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CHAPTER I 
4 

IHTRODUCTIOK 

itxch interest bas developed in the productive capacity of soils 

and their response to oanagMent* This thesis is an atteapt to stu^jr 

the laroductive oapaeity of certain soils in an envirosuMntal setting 

idiere distinct soils can be compared with respect to maxinunp- productive 

capacity as well as in their response to ceztain isanageiaent variables* 

lAich of the past experioentation has been devoted to studyii^ independent 

aanageaent variables within a given soilj whereas few attempts have been 

aade to eoD^pare the responee of a given set of variables on several 

soils simaltaneooely. The use of various localities and the studjr of 

aoils individually at various tiaas do not give valid eonqparlaons for 

the purpoee of estinating yields and conqparing soils; however* to etuify 

soile under the sane envLroiaental setting provides additional infomaticm 

idiich anables iaxa»r» to bettor allocate their resources aaong soils* In 

addltloni fem planning decisions can be nade with a highar dii^;ree of 

refineiient* 

The purposes of this study werwi 1) Using field conditions, to 

estlraate the waTlrauBt yield on four East Tenoaasee soils in 1957 

have a rathar wide range of physical profile properties; 2)to c(»5>ars 

soil productivity as neasured by com grain yields at different nitarogen 

and population levels on a particular soil as well as amag soils; and 

^MbtItiwiti or potential yield in this thesis will Indicate the 
highest grain yield obtained m a particular soil in a given year* 
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3)to dtt«rain« tho eoablnAtion of population and nitrog«i '■hlch wnild 

gi-vo wmr1,Tinwa yield on each soil. 

Com nu vuied as Indicator crop In this study for a msobar 

of reasons. It is ralatlvely sensitive to laolsture fluctuations^ it 

is a sumiaer orop» and it can be groen shen soil noisture stress is at 

Its oaadjaun. Com is widely grown and occurs In practically evsoy 

soil region In the state. INpo wain factors are resp(»slble for the 

growing of com on a wide range of soil types t 1} com is a relatively 

high-value crop* and 2} during highly favorable growing seasons com 

has produced reasonably profitable yields even on seme of the loss 

productive soils. 

linVihif I 



CHilPTER II 

SEIECTHa) LITERATURE REVIEir 

Soli Broductivlty 

The productivity of « «oil Is di^>enid«nt on aore than just tlui 

sup}^ of plant nutrients It contains. It Is easy to sake a soli 

cheaicaHy fertilei hosever, all chemically fertile soils do not yield 

alike heoause of differences in their physical and biological profile 

propezties* The yield potential of a soil is not the saae eaoh year 

since seasonal variations affect the capacity of a soil to produce. 

Ihysical favorableness and its related potential yield sill vary with 

the soil type, its position on the landscape, and the wsy it has been 

managed. 

In suBBaarizing the soxk done over a period of approxiiaately forty 

years, Bauer et (2) stated that axtroBB soil differences can be 

greatly reduced by appropriate chemical treatments. Odoll (12) iadloated 

that cropping systems and soil treatasnts should be considered for 

determining levels of asuiageraent to be used when measuring and conjparing 

soil productivity, Odell (13) azid Bell (3)further pointed out that 

various physical characteristics within soils limit their ability to 

produce, Ckie of these physical properties is the sone of clay accumulation 

idiieh restricts root penetration and/or water percolationi hcwmver, a 

coarse sandy texture which permits excess percolation beyond the root 

sone causes a dxouthy soil condition. When moisture and tasperatuxw 
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coz^tlons are limiting factorsf pliysical paroperties limit the productive 

oapadtjT of ea^ soil^ and in so doing dtetenaine the inoreaae that ca" ba 

otitained by eliminating ehoBieal and/or biological deficiencies* Fhilure 

to recc^nise this mill result in uneconcRalcal fertilisation of soil Igrpes 

mlth less favorable physical properties* 

Otm of the beet maye to neastxre physical Haltations «f soils is 

to compare yields on soils with different physieal propertieSf but havlre 

similar ̂ emical properties either naturally or by treatment* Smith 

Smith (20) indicated that, with sufficient yield data and at a given 

managaaent level, ttie productivity of a given soil can be predicted with 

a reasonable ̂ tegree of accuracy. Odell and Smith (H)further substantiate 

this ty citing evidence ftrom crop records that show a "distinct toadancy 

tor long~tis» average farm yields to cluster about the mean of the soil 

tjrpe and nanagesMNBt group to which each belongs.f 

Ihfloanee of Hltrogen and Bopulation on Held 

Sitrogen and pdant population are variablee of production *ich 

have been the subject of many research investigatione. Applied nitrogen 

usually gives good yield response and is an easy variable to use In 

measuring yield response. Population has received much attention In that 

varying levels of plants per acre have been useful in measuring both soil 

productivity and effects which spacing had on plant behavior wwrf yield* 

long (11)» nsing two hybrids and varyli^ the applied nitrogen up to 120 
pounds per acre, found that twelve thousand plants per acre gave the 

highest yield with a full season prolific hybrid, and sixteen 
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plants par aem rMulted in the highest yield for an early single-aarad 

hybrid* Ihiing eight* ten* teelye and sixteen thousand plants per acre* 

Osgood (15) found that the higher populations piroduced significantly 

higher yields, in Mississippi, ahere the soil fertility was stifficient 

to produce above the sixty-bushel level. Duncan (7)in lose found that 

yields were inozeased by using plant populations above twelve 

plants per acre tidiere the fertility level was adequate. Using 180 

pounds of nitrogen per acre, Hinkle (8) in Arkansas found that signifi 

cantly higher yields were obtais»d at the sixteen thousand «t the 

twelve thousand plant arate with four out of five hybrids tested. 

Bounds et (17) and Pendleton st (16) showed that yield response 

of com to nitrogen side-dmssing increased as plant population levels 

were raised. Stringfield and Ihatc^ (2li) found that the effect of 

increasing plant population on grain yield was auoh greater at high 

at low fertility levels. They also pointed out that different stand 

levels showed little response with poor soil treatments but reached 

higher yield levels with better treatments. Smith (21) using differsnt 

rates of nitrogen fertiliser eoncluded that high plant populations were 

necessary to utilise higher rates of nitrogen. Seem and Huber (18) 

pointed out that aeasureraents of true yield differences dus to fertilizer 

application are often unmliable due to lecii: of stand. 

Lodging Effects 

nth the advwt of medianical pickers, factors shich affect the 

ability of com to stand erect have become more and more important, Mn/fh 
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of th« lit«rature contains information related to this subject* Bounds 

et al» (17) pointed out that rate of planting and stalk lodging effects 

uere not consistent]^ related. Loi^ (11) stated that the percent of 

lodged plants mas greatest at the highest population of sixteen thousand 

plants per acre. Stringfield and Thatcher (2U) concluded that the increase 

in stalk breakage uas the aost serious effect of higher z«tes of planting. 

Xkanta ami Qiandler (10) found that in nost oases nitrc^en application 

brought about a sasU but fairly consistent increase in lodging, but uas 

significant at only tuo of six locations tested. 

Shelling B«rc«itage 

Studies hsTB shorn that the eustmaary ueight of ssrenty^ pounds 

per bushel or a shelling percentage of eighty ia not a true value for 

aoae of the turn IqrhrLda iMch are groan at cloee epaeinge. Duncan (7) 

found shelling percentage to be significant]^ higher at higher populations 

in one of four tests and a tmideci^ for shelling percentage to increase 

uith populations above eight thousand in the other tests. 

Chemical CoaqKwition of Leaf Tissue 

Blth sore and laore eaqdMsis being placed on high rates of 

fertilisation, invustigators have turned to the plant to determine boa 

effectively it is using these elements. Some of the things that are 

being observed aret 1)the variation in the content of different 

elenwits found in the plant as these affect the ability of the plants to 

produce, and 2)the degree to sdxich the plant and its environaent can be 
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manipulated to get the desired aaount of certeln eXemwits taken hy 

the plant. Grants and Chazxller (10)found that potash content of the 

leaves was closely related irLth the potassium in the soil and that the 

leaf content ineEPsaaed eith both potassiTim and nitrogen fertilization, 

they also found a small but cozutistent deextMUM in leaf phosphorus with 

potash applicationi and that the jdsMphorus content of the leaf eas 

affected to a greater extent by tw level of soil phosphorus than by 

the addition of i^osphate fertilisers. Tyner (26) reported that 2.90 

percent nitrogen^ 0.29^ percent phosphorus and 1*30 percent potassium 

man the tentative optimum leaf concentrations for these elemants above 

ehich respoDse to further Inerements of these elements in the plant at 

the full silk stage mas doubtful. He pointed out further that final 

yields in relation to these values sill depend on the supplying power of 

the soil as well as climatic conditions which affect the rate of release 

of nutrients from the soil and the physiologic growth of the plant. Be 

pointed out further "that the full silk stage is the optimum time to saoqple 

com becauset 1) morphologically and physiologically) this is a comparable 

stage for all com varieties; 2) it is a time when nutrient requirements 

are very high; 3) the weight of vegetative parts is at or near Its peak; 

U) nutrient reserves must be high to meet the demands during development 

of the grain and) as a result) the relative nutrient reserve in the 

plant is measured. 

Effects of Reimnring loaves on Yield 

Since a part of the fdant has to be removed for waking the tissue 

analysis) the effect that this has on yield should be taken into 
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consideratioa. The difference in yield betwoTO that obtained after 

removal of one leaf and that obtairrad with no leaves removed eas net 

significantf as reported by Bergenwma (5). 
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CHAPTER ni 

METHODS AND PROCEDtJHK 

S«Xeotion and Description of Soils 

The soils used in this «cperiaent -sere located in Enox County 

along Pireix^ Broad River about ton miles east of BwjcviUe on 

'SHl.liaa H. lioore's fam. As individuals« the fottr soils srere 

considered to be very uniform and situated on one farm vithin a oaa^ 

half mile radius of each other. The slope of each soil ranged from less 

than two peircent to practically flat areasj with slight or no erosion. 

