l____L_(:~i~_!~~ __ ~__ ,~rtillzerl·__:LI,. 1 LII. i Lb. I Lb. Percent LI,. LI,. I Lb. 1 Lb. Perce TIt 

Check........, •• _...... 2l)~ ,.........\ 5~R :......_.. 54 294 1.__• __...\ !lBO .,,_..... 31 

I............ ·G-I5- 0: :Jail I 42 I ;.n:l: 15 (iO 3i5 SI I 93i -ZI 40 

5......._....I 3- 9- a I 4(J4 I 119: n021 120 \1 iii 45i 13" ,1,040 82 H 

R......._...., 3- G- (J 1 Sill. 110! flOG 1 114 (10 452 103 '1,0·\5 S9 43 

Check__ •_______......._j 2i5,'......... : b:ili .......... 51 :149 ____.....1 OliO .._.._... 3i 

n.........___ 0- 6- 3 410 135 I fibi i WI ! (10 410 01 1.125 16[1 ao 

12..... __ ._.. 3- 3- n 308 120 I !la5. 109 I li3 :152 34 11 ..046 12. 34 

13.........._ 6- 3- 61 401 I 121 1 ()5l i lao I 02 :150 foa 1,086 i 204 32 

Check •• __ ............_. 280 ,..... -. '. ,,15 ,.......... , 54 28i .... __ •• 882 1......._. 33 

14 ......_._.. 0- 3- 3 3S[1, 100 f lIIil 140 I 59 :Ji!l 02 1,129 24i 34 


1
Hi......_._.. G- G-15 312 \ 32 1 54!! I, :14 . 5i :102 15 038\ 5(\ 32 

21... ....... 15- G- 0 I 322 J -12, Mil 51; 57 :110 2:! 11.0(111 18i 29 


1 Plots occur in the tlel<lln the I'RrrtO order ns they on' presented nbove. XII clllculntin'l "incrense [rolll 
fertili1."''' trollted plots adjoining eheek plots nre CClllJIlIIred with t.hose che(·ks. Jnterllledillie plots nre 
cOlllpllred with the Ilycrnge. of 2 nearest checks. 

The most efl'ective fcrt,ilizer for this soil IS one with from 6 to 9 

percent of nit/rogen, 3 to 6 percent of flvnilnble phosphoric acid, find 

about 3 percent of potnsll, itS will be noted in fig\ll'c 17. lVIaximum 
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FIGURE l7.-Increases in yield of seed cotton in pounds per acre from fcrtilizers containing various ratios 
of nitrogen, phosphoric !Icid, and potash, on Wilson clay, United Statcs Cotton Breeding Field Station, 
Greenville, Tex.: A, Increases in yields obtained In 1028 over uvcragc for check plots of 503 pounds per 
acre; B, incrcuses In yields obtuincd In )929 over average for check plots of 572 pO'lnds per acre; C, Increases 
in yields obtained In 1930 over average for check plots of 533 pounds per acre; D, increases in yields ob
tained In 1931 oyer average for chock plots of 933 floundslPcr acre. 

N N 
2./ 

FIGURE lS.-Percentages of total yield of seed cottou obtained at first picking from use of fertilizers con
taining various ratios of nitrogen, phosphoric aCid, and potash on Wilson clay, UnIted States Cotton rBreeding Field Stutlon, Greenville, Tex.: A, Percentages obta ned at first pIcking in 1929, average for 
oheck plots 23 percent; B, percentages obtained at first pickIng in 1930, average for check plots 53 percent;
C, percenteg~q obtained at first picking in 1931, average Cor check plots 34 percent. 
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FIGlffiE 19.-EtTect oC Certillzer:; on the growth nnd 'yield oC cotton on WI~on clny, United States Cotton 
Breeding Field Stntion, Greenville, 'rex.: A, Very young cotton, plot at leCt treated with 1&-0-0 fertllller 
at 600 pounds per acre hut wltbout visihle response, and piot lit right treated with 1&-30-15 fertilizer 
at 150 pounds per ncre,pbotographed June 7, 1030; R, plot at leCt trented witb 9-3-3 fertilizer at 600 pounds 
per acre, !lnd plot at rigbt treated with 0-0-15 Certllizer and compnrnhle to unfertlllzed plots, pboto
graphed July 17, 1929; 0, rows at len treated witll 6-6-3 Certillzerut 600 pounds per acre, rows at right
unCertlUzed, leaves plucked in Coreground to show open bolls September 27, 1928. 
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increllses in yield vllrying from 108 pounds of seed cotton pel' acre in 
1929 to 247 pounds in 1931 were obtnined from such ratios applied 
at the rate of 600 pounds per acre. 

Dntit showing the effect of fm'tilizers on mnturity acceleration are 

lucking for 1928, In the 3 yeurs for which dahl are shown in figure 18 

pl'tlcticnllr all combinations of nitrogen llnd phosphoric acid were 

effective m this respect. 


The effects of fertilizers on elll'ly growth of young cotton, on growth 

in midsenson, nnd on yield on 'Yilson ('by nre shown in figure 19, 


IlF..sULTS ON WILSON CI.AY LOA:\l 

The slI1'fllt'e soil of Wilson dny loam is a dnl'k-gJ'fly to dark-brown, ~ 
nOllcuienreous e1ny loum, Below (i or 8 in('hes this gmdes into stiff ~ 

J 

J 

FIGUIIE 20.-Jncrcases in yield of sect! cotton in pounds IIcr nero from ferlHi7.ers contlllnin~ vnrious ratios 
of nitrogen, phosphoric Bcid, lind POlllsh, ou \\ I1son cillY 103m, R. \Y. Cmig field, Uunt Count)', Tex.: 
A,Increases lu yields obl!llned ill 11128 over IIvern~e for check plots of 279 pOlluds per ncr"; fl, increllscs in 
yields obt:lined In JO~'Il oyer nverllge for check plots of 454 pound;; per ncre; C, Increases in yields ohlnlned 
in 1\1:\0 over nwmge for check (lIOl" of 369 (lounds per ncre; D, increll5CS in yields ohtnined in JU3l O\'er 
1\ verage. for ch~ck (llots of 343 pounds per ncre, 

brown to grayish-brown clny, The subsoil is yellowish-brown clay, 
cnlcareous nnd. filled with eoncretions of cllicium carbonnte, The 
soil mantle in, the Cmig field, which is representative of this type, is 
of YlLriable thickness, The subsoil lies at the immediate surface in 
bnnds cxtendin~ diugonully I1crosS the field. Between, in m'ens of 
deeper soil, it hes nt n depth exceeding 3 feet, This soil condition 
witlt its effect upon the distribution of the l'OOt diseuse is to be mude 

, the subject of 11, sepn,rate paper. 
FoUl' yelll'S' results of experiments on the Crl1ig field are sUIllmHrized 

in tnble'12, nn(tal'l~ shown gl'llphiclIlly in figures 20 und 21. 
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TARLE 12.-rields and increaseR ill yield vf ser.I cOl/Oil per acre 0/1 Wil.~1J11 clay 10111/1, 011 R. 11'. Craig field, Hunt County, 1928-81 

-----i--·-- \ 	 .---- 
1 	 1 W2$ II'~ !!lao 19:11 

F-Ir:;t. picking, i 'l'o[·ll .. '! first picking, j 'I' I[nl Fir~t pickilllr, 'l'otnl II First !\lckiog,I ,\'otal ~ 
1'101 110. 13J:~Y~.~~~(k. :__S_C_:'t.:.:.. !___~ ... 1 ('ot.tolll) .~.._,_:g_,._2_'_'__~__. _ Colton __J_\U_

g
_,._1_9_ - . ('oUon ~.,-g-._2._5-:--"""---1 Cotton r:< 

! 1',6,·K,O I I III' I III' jOP!lnnt. I In· : In· upcnllt jIll, JII' °It'tnt III' In. Ol~?tnt ~ ) f, crCILSe ! crease !Ir~.l I I~rease 1 creusu _llr~.L creuse crease· ~~. crensu crCt\SC ~~. r ..... 
; 	 I Yiellil frolll Yield Irolll ,Hcklllg Yle\(\ from jYield from 1·llcklllg Yield from Yield (rolll jllckmg Yield (rolll Yield frOIll p,cklUg 0 

1 t Icrtill- 1 I"rtili- I lerWi· (erlill· I(ertill· (erlill· fcrtill· lertill· Zi 1ocr! i zer l ) t zee l ; zer: 1 terl zert -zcr 1 zert 
0 
".1-.-.--~, --i';'~:l!-;';~+ "Lb. J.b. I Prl. Lb.-(- J~b. !Lb. -;b-:- --1:c~: ~~~:-I~.~-- 1; 1- 1.11. Y;';;,· ~;.~~ --;~II:~ -,.b.· -;'h~-;;: 
~ 

Che\,k. 

(,heCk __...1 ....... ! J~O ........ 2!J5 ... ___ I H IOU • I OW .--. 21i 125,___ • __ '1382 ........ ! :13 fiI ..... __ • 353 17I........ 1).o15-0l ~ml 94 484. IH9\ -Itl a:121 Ii:! 72r. 115 4(i 28:\ 15S U87 :l\~il 41 120 IlS 588 2:l5 21 
t;l 

2 .• __ . -j' 11-12- 3 IllU btl 4U7 120 48 :12'lj" 1711 (i70 1M 47 2&1 IL9 574 \u2j 49 1811 12li I;SO :Jr. 28 ~ 
:1""'0 :H2- 0 HI8 lOS 3!~J 121 50 2·17 121 6H4 2JU :17:122 197 li82 :I(K) 47 J(i5 llJ.l 692 :1:19 24 ..... 

o 
.' :. _ 'c, Ill} ••••••.• 278 ..... '1 :12 1211."' ,.-- -145 ---- " 2$ 12.•, .••. ___ :182 • ! a:1 01 .... __ .:153 ___ ..... 11 r:< 

4,.. -. 1 fl- [1- Ii 140 I 50 :141 6:1 41 2118 172 ,lfj 271 42 aoo lSI f,.!, 21;', 47 211 150 625 2i2 34 '"'N
5 ____ . _____1 :1-9-;\ 17!; iii :176 1112 4, 277! lUl tiS2 2M -II 332 2'll \i6'.1 32:l 51) 2H 18:1 716 303 :14 t;l 
11. __ ..... .I fi- U- 0 .lIi5l 56 3H 74 4.1 2841' 179 no :11:1 311 348 251 ;39 4ao 4, 2:1, 171i OSO 327 35 l:!J
('herk ' . • 911 ... -... 270 ••• 3, 105 " __ , 417 ___ ••,.. 25 97 311J :11 01 .••• ____ 353 __ ..... 17 Ul 
7...... · __ 1 0-G-9 142 4:1 327 57 4:1 2Ht 10'.1\674 2S7 32 242 145 641 aa2 :lS \481 87 549 IlIIi 27 
S •••.•• " :1- fl- I) las ~2 344 60 40 227' 120 (107 183 37 28!l 198 627 I 30:1 41i 191 1:\0 (134 281 30 8 
fI ..... _"._.\ 0-0·:1 la3 41 :136 311 40 2581 150 6S8 257 :IS 21iO l 1St 03S 2!J<J! 41 211 150 675 322 :11 0 
('heck... 92 ...... " 2117 31 \08 ....... 4:11 , __ •._.. 2.; 79 1____ ... ) 3:19 "'_ ...l 2:1 I fil ._......' :153 ........ 17 
10, ....... t II- (I. 0 156 f}l 355 58 44 201 \)3 020 189 32 257 liS 1147 :IOS 40 242 181 682 329 35 
 0 
11. ___ • __ -I (). :\-[2 lOt] 11 322 41 31 139 37 474 36 211 217 137 i;81 247 :li 155 91i 455 1:12 34 0 
12_ ...... j 3- 3- \I t 118 3a:1ll 47 :18 177 I 82 594 150 :10 224 14:1 llU5 277 a, 162 106 472 179 34 ~ f'hCl,k .. ... • •• -.__ 85 ........ 2tH ••-..... :\2 951' __ '"'" 4J 4 . 21 81 • ___ .... :128 ""'" 25 5n "."'" 293 ••.••• __ 19 0
1:1. ....... _\ I)- :1- I) 00 ].I 267 :1 37 1,2 77 5!ill I 125 30 2'19 148 liSa ass 34 14:\ S7 627 :\34 'r-I Z14 ..... ' 9- :\-:1 I:ll 50 :I!!'l 67 41 1r.1I [oS 589 1:15 27 W4 121 61U 244 :U IJ.I [oS 5lin 251 20 
15 __ '"••••' 12- :\- 0 114 37 275 :10 41 140 34 5821 118 24 151 116 6:11 20<.1 29 1:13 Ii !l39 :10:1 21 l:!JCheck.... -I' 	 .. -- .. - ii ..... 245 31 lI~i '-----. 4114 ------.. 2:1 (i5 _....... 42'l ••• __ ... IS 56 ........ 33\1 ._______ 17 
 0111. ••• "'._ n- 0-15 lili ~11 2:IS -, 2$ !/Z' -14 li06 42 18 59 -Ii 377 -45 Iti au -Ii 26ll -67 H 0Ii ... _ . :1- (H2 .52 -:\ 2tll -11) 31 8.1 -I, 4S2 :1:\ IS i8 10 417 73 III 51 -11 :124 -11 III >-:lIS. -- '1 0- 0- 9 ,:1 -HI 2:IR I -5U al li5 -12 535 102 lU])3 43 513 12S ~'2 70 2 382 48 18 
('heck. \ _'" ... '- 22 ..... , .• 2!Ji ....... :Il 97 4:1:1 ....... _ :.!'l iO :lS5 •• ___ ... 18 COS """" 334 ''''''__ 20 l:!J19.. ...' 9- O· Ii !II -I 2il -20 :14 90 552 119 18 110 40 545 1O() 20 7:1 5 440 106 17 
211. ... , .• .1 12- (). :1 103 1 28i , -6 :lIi Si -1 .150 138 Jtl 1()'1 25 545 140 10 92 25 547 105 17 0 

>-:l
21. - ...--' If> II- 0 \19 -12 25S I -:II :IS 81 I 2 51., 124 J6!JO 4 545 138 17 85 20 559 ISO 15 
Check. __ • .i._.. -- .111 ....... 239 _... _.,. :IS i ,II ,•• _._... 391 I........ 20 g,l 407 21 65 370 IS 
.••-_.... , ... .:.. "'-"-"" •.. __~___I_~__._._~.___, .~ ..J ___ .._ .._...'. 

I Pluts OCCur in the field in the same ortler Its the,' lire pfUsenledllhu\'c. III cilicollllillg .. illcrellse from fertilizer" trellied !llots niljoinillg check plots lire compare,l with those 
checks. llllerme,liule plots ure COIII~lIIre<l with the ll\'e,"ge o! 2 nenrest. checks. 0: 

I-' 
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It is apparent from figure 20 that the maximum increase in yield in 
1928 was obtained from the 0-15-0 fertilizer. In 1929 and 1930 the 
most effective ratio was the 6-9-0, and ini931 the 3-9-3. Evidently 
cotton on this soil responds chiefly to phosphoric acid, but the presence 
of some nitrogen, and perhaps a small proportion of potash, in the 
fertilizer increases its effectiveness. Accordingly, the need for a 

Ifertilizer having a 2:3:1 or 2:3:0 ratio of nitrogen, phosphoric acid, 
and potash is indicated. 

The acceleration of maturity by fertilizers has been velY murked, 
as shown in figure 21. The ratio most effective in increasing yields 
has also been very effective in this respect. 