Sobertsville silt loam (23) is a poorly drained fragipan planosol 

occupying a flat to depressed high second-bottom poeition. The surface 

horiaoa is a darlc gray, very friable silt loam with weak fine granular 

structure. The B horiaon ranges from a daric gray to gray, firm, fine 

silty diiQr loam with moderate medium angular blocky structure. 

Etowah silt loam (23) is a well drained Red-Yellow Jbdaolic soil 

occupying a terrace position, idiich is about fifteen feet higher than 

the BobertevUle silt loam. The surface horiaon is a very dark greyish 

brown, very friable silt loam with moderate medium granular structure. 

The B horiaon xanges from a yellowish brown to strong brown silty clay 

1<MUB with moderate medium subangular blocky structure. 

State loam (23) is a well drained soil occupying a second-bottoa 

or low terrace position. The surface horizon is a dark gjrayish bronn. 
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Tery £rLabI« Xoaa with laoderatd laedlum granular structura. 'Sam B 

horlBon rangea f^ram dark brcnan to 8tx^>ng brown, flm hea:vy sllty clay 

loam with ooderata aedium snbangular bXodcy struotura* 

Congaree Xoaa (23) la a well drained A C aoiX occupying a n.ood 

plain position. The surface horizon la a daxi: brown, very friable loam 

with weak fine granular structure. The or A^ horizon is dark bdroaa 

slightly compact clay loam with weak fine and aediun granular structure* 

Detailed pqrofile descriptions are found In Af^ndicea C, D,£ 

and F. 

fiiqperimetttal Design and Treatments 

^ A randomize c(»q}lcte block design was used. In this experiment. 

a plot wzs considered to be an area fourteen feet wide and thirty feet 

long or lA^U aare. This eonsleted of four rows forty-two inches apart 

and thirty feet long, The treatments consisted of varying plant populations 

and rates of nltr^en fertiliser. Within mch soil, tiiese rates were 

adj\isted to allow for apparent differences among soils. Gn the BobertaviUe 

eilt loam, plant populations of four, eight, twelve, and sixteen thousand 

plants per acre were used, along with 0, 60, 120, 180, and 2U0 pounds of 

nitrogen per acre. Cta the Etowah silt loam and State loam, the nitrogen 

treatments were the same as on Bobertsville silt loam, idiereas the plant 

populations were eight, twelve, sixteen, twenty, and twenty-four 

llants per acre. On the Congaree loan, plant populations of eight, twelve, 

sixteen, twenty, twenty-four and twenty-eight thouaand, and nitarogwi mtee 

of 0,60, 120, 130, 2U0, and 300 pounds per acre were used. Each possible 
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eofflbliuitlon of populatioo and nitrogen aae replicated four times -sithin 

soils* 

The following legend may be referred to in later discussion of 

experimental treatments} 

FOants Wk Lbs Wx 

n k Kl 0 
P2 8 112 60 
?3 12 H3 120 
li} 16 180 

20 2U0 
F6 21} IS6 300 
P7 28 

Each soil received a broadcast ai^lication of approximately 500 

pounds of and $00 potinds of 1^0. This was applied as 2^00 pounds 

of 0-20-20 per acre about one week prenrlous to planting date. This 

aaterial ms spread with an "Easy-flow* distributor and thoro^Jghly disked 

into soil* At time of planting* approximately forty pounds per acre 

of 1^0 and were applied to each soil as 200 pounds of 0-20-20 per 

acre* This was applied during Idie seeding operation and was placed two 

inches to the side and ene inch below the seed* The above applications 

were made in an atteaqpt to keep and K2O from being limiting factors 

of production* As a further precaution 100 pounds per ton of Es-Min-El, 

a almr element material, was added to the row application of 0-20-20. 

Soil tmBts shown in table I were made to determine the levels of 

calcium, magnesium, potassium, and phosphorus. After studying the soil 

tests results, individual soil tzeatmants were made* In an att^* to 

raise the level of exchangeable magnesium, Bobertevllle received 

approximately 200 pounds per acre of Epsom salt (HgSOU.THjO), Tb bring 



 

12 

'■^3 

TABIE I 

RESULTS OF SOIL TESTS OF PLOW UTER TAKEN mRCH 15, 195? 
BEFORE SOIL TREATMENTS 

Sxchang. Ca Exohang, K Available P Exchang, % 
Sou , PH Ibe/A lbs/A lbs/A Iba/A 

Eobertsville 6,7 23hO 80 13 8 
Etcnrah 6,7 3560 220 16 72 
State 5.6 1500 300 23 88 
Coi^aaree 3700A'} 180 13 192 

T I iilfriilinihfi%i 
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th« pH of State loaia to a more favonibla levels approxiaately U*000 

pounda per aore of dolomitlc Unestone (93alt percent CaC03 oquiyalent) 

eae applied. Both the dolonitio liaeetone and the Bpeoa salt eere 

broadcast and thoroiighly disked Into the soli. Soil tests results shoen 

In table II Indicate that reasonable success eas aohleTsd In raising the 

level of those elements applied. 

Dixie 29> a fall season prolific h3d>rid> mis used for this 

experiawnt. All soils mre seeded at a unifOTB rate mlth a com 

planter and thinned to the desired stand idien the plants sere teelve 

to fifteen Inches tall with the exception of Etoeah shich mas thinned 

shen the plants eere ilK>ut six Inches tall. If the plants could have 

besn ermly spaoedy the distance between jlants would have been approximate 

thirty-seven, eighteen, twslve, nine, seven, six, and five liudMS, 

respectively, for four, eight, twelve, sixteen, teenty, teenty-four and 

twenty-eight thousand plants per acre. Ihe plant populations at harvest 

time closely approximated those idiioh were intended at time of planting. 

Just prior to thinning, a aide-dressing of smmonlum nitrate wee ai^pUed 

as ths source of nitrogen. The total asomxt of nitrogen was applied at 

this tiaw. To apply the nitrogen as unifomly as possible, the desired 

amount for four thirty-foot rows was converted to grams and divided by 

eight. This gave the asKiunt needed for each side of one thirty-foot row. 

An initial weighing was made and the volimm of this weight was calibrated 

on the side of an "ice cream" carton iddoh was used thereafter to measure 

the amoimt of aimoonlum nitrate to be applied to each side of a thirty-

foot row. The asBKmium nitrate was then applied by hand directly from 

the "ice cream" carton. 
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TABLE II 

RESULTS OF SOIL TESTS OF PLOW UIER TAKES OCTOBER 1, 1957 
AFTER SOIL TREATIIEHIB 

Exchatig. Ce Excnazig. K Available P Exchanc. 
Soil pH lbs/A IWA lbs/A lbs/A 

Bk}b«rt8vill« 19006.3 153 35^ 50 
Etomih 6.6 3100 liOO+ 35^ 90 
State 6.3 1750 Uoo+ 35^ 300 
CoQgaree 5.8 2300 272 35* 190 

r 

• V, ^ - , 
; • •. . * • •? . ' 

.5 r : .j ^ ̂  ? ■*. v» .. . 
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13i« planting oparation bagan April 21, 1951 and aaa cooplatad 

vithin four days. Ihe harraat operation began September 2U» 19^7 but 

due to eeather conditions mas not oonpleted until October 1, 1951» 

Collection of Soil Samples and Laboratozy Analyses 

The surface of each soil sas sampled by taking about tselve borings 

and making a oooposite sample* these samples sere tested for pH* available 

phosphorus» and exchangeable calcium^ potassium and magnesium. Using a 

soil paste the pR sas deterain»i ly iseans of Beckman pH meter. The method 

used b7 the state soil testing laboratory sas used to determine available 

];^os:^oru8. The esoshaxigeable cations (Ca> K« and Ug)sere determined, 

slth the Beckman flame lactometer» using an amnonium acetate extraction (19). 

ftLLnfall Ibita 

to determine the actual rainfall> ''Bainmeter" rain gauges sere used 

at each soil type location. To supplement this information an extra rain 

gazige sas used at 'Uie home of the cooperating farmer, idiere a closer 

observation of daily rainfall could be made. 

lieUiod Iteed to Determine Certain Agronomic and Oiemieal Characteristics 

Collection of Tissue Samples 

TSxa collection of tissue saaqples sas done on individual soil types 

as the com reached the stage in j^ysiologic maturity of full silk and 

pollen shed (26). Due to variation in tareatiaeats, there sere differences 
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la dates at trtiieh iadlvldual plots reached the desired stage for saiydlng# 

An attest sas aade to even this out by selecting desirable plant8> with 

respect to stage of grovth* iiithin plots. A tissue saijg>le consisted of 

six leaf blades collected from the leaf opposite and belov the ear 

closest to the ground, this would be the sixth-leaf from the ground in 

laost cases. Samples were takwn froa the two center rows, 

laboratoiy Analyses of Com Leaf Blades 

tlie nitrogen content of these leaves was deteralaed by a aodified 

Qunning-Kjeldahl aethod (1), A wodification of the wet oxidation 

procedure of Toth et al, (25) was used for ashing all samples. The 

caloitimf asignesium* and potassium content of the tissue was determined 

by a Beekaan "DU" flame spectro^ootoaeter equipped with a idiotomultiplier 

attachment, A modification of the method described by Toth et al, (25) 

was used to determine the phosphorus eontrot of the tissue on a Bausoh 

and Lcsab spectrophotometer. Detailed procedures are found in the 

Appendices A and B, 

Shelling Percentage and Moisture 

the shelling percentage for the com grawn on ea<^ soil was 

determined by takixjg about eight to ten ears from sach plot In each 

replication and making a coaposite ssaq^le of about fifteen pounds for 

each Individual treatment, the shelling percentage was determined for 

sach sanple* and the mean of these samples was used as the shelling 

percentage for each soil. Percent moisture was detsndned from Idisss 

same samples, usii% a Steinlite moisture tester. 
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Yield 

The two center rows trom. each ];d.ot vere harvested to obtain the 

yield data* The area hanrested was aj^^roociraately 1/207 acre. Each plot 

wut hBnd*4iarve8tedj and the ear com^ with huak reaovedy was placed in 

burlap be^s and weighed. After a sasgple was taken for determining 

shelling percentage^ the reaaining com was discarded. Chrain yields were 

corrected to 15.5 paremt laolsture and to the shelling percentage 

detencLned for each soil. 

ledglagt Barrm Plants^ and Moaber of Ears 

IndiTidual coimts were aade at harvest tioe to determine the 

nuaber of barren plants and nuidier of ears per plant. For lodging 

counts, plants broken below the point of attachment of the ear 

considered "staUc lodged." iFlants leanli^ more than forty-five di^reee 

from the venioal were considered "root lodged," For the purpose of 

dlscueeion, the root plus stalk lodged plants will be referred to as 

lodged plants with stalk lodged making up approodmately ninety percent 

of the total. 

-• i . 

A 



CHAPTEB IV 

REStlLTS AHD DISCTJSSIOK 

Held data mre 8ubJeot«l to etatletlcal analyses as outHiied by 

Snedecor (22). Analyses of varlanoe usiaa^ Individual observations were 

done on the yield data to deteraine the variations due to nitrogen 

levels, populations, replications, soils, and their interactions. 

The mLtlple range test (6) was used to detenaine the significance 

of the differences beteeen aeans. lihen using the tables for the multiple 

range tests, any two meaxis underscored by the same line are not 

significantly different from each other at the ,05 level of probability# 

The legend on poge 11 may be referred to when etu^jring the nwltiple 

range tests. The analyses of variance and multiple range teats were made 

using individual soils, and collectively using comparable treatmients 

among soils. In all eases, the multiple range tests for significance 

between treatment means were done byi 1) holding applied nitrc^en 

constant across all population HMans, 2) holding population constant 

across all applied nitrogen means, and 3)i^owing applied nitrogen and 

population to vary and conparing treatment means. 

Finally, multiple regression analyses wwa done, by soils, to 

correlate population and applied nitrogen to yield. To report these 

results, continuous foactlonal curves were diwwn on graphs to show the 

relation of nitrogen and population to yield. Ohless otherwise indicated, 

all statistical e<M3?)arisona were made at the .05 probability level. 

Plant behavior, leaf analj-wis and climatic conditions were discussed 

separately trm yield cosgmirisons. No attempt was made to ̂ p]y 
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•tatlailcttl probablHtlea to plant behavior> tissue analyses vlth the 

eoceeptlon of those for nltrogeUf or eHoatlo factors. The leaf analyses 

were discusswl in terms of optimum levels of certain elements at the full-

silk stage in physiologic maturity} however» since applied nitrogen was 

OEM of the variables in this sttidy« regression analyses were donej by-

individual soils> to determine the correlation between yield percent 

nitrogen in the plant at the full silk stage. 

field Comparisons 

Bobertsville Silt Loam 

Yield da-ta and related statistical ccaapu-taticms obtained for 

the analysis of variance and multiple range testa> reepectively, are 

presented in -tables III A, B, and C. Observation of the yield data 

shows a aariced and conslstsnt decrease in yield on replication four. 

An inspMtion of the soil for tiniformity, and careful consideration of 

other known factors bars failed -to give aiy explanation for this decrease 

in yield. For lack of substantiating evidence to discard the replication, 

it -sas given equal consideration in the statistical analyBis. 

The F tests in table III B show that the estliaates of variance 

for nitrogen, population, and replications were significant at the .01 

probability level. The interactions be-twsen sources of variation -were 

not significant* 

From ths multiple range tests, maximum msan yields were noted at 

both high nitrogen aiKl high population levels, but were not significantly 

different from the next highest mean yields when either nitrogen or 

population was held constant. 
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TABLE III A 

rmss IH BUSHELS PER ACRE AT VARIOTS NITROGEN AND POPOUTICSJ 
TREATMENTS ON RQBERTSTILLE SILT LOAM 

fee^uLicationa 
Plants m/A Lbo n/a I U Mean 

h 0 60.5 61i.3 60.2 58.6 
li 60 62,2 60.5 71.U U2,5 $9.2 
U 120 61.6 $k.9 $6.k iO.3 $h.O 
h 180 68,5 69.3 6U.7 h7.9 62.6 
h 2kQ 68.1 70.2 66.5 1*2.1 61.7 

8 0 80.7 68.7 71.6 1*6,2 ^6.8 
5 60 82.2 81.1* 88.2 69.5 80.3 
8 120 82.1 79.7 76.2 52.1 72.5 
8 180 73,0 85.0 75.1* 5U.0 71.8 
8 21*0 87.1 79.0 93.1* 59.1 79.7 

H 0 72.2 76.7 71*.3 61,3 71,1'
12 60 77.5 87.7 79.9 62.1* 76.8 
12 120 85.1 86.2 81*.3 81.1 81*,2 
12 180 91.6 92.9 81*.8 78,5 S6.9 
12 21*0 95.1 98.9 101.3 50.2 86.1* 

16 0 72.2 99.8 79,5 53.8 76.3-
16 60 91,6 78.6 71.5 79.1 80.2 
16 120 91.1 92.9 83.6 56.0 80.9 
16 180 101.7 99.3 91.6 61.1* 89.2 
2^ 21*0 112.1* 87.5 82.7 71.2 08.1* 

./7 /•;
'' . .. , , i" * • » f .—1} 

; ■. - , f,. I ""»■V ■ ■ ■ ■ y f-

, '.<• 
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TABIS III B 

TISUB IH BISHEXS PER ACRE AT VARIOUS NITROGES AHD POPUUTIC® 
TREAiyESTS ON EOBERTSVILLE SILT LOAM 

ANALYSIS OF VAPJAIKX 

Degrees of 
Source of Vaxdatioa Freedom Mean Squares r 

Total 79 
TreatsMKit 19 1*71.16 7.96«* 

NLtrog«a U 291.79 U.93»* 
Population 3 2330.57 39.35«« 
Nit. X Pop. 12 66,10 1.12 

Replications 3 2361**57 39.93»* 
Error 57 59.22 

Nit. X Reps. 12 57.73 ,9h 
Pop. X Baps. 9 5l.Wi .83 
Nit. X Pop. X Reps* 36 61.66 

** SlgiiiTleant at .01 probability level. 

. s- '• , > I f. v.. : 

I«a .'■ '-"-tYi vi iri ^ - JiLt ^ 
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TABLE III C 

TIELDS HI BOSHELS PER ACRE AT VARIOUS NITROOSI AHD POPUUTIC® 
TREATMENTS ON ROBSRTSVILLE SILT LOAM 

MULTIPLE RAHOE TESTS 

No. Means 2 3 h 5
S. 8. Ra]%e *05^ li.9 $.3 $.h 

Treatoiente and Mean Iield> Bushels/Acre^ 

Plants M/A 

L N3 n H2 n5 Nit 
• 5U.0 58.6 59.2 61.7 62.6 

nUA ^ N3 n5 N2 
® 66.8 71.8 72.5 79.7 80.3 

N2 N3 n5 nU12 
71.1 76,8 8ii.2 86,lt 87.0 

N3 n5 Nitrf., S2 
80,2 80.9 88.1; 89.2 

IR>. lisans 2 j' li 
S. S, Range ,0$ 5,7 5,7 

Lbs N/A 
n P20 P3 Pit 

58.6 66.8 71.1 76.3 

60 
PI a Pit P2 

59.2 76,8 80.2 80.3 
n P2 Pit P3120 

51t.o 72.5 80.9 Bit.2 
PI P2 P3 Pit180 62.6 71.8 86.9 89.2 
PI P2 P3 Pit 

61.7 79.7 •86.lt 88.lt 

2Any two a»&n8 imderscored ly the aaoe line are not eignificantly
different from each other at the mC5 level of probability. 
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ftie highest and eecond highest rates of botti nitrogen and 

population frequently exchanged places to produce mrtwum yieldsi but in 

those oases differences sere not signifleant« The maxiiBun yield of 

89.2 bushels per acre eas obtained with 16jCXX) plants and 180 poimds of 

nitrog«» p«r aere> but was not significantly different from the yield 

obtained with 12;iOOO plants and 180 pounds of nitrogan per acre, lith 

Ii^OOO plants per acre* yields were significantly lower at all rates of 

applied nitrogen. Ihle would indicate that li«000 plants per acre was 

not a high enough population to utilise the soil nitrogen. 

Btowah Silt Loam 

Held data and related statistical coi^tations obtained for the 

analysis of variance and muXtiole range tests* respectively* are presented 

in tables 17 A* B* and C. 

As shown by the 7 tests in table IV B* plant population and 

replication effects were significant at .01 probability levelj 

however* nitrogen did not explain a significant aaonnt of i^e variation, 

the Interactions between sources of variation were not significant. 

In relation to the other soils studied* total yl^ds* as well as 

rssponse to inputs of oanageasnt* were not in the order of magnitude 

that is ordinarily eopected for this soil. One of the major factors 

contributing to low and varying yields aiuang plots ims s thxee-eedk delay 

in germination of appraxlmately ninety percent of the total plants present. 

Adequate soil moisture for plant growth was present* but a cover crop of 

zye* which preceded the com experiment* luy have caused a reduced water 

supply in tiie siirface soil to an extent idilch restricted germination. 