Wilson clay 10aIn is the most responsive soil included in these 
experiments. The increase due to the most eJl'ec:tive fertilizer WilS for 

( 

j 

FIGURE 21.-Perccntnges of totnJ yield o( seed cotton obtained nt first picking from fertilizers containing 
various raUos of nitrogen, phosphoric acid, and potnsh, on Wilson clny IORm, n. iV, Craig field, Hunt 
County, Tex.: A. Percentages obtained at first picking in 1928, avernge for check plots 35 percent;
E, percentages obtained at JIm!; picking in 19~'9, averago for check plots 24 percent; C, percentages obtained 
at first plckin~ In 1930, avemge for· check plots 25 percent; D, percentages obtained at first picking In 
1931, average for check plots 1!> percent, 

1928,68 percent; for 1929,69 percent; for 1930, 117 percent; find for 
1931, 106 percent. Incidentally 1930, when the maximum increase 
in yield was obtained, was the most unfavorable year for fertilizer 
response of the four. Conditions approaching drought pJ'evailed 
tlu'oughout DlOst of the summer. 

The effect of fertilizers on growth, maturity, and yield of cotton 
on Wilson clay loam is shown in figure 22. 

RESULTS ON IRVING CLAY 

Soils of the Irving series are the terrace correlatives of the Wilson 
soils. The Irving clay resembles the Wilson clay closely, differing 
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FIGURE !!2.-Etfect of fertIlIzers on tbe growtb, maturity, and yield of cotton on Wilson clay loam, R. W. 
Craig field. Hunt County, Tex.: A, Young cotton, tbe two rows at left of middle treated witb 6-9-0 
fertilizer at 600 pounds per Bcre, the two rows at right of middle unfertilized, photographed Iune 25, 
1930; B, cotton, the four rows at left of middle unlertilized, the four rows at ri~ht 01 middle treBted 
with 15-30-15 Bnd 11-48-0 fertilizers at IliO pounds per oere, \,hotogt'aphcd A Ul(lIst '19, 1930; C, maturity
and yield of cotton, rows at left treoted with 15-30-15 ferti Izer at 150 pounds per acre, rows at right
unfertilized, leoves plucked in foreground to show open bolls ~ugust 10, 1930. 

46579-34-5 
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from it princieally in position and in its greater depth to soil-forming 
material. Soil and subsoil are noncalcareous. 

The Oscar Nelson field is representative of this soil. The field is 
not infested with root rot, and the results are considered as those of a 

FIG.ItE 23.~lncrcnscs in yield of seed colton in pounds pcr nere (,I--B) nnd percentages of total yieid ob
tained at flrst picking (G-DJ from fCl"lllizers containing various mUDs of nitrogen. phosphoric acid, and 
potash, on Irviug clay, O. Nelson field, WllIinmson Count)', Tex.: A, Increases in yields obtnincd iii 1930 
o\'cr a\'erngo for check plots of 592 pounds per acre; lJ, increases in yields obtained in 1931 over aycrnge for 
('heck plots of 511 pounds per acre; G, percentages obtnined at flrst picking in lIlaO, I\veruge for chlwk plots
67 perccnt; D, percentages ohtnined at first picking in 1031, n\'crngc for check plots 57 percent. 

fertilizcr-ratio tcst, in which c:q)crilllentnl complications arising 
from root rot arc eliminatcd. However, not nll areas of this soil 
type are free frollll'oot Tot, and these rcsults could probably at least 
be duplicated in jnfcsted fields. Data for 1930 Hnd 193111 nre pre
sented in table 13 and shown g1'llphienlly in figure 23. 

II The results fllr 10211 lire llnrelinhle as a result oC 0 severo and irregular infeslntion by bollworms. 
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TABLE J3.-Yields and increases in yield of seed colton per (lcre on Irving clay on 
O. Nelson jield, Williamson County, 1930-81 

I l____~ 1931 

. , ' 
t Fertilizer I' }>'irst picking, I 'rot \l First picking, Totnl 

Piot no. IlIoalYses Aug. 18 t ' Cotton Aug. 31 Cotton 
N-P)OA- i 

, 1':0)' , ---i~'-;"--- B~lher~t a~PJr~t 
; I 11ncrense i : Increasel pick· Iocreaso Increase plck-I iYleld frolll -Yield! frolll Ing Yield from Yield frolll log 

__,,~__ i".__.__L._.. \f:~': ....J~r~~L~__._~ __~--
I '\' Lb'l Lb. \i Lb. I Lb. \percellt Lb. Lb. Lb. Lb, PUCt1lt 

Check ••••••• . ..... ·1iI •••". oao .. ","" i5 :1l0 ....____ .147 1..____••• 57 

~ :.:: : :=.: ltlt II ::g~ 1V ~~~ ~: ! +; i:~~ I 1f. ~1~ I I~~ ~ 
:\".,. 3-12- 0 51IU t 1HO I lim) 12r. HI 424 112 &14 t 102 1111 
Check •.. .1 >I(XI, ..... bil •.•••••, 71 ·.:Il,),'(~, 'I· .... "1' 41:\~ ' .• '" .•. Ub 
4 •.• . O. Ii· (l I ·Illl; 82 I IlfiBl ~·I 75 > ' 5~ I I 102 • 61 
ii. ... . 3- u- :l I 5:17" 1:l4! ,20, lall I 7·1 :lOli I 80 un 172 , 57 
6 • __ . .• 1 1\- 11- 0 \ ['\7, IflO , i(l\1 100 7. HG 18i i05 2:18 . 0:1 
('heck ... , .••• _..... I aIl7,:' •. ".! 000 I' .. ' ,.. •••. !ill 2r.11 ."...... 4tli .. .. .. • r.5 
7. _ . .1 u- G- o· HII I 82 07:1 n il !.III) 51 1i2H .' III 59 
S • • 3- 6- o! ·1\111 105 OliO I 111:1 i2:1H lIS 574 U:I 60 
u • tl.. 6- :J', -IS·I !).I 05\1! 82 7·' 327 :H Mi 0:\ liO 
Cheek ............ :\00 I . .• li7·1 I.."..... (l8 ~~13 ·....S·O" 4114 ... ·'I('}.I'I 59 
10 " II- n- 0 I 48-' t \iI {iSO! 100 7l an 5\18 62 
1 L .• ()- 3-12 ·128 't 511 1105! :I~ 71 :1411 82 550 70 62 
12.. ! 3- 3- \I ?:\~ r Wi iQt i 133 ~(\ :\i.'i la5 (\~~ 1211 62 
Chc\'k ...!............ ~~d!' ..... ;jg~ 1-- ··ii.j' ~J 5i:~ ......... ~fiii ... 187" 51

lL": .... \ :t 3= ~ HS [ Iflg l,iSO: 101 66 aa·1 I~g Hr.l ~~obI 
15.... .., 12- 3- 0 -1:11, 3U l1S5! 101 li3 ar.a io 0;12 148 57 
('heek ................ 3921. ... [,!:il :........., (l8 28S __ ....... 484 .... __ ... r.o 