TABLE IV A 

riEIDS IH BUSHELS PER ACHE AT VARIOUS HITRDOEN AMD POPUUTION 
TREATMENTS OH ETOHAH SILT LOAM 

Replications
H-antg l^A Lbs n/A "I— 2 3 U Mean 

6 0 $6.3 11.1 $6.8 13.0 $0.0 
8 60 66.2 19.$ 67.8 $0.8 $8.6 
8 120 $1.3 11.1 $1.3 15.6 18.2 
8 130 67.6 57.7 $3.1 19.3 57.0 
8 210 18.1 $1.1 $1.9 55.2 $1.7 

12 0 19.0 17.6 61.7 $6.8 $3.8 
12 60 83.7 61.3 63.3 60.3 67.1 
12 120 67.6 12.7 $1.3 12.0 51.6 
12 180 $6.0 58.1 61.$ 60.8 $9.9 
12 2hO 60.3 12.9 19.8 39.6 18.1 

16 0 11.6 $8.5 16.6 39.7 16.6 
16 60 61.2 $3.8 $1.0 $7.2 $6.5 
16 120 $8.8 76.1 71.3 $0.8 61.3 
16 180 18.3 11.3 $0.0 $9.2 $0.1 
16 210 81.2 11.1 75.7 16.2 61.8 

20 0 18.9 $1.5 71.2 15.3 $5.0 
SO 60 $2.8 69.9 $9.917.1 $7.5 
20 120 62.8 11.8 63,6 13.3 $2.9 
20 ISO 76.7 71.5 66.3 37.6 63.0 
20 210 $9.1 $9.6 $3.3 $0.3 55.6 

2h 0 $3.6 33.7 11.9 26.1 38.8 
2h 60 62.1 29.8 $1.1 $1.6 18.7 
21 120 1$.2 13.6 $6.1 13.1 18.3 
21 180 11.1 31.1 35.3 36.1 37.5 
21 210 17.6 71.9 $7.2 38.8 51.6 



OC 
CM 
, 2$ 

mm XT & 

TIEIJ)S IK BUSHELS PER ACRS AT VARIOUS HITftOGSK AKO POPULATICW 
TEIATMEMTS 0» ETOHAH SILT LOAM 

ANALYSIS OF VARIANCE 

Degraes of 
Soxiree of Variation Freedom F 

Total 99 
Treatiaezxt Zk 20li,9k 2,J42<m^ 
Nitrogen h 201.$7 2,39 
Ropulatioa h 132.99 5.13*» 
Hit. X Bop. 16 II48.78 1,76 

Replications 3 559,85 6,63** 
Error 72 au.us 

Nit. X Heps. 12 1;7.56 .Hi 
Pop, X Iteps, 12 30.U$ 
Nit, X B}p, X Reps, m 107.22 

»*Significant at .01 pfrobability laTal. 
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TABIS 17 G 

HEEDS IM BOSfOSLS PEE ACBB AT VARIOUS HITROOIN AND POPUUTICEl 
TBEATMENTS ON EKtMH SILT LOAM 

IRILTIPLS RANGE TESTS 

Ho« Means 2 3 1) 5 
S. S. Range 5.8 6.1 6.3 6.1) 

Treatments and Itean Yieldf Bushele/Acre^ 

Hlante u/A 
8 (N3) 

1)8.2 
(HI) 
^.0 51.7 

(Hi)) 
57.0 

(N2) 
58.6 

12 (N5) 
1)8,1 

(H3) 
51.6 

(HI) 
53.8 

(Hi)) 
59.9 

(N2) 
67.1 

16 (HI) 
1)6.6 

(nU) 
50.1) 

(H2) 
56.5 

(n5) 
61.8 

(N3) 
61).3 

ZQ (N3) 
52.9 

(Nl) 
55.0 

(n5) 
55.6 

(!^2) 
57.5 

(Hi)) 
63.0 

Zk 
(Iti)) 
37.5 

(HI) 
38.8 

(N3) 
1)8.3 

(N2) 
1)8.7 

(h5) 
51).6 

Lbs n/a 

0 (P6) 
38.8 

(H)) 
1)6.6 

(P2) 
5o,o 

(P3) 
53.8 

(p5) 
55.0 

60 (P6) 
1)8.7 

m 
56.5 

(p5) 
57.5 

(P2) 
58.6 

(P3) 
67.1 

120 
(P2) 
1)8.2 

(P6) 
1)8.3 

(P3) 
51.6 

(P5) 
52.9 

(Pi)) 
61),3 

180 (P8) 
37.5 

(Pli) 
50,1) 

(P2) 
57.0 

(P3) 
59.9 

(P5) 
63.0 

21)0 (P3) 
1)8.1 

(P2) 
51.7 

(P6) 
51).6 

(P5) 
55.6 

(pU) 
61.8 

^Shorb«8t sigxiifleant range* 
2^Any tao aeana underaoored tay the saiae line are not ei^fleantly 

dlfTerent frtna eaeh other at the *05 level of probability. 
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Sbis dtlay in gemination put the date of aaturlty at a tis» the 

iBOiature supply eas at its loeest during the eeason, 

Flrom the multiple range tests* it appears that yield inoreaees 

mere zust significant above sixty poozkUi of nitrogen per acrej hoeever* 

yield response to both |dants per acre and added nitrogen eas not 

eonsistnit. Populations of 16*000 and 20*000 plants per acre gave 

wsadsBim yield la aoet eases. Ihe saxianim yield of 67*1 buahels per 

acre eas obtained vith the 12*000 plants and sixty pounds of nitrogen 

per acre trsatasnt* ehieh mas significantly different from 8,000 plants 

and sixty pounds of nitrogen per acre. 

State loaa 

Tleld data and related statistical computations obtaiiMd for 

the analysis of variance and multiple rai]ge tests* respectively, are 

presented in tables VI A, B, and C, 

The analysis of variazice in table VI B emphasizes the aaomt of 

total variation explained by plant population. Plant population is 

shown to be significant at the .01 probability level, but nitrogen did 

not explain a significant amount of the variation evwi at the ,0$ 

probability level. Variation due to repllcatione mas significant at 

the .01 probability level, but interactions betmeen sources of variation 

mere not significant at the .05 probability level. 

Amm^ replieations, variations in yield from ooaparable txmatmente 

may be noted| hoeever, it is not knomn ihy these variations occurred. 

/ -

i. V •• • 
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TABI£ VI A 

YIELDS IN BUSHELS PER ACBE, AT VARIOUS NITROGEN AND POPUUTIOH 
TBEATMEHTS, ON STATE 

!Replication» 
ELants i</A Uw 1 3 1* Mtan 

8 0 107.6 10l*,6 9l*.5 83.9 97.6 
a 60 101.1 63.5 IOU.3 97.8 96.7 
8 120 103.6 108,8 96.6 108.8 10l*.5 
8 180 120,1 10l*.9 95.2 78.7 99.7 
8 21*0 nU.l* 102,9 93.8 102.3 103.1* 

12 0 107.7 113,9 113.6 81*.9 105.0 
12 60 118,8 109.6 10l*.2 111*.5 111.8 
12 120 115.6 U6.1 102.9 101.8 109.1 
12 180 110.6 122.1* 111.7 101*.8 112.1* 
12 21*0 116.6 117.1 112.5 102.7 112.2 

16 0 131*.5 129.1* 100.3 99.1* 115.9 
16 60 117.0 137.0 lll*.0 117.8 121.1* 
16 120 131.0 118.7 120.1* 111.6 120.1* 
16 180 126.2 11*3.9 121.8 90.6 120.6 
16 21*0 130.5 113.5 115,1 116.7 119.0 

20 0 123.1 138.0 127.1* 85.6 118.5 
20 60 132.1* 125.9 117.5 9U.5 117.5 
20 120 13U.1 137,2 135.2 119.7 131.6 
20 180 135.1 118.3 128.8 116.6 121*.7 
20 21*0 11*0.3 130.1* 129.0 112.6 123.1 

21* 0 137.0 13l*.l* 105.6 90.0 117.0 
2U 60 135.5 I3l*.5 lll*.3 138.1* 130.7 
2U 120 n5.7 130.5 12U.6 121.2 123.0 
21* 180 11*2.5 133.0 11*3.9 121*.8 136.0 
2U 21*0 130.8 121*.8 123.7 112.5 122.9 
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TABLE 71 B 

YIELDS IH BUSHELS PER ACHS AT VARIOUS HITHOaES AHD POPUUTION 
TREATaESTS ON STAIE LOAM 

ANALYSIS OF VARIANCE 

Degrees of 
Source of Variation F^edoa liean Squares 

Total 99 
Treatment 214 1458.16 l4.82«» 

Nitrogen It 192.12 2.02 
Population k 2275.59 23.96«» 
Nit. X Pop, 

Replications 3 
16 

1659.55 
70.30 .714 

17.l47«* 
Error 72 914.99 

Nit. X Reps. 12 171.55 1.82 
Pop. X Repa. 12 21.03 .22 
Nit. X Pop. X Reps. 18 914.33 

•eSignificant at ,01 pro]femJ>ility l^viri.. 
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TABLE VI C 

YIELDS IN BUSHELS TER ACRE AT VARIOUS NITHOOEH AND POPDUTICa 
TREATMENTS ON STATE LOAM 

MULTIPLE RANGE TESTS 

No, Means 2 3 It $ 
S. S. Range! .05^ 6.1 6.1* 6.7 6.8 

Treatiaents and Mean Yield, Buahela/Acre^ 

HLants M/A 
(N2) (Nl) (Nit) (n5) (N3)8 
96,7 97.6 99.7 103,It iolt.5 

12 m (N3) (N2) m (Jit) 
105.1 109.1 111.8 112.2 112.1* 

16 (HI) (n5) (N3) (Hit) (N2) 
115.9 U9.0 120.1* 120.6 121.it 

20 (H2) (Nl) (Nit) (Ii5) (N3) 
117.5 118.5 12l*,7 128.1 131.6 

2h (HI) (h5) (N3) (ri2) (Nit)
117.0 122,9 123.0 130.7 136.0 

Um N/A 

0 
(P2) (P3) (Pit) (P6) (P5)
97,6 105,1 115,9 117.0 US.5 
(P2)60 (P3) (p5) (Pit) (P6) 
96.7 111.8 117.5 121.it 130.7 

120 
(P2) (P3) (Pit) (P6) (p5) 

lOli.5 109.1 120.1* 123.0 131.6 

180 (P2) (P3) (PU) (P5) (P6) 
99.7 112.U 120.6 121*.7 136.0 

2U0 (P2) (P3) (Pit) iP6) (P5) 
103.lt 112,2 119.0 122.9 128.1 

^ho3i;<wt significant range* 
'Any t*o moftns imd«r8cor«d the ean» line are not elgnlflcantly 

different front each other at the ,05 level of probability. 

https://Range!.05
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The enalyeie of Tariance showed that very few significant yield 

increases were obtained when population was held constant and additions 

of nitrogen were nade} howewert yields were iiMsreased with up to 180 

pounds of nltrc^en per acre. IBien nitrogen was held constant^ significant 

I—yti»int yields were obtained at twenty and twenty-four thoiisand plants 

per aczw. ^e mximiB yield of 136*0 bushels per atnre was obtained with 

2l(jOOO plants and 180 pounds of nitrogen per acrwy and was significantly 

greater than the yield obtained at SOjOQO )i;4ants and with 180 pounds of 

nitrogen per acre* 

Congaree Loto 

Held data and related statistical computations obtained for the 

analysis of Tarianos and aultlpls range testsj xwapectively; are 

presented in tablee VII A, B, and C* 

This soil gave uniform rMpoose to treatoents and yields tfimmd 

vexy little variation among replications* 

There was a significant amount of variation explained by nitrogen 

X population interaction at the probability levels as shown by ths 

F test in taUe VII B. The reswdning sources of variation were shown to 

be significant at the *01 probability levels with the exception of the 

coB^nents of the pooled error teina. 