lti. . 0- 0-15 ,I:ll: :1\1 \ 1\:\9' 58 Gi 32'~ :H 51\2 78 57 

lL ... :.:1 it g=l~ I ~~~; ~Il ~r ;'b I,(~ m~ 5~ ?~; ~ i g~
Cheek ............----t ·W5·.... .... (l2\I! ........'\ ' :183 flO:! \ ......... ; 04 


~~~~::.:::.~····O:·ii:-6·i ~::1" '''S7''! ~P,~'''''iio' 3I ~~'''''iifl' ~~~ ..• .. iiiili j3
20. __ ....... ' 12- 0- :\. :141 10 034 53 54 2811 8 l~lO I Ill, i 4.5 
21._...__ ... ~ 15- 0- Q; :l12 [ -6 n:l2 i3 ·jll I ;\75 72 tlll.~ 1:IS 1 fill 
:hcek.__ •__;............: 317 j' .•.••; 6;;0 .........! 57 am :;;10 ......... fJi 

I Plots oceur in the lIeld in tho snmo order ns they nre presented nbove. In caleulntlng "increase frolll 
fertilizer" Ircutcd nlots adjoining chock plots nrc compured wilh tho~o checks. Intermediate plots aN 
COlJlpllred with the R\'crugo of 2 Ilcarest checks. 

It is evident from figure 23, A, B thnt cotton on this soil responds 
to fc'l'tilizers high in phosphoric acid. Some nitrogen seems essential 
to mnximllm response, nnd perhaps n. small percentage of potush. 
The 3-9-3 mixture was most effective in 1930 1l11(1 the 6-9-0 mLxture 
in 1931. Accordingly Il, 1:3:1,2:3:0 or 2:3:1 mtio is indicated. The 
l1lnximul1l increaso in yield in 1930 amounted to 23 })ercent and in 
1931 to 47 percent.

'Fertilizers high in pbosphoric acid luwe accele1'l1ted the maturity 
of the crop. This is not reflected in final yields to the degree tluit 
wou}r1 ohtnin H root rot were prevalent, however. The effect or 
fertilizers on growth of young cotton on Irving clay und 011 maturity 
and yield Ilre shown in figure 24. 

RESULTS ON DENTON CLAY 

Denton clay is all important soil of the Grllnd Prnirie section, which 
lies to the west of the black-laud prairies, and ill portions of which 
root rot is a serious problem. The surface soil is a brown to dnrk
brown friable clay. The subsoil is also 11 friable clay, but varies to 
yellowish brown in color. In the experim~nt field (Peterson) repre
senting this type the substrntuDl is encountered below 30 inches, and 
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FIGURE 2t.-EtTect of fertilizers on growth, maturIty, and yIeld of cotton on trvlng clay, O. ~elson 1Ield. 
WlIIlamson County, Tex.: A, Very '.'Dung cotton, rows at left treated with 6--1~ fertilizer 8t600 pounds 
per acre, those at rIght unfertilIzed, photographed June R, 19211; B, young cotton, rows lit left unfertilized, 
rows at rIght treated wIth 6--IO-HerUJlzerat 600 poundsper Bcre, photographed June 25, 19211; C, maturity
aDd yield of cotton. plot at left unfertilized, plot lit. rIght treated wIth 6--1()-l fertilizer at 600 pounds per
acre, leaves plucked In foreground to show open bolls August 18, 1930. 
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is pale-yellow to white chalky clay loam. Soil, subsoil, and sub
stratum are calcareous. 

Three years' results from the Peterson experiment arc given III 

table 14 and are shown graphically in figures 25 and 20. 

\ 

N 

FIGUIU: 25.-1ncrellses In yield of seed cotton In pounds per IIcre from fertlll1.ers containing yorions rotlos 
of nltrngen. phosphoric acid, and potllsh. on Vcnlol! cloy, Albert Peterson fleld, Williamson County,
'rex.: A, Incrcnses in ylc\(ls obtained In 1929 m'or IIveragc for cheek plots of 244 pounds per acre; B, in· 
creases in yields obtllined in 19:10 o,'cr ,\\,erngc for check plots of 47:1 pOllnds per ncre; C, increases in yields 
obtained In W;1l o,'er nvcmge for check illot.s of 008 pounds per lIere. 

TAJlJ,E 14.-Yit:lds and 1'llCrCasc$ in yield oj seed callan IJcr acre on Denton clay 
on Albert Pelersonjielcl, Williamson County, 1929-31 

i 192\1. lotal 1 19:10 
! ~ __• _____ L._____--,_______.,-___ 

I 1 First. pk-king. Totnl 
"l'lot, no. Increllse I__~_~___ 

l'ertlII 7.er • )\ug. lU 
Ilnnly~es ('otlon 

N.I',O.-j(,Q oJlen,at
Yield from fer· tlrst

tili1.er 1 Incn.msc ; I tlcrensc pickincYicld from fer· Yield Ifrom fer! lillzcr I : lllizc.r' 

------ ----~ -~'---- --------,---·1------
POILIII/., POlLnd. POl/nd. Pound., Pounds I Poulld. Percent 

:wn 68 aS2 1:">U 52'.! 122 73<1..... ,~ 0-15- 0 
4.12 201 445 1\\2 5S5 ! J85 iO 

8 •• _." . ;1- 6- 6
5~"," .. " .. 3- 0- 3 

390 158 300 HI 572 1 1i2 O~ 
('heck' .····6:·0:·a ~:U ......lOr ~~ '--"'i43' Wll......iiio· ~ 9........ ..~ •. 

12._ ....., .• ~"" . :1- a- 0 
 407 160 :178 ]25 5lia j 103 07 
1;1................ II- a- fi 
14•••••••• __ .. ~ ••. u- :1-;\ 
10............. . 0- 0-)5 ~~ ~~g ~ l~~ i~ " J! I ~~ 
21........ ..~ ••• If.. ()- 0 
 ~1~ )03 ~gI 7:l f1~ (......~~. ~bCheek ' .. ~ ...... 

.1 1'1015 in this experiment uro In 2 tlors. Jlceanso of arrangement: tho "inerense from fertilizer" In each 
l.Ier WIIS calcuhlted from the uI'emge yield of check Jllots In that tier. 

, A vcrage of 2. 

http:tili1.er
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TABLE 	14.-Yields and increas8 in 1Jield of seed colton per acre on Denton clay 
on Albert Peterson field, nrillia11l.~on C01l1lty, 10.eO-Sl-Continuc.'d 

From the da.tn in figure 25 it is tlppnrcnt thnt this soill'csponds to 
applications of both phosphoric ncid and nitrogen. ~'ln:x"imum 

N 

N 

FIllUIlE 26.-1'erccnlngcs 01 total yield 01 cot
ton obtained at first picking Irolll lise oller
t1llzers containing \'ariolls mUos 01 nitrogen,
phosphoric acid, IIlldJJOlIlSh. on Denton Clll)"
"\Ibert J'cterson llel , Wlllflllllson ('ounty.
'rex.: A, Percentllges obtllined lit !lrst 
picking In 10:10, nvcrnge lor check plots 01 
percent: B,pcrcentngesohtnined lit llrst pick
mgin 1931,tl\"erogc loreheck plots:14 percent. 

returns, howcyer, ure obtnined only 
when the two arc in combination. 
Rcsponse to potash nlone is clearly 
ncgligible, although its importance in 
the' fertilizer ratio is difficult to es
tn,blish with the data from only nine 
ratios nt hn,nd. In 2 of the 3 yenrs 
thc 3-9-3 fel·tilizer gnvc the grentest 
incn'nse ill yield; and in 1930 also 
this tl'Nltment WilS among the most 
ell'ective. AI: 3: 1 rll.tio of l1itrogen, 
phosphoric. acid, nnd potnsh is nc
(,ordingly indiCttted. This ratio was 
1I1so highly effective in accelel'llting 
lllnturity, ns shown in figure 2(). Datu. 
of this kind were not obtained for the 
1929 crop. 

'1'11e eHect of fertilizers on the 
growth, maturity, nnd yield of cotton 
on Denton clo.y, and the response of 
young cotton to nitrogen are shown 
in figures 27 nnd 29, A. 

ImSULTS ON MILI.EIl SILTY CLAY LOAM 

Miller silty cla~r lonm is nn allu
vinl soil, which, with related types, 
covers 11 ratber extensive area in 
the Bl'Ilzos River Valley. The ex
periment field, on tbe l~nr1e farm 
in :McLennnn Oounty, represents a 

heavy subsoil phase of this soil type. At the surface is a bruwn 
silty clay loam, and the subsoil is a brown to dark-brown clay loam. 
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The experiment field, like most other areas of this type, is occasidnally 
subject to overflow. 

Experiments were conducted in 1929, 1930, and 1931. The field 
~lsed in 1929 hn.d been in n.lfalfn. during the 2 preceding yefl,I's. The 

}'iGUUf: 27.-J£tIect oC Certll!zers on the growth Bnd enrly yield oC cotton on Denton cluy. Albert Peterson 
field, WllIlnmson County, 'rex.: A, Plot nt lett trentcd with 6-6-3 Certllizcr at 600 pounds per ncre, plot at 
right unCertJllzed, photogrnphed July 10, 1030; B, enrly yield oC cotton, rows atleCt of middle treated with 
6-3-3 Certlllzer at 600 pounds per ncre, rows nt right unfertlllzud, leuvcs plucked In Corcground to show 
open bolls August 20, 1020. 

same nine fertilizers used in othel' experiments were applied. No 
consistent increases in yield were obtained. 

In 1930 and /931 fl, field was used which had been almost contin
uously in cotton for 20 yefl,rs. The cotton responded to high-nitrogen 
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ratios, as indicated by greater vegetative growth and darker green 
color. However, this was not consistently translated into increased 

FIGURE 28.-A, ElTect of concentrated fertilizer on the early growth of cotton on IIouston blllck clay, 'V. E. 
Jones field, Dallas County, 'rex.; rows at lelt trented with commerciall&-3G-15 fertilizer at 75 pounds per 
ncre, rows at right unfertilized, photographed June 20, 1031; B, elTect of fertilizer prepared from concen
trated materials on the ~rowth 01 young cotton on Wilson clny lonm, n. W. Craig field, Hunt County,
Tex.; plot at lelt treated with (1-l1l-4 fertilizer, compounded largely Irom potassium-ammonium phos
phate, at 450 pounds pnr acre, )llot at right unferUlized. l'ho(ogruphec! JUlie 25, 1030. 

yields, although fertilizers did to a limited extent accelerate maturity. 
Indications are that tl1is soil type is among the least responsive of 
those covered by theso experiments. 
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FIGURE 29.-A, Response of young cotton to nitrogen fertilizer on Denton clay, Albert Peterson !leld, 
Wllliamson County, TelC,; lit left, representlltive plllnt from plot treated with 15-0-0 fertilizer at 600 
pounds per acre; at right, representative plant Crom unfertilized plot, \Jhotographed June 14, 1929, B, 
Effect of concentrated fertilizer on the growth of young cotton on Wi son clay, United States Cotton 
Dreading Field Station, Greenvllle, Tex,; at left, representative plant from an unfertilized plot, at right,
representative plant from l:lot treated with 15-30-15 fertilizer at 160 pouuds per acre. Photographed
June 7, 1930, 
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EXPERIMENTS AT THE UNITED STATES FIELD STATION, SAN ANTONIO 

Experiments have been in progress at the United States field station 
of the Bureau of Plant Industry at San Antonio, for 3 years. The 
prevailing soil type is Houston clay loam. The soil differs from the 
other Houston soils, here described, in the texture of the surface 
horizon. Furthermore, having developed in a distinctly subhumid 
environment, it is less leached of mineral and organic plant food. 

The same nine fertilizer ratios used in other experiments were 
applied to this field. Yields data are lacking for 1929 and 1931, 
owing to severe damage by bollweevil and bollworm. The 1930 
figures do not show a consistent trend toward increased yields from 
any ratio. Little or no effect of fertilizer could be seen in the vegeta
tive development of the crop in either of the two earlier years of the 
experiments. In 1931, however, the cotton showed small, though 
definite, response to fertilizers combining nitrogen and phosphoric 
acid. 

The high native fertility of soils developed in areas of deficient rain
fall, together with the Ihnitations imposed on crop production by such 
a climate, make this field distinct from the others here treated. The 
annual precipitation on the San Antonio station was 29.45 inches in 
1929, 23.93 inches in 1930, and 29.39 inches in 1931. Probably 
moisture was the Ihniting factor rather than available plant food. 

RESIDUAL EFFECTS OF FERTIUZERS 

In all of these experiments, except that on the Earle field, the same 
treatments were applied to identical plots in successive years. A 
study of the data shows that the magnitude of reponse on most of the 
soils increases in general with each successive application. That this 
is due to the residual effect of the fertilizer seems evident, because 
of a total lack of correlation with seasonal conditions. Response 
from fertilizer was generally greater in 1930 than in 1929, although 
seasonal conditions were much less favorable for fertilizer effect in 
1930. Correspondingly, response was generally greater in 1931 than 
in 1930. Data showing such effects are represented in table 15. 

TABLE I5.-Increases in yield of seed collon per acre from fertilizers on .~evcral soil 
types, showing progressive cumulative effect 

MAXE\lUM INOREASES IN YIELD FROM OPT1MU~f FER'l'ILIZER EAOH YEAU 

Wilson clay, DentonHouston Houston United Wilson clay Bell clay, Irvlngclny, clay,block clay, black CIIlY, States Oat· loam, J. W. Jones O. Nelson PetersonKing field 1Voelker field ton Breed· Oralg field field field fieldI lng Station 

Year ~- 8?.-. gJ ~ ~ ~- ~.-
~<2 ;;10 >'0' >.0 ~o ~o ~o
11¥ ~~ ]~ ~~ ]~ ~~ ]~=- =L, <::10 d!o co!.. COl =~ t;ca ~ ~9. ~~ ~ ~ca .... 0 :::Jca .... 0
~f';< ~ :Sf';< ~ af';< ., :Sf';< ! ~~ ~ :sP;< ~ ~~ ~ 
!e ~ ~e ~ ~e j ~e ~ ~e ~ ~e j ~e j

----1--------1--------------
Lb. Lb. Lb. Lb. Lb. Lb. Lb. 

1928••••••••__ .................._....... 6-3-0 128 0-15-0 180 •••••••••••••_____ ••• __, ••••••••••• 
lU2IL•.•••••_ 0-3-0 82 15-0-0 203 0-3-3 108 /I- 0-0 313 3-0-3 142 •__ ••••.•_.• 3-9-3 201 
1030••_.____._ 0-3-3 212 ••.• , __• "_" 0-0·3 151 0- !l-U 4~0 •__ ••••••••• 3-0-3 130 6-3-0 228 
193L.••__•••• 15-0-0 342 15-0-0 2110 0-3-3 247 3- \l-3 363 0-0-3 276 0-0-0 238 3-0-3 374 

1 
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TABLE i5.-Increase in yield of seed cot/on per acre Jromjertilizers on several soil 
types, showing progressive cumulative effect-Continued 

INOREASES IN YIELD ;EACrr YEAR FRO1\[ SAME FERTILIZER ANAI,YSIS 

Iwnsonclay,l I 

Houston Houston United Wilson clay Dell clay, Irving clay, Denton 
black clay, black clay, IStates Cot- loan" J. W. Jones O. Nelson clay,
King field Voelker field ton Dreed- Craig field field field Peterson 

Year 6-6-3 Cer- I1i-O-Q Cer- Ing Station, 6-0-0 Cer- 6-6-3 Cer- 6-0-0 Cer- field, 
tlIizcr tiiizer 9-3-3 Ccr- tlUzcr Hllzcr t!liter O-lS-O Cer· 

I Wizer tillzerI 
----I-p-u-It'-'d-.- !---;:;:;:;;. Poltnds I Pfllt~,d. I Poltlld. !~;- Poltnds 

mIL::::::: --------·-oSI----··-··20:i" }~ ! 3I~ li·········l:i8-1:::::::.~~::::!\·······---68 
1030____•••• __ H3 " •••• -., ••• - 146 i 4:10 .----.--•• ---1 100 122 
11131. ______ "'1 284 2nO ! 2-17 I 327 276 _ 238 228 

Because of this residual effect the current year's increase in yield in 
these experiments cannot be considered the full measure of benefit of 
a single fertilizer application. Rather the average results over a 
period of years would seem the best criterion. Furthermore, owing 
to this fuctor, some improvement in soil conditions of a more than 
transient nature may be anticipated. Differences in plant growth 
between fertilized and nonfertilized plots in the experiments wer:e at 
times rather striking. There was a corresponding increase in the 
amount of plant residue returned to the soil of the fertilized plots. 
This would tend to buHd up the organic matter in the soil, increase 
the water-holding capacity, and decrease susceptibility to erosion
all of which are of paramount importance. While improvement of 
this kind is of too low magnitude to be measured during the duration 
of theso experiments, it mUi5t, nevertheless, be considered among the 
advantages of fertilizer use. 

GENERAL TREND OF RESULTS 

Viewing these results collectively, for the region ns a whole, the 
greatest response has been secured from the combined application of 
nitrogen and phosphoric acid. Nitrogen alone has 11sunlly shown a 
marked effect on enrly plant growth and color of foliage; but only in a 
few cases has such fertilizer given the grentest incrense in yield. A few 
fields have shown response to phosphoric acid alone. For maximum 
effect on the majority of the soils, however, these two constituents 
must be present in combination. Thero has been relatively little 
response to potash alone, insofnr as plant growth and yields nrc con
cmnedi and in such respects tllis dement is apparently of minor im
portance 011 the black-lund soils. It has been repeatedly noted, how
ever, that potash in the fertilizer ratio tends to promote seedling 
vigor. In the case of fields where the stand was reduced in the earlv 
stages of growth by seedling diseases or by a combination of uufavoi
able conditions the mortality of pLants on plots treated with potnsh 
alone WfiS frequently the lowest of any in the field. 

Increases in yields were obtained in all of the experiments except 
those on the J. B. Earle field and at the United States San Antonio 
Field Station. With these reservations, increases ranging from 13 to 
82 percent were obtained in 1929. In 1930 tho increase on the least 
responsive field amounted to 17 percent and on the most responsive 
field to 117 percent; corresponding figures for 1931 arc 21 and 10(i
percent, respectively. . 

I 
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SUPPLEMENTARY EXPERIMENTS 

EXPERIMENTS WITH CONCENTRATED FERTILIZERS 

Some of the newer concentrated fertilizer materials possess proper
ties which should theoretically render them advantageous for use 
under Texas black-land conditions. MILIlY of these fertilizers con
tain 2, or even 3, of the nutritive elements combined in n. single salt. 
These elements are released to the soil solution nnd to the plant in 
the proportions in which they occur in the salt. This would appear 
to be Illl advnntnge in many of these soils, in which, as indicated by 
observation and laborntory investigations, fixation of ndded phos
phoric. acid seems to he n, problem of considerable importance. The 
gmnular structure of a number of the commercial concentmted 
fertilizers, permitting slower solution than in the case of finely 
divided materials, offers an added advantage. 

Accordingly, the fertilizer-mtio experiments, in which mixtures com
pounrled of the more common commercinl materials were used, have in 
mnu), instnnces been supplemented by tests of the newer concentrated 
sources of nitrogen and phosphoric acid. Particular attention has 
been given the ammonium phosphates. These have been applied 
directly in their original concentrated form at rates equivnlent in 
plant-food content to the lower analysis fertilizers, nnd with or with
out supplements to modify their plnnt-food ratios, or they have been 
used ns the major sources of plnnt food in compounding lower 
analysis mixtures. 

Table 16 presents some results from such fertilizers, prepared 
largely from the ammonium phosphates, in fields on which response 
to phosphoric acid has been appreciable. For ready comparison, 
results with the most ftworable ratio compounded of ordinary com
mercial goods and with mtios of such fertilizers most nearly cOJU
pm·able in analysis to the concentmted mixtures nre included. 

( 

,~ 

1 
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TABLE 16.-Incrcases in yield fro/ll fertilizers compoundf:cl fro/ll conccnlraicc1l11atcrials as compared with those from fertilizers compounded 
of ordinary commercial7llaierials 1930-3/ 

~11130 
..... _,._______.. _ .<o ___.. __,~ ~ "_~~.-

Concentrnted materials IOrdi!llIr~' commcreialmalerials I i;J 
t"' 

Ratios most nearly cOll1lmruhlo ~ FertilizerOlltinlll1l1 ratio Hto conccntrated rat os 0 

Soil type nnd experiment field "'",,"'"-_.,---_. yield of tlon of Z 


Major constituent of fertilizer seed cot- totnl crop 


Increased l'ropor

i Fertilizer ·l-;~:;:'::;-;,o;,:~~- Fertilizer Increased Propor- tall per at first 0
I • . yield of Uon of MixtureIA~nlYsesIInnlrsc,., ) wid of tinn of ~ 

(1'<-1',0$- seed eot- lotul crop a~1l ~ ses seed cot. total crop no. (NK;J?'- lIere picking 
(N~P.Os- ton per [It firstR,O) I ton per ulllrst 

ncre picking R,O) acre picking ~ 
---- --..~~ ~ 

HPound. PorcwtPOlt1lds Perce 111 Pounds Percent t"'Ammonium phosphnte____________ 129 506-16- 4 ~ 3-tl-O ]61 40 { 30 6-10- 4 Potru;siuID ammonium phosl1hnte. 91 58llouston black day, King_______1 9-3-3 212 46 { tl-6-3 143 49 31 Dlnmmoniulll phosphate __________ -4 53 
l?:I 

NPK 15-30-15 l:tf 
•____do.________________ • _._- ---- --- UlHouston black clny, uonen1- '} a-9-3 35 58 } NPK 15-30-15 62 613-3-9 53 46

careous phase, Hange. { 3-3-9 53 46 Ammonium phosphate ____________ 144 50 r-3tl-IO- 4
3-tl-6 86 60 { 30 Potassium nmmonlum phosphate_ 152 74 0Houston black clay, Yoelker._. __ tl-tl-3 8S 65 { 6-6-3 8S 65 3l tl-IO- 4 Dillmmonium phosphate __________NPK 15-30-15 _____do_______________ . _____________ 94 72 

llouston black clnr. D1anks_____ fr6-3 132 48 3-tl-6 ]30 49 NPK 15-30-15 _____ do_____________________________ 79 45 C 
0

Wilson clay. Uultel} Stlltes Cot- tl-tl-3 151 60 3-6-6 114 60 NPK 15-36-15 165 il 

ton Dreeding Statlon_ ~ 


I Nitrogen from one-third cnch, sulphate of nlll/IIOnlll, nitrate of soda. und cottonsecd meal; phosphoric acid from 18 p~rccnt superphosphnte; potash froIll mlphate of potash. 
 0 
~~Fertilizers appUed at tute of ~OO pounds per acte. 

I Mixtures compounded uS follows; constituents gh'en in order of !ruportance: l:\:'Mixture no. componeuts 0(lC Ammonium phosphate (Ammo-Phos .. A "), sulphate of potnsh, uren, cottonseed menl. 

30 Ammonium jlhOsPhnte (Ammo-Phos .. A"), urea, sulphate of potnsh, cottonseed meal. 
 0 
31 (t030) Polnss urn nmmonlum phosphate, ammonium SUlphate, potassiun) nitrate, cottonseed lIIenl. ~!

(1931) Dianullonlum phosphate, sulphate of ammonia, sulphate 01 potnsh. l:tf33 Nltrophoska (15-30-15), sulphate of nmlllonia. 0:H Diammonhun phosphate, sulphatcc;;f \\lIllllonia. t-341 Ammonium phosphate (AmmG-Phos "A"), snlphate of ammonia, sulphate of potnsh, cottonseed 1IIc.~I. 

43 lJinlllllloniulll phosphate, sulphate of nlllmonin, sulphntc of potash, cottonseed menl. 

45 Amlllo-Phos·Xo, Ammo-Phos "n", cottonseed meal. 


NPK NiLrophosku, 15-30-15. 
Except where noted, tl-1!h1 mtios were applied ut rate of 450 pounds per acre; 15-36-15 at rate of 150 pounds per acre. 
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'J'.UII,g IG.-lllC1"c(lses fn 11ield /1"0111 /crliliJ.:(n cOlI/pO/auled frolll ronteJllmlrd lII(1/Cl"i(ll,q (IS rolllllIlTl·t! with thosr frolll fertilizers compOll1lded ~ 
0/ f)}·t/iJ/(uy ('//llllI/l'I'/'z'lIl 'IIIa//'rillls llJiIO-,i/'-"('lllltillllt'd ~ 

111:10 

~ Ordiuurr cmulIIl'rclnl ml\t{'rinls CUlIl'enf,rated mnterillIs (") 

i Hntios most lIellfly ('ompurnhle § '~.'Optimum rutio Fertilizer[ to concentrllted rntios .... 
(")- - -----"--'--·-'--'-~-'-«'--~·...-....-~l-- .....-·------·-------~~~·Soil type Illhl experhllenl. fiel<l 11Icr~nse!l1 Propor·

"ielll of liol1 01 :..Fcrlllizcr 1!1Jl(~~~I1SCd! I'.rupur.j }'crlillwr !In~rcose(il Propor. "'1!ljor<'on~llllIent of fertilizer se",1 cot· tottll crop t-'
IIIUlI'·." \,1~1,ls I lion of ' IUIIII" ':'5 '\ \'wItI of Il.Ion of I~II t ' .;\fluIYSt''!; t(1Il per lit IIrsl 

.... .:t"C~ " seed cot- liotnJ t'.r.'.)"! ~ .,Sl!. .' S\!C.tl Col- toto} c.r.oJl!"'.. :'l lin (K"I',O, 
nere pickIng t:C 

,(} . IIcre ! pickinl(' ! K,) i ucre picking'
(Ni/\O'" l tou pcr I lit flrsl. ! (=--Y('{)" ; ton per lit first I 1111. K,O) t:j 

t-' 
}'Oli 111/.' • 1'erl";';;· i /~':;/f/.~' r;:~;;~ ;,~-l , PtrL"('nt &jj:JOiJ11d,'t 

6-1ll- 4 Ammonium (lhosphnte........... 2;\2 40

Wilson doy loom, Crnlg I!' - u· u·u i 4:lO ' 47 !{ :10 l ~ (}-'10--" ]lotnssiUlll nmlllouiullI Ilh{j~Jlhate .. :!tH .J4 

I5-:I(}-15 nilllllJlIOniulIl phosphate.......... 208 fi5 Z 
3 IHO.. 4 AIIlJllonium plmsphllte......... . 210 8:1 

fl..,l-O 4.10 ·1. :\.IHi! sm I 4r. Nl;~ 

>I>f (}9·1J : lOll 77j{:10 I 'tHll- 4 l'(jtns~illlllllllllllOlliIlJll phosphatu.In·ingd:I~·. O. ''\elsfJll- ... a-9·3 130 I i4 !Hi-O I ml I i2 N 1,3KI !nU 85 t..:l
, 15-ao-15 Dinllllnonitull Ilho~mhntc_ .. 1811 87 _0>3·U"o ! l:lU • 74' 50 '3- 9:3 Au~I,:!1II phosphot,•. ___ J2f~ 71- ..... -.~- -._-

19:1I ~ 

1I0lislon hiark rhw. nonenl· ,} :HI-3 ~7~ .~ ~2-1i{-.-~~1 r ! Hi:';4".121 Dhlm~illm pl;;:jllliltc ' __=:I--~3U3---;i ?l 
('Urc(IUS I'hu~e, Huuge. j :t-3·9 :tOi9-;t·a . :14\1 t 41 :{ '8 ,J.!, 15-3ll- (I •• __ do.... ... '.". .... __ . 181 3S

,. I Nt'K 15-:1(}-15 I....do........ •___ ..... ... _. :113 42 
 ~ :liO ~\7 illIoliston [,llIck citly;!Ilunks___ l{ 1f>-(}-1l1 :1·U·1l 2;2fHt-:t :lIn f.s if 571 NI'K 1:->-:10.151f "tlo ....... .... ".. 2·1\ IH 
 ~ 
fi~n-~i !!'i(i !12 I :10 1t-1ll-·1 .\mfllllllilllll ph,wl'huttl........ 217 30 
!\-lj'H ~~Ii :la! NPK tfi-:W--J!,i l)jullJw(luiullJ 1l}J()~I»hufO_.. .. I !!5" 27 

Wilson ClllY, l'lIitcol tHule" cot-I 9-:1-:\ I 2·t7 :lSI :lfHI! JiU 4:\ I N PK 15·:10 15 .• 110 ......... ... : 20, t as '-:j 
0

Bellt'lu)" J.W, JOIlI's ......_••••. j (l··n·a !!7.i 3~ i{ 
Ion Breelling FJ"hl Stillion, 

WlIs(ln chiS' IOlUlI. Crni~•.••. _••: :I Jl-!l :11l3 31 j{ lloU-O i :i27 '1' II{ 30 I tHll- ·1 I ."\lIIl1lolliulJI J,hosphute ."........ 22:1 32 :.. 
, 3·IH) : !lSI :Ii; 31 C.-Ill- -11 D!:lIlUlluniulJI phll~l>hutc ... --..... 24U 2i () 

• Nf>K If>-3(}-15 ._ ••• Il/) .- ...._......... •.. _.. 213 ~15 ~ 

ao ' tHll- 4 AlllmOllium phosphlltll. . ....... 18U 65 ....
! ! I 

I :11 I (t-HI- 4 I Dillllllnoniulll phosJlhlllc..... .•.• I·IS Ii-! 
(") 


In'in)! rillY, O. Nelson......... i 
2:IS fHHl1 2:1S m 41 fHO- 4 r AJIlmonlulli Jlhr.sJ1hilte .•. , .... _.. 2tl:! Ii-! d 


6-9·0 I 0;1 \{ :to·(j I I(~l -'I.. ·1:1 Ii- HI- -1 ! DillJlllllllniulI1 phuSllhule ....... __ 22'J Iii t" 

1 I >-3·15 , 6-HI- 4 , :\ 1I/1IIUniUlIl phoSl'hllh·. __ .. IRO 041 

-----.....~!...-- .. .h_~.; .. ~)_K t J5~:\_tt.15 t 1?!:~~t~~~l~~~i!I~~lllhOS}lhHll~;,.:_:.:---=-.:;:".'~~__ ~7 ~ 
'Applie(iut rule of (;00 pountls per 1I~r1~. t>;j 

I A!lliliell tit rule Ilf 200 jlounds jlllr nere. 

'A pplletl tiL rIIte IIf liOO J10llllds per tlerc. 

• Applluilut. fUll! Ilf 1M IIOUlIIls I)~r II"r,,: fqui\'tllt'nl tUIIJ)llli\'lItioll o( n 20·:10 ·15 f('rtilizl" nt.1I rate of 150 pOUlllls IIlI tlore, 

i Applied nt. rnh\ or 150 Il011lul~ Ilt~r ul'n'. 
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The marked advantage of the concentrated fertilizers in accelerat
ing maturity in 1930 is ttpparent. That year waS characterized by 
a rather wet spring find a very dry summer. The advantage was not 
so great in 1931, in which season rainfall was better distributed. 
There is e:\:perimentul evidence to indicate a greater mobility of 
concentrated fertilizers, and this may a.ccount, at least in part, for 
the difference in behavior with varying seasonal conditions. It hns 
been observed in a number of the experiments that a marked advan
tage of fertilizers compounded fro111 ammonium phospha.tes over those 
from ordinary materials, in favoring early plant growth und increasing 
the yields at first picking, has been materially reduced or hus dis
appeared with advance of the season. The total yields in snch cases 
were little or no higher, or even lower, than those resulting from use 
of ordinary materials. 

The effect of concentruted fertilizers on early growth of cotton on 
Houston clay, 'Wilson clRY loam, and 'Vilson clay is shown in figures 
28 and 29, B. 

In genel'nl, the iucreases in yield from the concentruted muterials 
compare favorubly with those from ordinary commercial goods. This 
is noteworthy in view of the fact thut the analyses of the concentrated 
fertilizers difl'el' matcT'inlly in some cases from those of the commercial 
mb;tur~'$ nn..:!. particularly from those found most effective in the 
fertilizer-ratio trials. The results have not, however, been entirely 
consistent. Concentrnted fertilizers with formulus better suited to 
thu provuiliug soil und crop needs seem to offer possibilities in this 
sectil)n. 

One of the problems encountered in the use of these fertilizers in 
districts hllYing lighter textured soils hus been the risk of injury to 
germinntion find eurly growth. Little tendency in this direction has 
been encountered in these experiments, notwitllstnuding the fact 
tiJn,t the materials have been nppliecl at relat,ivcly high rntcs und in 
close proximity to the seed. FreedoIll from injury of this kind is 
probably due to the high absorptive capacity of the pl'evuiling soils. 

"Thile the results so fnr obtained have not consistently demon~ 
strnt<'c1 the ndvantilges of cOl1centrnted fertilizer mnteriuls over those 
of lower nnnlysis thnt might be anticipn.ted on theoretical gr01lnds, 
there js promise nw.t selection 01' more npproprinte l'ntios uncl mitte
r'illls, nnd morc eO'ecth-c plnccmcnt mny permit fuller' l'cnlizntion of 
suC'h ndYim tages. Experimen ts in this direction Ill'(' in progress. 

A number of compurl1th-c tests of various sources of llitl'ogen hn.ve 
been mllde. The nitrogen carrier's were combined in 6-10-4 fertilizer 
and applied on se\Tcl'Itl of the soil types coyered by these cxperimen ts. 
The results do not indicate decided udvuntnge for IIny of the older and 
more commonly used uitrogen cllrriers. Some of the newer, COll~ 
cen tmted matel'iuls, which Cflrr'Y nitrogen alone OJ' ('(llnbined with 
other' plnnt-food constitul'nts, IHLvc given 1110rc 1'nvornb1e results on 
yields. This is pnl'ticulur1y the cusc witll the Ul1l1110niulll phosphates. 
However, it nppcnrs likely thllt the ndvl1l1tnge is to be nttJ'ibuted in 
part to the combined sour('e of nitrogen uncI phosphoric ueid, rather 
thun to the nitrogen SOlll'Ce nlone. . 

I 
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EXPERIMENTS WITH FERTILIZERS ON COTTON FOLLOWING CLEAN FALLOW 

For a number of years the Division of Cotton, Rubber, and other 
Tropical Plants of the Bureau of Plant Industry has been conducting 
at its Greenville station a progrnm of experiments on the relation of 
clean fallowing to cotton root-rot control. A material reduction in 
root-rot infestation after 2 years of such fallow treatment has been 
reported by McNamara (31) and McNamara, and Hooton (32). 

In connection with their experiments these investigators noted 
that cotton following clean fallow on the Wilson clay soil of the Green
ville station generally made an abnormally rank vegetative growth 
as compared with that on land in continuous cotton, but tllat the 
yields were not increased in proportion. This behavior indicated an 
excess supply of moisture or available nitrogen, or both, and suggested 
the probable value of fertilizer suppleL.lents, especially those contain
ing phosphoric acid. Another observation frequently made was 
that the initial growth of young cotton on land previously in clean 
fallow was appreciably retarded, although this condition disappeared 
later in the season. 

As supplements to the fertilizer experiments on 'Wilson clay at the 
Greenville station described above, advantage was taken of the oppor
tunity afforded for making applications of certain fertilizers to cotton 
immediately following different periods of clean fallow. Four such· 
experiments have been conducted at Greenville, 1 in 1929 following 
2 years' fallow, 1 in 1930 following 3 years' fallow, and 2 in 1931 
following 3 and 4 years' fallow, respectively. With one exception, 
that of the experiment after 4 years' fallow in 1931, there have been 
pronounced responses to phosphatic fertilizers. The initial retarda
tion of growth was overcome, marked acceleration of maturity 
resulted, and considerable increases in yield were obtained. Addi
tional applications of nitrogen or potash were ineffective in producing 
any further increases. The results are presented in table 17 and the 
effects on early growth are illustrated in figure 30, A and B. The 
lack of response to phosphoric acid in the case of the one exception 
noted, that of cotton following 4 years' fallow, is difficult to explain 
in the light of present information. 

TABLE 17.-Re.yults of fertilizer application 10 colton following clecm fallow on Wil
son clay, United States Colton Breeding Field Station, Greenville, Tex., 1929-81 

'\ 
1931, fol· 

1929, following W30, following 11131, foUowin~ Jawing 
2·~'cnr fallol\' 3·~'enr fnllow 3·yenr foUow 4·yenr

1 fnllow 

Plot treatment , I 1-
Ylehl Proportion Yield : ProPllrtiOIl Yieid IProportlOll1 Yield 

of seed of totnl of seed' of totol of seed I of tot.nl of seed 

cattail yield at cotton! yield nt; cOt-vn yIeld at cotton 


per nere first picking per ncre first picking per acre InrS! picking per acre 


---------l-p-o-"-nd-s Percent POI/lids I Percent Po"nds! Percent POlLnd& 
Superphosphnte I............ 1,0.13 43 004 I 59 \,338 ! 63 1,444