With no applied nitrogen* yields were significantly lower* 

across all populations* than the next highest yields except with 6*000 

plants per acre which did not provide enough plants to give a significant 

response regardless of the nitrogen applied* Usan yield response to added 

nitrogen was not as great as was the response to increase in plants per acre. 
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t&BtS 711 k 

IIEIDS IM BOBHBLS PER ACRE AT VARIOUS NITROGEN AND POPULATION 
TREATMENTS ON CONGAREE LOAM 

Replicationa 
Plants ̂ /A Lbs n/A 1 2 5 u Mean 

6 0 111.3 110.7 102.0 116.7 U0.3 
8 60 110.6 105.2 111;.2 118.0 112.0 
8 120 llli.2 112.3 112.5 115.3 113.6 
8 180 9$,h 115.3 112.1; 113.7 109.2 
8 2h0 110,0 115.7 109.5 12U.1 lll;.8 
8 300 llli.6 1114.0 113.0 120.2 115.U 

12 0 105.0 111.6 115.1; 131.5 115.9 
12 60 117.1 115.1; 121.9 137.1 122.9 
12 120 123.7 139.5 123.1; 13U.8 130.3 
12 180 129.5 130.1 137.9 lho.3 13l;.l; 
12 2liO 125.3 121;,2 126.7 133.3 127.1; 
12 300 120.9 123.2 136.1; 135.1 123.9 

26 0 122.2 123.3 126.5 127.5 12k.9 
16 60 120.1i 137.8 130.7 133.01U3.1 
16 120 13U.3 138,5 13U.8 lij;.2 138.0 
16 ISO 117.0 11;3.0 11^2.1; 159.1 liO.l; 
16 2liO 13ii.8 ll;7.6 ihi.e 1U;.3 11;2.1 
26 300 13ii.2 IU6.9 IUO.9 11;3.6 ilA.U 

20 0 llUh 117,2 115.2 131.1 UB.7 
20 60 139.8 12li.9 128.8 135.1; 132.2 
20 120 135.5 1I;2.2 ll;8.2 153.5 lhh.8 
20 180 1145.0 139.2 11;8.5 153.0 lh6.h 
20 2U0 137.0 163.2 ll;2.1 150.3 11;9.5 
20 300 126.5 129.2 135.9 153.2 136.2 

2h 0 121.6 m.i; 102.1 13l;.9 117.5 
2U 60 117.h 11;8.8 132.7 11;7.2 136.5 
2U 120 117.U 132.0 liO;.© 150,9 136.1 
2U 180 115.3 119.5 138.6 139.2 128.2 
2h 2liO 135.2 125.0 1U7.6 li;i;.9 130.2 
2h 300 lli2.6 131.2 Ih^.S li;7.7 iia.8 

28 0 110.1 120,6 112.0 113.3 lli;.0 
28 60 136.9 133.2 129.3 11;6.3 136.U 
28 120 lli6.8 137.9 130.0 129.2 136.0 
28 180 132.7 126,6 137.8 iU8.a 136.5 
28 21^0 138.0 137,0 139.9 137.5 138.1 
28 300 119.2 131.8 lli3.1 129.7 130.9 
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X&BLE VII B 

TIEIDS IN BUSHELS PER ACHE AT VARIOUS SITHOQEK AND POPUUTION 
TBEATMENTS ON CONQAREE LQAU 

ANALYSIS Of VARIANCS 

Begins br 
Source of Variation Fre«doa 

Total 11^3 
Treatii»nt 35 519.38 9.534I# 

Nitrogen 5 1058.50 I0.9li*» 
Population 5 2093.20 21.63*» 
Nit. X Pop. 25 96.79 1.76* 

Beplicatione 3 1006.01 18.l46*» 
Erwr 105 51t.52 

Nit. X Repe. 15 51.73 *9k 
FOp. X Repe. 15 55.2U 1.01 
Kit. X Pop. X Repe. 75 5U.9U 

^»Signific«nt at ,0$ probability level. 
*M6ignifioant at .01 probability level. 

i , 
r-i v '' 

\i >- ■» 'I V ^ ' 

* , *■* 
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tABlE ?II C 

IIEIIJS IH BUSHELS PER ACRE AT VARIOUS NITHOQEN AHD POFUUTION 
TREATUEHTS ON CONQABEE LOAM 

MULTIPLE RAMQE TESTS 

Nb. USeans 2 3 4 5 6 
S. S* Bangs 5.9 6.2 6.3 6.5 6.6 

Treatments and Iban Yields Bushels/Acre^ 

Hants y/k 

8 (nU) 
109.2 

(H) 
U0.3 

(N2) 
112.0 

(N3) 
113.6 

(N5) 
114.8 

(S6) 
115.4 

12 (Nl) (N2) (K5) (n6) (N3) (n4) 
115.9 122.9 127.4 128.9 130.3 134.4 

U (»1) 
12U.9 

(N2) 
133.0 

(N3) 
138.0 

m) 
140.4 141.4 

(n5) 
142.1 

20 (Nl) 
118.7 

(fJ2) 
132.2 

(n6) 
136.2 

(N3) 
144.8 

(n4) 
146.4 

(n5) 
149.5 

2ii (Nl) (n4) (N3) (N2) (?^) (N6) 
117.5 128.2 136.1 136.5 138.2 141.8 

28 (m) 
114.0 

(N6) 
130.9 

(h3) 
136.0 

(N2) 
136.4 

(n4) 
136.5 

(n5) 
138.1 

Ii>8 n/k 

0 
(P2) 
110.3 

(F7) 
114.0 

in) 
115.9 

(P6) 
U7.5 

(P5) 
118.7 

(14) 
124.9 

60 (P2) 
112.0 

in) 
122,9 

(P5) 
132.2 

(pU) 
133.0 

(F7) 
136.4 

(P6) 
136.5 

120 (P2) 
U3.6 

in) 
130.3 

(P7) 
136.0 

(p6) 
136.1 

(Pii) 
138.0 

(f5) 
144.8 

180 (P2) 
109.2 

(P6) 
128.2 

in) 
134.4 

(P7) 
136.5 

(14) 
140.4 

(P5) 
146.4 

2itO (P2) 
114.8 

(P3) 
127.4 

in) 
138.1 

(P6) 
138.2 

(p4) 
142.1 

in) 
149.5 

300 
(P2) in) in) (P5) (P4) (P6) 
115.4 128.9 130.9 136.2 141.4 141.8 

^Shortest slgnifleant ranga* 
2Any tw) means nnderscored by the same line are not significantly 

different from each other at the .05 level of probability. 
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%i«n nitrogen «as held constant} at nitrogen levels f3rom 120 pounds per 

acre to 300 pounds per acrey plant populations of tmnty tiiousand plants 

per acre gave the highest yieldS} and these sere significantly higher 

than all other population levels, fhe waxtwqB yield sas obtained at 

20}000 plants and ZkO pounds of nitrc^sn per acroj ad sas slgnlfloantiy 

greater than the yield obtained at 16«000 plants and 2Uo pounds of 

nitrogen per aors. 

Yield Coaparlsons Among the fottr Soils 

Belated statistical asaputations obtained for the analysis of 

variance and multiple range tests# irespectively# are presented in tables 

IX A} B# C and D« 

Ibr ths purpose of oosgsuring soils# only those treataents shieh 

occurred across all soils are considered. Thus three population levels 

ranging from 8#000 to 16#000 plants par acre# and five levels of applied 

nitrogen ranging from aero to ZhO pounds per acre# are used in the 

co!!^)arisons« 

using coiiQ>arable treatments among soila# treatments X soils and 

population X soils interactions eere highly significant at the ,01 

probability level as shoim I9- the F tests in table IX A. All other 

interactions mere not significant. Badi individual source of variation 

mm significant at the .01 probability level# mith the exception of tlw 

conqponents of the pooled error term. 

The multiple range teets clearly indicated that more greater 

significant differences mere obtained by holding nitrogen constant and 

varying population «ian by holding population constant and varying 
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TABLE IZ A 

TIEIDS IN BDSHEIf FER ACRE TSOU COMPARABLE TBEATNENTS AMOm ALL SOILS 

AKALISIS OF VARIANCE 

Degrees of 
Source Freedom Mean Squares F Value 

Total 23? 
Soils 3 $8172.17 l*22.1*8*e 
Bei^icatlona vrithin soils 12 899.15 13.57»» 
Treatment Ut 7U9.61 5.U1**» 

Nitz^>gen h 576.81* 1*.19** 
Population 2 3771.11 27.38** 
Nit. X Pop. 8 80.62 0.63 

Treatment x Soils hZ 137.69 2,08»» 
Nit. X Soils 12 e2.ij6 1.21* 
Pop. X Soils 6 li58.98 6.93** 
mt. X Pop, X Soils 2li 81*.99 1.28 

i5rror 168 66,27 
Nit. X R* within soils U8 69.1*8 1,00 
Pop. X R. within soils 2lt 1*7.1*5 .68 
Nit. X Pop. X R. 
within soils ?6 69.36 

««Slg:nlfleant at *01 pjrobability level. 