Check....................... 870 29 Oi,5 46 8](1 I 301 1,510 

Superphosl'hnte+potnsh '... {ilia 48 &70 I 60 ••••••••• j',........... 1,497 

Superphosphntc+nltrogen '.. 90.5 46 831i I 66 ,........ •••••••••••• 1,617 

Dlcalclum phosphate ......................................(........... 1,2651 58 •••••••••• 


1 Superphosphate (18 percent P,o.) at 400 pounds per ncre. 

2 Superphosphate (18 percent P,O,) at 400 pounds per acre; sulphate of potash at 40 pounds per acre. 

, Superphosphate (1M percent P,O.) at ~oo pounds per acre; nitrate of soda at 100 pounds per acre . 

• Dlcalelum phosphate (40 percent P,o,) at 180 pounds per ac~e. 
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FtGCIIF. 3O.-A. EITccl of IlhoSllhntic fertUit.cr on \"cry }'olLn~ cotton following 3·~'car (alia\\,' on Wilson clar. 
1!nlted States CatIon lJrcceJing Bicld Slulian, Oreenville, -rex.: rows ilL ieft Irented wllh 40·percellt 
dicalcium phosphntc nt ISO pound!; por ncrc, rows nt right unfertilized; pllotOl!rnphed June 9, 1931. B, 
Effect of Phosl,hutic fertllizer on growth or cotton following a·yenr fullow on Wilson Cill~', UUlted Stntes 
Colton Drecd n!: ~'leld Stntion; rows nt loeL trl'lIfed with IS·perCCllt sn\lerphosphnte lit 400 pounds pcr 
ncrc, rows lit right unforUlizecl; phologrnphed July 10, 1\131. C, EITeet of nitrogen fertilizer on cotton 
following sorghulll ollUnllston billck clRY, W. II. A. Nelson fleid, 'I'C/I\"is County, 'rex.; rows at left 
unfertilized, rows lit right trented with 15-iJ-0 fertilizer lit fl(X) pOllnds lIer nero; llhotogrnphed Jul), 16, 1030. 

http:fertUit.cr
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McNamara and Hooton (32) haye discussed the value of clean 
fallow in root-rot control. The treatments reported here, which are 
a part of a series that they are studying, haye all been consistent 
with the results of their work reported earlier. Root-rot infestation 
was reduced to a minimum in the cotton crop following the fallow, 
snd in most instances this reduction has carried over in the second 
Bnd third succeeding crops. As pointed out hy these authors, how
ever, clean fallows are expensh-e to maintain and their use Clm he 
recommended only in a limited way. 

The results with fertilizer supplements indicate that, from an eco
nomic standpoint, the admittedly limited scope in which such methods 
might find practical application may be considerably broadened by 
the use of phosphatic fertilizers. The yield fro111 the phosphate plot 
following 2 years' fallow in 1929 (1,053 pounds of seed cotton an acre) 
would represent a yi.eld nearly equal to the ayerage 12 for this section 
if divided among the 3 years that the plot was under treatment. 

EXPEIUMENTS WITH FERTILIZEUS FOIt COTTON ~'OLl,OWING SOIWHUM 

Grain sorghums are important feed crops in the Texas blflck-land 
section, particularly in the southern portion. On many fnrms they 
are the principal source of hay nnd furnish a considerable proportion 
of the grain consumed. The crop is fl'equently introduced into n 
rotation with cotton on land badly infested with root rot as a means of 
checking further spread lind partially controlling the disense. For 
this purpose it is probably the most effective crop ayailable. 

The depressing efl'cct of sorghums on crops which foUow in rotation 
is well recognized. Breazeale (4), in some early work, attributed 
this to tOA-1C properties in roots and stubble which interfered with 
normal biologicl~l soil processes. Later Conrad (7) demonstrnted 
that sorghum Toots and stubble, because of high soluble carbohydrate 
content, encouraged neth-ity and reproduction of micro-organisms to 
SUell a degree thnt they competed with Sllcceeding crops for nitrates. 
H(> further demonstrated that nitl'ogen fertilizers offset the depressing 
eft'ect to n large extent. His conclusions nrc sllbstnntinted by the 
work of Wilson nnd 'Wilson (1"3). 

Such ('(fects of sorghum on succeeding crops are frequently pro
l10unced in this section. During progress of the experiments described 
herein supplementary tests of fertilizers for cotton following sorghum 
were made in fI, number of instances. Such applications were made 
on Houston hll'wk clay, Houston clay, Bell clay, and Denton clay. 
'Yithout exception there was excellent response to nitrogen fertilizers. 
The results from two such experiments are gh'en in table ;18 as repre
sentative. Ditta from the Nelson experiment were obtamed on the 
W. H. A. Nelson farm in Travis County on Houston hlac}~ clay, 
graxellv phase. Broltdcast sorghum had been g:rown for hay 11l 1929 
and the experimental results were obtained with the cotton crop of 
1930. The other experiment was conducted in Hl31 on the Blllnks 
plantation, Caldwell County, on Houston clay. The field had been 
croliped to hegnri (in I'OWS) in 1929 and 1930. 

12 'I'he I\\"em~e rl~ld IIr IInl l'!)IIOIl In the black·hul(\ ;;\'rthJll lor th~ )'~.1~~ Will In IUl!, inl'lu~h'~, is rrpllrle l \ 

05151 pOUlHfs per Here. ('I'rx, A~r. ("jll. ~In. lIu1. ;jll~, ~". p. (1,1 
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TABLE lS.-Effect of fertilizer on cotton following sorghum 

NEI.SON HXPERE\fEWr NO 1,10:10 

, Yield 01 ; Increased IProportion 
'< d yield 01 \ of totalFertilizer trClltmcnt t .ec cotton ~e~d cotton' vieW at 
: per a~re ; per acre lllrs! picking 

-----·-------·---"-...·-~-·---·;----:----l~---
1'011 m!8 ; Po!.lnd8 I Paccntfto:L '.: '" ... . . .. .... . . ... ¥~g '------··386'1· ~~ 

3-9-3._ .• 1 46U ; 82 45 
3-3-9._ .. ,. .1 4~~. -5\ aaR 
Check...... " ... , . ........... ..•• •• 4" .............. _ 

9-3-3......__ ........... ... .."' .•••. ..... .,", •• 1 fili! 140, 40 

Yield, conti1luous cotion ..._,._,_'_'_""_'"_'_"_00_'_'_._.._.··:.=.~~L__009 ;.-----·.... ,1....·-.-.·-· 

i : Increased \ Proportion 
Qtlnntit~· i ... 

o' 

Ic!,l o( : ~'ield o( I of totnlFertili7.cr lrealment ppr ncrc seed cotlon., ~ecd cotton i yield lit. 
! per 11('re ; per ncrc Illrst pi6.ing 

------------~-.: ··-·---I~-'!··----I----
}Jacmt(1-10-4 I ........... ' pOllnc/OO \ POl/nils : Poumis i fi7 


Check.......... '" ••• ........3... : ~~ :........:n~.1 611
00' ' •• 

Sulphate 01 nm!l\onill... . ......! HJO )' 403 , 160 ~ 78 
0-10-4 , •••• _._.... . •• ' OlK) MH I 26D ' 00 
Check..__ ............ " ...... ., ". .' .. 1.-...... , .• ' 315 t-.....__....I (,i 

Sulpllllte of nmmoltlu ••. " .... "_ .. ' .. ,...... .~~_j_ • __ ~~~ I :1:10 ! flO 

I 600 pounds fertili1.er per lIere, 
'90 percent of the nllro~etJ (rolll sulphute o( IImllJonin, 10 percent. (rom cottoll~eed menl. 

XOTE,:-Plots occur in the Ilel!) ilt the Sllllle order 115 they lire presented oho,"e, Tn cnleuln!jng increases 
from ferUllz~r, trented plots adjoming check plots are compore!1 with tho.e checks. IntermedlBte plots nre 
compare(\ WIth the average 012 neurest. checks, 

Tn the Nelson experiment, while three of the treatments increased 
yields, ratios high in nitrogen were by ful' the most effective. F\lrther, 
nitrogen alone (15-0-0) was more efrediY(' than an equivnlent nppli
cation of plnnt food in a 9-3-3 fertilizer. The yield recordecl in tnble 
18 as obtained in continuous cotton wns seC'u1'('ci in the snme field with 
nll cultlll'ni. conditions iden tical except tbn t 110 sorghum Cl'f;)P inter
yened. It 1S nppnr('nt thnt both the 9: 3: 3 nnd 15: 0: 0 rntlos com~ 
pletely ojfset the harmful eff('ct of the sorglnun crop, and thnt nitrogen 
alone PlY(, n furtht·J' increns(' of UPP1'O)"111111 tel~- 100 pounds of seed 
cotton un ncre, The cii'eet ofnit.l'ogcl1 on growth of potton on Houstun 
blnck e1ny preyiou!'ly cropped to sor~hum is shown in figure 30, O. 

The dntfl of the Blunks t'xperiment nr(' U1THlIgcd in order us tIle 
treatments supply incrcasing nmounts of 11itrogen. In ~enel'nl the 
response to fertilizpr1s in the SI1111'(' order und nitJ'ogen wns the element 
most <.'freetlYe in incrC'using yields und('t' tl1£'Rr couditions. The 
h('nviest; npplicnt.ion of llitrogen WIIS the lHOSt. ('erectiv(', Il1crens('s in 
~'ield of considernble magnitude w('rc obtnil1('(i from nIl tl'('utments. 
',hill.' yields 1'rom compnl'llhlc 111m1 croppC'd cOJ) tinuously to cott.on 
nrc not II,YHilnhlc for comparison in this experiment, it is probable thnt 
('yen the lcnst ('Hedin tr('u tmen t fuil...' eoun trrblllnlleed the depressing 
('ffcct of tIle sorghum crop. 

These l'esults SUggC'st thnt sorghum, 1'0110\\"('(1 by 1\ nitrogen f('l'tiliz('r 
for the suce('edil1g'(:rop, might pl'ofitflhl~' find fl wid('l' use'in rotntiolls 
designed to ('Ired pflrtjnl ('ont.rol of the l'oot-rot dis('flS(,. Some further 
Ilpplit'ntions of sU('il tl'elltmC'nt l11'r (lis("usscci und('l" the hending 
R(,]lltion of FC'rtilizCJ's to thr Conlrol of Cotton Root Rot (p. 5i). 

http:fertili1.er
http:Fertili7.cr
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INDIRECT CONTROL OF COTTON ROOT ROT THROUGH USE OF 
FERTILIZERS 

The experimental results presented above furnish repeated evidence 
of accelerated maturity and increased yields of cotton as a consequence 
of fertilizer application. In direct proportion as these two well
defined effects of fertilizers are exerted they will favor evasion or 
offsetting, respectively, of losses normally occasioned by root rot. 
The ultimate result may properly be termed "indirect control." 

EVASION OF LOSSES THROUGH ACCELERATED MATURITY 

Hastening of maturity has been very marked and is of particular 
significance. An example is furnished by the Oraig e1l."periment of 
1930 on Wilson clay loam. On a plot treated with (concentrated) 
15-30-15 fertilizer (at 150 pounds per acre), 65 percent of the total 
crop was secured at the first picking on August 19; while on the same 
date only 25 percent of the crop was secured from unfertilized plots. 
Obviously cotton plants dying of root rot after August 19 would not 
cause nearly so great a crop loss on fertilized land as on untreated 
areas, and even where cotton dies earlier than this the loss would be 
appreciably diminished. Similarly in 1931, on the W. E. Jones field 
on Houston black clay, 40 percent of the total crop was secured at 
first picking September 1 from a 6-~-6 plot, as compared with 27 
percent from check plots. In 1929 in the J. W. Jones e}"lleriment 
(series 2) on Bell clay, a plot treated with 6-6-3 fertilizer yielded at 
the rate of 381 pounds of seed cotton per acre at the first picking on 
August 21. An adjoining unfertilized plot yielded at the rate of 129 
pounds on the same date. These two plots are shown in figure 16, 
to which reference has already been made. 

The e:\."periments furnish many instances in which the early harvest 
from fertilized plots approached or even exceeded the total yield on 
unfertilized ground. In figure 31 are presented graphically the yields 
of fertilized plots at first picking, as compared with the total yields 
of check plots, for the Oraig field in 1930 and the King field in 1931. 
The better fertilized plots yielded almost as much cotton at the first 
picking as did check plots for the entire season. Under conditions of 
severe root-rot infestation yields at early pickings frequently constitute 
the major part of the crop. The importance of early maturity is 
accordingly obviou::I, and fertilizers which favor it offer a means of 
evading, 01' insuring against, excessive losses. Likewise, the higher 
the proportion of the totul crop that can be harvested at an early date, 
the lower ,\'ill be the loss from insect damuge or crop deterioration in 
the later season. 

Of'FSETTING LOSSES THROUGH INCREASED YIELDS 

While no exact method of estimating losses from root rot in a given 
field is known, it seeins that increuses in yield of the magnitude secured 
in these experiments should counterbalance losses in most cuses. The 
results on several of the fields ofreI' concrete evidence on this point. 

When the Oooper field was selected November 8. 1930, 96 percent 
of the cotton was dead. During 1931, when fertilizer upplications 
were made, 84 percent of the cotton died. Accordingly the results 
were obtained under conditions of extreme root-rot infestation. 
Yet the most favorable fertilizer ratio increased the yield by 303 

! 
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FIGUllE 31.-Ylclds (pounds per ncre) obtained nt first picking from fertilized plots of cotton ns compared
wltll total yield of the check plot for the Crnlg experiment August ]9,1930 (A), and the King experiment 
September 23, 193] (D). Arens of circles nre proportionul to yields of seed cQtton per ncre. 
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pounds of seed cotton an acre, which must be well in excess of any 
probable loss by root rot. Other fertilizers produced increll,ses of 
almost equal magnitude. A. considerable proportion of these in
creases can undoubtedly be attributed to acceleration of maturity. 
It is highly significant that the yield of the 9-3-3 plot at fi~st J?icking 
on September 3 was 563 pounds of seed cotton an acre. wInch IS only 
8 pounds less than t·he average yield of check plots' for the en hire 
season. 

The area in which the fertilizer-ratio experiment on the Craig field 
lies is all infested with the root-rot disease. Just a little to the south 
and in the same field is an area in which no cotton dies. This area 
has been utilized for some supplementary experiments, and yields 
data for a four-row check plot, practically noninfested with the 
disease, are available for 1929, 1930, and 1931. The location of this 
plot (B) with respect to the main experiment (A) is shown in figure 
32 which also shows the distribution of root rot in the field September 
13, 1928. 

TABLE 19.-Y'ields of seed coiton '{Jer acre of infested 6-9-0 l)lot compared with 
noninfested check plot, Craig experiment 

Yield of Yield of Yield in· 

Year 
check plot 
noninfested 

fHH) plot 
infested 

creases In 
excess of 

with root with root root-rot 
rot rot loss 

Pound.• 
230 
33:1 
322 

Table 19 gives the yields of this noninfested check plot for the 3 
years of record. There are also shown yields of the 6-9-0 plot in 
which root rot \vas prevalent. Considering the proximity of the 
two plots and the fuct that both were in the same experiment and 
subjected to the same cultural treatments except for the fertilizer, 
a direct comparison of their yields should be reasonably accurate. 
Such a comparison shows (table 19) that the 6-9-0 fertilizer entiTely 
offset losses due to the disease, and in addition produced increases 
mnging from 230 pounds of seed cotton per acre in 1929 to 333 pounds 
in 1930. 

Ezekiel and Taubenhaus (14, 1). 988) suggest, as a result of 6 years' 
measurements, that the reduction in yield as a consequence of root 
rot may be estimated roughly as averaging about 50 percent of the 
percentage of plants killed by the disease prior to first picking. 
Some of these plants will produce a partial crop; on the other hand 
there will be some loss from cotton dying subsequent to first picking. 
A. method of estimating losses, such as that suggested by the above 
authors, takes account of these losses which vary with the maturity 
of the crop. While such a method can at best be only an approxi
mation, it is interesting to use it as a basis for computing losses of 
crops from root rot in the infested fields. occupied by these experi
ments. The pertinent data are presented 1ll table 20. 
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TABLE 20.-Yields of seed cotion per acre of check plots corrected for root-rot 108se8 
compared with uncorrected yields from fertilized plots 

I 
Dead cotton on Re- Yield of I 
check plots at dllc- check plots Dead 

Dato of first picking tl~n (nyernge) Yield tK~;r ~g~ 
Soli type nnd tleld Year first .yleld I Iof Cer- tI

picking due tillzed (J~P~o.- C~~I-
Date of Per- to Ac- ~~~: I piot K20) IIzed 
record cent root tunl cd 2 plot 

---------1------------
rot! 

~-----
Per Pcr

Houston bJ,a(.:~ day: cent Lb. Lb. Lb. unl 
Aug. 28 Oct. 20 7. 1 3.0 !l3·! 658 i2!l 9-:1-6 i.1Klng__________________ {}g~ Aug. 21 Oct. 24 4.0 2.0 500 510 6il 9-3-3 3.4 

1031 Sept. 23 Oct. 21 3U, 8 IU.O 703 8i8 0:10 9-6-3 28.8 
SUbstntion no. 5, Tex

as Agriculturnl Ex 1 
periment Statloll____ 1931 Sept. 22 Oct. 7 56.4 28.2 5:13 742 5[>8 9-3-3 6.1.3 

V {192\) Aug. 19 Noy. 4 22.8 11.4 612 filII iH 3-6-6 19.6oelker_______________ 1931 Aug.18 Oct. 22 73.2 30.6 60·1 !lS:1 72!1 15-0-0 72,3 
Houston clay: !

Cooper__ • _______•____ 1931 Sept. 3 Sept. 10 78.0 39.0 571 9M 9-3-3 56.0 
Bell clay: 

936 i!

J W {192!1 Aug ql Sept. 14 3.·j 1.7 502 D02 i 775 3-!/-3 1,6
• . Jones ,---------- 1931 Sept. ~2 Oct. 22 0.7 0.4 D5n 954 1, !O8 !Hi-3 0,3

Wilson eluy: 
1028 Oct. 0 No,'. 8 24.0 12.5 503 575 613 9-0-6 25.3 

United States Collon 19211 Aug.26 Sept. 18 O.ll 0.3 572 574 671l !/-3-3 1.2 
Dreedlng Station ____ {1030 Aug. 26 Julr 171 0.7 0.4 5.13 fia.~ 687 6-6-:\ 0.3 

1031 Sept. 11 Sept. 0 10. j [d 1133 986 I,OBll &-3-6 10.4 

2i9 300 370 3-9-3 [;0.0 
454 53" !l88 fl-(l-3 28.6Wil:~,::~:Ir:~~~-------- {lg~ 11!~:' ~~ ~~~: J~ ~J iH 360 385 739 r,.\Hl 4.0 

1931 Aug. 25 Sept. 8 34.5117.3 343 415 6i5 9-9-3 32.1 
Denton clay: 

192!1 Aug.2\) No,'. 5 li.O 8.5 244 267/ 442 3-\1-3 13.0
Peterson______________ 1030 Aug. 19 Oct. ao 0.5 j 3.3 473 489 628 0-;1-0 6.7

{1031 Aug. 23 Oct. 19 I 21. 5 10.8 508 5iO !l88 6-6-3 22. 1 
j-~---------.-1. ,er~gc____ --------- __________ __________ 24.2 '______1______ 031, i26 ----------1 22.4 
I' ~ 1 

I One-haH oC the perc-;:iltnge of dead colton at tlrst picking is t.aken as tho lJe~centage reduction ill yield 
clue to rOot rot. 

2 The correcteil ylehls represent the aclunl yields corrected by the esti1uated mnount oC root-rot Joss 
sbown. For example: With a loss of cron estllllated at 20 percent, .. n actual yield of 400 pounds of sect! 
cotton per acre represents 80 percent of the total yield that. would (lave been ohtained In the absence of 
such loss; and the corrected yield accordingly amounts to ~XlOO"'500 pounds. 

3 Records are frOlll series 1 only of this e.tper(rnent. Series 2 Is noninfecfed. 
j Luter records frolll this field lost in a tlre. 

The percentages of dead cotton in table 20 were computed from map 
records made periodically for each of the fields. The dates of these 
maps do not in all instances coincide with the dates of first picking, 
but where this is not the case later records were used. The percentage 
reduction in yield due to root rot was calculated from the percentage 
of dead cotton on check plots. The average yield of check plots was 
then corrected by the amount of this factor. The corrected average 
yield of check plots shonlct therefore be a close apprm..-imation to the 
potential yield of the field if root rot had not been present, within, 
of conrse, the limits of accuracy of the method. For comparison there 
are presented the yields of plots in each experiment which have been 
treated ,vjth a favorable fCl·tilizer. 

There are only two instances in which the yield of the fertilized plot 
is not in excess of the corrected average yield of check plots, or the 
potential yield of the field without root rot. In the remaining 18 cases 
in table 20 fertilizers not only completely offset the calculated loss 
from root rot but increased the yields by a further considerable mar
gin. As an average for /1.11 fields fertilizers counterbalanced losses and 
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produced an added increase in yielclalllOttnting to 95 pounds of seed 
cotton an acre. The pel'centacre of root rot on fertilized and check 
plots compared is very nearly the same as an average and very nearly 
the same in most of the individual comparisons. In this connection 
it was necessary to eliminate fr0111 table 20 certain plots of certain 
experiments tl'eated with optimulll fertilizer because of a somewhat 
lower percentage of root rot than occurred in check plots, due probably 
to dil'ect control of the disease which is discussed in a subsequent 
paragraph. 

The data are rather conclusive hl demonstrating the value of fer~ 
tilizer usage as IL menns of illdirectly controlling the root-rot disease. 
By accelerating maturity, losses which the disen,se might cause tend 
to be evaded and by incl'easing yields they have in these experiments 
been ;more thnn offset. 

RELATION OF FERTILIZERS TO THE CONTROL OF COTTON 
ROOT ROT 

The effects of fertilizers favoring evasion and compensation of 
losses from cotton root rot as a consequence of accelernted maturity 
and increased yields of crop are essen tinlly indirect in nature. Another

t. and more direct effect of such treatments in actually reducing the 
rate of plant mortality resulting from the diseuse hus berill indicated 
in the course of the experiments. 

"While the evidence of such an efrect in a number of instances is 
definite the fundnmentnl factors iIlYolved have not as yet been fully 
determined. "Vhethel' the increased vigor of the plant increases 
its I'esistanc~ is ns yet an open question. :Much of the evidence 
seems to support this view. Regardless of the cause, however, the 
more efl'('ctive fertilizers ill mnny of these experiments have actually 
decreased the proportion of plants which have succumbed to the 
disense. . 

In 11 field thoroughly infested \,ith root rot significant reduction in 
its severity hns not becnnoted following tL single fertilizer application, 
but only ns a result of the cumulative action of repeated applications. 
Howeyer, in a number of instnnces, where the apparent infestation 
was first reduced by growing nonsusceptible rotation crops, or by n 
combination of rotation and subsoiling significant further reduction 
has follO\\Ted single fertilizer treatments. 

A striking example of such behavior was encountered in 1930 in a 
supplementary fcrtilizcr experiment with ('otton on the '1'. H. A.. 
Nelson field (no. 1), Houston black clay, gravelly phase. Here the 
level of root-l'otinfestation hilt! been greatly lowel'cd by combinlttion 
of a sorghum crop and subsoiling in 1929. The percentages of dead 
cotton, calculated from map records of the several plots dmil1g tl1C 
1930 senson, are shown in table 21, together with similnl' figmes secured 
on the SiLme tll'ea in the cotton of 1928, before !lny treatment. A. 
graphic representntion of the dnta for the subsoiled area is given in 
figure 33 A. 
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T.o\IlLlil 21.-Effect of fertilizers on Toot rot alld yield of co{(on lV. H. A. Nelsoll 
experiment no. 1, 1980 

SGfl$Of.LEO 

-------------.....,---~.-~-----.---

! Percellluges of dend ; 
coUon I lneren.qe!l 

jor decrea.<ell 
Fertilizer i I Oct 31 yield of

l'lot no.1 nnnlYses I,. . "j :;ecd cott on 
(:-\-I')O,-K,O) 'Oct.4, J9281J"'l~g(~~I~'" per acre 

before trent· ghul1I dll.c.to 
lIIen! grown in (ertlllt .• r 

(II:!!! ! 
_____~____.~______ ~.---L__~: I.__~__ 

~ 1)(IIl'lld~ 
'K-21.~ ••• _••.••• ~ ..•.•.• If>-o-O fi4.51 0.1 : !.!JI 
K-checl<'... ... •. 3.1 ' ......... . 
K-fi, .. ~ .... ~ .... ~ " " »._ ~ _."_",,,,_,,~_ ... __ . "3:(/::1' !u: L2 t J24 
'K-12.......... , .••.••• ~ •.•.• ~. :\-3-11 49.8 ' 1.5 145 
K-H...... ~ ............... ~ .............. ~. 11-3-:1 .10.4 : .1/ i 102., ,-'·K-Nleck.. .. • .•..•.•.. , '" .... ~ ••.- 50.4 i -. ~I ~..... ...... ' '" 

:\(l:\Sl' Jlf:(J I I.E () 

Cheek .••••.•....... 6:1. 5 
2l_~~ ... ~ .. _~_ .. _~ .. , "is.:o:o· 7:1.0 
5•.•...•.•.• ~'" :1-11-:1 .1\). I , 
12 ..... :J-:1-9 tis.·' 
Check 1..';.4 

<." •• 'i!=iJ=:j'14 .... (1(1.(1 

I I'lntslire !\iycn in Slime order liS Iher occurred in the liehl. 

'Yh~rens the distrihution of dend eotton WitS l'elntiYC'\Y ullif(mll in 
1928, with if Itllything a lower proportion on plots \fLtel:' mucic ehe('k 
plots, the sitll!ltion wns very dif\'erent in 1930. In the lntter Y('11I' 

there wns n marked suppression of root-rot loss on the plots tronted 
"'itll high-nitrogen fertilizers. This is true in hoth subsoilecl lLlld 
nonsubsoiled IIrellS, Illthough the lovel of infestlLtioll wns nppI'ccillbly 
higher on th(\, In,tter. Conespondingly it wus tIll' high-nitTogell l'ltt;os 
whi('h WCI'C most effce.tive in inerensing yields. 

Dntn of nllotilcr experiment on the Sltme fH1'1ll 111'('. presented in 
table 22. This arelL WfiS in ('oLton in 1929 and root rot WitS severe 
nnd lIoifo1'l1tiy distributed. It. WIIS plllnted to sorghum in 1930, WitS 

subsoilcd in the SllnUl!(~I' of thnt yellr, flnd was returned to ~'Ot.tOll in 
1931 with f('rtilizcl' trentU!(Ints ns noted. The percentnge of dead 
('otton 011 eneh plot on September 25 is shown ill the table, togcthm' 
,dth th£> effect of f£>rtilizcl's on yields. 

'rARLE 22.-Effcct of fertilizers on rool nIt and yields, W. II . .:1. Xelson experiment. 
110.2, Sept. [j;j, 1981 

Increase!l 
yield 01 

Dell(I Iseed COUol1I'lnt DO. l"ottnl.1 l Per ncre 
,due to (.,

tilill'r 

PUUIII. jJoulId., 
Bulphllie Olll!JIlllonJn, lOIi pounds..... 4.2 i 09 
Check......... ~_ ..... , .~ ... __ .•. .- fI.4 I ......... _.... ~ 

IHIJ-l', :WO IJeJunds.. " .... "" ..... . 1.7 I 185fi-IO-II. 450 llOlm(\!L"" •. . ~ •.•• ~ . ~ ...... , 0.0 1111 
SulphntQ of nllunonin, 20(j pounds••• 0.3 74 
('he('k.... .• ~ •. " ". •. 4.4 C... .. 

1 VO percent o( the nitrogen (ruUl sulphlllC 01 II IIItnon ill , 10 percent Irom cottonFced 1II,'ul. 

http:dll.c.to
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All tl'eatments were effective in inrreasing yields. While the 
differences in degree of infestation are not large, there is a consis
tently lower proportion of dead plants on the fertilizer plots. 

A parallel example was noted in an experiment in 1931 on Denton 
clay on the Carl Stl'ied fnrm.13 This I).re3" which hlld produced oats in 
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FIGl'ltE 33,-Elfrd of fertilizer Ilnthe pre\'lllcnceof root. rot, ,'1, "-, n. A. Kelson experiment no.1: iI, ret

ceninge of dend colton October 1, 1028, before trelltnwnt.; h, per(~"nln~e tlf clend col ton October 31,1930 follGw
ing sorghnm nil II suhsoiling in 1\12!llllltl fertill •.ers in 1\1:1(\. B, ('nrl Rlrled field: (J, Pereentugeoldencl cottem 
in the filII of 1\12; hefore trent Illent: b, perl'Cntngc of deml cotton October 23, 1931, following;onls in :192F-2H, 
sorghum in lU30, nod fertilizers in HI31. 

1928 and 1929 nnd sOl'ghum in 1930, had relatively little root rot 
when returned to rotton 1n 1931. It was divided into 3 plots; 2 
served IlS checks, and 1 was treated with sulphate of [umnonia. The 
datlt of the experiment. ar(' shown in table 23 and depicted grnphienIly 
ill figure 33, B. 

Ii 'rhis l.Cst WIIS conducted liS part. of Illl experiment c(lmpnring the etfects of noncotton crop lind clanll 
f11lIowing ctlrri<ld Ollt hy U. ('. :\lcNtllIlnrn or the Omce of ('olton, Ruhher, nnt! Other 1'roJlicul Plnnts. 
Through his c(l(IJ)erl1tion the Illot WIiS mnde n\'nilnllia (or supplemcntnrr fertilizer ,'xl'criments. 
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TABLE 23.-Effect of fertilizer on root rot and yield of cotton, Carl Stried field, 1981 

Dend cotton Increased 
yield ofFertiIlzer treatment ----,---1 seed cotton 

Fnll. Oct. 23, per ncre due 
192; lU31 to fertilizer 

Percent Percent Pounds
Check•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 65.0 12.6 ._._•••• __••
Sulphnte of Bmmoniu, 200 pounds per ncrc •••••••••••••••••••••••••••••• 02.S i.O 11.Check••••••••"""""" ••••••••••••.•••••••••.•••.••.•••••••••• __•••• j li.2 _.••____ •__ .95.·1 

The fertilizer was effective in increasing the seed cotton yield by 
117 p01.mds an acre and it resulted further in It significantly lower 
proportion of dead plants in the area of the treatment. 

1\. similar elIect was demonstrated in nn experiment (no. 1) at the 
Blanks plantation on Houston clay, liat phase. The experiment 

SUBSOllEO NONSUBSOILEO SUBSOIL EO NONSUBSOILEO25 

20 

15 

~ 10 A 
~ 
~ 5 

~ 0 ••••~~~~I..l!:~~bL ..liEllEZ::~~!!l•.l!:!e:!..~~!!!:I 
~ 
~ 5 

I:: 
~ 

.B 

,.. ~o" 'DO JDO 100.JOO I •• 

FERrlL.lZER APPLIED (POUNDS PER ACRE) 

FIGURE 3-I.-EJrect of fertilizers Oll thc prc\"l\lcncc of root rot, Dlanks experiment no. 1; percentage of dend 
cotton (iI) July 21, 1D31, (B) "\ugust 5, 1U31. 

field, heavily infested with root rot, was in cotton in 1928 j it was 
cropped to hegari in 1929 and 1930, and half of the area was subsoiled 
in the summer of the latter year. This treatment greatly lowered 
the degree of infestation over the field, especially in the subsoiled 
area, when returned to cotton in 1931. An experiment with a num
ber of fertilizers was conducted that year, the treatments being
duplicated on the subsoiled and nonsubsoiled areas. 

The fertilizer treatments and their effect on yields and on the dis
tribution of dead cotton are shown in table 24. These data for July 
21 are represented ~raphically in figure 34, A. The lower proportion of 
dead cotton on fertllized plots, as compared with adjoining check plots, 
is outstanding. All fertilizer treatments were very effective in increas
ing yields. In general, the effect of fertilizers on the proportion of dead 
plants w.)s inversely proportional to their effect on yields. 
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TABLE 24.-Effect of fertiUzers on root rot and yield of colton, Blanks experiment 
no. 1., lOfJJ 

j 

! D. end cotton, 1931 II Incrensed 
yield ofPlot no. Ilnd trent· I 'Fertillzer used and qunlltit~· per ncre ,! I seed cotton mont 

; July 21 J Aug 5 I[ler ncr)! due 
1 I' to (crtllir.er 

Suhsoilc(i: !----------------I--;::;;:;:: Perunt Pound! 
lS-50-600....... 6-1G-4J, 000 pounds._ ... __ ............ 1.0 I 2.3 3~5
<e •••••••••:! 
K-check....... Cheek•• __ ._........................ ..... ....... 4.6 10.1 r .. ' ....... . 

K-N-200., ___ ._ Sulplmle o( Jlmmonin, 200 pounds••.• _.... ........ 2.:; 4.8 \ :J2~ 

NODsubsolled: . i. 
50-000•••",., __ C-IG-4', 000 pounds ........................ ,.. '''1 17.7 3$.2 ! 269 

Check..... _....... _ ... Check.. __ .... _ ...................... ~ .. ~_~_~ .. ~ .... ".... _.. ~ ... ~ ... ~ ...... ! 2'2.2 .li~81 .... - .. -.... - .. ~ .. 
N-200.......... SUI\lhl\te of !Ilnmonltl, 200 l1oumI5.............. "'1' 10.0 :la.8 330 

Subsolled: ' 
K-50·300.....,. 6·1G-4', 300 pounds. __.,•••_......................! I. 2 5.0 j 316 

K-check••.•••_ Check......_.....................................1 5.3 13.5 I............ 

K-N-loo....... Sulphnte o( ommonia, 100 pounds........._.......1 1.8 5.0 i 219 

NODsubsolled: j:
K-50-3oo....._. 6-10-1',300 pounds. ____ ............. ".... " .....·r n.7 30.7\ 292 

K-c~leck.---••• {'heck..............._............ " .............. ' tS.O 46.3 ..._........ 

K-N-.lOO.... _... Sulphate o( IImmonin, 100 pOllnds .................1 1I.4 46.5 ]06


1: I 

, 90 pen-cnt of tho nitrogen (rom snlphate of ammonia; 10 percent (rom cottonseed menl. 

This db-cct effect of fertilizers seems to be largely one of retarding 
the rate of spread of the disease and delaying the killing of plants, 
By August 5, on nonsubsoiled ground, the eft'ect was less marked. 
The difference pers;sted on subsoiled ground, however, where the 
severity of the disease had been reduced to a great~r extent. This is 
shown in figure 34, B which represents graphically the records of 
August 5. 

The examples described above represent instl1nces in which, thc 
severity of rootl'ot having first been reduced by growing nonsusceptiblc 
sorghum crops 01' by a combination of this pl'Ilctice and subsoiling, 
the disease was still further suppressed by suitable fertilizer treat
ment. The fertilizer most efl'eetive under these conditions was in 
all cases one relatively high in nitrogen content. In fertilizer-ratio 
trials a similar suppression of the disease has become evident in some 