fy 

. > . i lAitiilh'r-jfaii.iiitii-r II .ati.i. 
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nltrog«n. CongarM loasf In th* fofoz^-Boll eoaparlsony gam wyinw 

yieldSf Kith 16^000 plants on each nitrogen rate^ and these were 

significantly different from all other treatments eithin a specified 

nitrogen rate* It appeared that in all cases the lev population vaa 

inadequate to measure the productiTe potential for a given soil. lielda 

from the sero nitrogen plots indicated tiiat relatively high levels of 

eoil nitrogen vere present. This explained to a great extent idiy «dded 

iQitr<^en failed to give yield inoreaaes that mere ctmparable to Increased 

yield due to added levels of population. In additioni the low population 

levels probably did not use the soil nitrogen adequately, 

%ien populations were held constant and the effects of applied 

nitrogen on yield vere studied across soils» it vas found that the 

yields troBx each soil occupied distinct levels ranges 'riilch vere 

significantly different from the preceding soil. Two exseptions of no 

significant difference vere found between the high yield on State loam 

and low yield on Congaree loaa> at the 12,000 and 16,000 plant par acre 

levels. Arranging the soils from lowest to highest, in terms of yields 

produced, the soils were ranked in the following order* Etovah silt 

loam, Bobertsville silt loam. State loam, and Congaree loam, A clear 

picture of this is shown by a bar graph, page li3, 

Frosi the tissue analysis data, presented in Appendices 0, H, I, 

and J, it is indicated that the content of elements in the plant at the 

full Bilk stage vas near or above optimum (26) on all coils. This 

seemed to indicate that distinct yield differences among soils vere the 

result of the nutrient supplyii^ povnr for each soil as influenced by 

climatic conditions after the physiologic date of full silk. Apparently, 
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FIGURE I 

MAXIMUM YIELDS OBTAINED ON FOUR SOILS AND YIELDS OBTAINED 

AT 8.000 PLANTS PER ACRE WTTM NO APPUED NITROGEN 
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iriuure fertility levels are adequate# yield differenoea are c^Eoressions 

of the soil's available eater supplying capacity and aeratloni hoeever# 

In this study# no attempt eae made to measure the available eater during 

the groeing season* Other factors may also be responsible for differences 

In yield among soils. 

Yield as Influenced by later and Other i^tors 

Ihe surface texture of each of these soils appMred to lie elthin 

a range that alloeed the rainfall to penetrate the surface and did not 

appear to account for the yield differences obtained among soils. Rain 

fall mas practically the same oxi all soils# and surface runroff aj^eared 

to be equally as uniform. 

Maxl.nmn yields from Congaree exceeded the naximua yields from State# 

the next highest# by thirteen bushels per acre. Congaree probably had an 

effective rooting depth that mas unsqualsd by any of the other soils. The 

structure# organic matter oont«xt# and aeration also appeared to be morm 

favorable on Cor^aree than on any of ̂ e other soils. These factors 

favored the gromth of corn on Congaree by favoring release of essential 

elements and utilization of nutrients bsr the plants. The com roots mere 

probably able to tap a relatively larger soil volume during periods of 

moisture strees. 

State and Congaree had many similarities# but differed because 

State has a relatively higher accumulation of clay in the B horlson. Such 

a physical oonditlra in the B hoilBon of State probably affected relative 

effective jrooting depths# soil aemtion# and moisture supplying capacity. 

The effects mhich clay# in the B horlaon of State# had on the above 



IS 

factors lasy explain to a large extent the yield difference of thirteen 

bushels per acre between neximua yields on State and Congaree, 

Ihen pi^loal profile properties were obeerved* State and Stowah 

appeared to be slsdlary yet there was a aaarlTOua yield difference of 

sixty-nine bushels per a^re between the two aoils. Ihis difference In 

yield was doe laalnly to delayed seed germination on Etowah. Bila 

allowed com grown on Etowah to matttre when eoll moisture was low. 

Stowah was situated higher on the landscape than axxy of the other eolls> 

end clay cwstcnt throughout the profile was greater than In State, but 

these probably did not accotmt for a substantial aaanint of yield 

difference between State and ̂ owah. 

Rcjibeziimrille was not altogether different frc^ the other soils| 

however, the gray color as Indicative of the iron etatus throughout the 

profile and the texture end atruoture of the B horison would sera to 

Indicate that factors influencing soil formation of BobertsviUe have 

been greatly different frra the factors Tdiich influenced formation of 

the other three soils. Those conditions which resulted in the reduced 

state of iron may also have affected tlw status of essential elements and 

their relation to plant growth. Bie fragipan probably influenced effective 

rooting depth, but poesibly aeratlcm was not a Uniting factor for this 

particular season. The fragipan horiaon in the lower B horison tends to 

asUce this soil extrraely wet during raizQr seasons and extremely dxy 

duiing periods of wjisture stress. In relation to yield, rainfall 

distributira favored the physical diaractcristics of this soil throughout 

this growing season. Because of this, mean yields of eightynixine bushels 
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per aere for 1957 are not likely to be repeated often in foUcndng Tears* 

the relatively high umx yields on Boberteville ccmld have been influmiMd 

by aubsiiEflaoe seepage "rtdeh nay have occurred since this aoU sas locate 

at the bottom of a slope. 

Predicted Com Yields for Specified Population Hitrogen 
Coinbina^ibns on InL^vidiial'''^'^' '" 

In the previous discussion, the multiple range teste etosed the 

discrete points of mean yield response as related to nitrogen and 

population* 'nie multiple range tests also indicated the significant 

differencM among treatment means* To take these individual points of 

yield response and derive continuoiui functions from them iriU help to 

determine l^e predicted meponse from levels of nitrogen and population 

other than thoee used in the experiment* nfaen using similar soils in a 

similar ellaate this approach alloss one to determine the most profitable 

level of production, i.e., to accurately predict iriicre the cost of 

additional levels of applied nitrogen and plant populations sill equal 

the value in yield increase that is expected from additions of zrltrogen 

and population. 

After a farmer has dscided to put bobb thought into diffsnmt 

possibilities of yield rssponse to vazying levels of population wid 

nitr(^;en« prediotsd yield response eurvss sill help his decidet 1) 

irtiere and en idiat crops to apply fertiliser, 2) the ocnbination of 

fertiliser and plants to use, and 3) horn much of a given produetim 

factor that he can use eeoncxBically. 
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In flgtire II pr«dlot«d yield responses to several levels of 

population and nitrogen are presented for each soil*^ Each curve in this 

figure shoes the yield response to various amotmts of nitrogen for sobm 

specified plant population azsi soil. To obtain the information presented 

in this figure) several different algebraic functions eeire fitted to the 

mean yield results for each treatment) by individual soils> using a 

multiple regression analysis. This sas done in an attempt to find the 

function shichi 1} explained the moat variation in yield) 2} conformed 

to logical expected response eurveS) and 3} tn&s reasonably easy to use 

in making ecmpitatimis. Hheoi such a function maa fitted) it mas applied 

to the mean yield data on each soil to estimate the yields that vould 

occur for varioaB nitrogen and plant population levels. In the functions 

used to derive the regression curveS) denotes pounds of applied 

nitrogen per acreS) and X2 denotes plants in thousands per acre) wd I 

denotes yield in bushels per acre. Only the yield data from three 

replications sere used to select the algebraic function for the 

Bobertsville response cxirve. The fact that only three replications of 

the Bobertsville data sere used for the calculatioas of the functions 

did not change the rate of response to nitrogen but resulted in a higher 

predicted yield for any nitrogen level ustiaUy associated sith original 

data. It ̂ ould be pointed out "Uiat the response curves are not attesqpts 

to show the actual yield obtained in the experiment sith diffeiwnt 

nitrogen and plant population levels) but are cTorves fitted to the actual 

data and therefore do not show irrt^ularitiea in yield response to 

^Dr, David W. Brown of the Itoiversily of Tennessee Agricultural 
Economics Departmsnt gave his assistance in deriving the functions 
pneentml in figure II. 
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nitrogen and plant population levels. Further» in deriving these 

response curves^ individiial curves my have been altered due to the 

fact that tiie fimctions irere derived by using eean yield obsezvatitnie 

for a particular soil, 

Ihis analysis further substantiates the ranltiple range testa 

eiilch were apjOled to the yield data. The soils appear to respond as 

distinct units with each soil having distinctly different upper and lower 

limits of yield response. Tilth the greatest increase oomLng from the 

first increments of plant population and nitrogen, additions of plant 

population gave greater and more consistent yield inereaaee than did 

increases in added nitrogen. 

This section was presented in an effort to show how yield 

z*espon8e information can be used by farmers in allocating resources in 

attempting to reach the optimum level of jawduction. No atte^ wae 

made to say that with the results reported here, one would be able to 

take a specific soil and apply a certain ratio of plants and nitrogen 

to produce a given yield; however, other investigations have shown that 

accurate yield studies over a period of years will provide the inforaation 

needed to make yield predictions with a high degree of prediction 

accuracy. 

i<o%ing 

The mean percent lodged plants for each treatment on each soil 

is ahown in Appendix K. There appeared to be so difference in percent 

lodged plants among atgr of the soils used for this study. The average 
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perotnt of lodged plants for all soils was 10*9 percent. IRwn extreme 

levels of population were coopered across all rates of nitrog«i, a range 

from 8.67 percent on the low nitrogen rate to Hi.87 percent on the 

nitrogen rate was obtained. When c<a?jaring extr^oe levels of nltrogwi 

across all populations the range from lowest to highest was 7.22 percent 

to 12.8 percent IxM^ed plants, respectively. 

Ears Per Plant 

The Man anaiber of ears per plant for each treatoent on each soil 

is shorn in Appendix L. The mean nuodser of ears per plant by soils was 

as followsI Eobertsville silt loam, 1.3 eazw per stalk; Etowah silt loam, 

0.7 ears per stalk; State loam, 1.9 ears per stalk; and Congaree loam, 

1.1 ears per stalk. Wh«i coaparirg the extreme levels of nitn^en across 

all populations within a soil, there appeared to be no difference in the 

number of ears per stalk. When comparing the extreme levels of population, 

from lowest to highest, across all nitrogen levels within a soil, there 

was a decrease of approximately one-half the number of ears per plant. 