fields where applic,Ltions have been cumulative over a number of 
years. In geneI'llI it is most marked 011 those fields which have hecn 
most responsive, and the most efl'ective fertilizer has been thllt which 
increased production to the greatest extent. The Craig field presents 
the best cxample, and heTe the greatest 1'('(1 uction in root rot resulted 
froIn ratios combining phosphoric acid and nitrogen. 

In 192'i before work was begun on this field, root rot was uniformly 
distributed over the .1l-rca used for the l'Iltio-cxperiment plots. It 
cnllsed the death of 94 pC'rcent of the cotton in the wcst section of 
these" plots that yeaT. Figure 35 shows thc distribution of dpnd 
cotton on the field, the areus included in the plots, uncI the l11"ea used 
in making the following culculntions. 

Identical fertilizers were applied to tlic snme plots in eneb of til(' 
following yenl's. Onl.Y f1 yer,)' slight indil'n.tioll of dircct efl'eet "'us 
noted ill ] 92S, afteJ' 1 year's treatment. Evidence of un actual re
duction in the proportion of plants killed by tllp dise!lse became more 
pronounced with Cil('h su('cceding yell!'. In titble 25 11re given the 
percentnges of cotton killed h:y root rot hy the end of the 1931 senStll1 
on the fertilized Ilnd check plots, 'rbo lust column presen ts the I'Iltios 

http:crtllir.er
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FIGURE a.5.-Diagram of Craig fleld lit the end of the 192i season, black llnes sbowing distribution of dead cotton before experimental treutments began, and the urea included iii tbe 
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between the proportion of dead cotton on the fertilized plots and that 
on the check plots, expressed as percentages. A. value less than 100 
indicates that less cotton was killed on the fertilized plot than on the 
comparable check, while u. value greater than 100 indicates a reverse 
relationship. The comparisons 
appear more strikingly when N 

72plotted on the triangle graph 

(fig. 36). /\


70-63Both nitrogen alone (plot 21) 
and phosphate alone (plot 1) re /\/\
duced the percentage of dead cot 77-7/-8-1 
ton. The greatest reductions, /\/\/\
however, occurred fl'om ratios 66-8-1-93-/03 
combining these two constitu /\/\/\/\ents. Maximum reduction oc 65-62-7-1-/2/-/0/
curred on plot 5, which was /\/\/\/\/\treated with a 3-9-3 fertilizer. 78-108-108-98-/07-/08
This same ratio gave the greatest ~Os .. K,O 
increase in yield in 1931, and is FIGUltE 36.-Etrect of fertilizers on root rot in the R. 

1V. Crnlg experiment, showing ratio of percentage ofvery nearly of the same com dead cotton on fertlHzed plots (0 thnt on comparable
position as the optimum ratio check plots (X 100), October 26, ID31. 
for 1929 and 1930, which wus 
the 6-9-0. High potash ratios have apparently increased somewhat 
the proportion of plants killed, although the differences are probably 
so small that they luck significance. These fIgures in all cases 
were computed from map records made at the end of the season on 
October 26. 

~. TABLE 25.-Perccntdge of CO/t01~ killed by root rot on fertilized and unfertilized plots 
oj Cra.ig experiment, 1931• 

Percent dead on lertl-
Fertilizer annl- Dead cotton. liter plot IPlot no. yses Oct. 26, 1031 Rntio, Percent dead on com-X100 
(N-P,O,-K,O) parable cbeck plot ______________________1_________;________1.____________________I 

PereeTl! 
Cbeck______________ ------ -- -- -------- ---------------.[ 25.5 

19.8 78
2 •1.-----------------------------------.)____________ __________ ._____________ 0--15--11-12-:30 ;I 211.5 lOS 

19.0 65
~iicCk::::::::::::::::::::::::::::::::'._______~=~:=-~. i 29. L 

at.a lOS
~:::::::::::::::::::::::::::::::::::::l ll: g: ~ ; :1:1.6 62 

:10.8 66 

7.~Il.ick::::::::::::::.:: __ ::::::::::: _ __ .•:::::;. -------&:".~.0- r... ~ u -' 40.0 
98________________... ... .• _____ ·15.8 

·j[.O 74 
&1.0 8-1 
tH. tl 

77
40.:1 I·fi<i~~:~~j~~~~~:~l::,:~-'~1l: ~~:j~'--------H;1-1 U8.7 107 
78.0 121 

Check__________...___ ... --•••••- ..._',.. --.----- ...--; 64.59.7a I. 93 
53.5 71~t::::::::::::::::::::::::::::::::::: 19: ~: ~ 1 60.S, 70 

Check.____________._ -___ -_•• ______•• _1. _.- .--- •••• ----, 

16________ •_____ •____• __ ..........- ... ' 0- 0-15 i ~~:~ ! lOS 


8'1 'J 101
s'l:i 105 
7i.l 
(t·LS 84 

.40.8 0:1 
:IS.:I 7~1~~-~Jl-'~l~ljj_l:~:~::~-:~::::::i~:HI 5,1.3 

I Fertllizer plots adjoining check ploL~ were compured wilh lhosa plols; other fertilized plots compared 
with nvern~o ol 2 neurest chock plots. 
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E,idence of a similar reduction in dead cotton from fertilizer trel1.tments is found in others of these fertilizer-mtio experiments, ulthoughit is in nc; cuse so conclusive as on the Cl\nig field. In genel'ul, thegreatest reduction in root rot hns resulted from fCl,tilizer mtios ncarthe optimum for cotton productioll, n,nd the effect is most pl'Onouncedwhel'e fertilizers have been most effective in stimulnting plnnt growthuncI increasing yields.
It is cleu,rly evident that the increllse in yield secured in theseexperiments is not the result of n .Io\\ercd infestntion OIl fertilizedplots whel1 the nwgnitude of the two efrc('ts is considered. J?or exumple, on the subsoiled nrCH, of the Nelson experiment nO, 1, lJ. difl'eronce of 3 pm'cent in dead cotton between plots K-cheek IUld IC-21could not hnve resulted ill lin iIl('rcnsed yield of 211 pounds of seedeotton an nero for the treatment (table 21). Similarly in the Blnnksexperiment no. 1 the gren.test contrast in pCI'l'entage of dead ('ottonbetween eheek nml fertilized plots is found wllen plot 50-300 of thenOIlsuhsoiled nren. is complIl'ed with the check plot adjoining (tn.ble24). HeTe the dHfereI1('c is 15.6 peTeent. An inel'ense in yield of 202POlUlds of seed cottOIl per ll.('rc could not be n.ttl'ibutcd to such It smullreduction in root rot. In the Craig experiment 23.6 percent of thecotton died on plot 5. On the ('heek plots \\Cith which this plot iscompared mortality amounted to 38 pereent. The difl'cl'('I1('e of 14.4pereent could not U(\COllllt for an illcrcnscd yield of 363 POlUlds of seed 

1
cottOIl pel' acre. Hather the two effects must be interpreted ns beingmore or less independent, except ItS to ('fLUS(" nlthollgh the loweredinfestn,t.ioll hns necessn.rily ('on tJ'ihu ted in smull dcgl'ee to the increnseriyields hom fertilizer.
. This efrect of fertilizers OIl <'otton root-rot diS(,:lse is Jlot of sufficientmagnitude to indwnte eeollomie Impol-tunee nt pr('s('nt. It is highlysignifi(,:lnt, however, fiS reflecting the influcm'(', of soil fertility factorsin genern.I and of the relation of fCl'tilizers to the root-l'Ot disense. Italso implies tlmt the continued lise of ('Il'eetive fertilizers in successiveyenrs, together with the npplicll.tioll of otli('I' IlIeaslll'CS designed torestore or mnilltltin fertility, 11111,V eventuu.lly lend to llIlttel'inl (,Olltrol. 

CONSIDERATIONS INVOLVED IN FERTILIZER USAGE 

III the experiments reported herein response to fertilizers of suitableratio has, with minor cxe('ptiolls, been obtnin('d on the 11101'1' importantsoils of tlie Texas black-l:tnd prniri(' section. The Il1ngnitllde of suchresponses vllries 1l1nit'J'inlly with the soil typ(' and the location undpast history of fields 011 the same soil tYPI'. The ('xton t to whichfertilizer lIsage llllly find appjiclltion to increasing effidency of prod lIction and to reducing, dirc{'tJ,\T or indirectly, 10ss('s from cottonroot rot will be det(,J'mined by the llUlgnitude of the ]'(>spons(' that cnn .,Ijbe attained and by iL rl\uuIJtll' of fn.ctors of economic nature.The prevailing soil and eli1l1Mie conditions of th" section pJ'('sent ~certain problems with regard Ic) f(lJ'tilizer usnge which nrc widelydifferent from those eomrnon to the oldt'!' [('ltilizer-using terl'itory.The more. restrieted rttinfull plllccs n limit On the mnximull1 cropexpectn.tion, considernhly b('low thut prevailing in the more humidnreas of the South. The soils, having developed. under conditions ofmore limited rainfall, are in genet'lll more productive unci less l'esponsiyc to added plnnt food. Tlw latter chnrneteristic is further accentu
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ated by thehe/tvy clay texture of the prevailing soils, These factors 
have combined to present certain problems mol'C ot'less peculiar to the 
section, and optimum fertilizer practice will probably differ in some 
respects from that conllilOll elsewhere, 

]o'ACTO.~S U'~'.;CTING FEUTJUZ.;U RESPONSE 

The distribution of rainfall throughout the growing season un~ 
doubted!y affects the degree of fertilizer response in the blnck-land 
prairie section, NOl'Dlnlly, l'ainfall is adequate to insure lllll...,,;mum 
fertilizer effect in the cn.rly Pitl't of the growing season, From about 
the middle of June until the middle of September, however, rains are 
infrequent and occllr mostly as light showers, The Slll'fllCe 3 to 5 
inches of soil grnduolly lose moisture until pmcticaUy air-dry, Fer~ 
tilizel's placed in this zone accordingly become increasingly less effec
tive, This has been reflected in the development of the cotton in 
these experiments, 'fhe fertilized plots showed rum'ked superiority 
over check plots in :May and enrly June and grndually lost some of 
their advantage ilS the senSOll Ildvanced, 

The method of placement in the several experiments, pnrticularly 
in the earlier years, was determined to 11 considern.ble exton t by expe
diency, the depth depending upon whether plncement was made in 
water furrows 01' opened beds, and upon the physical condition of the 
soil at the time of fertilizCl' distribution, Opportunity was therefore 
afforded for observn,tion on the influence of fertilil"er plncement upon 
the degree of response, These obselTations have shown thnt nitrogen 
with l'elntively shallow plncement maybe fully efl'ective in any senson 
so far encountered in this section. This hus been reflected in increased 
vegetative gi'owth !lI1d deeper green color of plants with deep place
ment and shallow placement nlike, 

Phosphoric acid with shallow placement lIlllo}' be efl'cctive in a wet 
senSOIl, but is likely to fnil of producing mu,ximum retul'lls in fl, dry 
senson, On the othel' hnnd dl'C'p plncrll1ent has 1)('en fully as effec
tiye us shnllow' placement in wet yeurs, Accordin~ly, n depth of 
plncemrnt npproximntrly 401' 5 inches be'))Nlth the soil s\lrfnce seems 
best suited und('J' nll conditions, A positiyc correla,tion between 
degree of response' und dCpUl of fertilizer placement cnn be shown in 
these experinwn ts, ])P('I> plnc('ment, thi>l'pfo/'O, offers opportunity 
fOl' p:\tPllding the period or 1ll1l.xilllUlll f(,l'tilizer C'f}'ect well beyond the 
period of spring mins, 

As pointNI out ina pl'cvious s('ctiolJ (p..47), a number of fertilizer 
matel'inls, in pnrticulnl' thl' ImlmOni\llll phospbates, poss~ss properties 
which should mnln' thcm espednUy slIitllbll! 1'01' lISC unde!'· Tcxns 
lJlnck~lnlld prfliric conditions, Th(~ l'XPPl'iIl1P1l ts hltyc demonstrnted 
their ndvuntngc in mnny instances OY('I' ol'(linul'Y commcreial mnte
l'inls illl'espect to enhnnced endy pll1nt growth n.nd uecclcrnted llHltu
rity, und it is notewOl'th~,' tlw,t sl1('h nclYll.lltngc WflS most pronounced 
:in the driest sen son encotllltcl'Nl, 1930, This is highly signifiCllnt, 
and suggests (hnt It 1,)('tt(,1' IIllciPt'stnnciiJ1g oI thcse mnterinls mn~~ lend 
to enlwllced l'ctU1'llS, 'York nloug th(,5<' lint'S is being continucd. 

The e{J'ectiVCIH'SS of {'ertniB conccntl'llt('d f(,l'liliz('l's in these expel'i
ments slIggrsted that pHrt or [heir yulu(' might be dur to their gl'nnulnT 
structure 01' large pnl'tiele size, Tht' l:I.I'gcT pnrticles migh t bc ex
pected to dissolve, ulld becomc tlvniLnblt, morc slowly, Accordingly 
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experiments were conducted to compare coarse (3.5- to 5.5-mm 
diameter), medium (2.5- to 3.5-mm diameter), and fine (less than 1
mm diameter), superphosphate particles combined in 6-10-4 fertilizers 
and applied to n, number of soil types. The result!'! are not conclusive, 
but indicate some advantage for the larger particle sizes. Coarse 
superphosphate (IS-percent P 20r.) particles which had been applied in 
the field before cotton was planted were dug up nnd annlyzed on 
August 22. It is significnnt thnt these particles contained at that 
time 9.14 percent of totnl phosphoric acid, of which 1.03 WIlS water 
soluble and 8.92 percent citrate soluble. 14 Because of relatively deep 
placement they were in moist soil at the time nnd accordingly had 
been a potential source of readily available phosphoric acid for the 
growing cotton thl'onghout the season. 

The distribution of minfall in this section makes the use of side 
dressings or split fertilizer applications uncertain. Fertilizers higher 
in nitrogen with respect to phosphoric acid than those in common use 
were found most effective on Houston black clay, HOllston clay, 
and Wilson clay. In regions of better distribu ted rainfall these pro
portions of nitrogen and phosphoric acid would probably be supplied 
by applying mh:ed or complete fertilizer before planting and following 
this with a, side application of nitrogen. Here, with rainfall uncer
tain after time of chopping cotton, this practice cannot be followed 
with any reasonable nSSUl'nllCe of success. Accordingly, if a continu
ation of these experiments substantitttes present findings, the need 
for such l'Iltios will be indicated. 

METHOD OF FEUTIUZEU API'UCATION 

Common practice in this section is to bed or list the land for 
cotton in fall and winter. At planting time these beds are levelled 
off with a sweep on the planter which deposits the seed below the 
surface of the resultant, almost leyel field. Bedding is practiced 
as a means of insuring moist soil in which to plant, and for the addi
tional object of securing drainage while the cotton is in the seedling 
stage. 

lfertilizers for the experiments already described have been dis
tributed from a week to 10 days in advance cf planting. One of 
two methods has been followed. Either the fertilizer was deposited 
in the water furrows between the beds and the land subsequently 
rebedded; or beds were opened with a middle breaker or sweep, 
fertilizer distributed, and the beds then thrown back in their original 
position. A type of distributor was used which deposited the ferti
lizer in a rather concentrated stream and about an inch beneath 
the bottom of the furrow. Figure 5 shows fertilizer being dis
tributed in this manner. 

Such a method of application involves considerable risk. Drying 
winds are the rule at the time when placement must be made; and 
the soil may lose enough moisture to necessitate a delay in planting 
until rains supply the deficit, which may be beyond the optimum 
date. It further entails considerable labor. 

Accordingly some e]l."periments were initiated in which fertilizers 
were distributed at planting time with attachments on the cotton 
planter. Standard equipment was used with some simple modifica
tions. Figure 37 shows cotton being planted on an experiment 

.. Analysis by E. R. Collins, assistant soli technologist. 

http:soluble.14
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with a standard two-row plnntcl', while fertilizer is being distributed 
simultaneously with specially modified attachments. These experi
ments llave demonstl'ated the entire fensibility of such p1'actice, 
although, with the experience gnined, SOl11O further modifications in 
the design of the fertilizer-distributing machincry suggest them
selves. Such equipment will, when vel'f~cted, reduce to a minimum 
the overhend cost of fertilizC]' use. 

ECONOMIC CONSIOEUATIONS 

Fertilizcr usnge is not an established practice in this section, and 
much of the work has necessarily been of an experimentnl 11ltture. 
The rntes of fippiicntion have in most cases been fil'bitl'Lll'Y nnd 
ratller libel'nl in mngnitudc. The sOllrces of plant food have not 
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FIGURE 37.-Metbod or applying rertIlizer simultaneously with plantIng by tbo use or attachments on 
n two-row cotton plantor. • 

necessnrily been the most economicnl, and fertilizers have not been 
p~plied on nrells larger than the plots ordinarily Hsed in such experi
ments. In their inccption the plnns of the experiments did not 
necessnrily contemplate their study from an economic point of 
view; nevertheless data have accumulated on which such a study
might be based. 

The price of cotton will determine to 11 lfil'ge extent the )l'ofits to 
be anticipated from the use of fertilizer, n11d. this will of C0111'se 'Ill'y 
from yefir to yCllr. The cost of fertilizer will vary, but within more 
narrow limits. Ourrent vnluations for Ii number of the more coinmon 
fertilizer analyses are given in table 27, computed on the assump
tion that the sources of nitrogen, phosphol'ic acid, and potash are, 
respectively, sulphate of ammonia alone, 20 percent superphosphate, 
and muriate of potash. Fl'om the experimental results and these 
data the reader may make his own calculations, and these cnn be 
adjusted to meet locnl and $Cltsonnl conditions. 
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TABLE 27.-Approximate nvcmye retail cosl I of e:-cperimenlal fertilizers used in 
1930-31 

Fertilizer analyses Cost per Fertiliz~r anaiyses Cost per
(lOO- !lOo·Cost per Cost per\lound poundton tonRppl!. appli·

No. N-P,O.-K,O cation No\ !N-l',O.-K,O cation 

- I ---
I..•..••..•...•. 0-11;-0 $18.J8 $5.45 0-3- 6 $25.80 $7.711 
.1............... 3- g·a 22.03 0.61 ll::::::::::::::1 o-a- 3 aD. 07 0.20 
8 ............... 3- 0-0 21.54 0.46 16.............. ()-/J-15 15.78 4.73 
9............... 0- 0-3 20.34 7.90 21.............. 15-0- 0 30.78 11.93 
12._............ 3- 3-9 21.07 11.32 


I Costs c3icIlIated from dl\tl\ rcportCll by Fraps Rnt! Asbury (/7, p. 11): Cost of nitrogen as in sulphl\to
of ammoniu, 13.26 conts per pound; phosphoric Reid as in 20 percent suporphosphate, 6.00 conts per pound;
potnsh as in murillto of potash, 5.211 cents per pound. 

If the average price received by producers on December 15, over 
the pel'iod from 1920 to 1930, inclusive, is tuken as the value of the 
cotton, and the cost of fertilizel's is coniputed as above outlined, the 
increased yields produced by the more effective fertilizer in the trials 
on the most prevalent soils will pn,y the cost n,t least. By such cal
culations most of the experiments show u narrow to ...rery satisfactory 
mUl'l:,rin of profit. As regards soil type, fertilizer n,pplication is shown 
to be highly profito,ble on Wilson cln,y loam und Denton cluy. The 
mm'gin of profit is quite sn,tisfn,ctory on HOllston cln,y, Bell c1o,YJ und 
Irving clay. Fertilizers on Honston blaek cll1V und Wilson clay paid 
their cost in increllsed cotton yields and yiel<led small profits when 
the returns foJ' all veal'S of the' experiments llre considered. Soils in 
the first group seem to offer possibilities for t.he prnctielll introduction 
of commlwcin,l fertilizers on n, field sco,le. On soils of the last group 
specific trials on n, smull scale should precede fwd serve as a guide for 
more extcnsiyc utilization. The soils of the second group occupy an 
intermediate position in this respect. 

Furthermore, as demonstruted by the results reported, fertilizers, 
through their efl'eet in accelemting maturity, furnish inSlll'ance 
against excessive losses from the root-rot diseuse, insect damage, and 
deteriorating influences to which the cotton crop is subject fiS the 
sen.son progresses. Thev hllYC also been shown in many instances to 
effect fl, direct, though 'gradunl, control of Not rot itself. In the 
degree to which these effects lire manifested the mltl'gin of profit. will 
be increased. This will contribut.e to maximum eInciency of pro
duction. 

A numher of other fnctors have been brought out in this study 
which 1mve befiring on the economics of fertilizer lIse. Among these 
arc the following: 

Evidence hns been presented to show that on somc of the morc productivc soil.; 
10\\'er norc mte$ of :\pplicaiioll than 600 lJOnnds might be used with almost equal 
effect. Sueh applications wouid, of course, permit wider margins of profit. 

"Marked residual effect of fertilizers lilts been dell10nstmtcd on prndicnlly all 
of these soils. Accorrlingly, the current yenr's incrcllse in yield eanuot be tl\ken 
as the full mensurc of benefit of It single application. 

}'ertilizer-disiributing nHtchinel"Y attached to the ('otton planter hilS })roved 
practIcable. This will reduce tIt(} ov('rhClld cost of npplieation to a low level. 

IVork with concelltmted fertilizers has showll thllt sOllle have spC(:illl vJ\lue 
under these conditions. These materials may rensonnbly be expected to cost less 
per pound of plant food than ordinary rOllluu::rcial goods. 
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It has been possible to increase the effectiveness of fertilizers by better adaptcd 
placcment. Further knowledge of the placement factor may pcrmit even grcater 
economies. 

The use of larger particle size than is common in ordinary fertilizers offcrs 
promise of incren.sing their effectiveness. 

These factors must be given consideration in any attempt to fore
cast the value of fertilizers for the soils of this section. 

REL'ATION OF FERTILIZER USAGE TO OTHER MEANS OF CONTROL 
OF COTTON ROOT ROT 

As pointed out in the introduction, extensive invesl':.gntions on the 
control of cotton root rot thus far reported. have not developed means 
of a.ctual eradication of the disease on a field scale.. While attain
ment of snch an end is much to be desired, it would uppear thu.t, for 
the present, the most hope.ful prospect is so to plan CUltural operu.tions 
in the production of cotton that losses may be evaded or ofl"set to as 
great a degree as possible. Pl'fictices developed by the work of other 
investigators !1nd in the experiments described herein may be made 
to contribute to such control of root rot us to i.nsure production of fi 
crop, with minimum loss, even though infestation by the disease is 
still prevalent. 

Orop rotation has been udvoc!1ted us !l control m.eusure and experi
ments have demonstrated thu.t, under lllfiny conditions, introduction 
of appropriate noncotton crops in the crop sequence is effective in 
reducing losses (.11, 12, 13, 14, 66, 70). For t.his purpose sorghum 
hus proved among the most efrective crops on root-rot-infested ground. 
Olean fallowing, in certain instllllces, has likewise been effective (14, 
31, 32, 70). Deep tillage in late summer, !lS exemplified in subsoiling 
experiments by this division and others (13, 14) has greatly reduced 
the loss of crop in the succeeding SetlSon. 

Without question, the above-described efl'ects of fertilizers in 
evading, counterbalancing, or directly reducing losses from root rot 
will be enhanced and wj]l nttain their maximum when such fertilizers 
are judieiously employed in conjunction with these other treat.ments. 
It is entirely conceivable that a ru,tional practice combining fertilizer 
usage ,yjth one or more of these cultuml treatments, as conditions 
dictate, through material control of cotton root rot from year to year, 
m!1y eventually, as a cumulntive effect lead to !lctual eradication of 
the diseuse in mflny fields so bal1cUed. 

SUMMARY 

A progress report is presented of the results of field experiments on 
the relntion of 1'ertilizer usuge to the control of cotton root rot, con
ducted in tbe blnck-land prairie section of Texns during the period 
1928 to 1931, inclusive. These experiments were designed to test the 
effects of fertilizer trentments upon the growth and yield of the cot,ton 
crop under conditions of root-Tot infesta.tion, and upon the resist!tnce 
of plants to the diseuse. The tests were conducted in cooperntion 
with cotton growers und on field stations of the Buren,u uf Plnut 
Industry nncl the 'l'exus Agricultural Experiment St!1tion; nnd ·they 
were so distributed as to cover the most prevalent soil types and the 
variations in climatic conditions clmracteristic of the section. 

Fel'tilizer-an!1lysis experiments, based on the triangle system, with 
applications of mixture.;:; containing iL total of 15 percent of plant food 
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at a rate of 600 pounds an acre, in some instances 300 pounds an acre, 
were carried out on representative areas of the several soil types. The 
data presented include results from five such trials on Houston black 
clay, each extending through 2 or 3 seasons, and from 1 experiment on 
Houston clay; 2 years' results on Bell clay; 4 years' results each on 
Wilson clay and Wilson clay loam; 2 seasons' results on Irving clay; 
and 3 years' results on Denton clay. 

For the section as a whole the greatest fertilizer response, in accelera
tion of maturity and in increased yields of cotton, hus ~een secured 
from the combined n,pplication of nitrogen and phosphoric acid. 
Nitrogen alone has usually shown a marked effect on early plant growth 
and color of foliage i but in only a few cases has such fertilizer given 
the greatest increase in total yield. A few fields have responded to 
phosphoric acid alone. For maximum effect on the majority of the 
soils, however, the two constituents must be present in combination. 
There has been relatively little response to potash, insofar as plant 

. growth and yields are concerned; and in these respects the element is 
apparently of minor importance on the black-land soils. 

The results on Houston black clay indicate a response to fertili:-:ers 
relatively high in nitro~en, with increases in yield ranging from 13 to 
53 percent, after apphcation of fertilizers containing nitrogen and 
phosphoric acid in ratios of 1:1, to 3:1. Most pronounced accelera
tion of maturity resulted from ratios of higher phosphoric acid content, 
although higher nitrogen ratios were also effective in tIllS regard. 
Fertilizers applied at a rate of 300 pounds per acre were nearly as 
effective as the 600-pound mtes. The trend of response on Houston 
clay was similar; but in the instance reported, the magnitude of yield 
increases was greater than on most of the Houston black-clay fields. 
In the experiments on Bell clay there was a trend toward pronounced 
response to phosphoric acid, with marked hastening of maturity and 
increases in yield of 28 to 34 percent from fertilizers containing a 1:3, 
to 1:1 rn.tio of nitrogen and phosphoric acid. On Wilson clay appre
ciable acceleration of maturity and increases in yield ranging from 19 
to 28 percent were obtained from fertilizers containing 6 to 9 percent 
of nitrogen, 3 to 6 percent of available phosphoric acid, and about 3 
percent of potash. Wilson clay loam proved to be the most responsive 
soil encountered in the experiments, with marked acceleration of 
maturity and increases in yield ranging from 68 to 117 percent, from 
ratios high in phosphoric acid. The principal response was to phos
phoric acid; but the presence of some nitrogen and perhaps a SInOn 
proportion of potash in the mtio appeared necessary, particularly 
after repeated fertilizer treatments. Irving clay also responded to 
ratios relatively high in phosphoric acid, with marked acceleration of 
maturity and increases in yield of 23 to 47 percent from 1:3:1 to 
2:3:0 or 2:3:1 ratios. On Denton clay marked res,ponse was obtained 
from applications of nitrogen and phosphoric aCId in combination, 
with increases in yield amounting to 48 to 82 percent. Little or no 
consistent response to any fertilizer mtio was obtained in the experi
ments on Miller silty clay loam or on the Houston clay loam at the 
United States San Antonio Field Station. 

The data show evidence of an appreciable residunl effect of fertilizera 
as successive applications to the same areas become cumulative. The 
effectiveness of a given treatment must be judged by the average 
results over a term of years rather than by a single year's returns. 
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Results of supplementary experiments with concentrated fertilizer 
materinls, particularly the ammonium phosphates, have shown their 
marked effectiveness in accelerating early plant growth and maturity 
,in certain seasons. The increases in ~yield compared favorably with 
those from ordinary commercial materin.1sj but the results were not 
entirely consistent, and have not demonstrated the advantages of such 
concentrated materials over those of lower analysis that might be 
anticipated on theoretical grounds. 

In tests of various sources of nitrogen no decided advantage for any 
of the common nitrogen carriers wns demonstrated. 

Marked response to phosphoric acid was obtained in cotton following 
clean fallow on Wilson clay. The increases in yield were of such mag
nitude as to contribute materially toward compensating for the loss 
of crop during the period of fallow . 

.Application of nitrogenous fertilizers to cotton following crops of 
sorghum resulted in increased yields of such magnitUde as to offset 
the unfavorable after effects of the sorghum and to provide a further 
increase in yield. 

Evidence is presented to show the importance of the appreciable 
acceleration of maturity effected by favorable fertilizers in most of 
the experiments os a means of evading losses of crops due to progressive 
killing of plants by root rot. Likewise the increases in total yield 
are in most cases of such magnitude n.s to more than compensat~e for 
losses that would otherwise occur. These two well-defined effects of 
fertilizer.s combine to provide means of indirect control of the disease. 
Instances are cited in which such indirect control has been operative. 

Data are also submitted which demonstrate conclusively nnd rela
tively consistently a significant reduction in the proportion of cotton 
killed by root rot where fertilizer treatments have been effect.ive in 
enhancing plant growth and vigor and in incrensing yields of crops. 
This direct effect of fertilizers, while of insufficient. m!lgnitude to be of 
economic importance per se, is highly significant as reflecting the 
influence of soil fertility in general and of the use of fertilizers on the 
effective virulence of the root-rot disease. It also implies that the 
continued use of appropriate fertilizers in successive yenrs, together 
with the application of other mensures designed to restore or mnintain 
fertility may eventuaUy lead to material control. 

When such effects of fertilizers are taken into consideration, their 
use may prove economically practicable and profitable ever. on soils 
where the increased yields alone are relatively low. To such degree 
as the magnitude of all effects can be enhanced by most effective 
placement, selection of most suitable materials and rfl ~los, and most 
efficient utilization of minimum rates of application, to the same 
degree will the practicability of fertilizer usage on these soils be 
enhanced, and the greater will be the profitableness on more responsive 
soils that aheady justify fertilizer usnge. 

The maximum effectiveness of fertilizers in respect to control of 
cotton root rot will, under many conditions, be attained when they 
are applied in conjunction with crop rotation, fallowing, modified 
tillage, nnd other cultural treatments. Cumulatively, continued con
trol by such measures combined may eventually lead to eradication 
of the disease in fields so handled. 
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