The nuiaber of ears per plant was determined by dividing the mmbw of 

plants into the number of ears; however, to make a thorough study of 

this characteristic, the number of barren plants should be subtracted 

from the total number of plants and barren plants should then be 

separately trm the nusber of ears per plant. To obtain ears per plant 

without fiiwt accounting for the barren stalks allows a different plant 

ehareeteristio to influence eazw per atcQJc. 
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Barrwi flAntfl 

Ihtt matn percent burrm plants for saoh soil trsatasnt is siunni 

In Appendix !(• Ihe aean percent barren plants for each soil aret 

Robertsrille silt loan, 5*17 percsnt] Etoeah silt loan, 31.70 percenti 

State loara, $,06 percent} and Congaree loan, 8.3? percent. When ccniparing 

extreoes of nitrogen across all populations eithin soils there appeared 

to be no difference inthe pex>c«Bit barren plants. Wien conparing extreMHi 

of population from lowest to highest across all nitrogen levels, the 

values were as follows: Bobertsville silt loan, 2.7^ to 10.^ percent 

barren plants; Etowsh silt loam, 15«78 to 56.2U percent barren plants; 

State iMa, 3.28 to 11.15 percent barren plants; Congaree loam, 1.61^ to 

23.00 percent barren plants. Ihe extremely high values for Etowsh silt 

loam were lax^ely due to lack of moisture at time of maturity. Inspection 

of the data in Appendix M revealed a drastic increase in the nuoher of 

bax*z*en plants at populations of 2l4.,000 plants per acre and above wi both 

the State loam and Congaree loam. 

Leaf Tissue Analysis 

Analyses of leaf sang>leB collected at the full silk stage on 

each soil were done to determine the percwitsge of calcitui, magnesium, 

potassium, phosphorus, and nitrogen. The data collected from these 

analyses are presented by soils in Appendices G, H, I, and J. 

Sitrogen content appeared to be the same on cooperSble treatikents 

among soils. 
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Fhosphoznis content appeared to be the same on Etcnmh* 6tate« and 

Congaree* bat BoberterlXXe ahomd a higher content than the other 

three eolls« 

Potaaslom content appeared to be the aaiM on Bobertsville and 

Oongaree* but inereasee in potasslua content were shown on both State 

Ukl Stowah, with State being the highest. 

Caldua content appear^ to be the saaee on State and Congaree» 

with Etowah and SobertsvUle showing an Increase In ealeliuBt these 

Increases appeared to be at the sane level. 

Magneslim content appeared to be the sane on Etowahf State and 

Congaree, but Bobertsvllle was lower than the other three soils. This 

Is probably due to the low supply of eatchangeahle oagnwlun Indicated by 

the soil tests shown In table I. 

The potasslm, calclunj and atagneslun content appeared not to be 

affected by either plants per acre or rates of applied nitrogen. 

The nitrogen and phosi^rus coitente showed sloUar response iftuin 

plotted with i^ants per acre and rates of applied nitrogen. As plants 

per acre Increased, the percent nitrogen and percent i^osphorua decreased. 

As poonde of nitrogen per acre Increased, the percent nltrog«i and 

percent phosphorus Increased. 

Bt^reselon analysee were run on percent leaf nitrogen for eadi 

soil to determine the relationship between the pex*cent nltrog«i in the 

leaf blade and the yield of com in bushels per acre. These analyses 

showed that the correlation between percent nitrogen In the plant and 

yield In boshele per acre was not significant, except on the Etowah silt 
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l0«a« This laay be explained bjr the fact that idiea population anus held 

constant across all levels of applied nitrogen and yield in bushels per 

acre vas plotted against percent nitrogen in the plant# yield decreased 

as percent nitrogen in the plant increaaedj however# idien nits\>gen was 

held constant across all levels of population and yield in bushels per 

acre was plotted against percent nitrogen in the plant# yield Increased 

as percent nitrogen in the plant increased. IhMe two opposing factors 

appeared to have counteracted each other to a point iddLch gave a non 

significant correlation between yield and percent nitrc^en in ̂ e ifLant. 

A further oonqparieon of yield and percent nitrogen in the plant was osds 

by using data from all soils and plotting yield in bushels per acre and 

percent nitrogen in the plant. This gave a line approaching perpendicularity 

to the abscissa, lbs graphical eonparison# using four soils# and the 

regression analysis using individual soils appeared to Indicate that# 

in order to relate yield to the percent nitrc^en in the plant# laany 

production factors oust be specified and controlled. 

Halnfall 

Rainfall did not vary moxe than 0.1 inch aa»ng soil locations. 

Total rainfall during the nonths of Mi^# June# July, August# and 

SeptesdMr was 22.3$ inchea. Distribution of rainfall varied extrenely 

as shom in Appendix 0* 

Juns was a aonth in idiieh rainfall was reasonably well distributed# 

and a desirable aaount of it ease at a time which was favorable to the 

com on aU the soils except Etowah. The rainfall during JUly was in 



soall movaita md aaounted to ooly 2,0 iaehos* the com on Bobertevllle» 

State* and Congaree aaa beginning to "siUc" the last weak in Junei 

however, the com on Etowah did not "silk" until the last «a^ in July, 

'ttiea yields are to be oaxiioized, "silking'' is a tiae dxiring the growth of 

a com plant idMn it is necessary for the water supply to be at an 

optiaum. 

Celling Percentage 

The average shelling percentage, cabining all four soils, wii 

8U,0 percent. The average shelling percentage for individual soils wasj 

Bobertsville, 83.18 percsnt| Stowah, 82,22 percent! State, 8U,69 pwrcentj 

and Congaree, 85,00 percent. Shelling percentage was determined ftar the 

purp<Hie of establishing the shelling percaot to be used in calculating 

com grain yields obtained in this experiment. 

•, .. .. ^ ...i; -



CHAPTER Y 

SUMMARy AND CONCLUSIOIB 

Daring 1957 corn yields were obtained on Roberteville, Etowah, 

State, and Congaree aoile located in Koca: County along the French Broad 

River about ten niles east of fijoxville. With regard to physical and 

profile properties, these soils appeared to be very uniforn within 

themselves. 

The objectives of this study were to measure the potential yield 

of each soil under field conditions, and to find the coBfl>inatioa of 

population and nitrogen which would result in these maviwiim yields. 

An attempt was made to apply PgO^ and 1^0 at high enough rates 
80 that th<^ would not be limiting factors of production. Within each 

soil, population and applied nitrogen were varied, using constant 

increments of each but varying the range of nitrogen and population to 

allow soil differences to be expressed adequately. Individual soil 

tests, ears per plant, barren plants, lodged plants, and shelling 

percentage were determined. Nitrogen, phosi^iorus, potaMium, calcium, 

and magnesium contents of leaf samiaes at the full silk stage were 

determined. 

With respect to yields, the soils were arranged fixwn lowest to 

highest, in the following order» Stowah, Bobertsville, State, and 

Congaree. The maximum yields for each soil were shown to be significantly 

different from each other, at the ,05 probability level, as indicated hy 

the multiple range tests. Ihe regression analyses and the multiple range 

tests both ixidieated that the greatest yield increases came from, the 
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first incrsaents of plant population and nitrogen. Ejccept In the case 

of Robertsville, the regression analyses clearly Indicated that a point 

can be reached beyond which further additions of nitrogen and population 

•will depress total yields. 

A relative conparison of yields aaong soils, with Congaree 

expressed as one-hundred, iwilcated that yields ftm State, Bobertsville, 

and Etowah were approxiiaately eighty-eight, sixty-four, and forty-four 

respectively^ All aean yields for co^jarable treatments from each soil 

ware used "to mske the 3u»ce«aary computations for this comparison. 

Using comparable treatments among soils, the analysis of variance 

showed tareatmen-ts X soils and population X soils interactions to be 

significant at the .01 probability level. TOien considered indiirldually 

within a soil, nitrogen and population were also significant at tha .01 

probability level, 

Etowah produced its maximum yield of 67.1 bushels per acre with 

12,000 plants and 60 pounds of nitrogen per acre, 

Robertsville produced its maximum yield of 89.2 bushels per acre 

•with 16,000 plants and 180 pounds of nitrogen per ecre. 

State product its wa)dm»m yield of 136,0 bushels per acre *tth 

2ii,000 plants and 180 pounds of nitrogen per acre. 

Congaree produced its maxiaan yield of Hip.5 bushels per acre 

with 20,000 planets and 2JiO pounds of nitrogen per acre. 

Being high in soil nitrogen, these soils ga've aoro respoiuie to 

increases in population than -to increases in iCT>Ued nitrogen. 

late seed gexmination on Ftowah resulted in ear formation during 

a period of soil moisture stressj therefore, the results obtained on 
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Etonah are joot reflective of the loll's potential productive cit-

pacity* 

Tissue analysis showed the content of elements determined at 

silking tisM to be at or near the optimum for plant growth on all soils* 

In order to relate yield to nitrogen content Inthe plant 

environmental and productive factors must be specified and controlled* 
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AFPE®1X A 

t^tOCllraaE FOR DEIffiRMINING THE NITROQEN COSTENT 
OP CORN LEAF TISSUE 

1. Place 1,0 gm, oven dry plant tieeue in Kjcldahl flask, 

2. Add 10 gn. catalyst (KJSqi, and GuSO^ .5 H2O in ratio of 100t3,2) 
and 3^ of eozicentrated sulfurie acid. 

3» Heat below boiling until frothing ceases> then raise tem>erature to 

the boiling point, and continue for thirty ninutes after digestion 

is coii^lete, 

h* Cool} add 2^0 al, of tap water, 

5. Place 500 al. Earlenmeyer flask containing 100 al, of 2 percent boric 
acid containing aodifted nethyl blue indicator beneath the delivery 

tube of the condenser, 

6, Add U to 5 pieces of nossy sine and aoough liS percent sodiua 

hydroxide to the digested naterial to aake strongly alkaline. 

7» IsBBediately oonneet Kjeldahl flask to the condenser after addition 

of sodium hydroxide, 

8. Distill over approximately 300 ml, into boric acid. 

9, titrate the distillate using standard hydrochloric acid. 

10, Calculate percentage nitrogen. 

•^ -
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APIiaiDIX B 

PROCEDURE FOR DETEEMIRATIGN OF POTASSIUM, CALCIUM, MAGNESIUM, 
AND PHOSPHORUS CX^TSJT OF PLANT TISSUE 

1. Plants ars oren-Klried at 60-70®C,, ground in Wiley mill and ttorad 

in air tight bottles \mtil analysed* 

2. Weigh a 1*0 gram sai^ple and transfer to a 100 «1, volunetric flask* 

3* AjW 15 olL* of 2il nitric and perchloric acid and heat on a hot 

plate until there are 2-3 »1* of eolution renaining. 

U* Add 20 laX. of distilled water and heat until solution nears the 

boiling point. 

5* Let cool and aake up to voluiae with distilled water. 

6* Mix well and allow the silica to settle to the bottom* 

7* Being careful not to re-oix the silica, small portions of the solution 

nay be removed from the top of the solution to detwnine the calcium, 

potassium and magrttsiua with a Beckaan "DO" flaa» spectrophotoneter 

•quipped with a lAiotoimiltipller attachment. The wave lengths required 

are 766*5 au. for potassium, 1^22,7 mu. for the calcium and 285*2 for 

magnesium* 

8* the saople readings aiw compazwd with the calibration curve obtained 

from standard solutions and calculated* 

9. For phoephorus determination, pipette a 1 ml* aliquot of the solution 

into a 50 ml* volumetric flask* 

10. Dilute to approxiaately 25 ml* with distilled water. 

11. Add 2.0 ml. of 2*5 percent aanoaiuB nolybdate solution in 10 normal 

H2S(^, and swirl flask* 



6Z 

12. IfiUce up to voluiBO &nd add 0*2$ nil* of froshly pirepared X percent 

etannous chloride solution. 

13. Stopper flaek and invert several tioee to effect sdjcing. 

lit. Allow color for each saapla to develop for 20 ninutes. 

15* Brad color in a Baueeh and Lomb colorliaeter at a wave length of 

82$ Btu» CoB^pare readings with those obtained for standard 

solutions and calculats phosphorus content of -Ute unknown. 
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APPEMDIX G 

PERCEUT OF CALCItJM, MAGNESIUM, POTASSIUM, HIOSPHORDS, AND NITROGEN IN 
OTEB DiCr CORN I£AVES GROWN ON RDBERTSVILLE SOIL AT DIFFERENT 

NITROGEN AND POPUUTION LEVELS 

Mean of Four Replications
Rlanta Yt/k 13»N/A N P k Ca Ife 

it 0 2.63 .Ui3 1.83 .35 .135 
h 60 2.7U .1^03 1.83 .U9 .153 
It 120 2.83 .li22 1.83 .Ut .lltO 
h 180 2.73 .1*68 1.88 .U3 .130 
U 2U0 2.6U .385 1.82 .53 .125 

8 0 2.25 .105 1.97 .U2 .117 
8 60 2.57 .397 2.00 .U7 .137 
8 120 2.76 .Ut7 2.01 .39 .137 
8 
8 

180 
2U0 

2.75 
2.86 

M 
,it63 

2.02 
1.88 

,]t2
.1^7 

.137 

.132 

12 
12 

0 
60 

2.26 
2.Ill 

,362
,392 

2.01 
2.07 

.38 

.13 
.157 
.150 

12 120 2.63 .390 2.10 .U2 .125 
12 180 2.i4^^ .388 2.07 .38 .HiO 
12 2ltO 2.69 .102 1.97 .Itlt .150 

16 0 1.88 .338 2.00 .ItU .125 
J6 60 2.U0 .393 2.21 .39 .152 
16 120 2.69 .107 2.07 .33 ,132 
16 180 2.67 .102 2.05 .10 .11^5 
16 2l|0 2.61 .100 2.06 .36 .132 
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APPENDIX H 
OC 

PERCENT OF CALCIUM, MAQNESIDM, POTASSIUM, PHOSPHORUS, AND
.

MITBOQEH IK 
OVEN DKT CORN LEAVES GROWN ON ETOWAH SOIL AT DIFFERENT NITRDQEN 

AND POPOUTION LEVELS 

Plants W'A Ubo N/A ^IT P K da 

8 0 2.30 .292 2.83 .52 .2ltO 
8 60 •3302.6U 2.71 .Ult .287 
8 120 2.76 •371 2.75 .39 .272 
8 180 2,78 .376 2.71 .lt5 .317 
8 2lt0 2.8U 2.76.375 .la .265 

12 0 2.25 .318 3.06 .lt9 .275 
12 60 2.61 .3^7 2.91 .38 .302 
12 120 2.61 .373 2.92 .lt2 •280 
12 180 2.71 .361 2.85 .36 .250 
12 2ltO 2.71 .378 2.77 .la .315 

16 0 1.89 .268 2.96 .52 
16 60 2.i;2 .327 2.86 .ItO .315 
16 120 2.59 .350 2.85 .lt8 .310 
16 180 2.71 .382 3.02 .ItO .317 
16 2ltO 2.56 .376 2.72 .307.lt2 

20 0 2.07 .285 2.65 .la 
20 60 2.39 .337 2.90 .2142 
20 120 2.55 .350 2.88 .la .300 
20 180 2.61 .366 3.03 .32 .280 
20 2ltO 2.56 .366 2.93 .35 .235 

ait 0 1.67 .236 2.86 .lt7 .297 
alt 60 2.37 .306 2.78 .37 .280 
2lt 120 2.50 .3U 3.02 .37 .235 
alt 160 2.53 .295 2.97 .37 .262 
alt 2lt0 2.60 .377 2.85 .227 
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APPENDIX I 

PSaClMT OF CALCIUM, MAGNESIUM, POTASSIUM, PHOSPHORUS, AND NITROGEN IN 
OVEN DHI CORN LEAVES GROWN ON STATE SOIL AT DIFFERENT NITROGEN 

AND POPUUTION LEVELS 

iiean of plour Replicationsp cT" 
-JSL 

.362 2,00 .1*05 .31*5 

.397 2.00 .367 .295 

.U28 2.02 .310 .31*5 

.1*05 1.55 .360 .322 

.376 2.07 .357 .360 

.313 2.03 .1*30 .275 
•31*6 2.10 .310 .355 
.306 2.15 .335 .357 
.382 2.10 .1*32 .307 
.356 2.11 .352 .31*5 

.318 2.18 .377 .327 

.368 2.17 .395 .330 
,368 2.12 .507 .315 
.336 2.20 .1*05 .330 
.363 2.23 .387 .282 

.291 2.18 .1*75 .325 

.328 2.22 .1*60 .362 

.358 2.10 .395 .315 

.351 2.08 .1*1*0 .387 

.370 2.13 .310 .320 

.296 2.15 .360 .350 

.336 2.27 .360 .317 

.356 2.20 .352 .287 

.31*6 2.22 .377 .330 
•366 2.11 .357 .3^ 

Plajits M/A 

8 
8 
8 
8 
8 

12 
12 
12 
12 
12 

16 
16 
16 
16 
16 

20 
20 
20 
20 

20 

2U 
2li 
2h 
2U 
21| 

Lbs N/A 

0 

60 
120 
l8o 
2li0 

0 

60 
120 
180 
2hO 

0 

60 
120 

180 
2iiO 

0 

60 
120 
180 
2liO 

0 

60 
120 
160 
zko 

-IT-

2.53 
2.96 
2.96 
2.8Ii 
2.91 

2.U9 
2.62 
2.76 
2,7U 
2.88 

2.h3 
2.71 
2.75 
2.73 
2.90 

2.13 
2.56 
2.75 
2.78 
2.76 

2.17 
2.51 
2.61 
2.71 
2.7U 
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APPEMDIX J 

PEECMP OF CALCIDM, MAGNESIUM, POTASSIUM, PHOSPHORUS, AND NITROOEH 
IN OVEN DRI CORN LEAVES GROWN Off CONGAREE SOIL At DIPFSaEBT 

NITROGEN AMD POPULATION LEVELS 

itean of Four Replications 
Plants M/A L>>8 H/A it P H 6a jfe 

8 0 2.73 .350 1,82 .375 .2l7 
8 60 2.76 ,328 1.78 ,362 .207 
8 120 2.81 .321 1.78 .352 ,223 
8 180 2.92 ,31^7 1.81 ,375 .207 
8 2U0 2.77 .321 1.97 .335 .237 
8 300 2.86 ,338 1.77 .387 .220 

12 0 2.59 .312 1.63 ,h27 .223 
12 60 2.57 .316 1.75 .1+17 .217 
12 120 2.76 .327 1.72 .312 .233 
12 180 2,77 .302 1,82 .35^ ,250 
12 21+0 2.81 .327 1.87 .1+22 .197 
12 300 2.85 .322 1.78 .377 .207 

16 0 2.32 .262 1.79 .382 .258 
16 60 2.61 ,283 1.91 ,280 .217 
16 120 2,71 .305 1.82 .31+7 .207 
16 180 2.69 .325 1.90 .392 .253 
16 21+0 2.81 .321+ 1.81 .335 .21+3 
16 300 2,75 .332 1.91 .31+5 .210 

20 0 2.37 .300 1.93 .1+00 .203 
20 60 2.51 .310 1.82 .lao .21+7 
20 120 2,61+ ,302 1.88 ,320 .190 
20 . 180 2.70 .298 1.91 .297 .230 
20 21+0 2.77 .307 1.97 .277 .253 
20 300 2.72 ,325 1,92 .1+27 .197 

2U 0 2.10 .268 1.82 .395 .237 
21+ 60 2.1+6 .296 1.85 .312 .203 
2U 120 2,67 .313 1.86 .335 .230 
21+ 180 2.72 .322 1.85 .h$2 .277 
2U 2U0 2.73 .303 1.85 .1+57 .21+3 
2U 300 2,70 .302 1.86 .352 .250 
28 0 2.05 .255 1.77 .377 .230 
28 60 2.56 ,286 1.91 .330 .230 
28 120 2.1+9 .277 1.85 .325 .217 
28 180 2.67 .301 1.90 .350 .260 
28 21+0 2.67 .311 1.83 .31+5 .253 
28 300 2.72 .303 1.81 .31+7 .21+3 
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AH'ENDII K 

PERCENT LODGED PLANTS AT DIFFERENT NITROGEN AND POPULATION LBVEI5 

.e N/A Lbs N/A RobeirbBvllle Etowah state Congarea 

h 0 5.00 
h 60 0 

h 120 10.00 

k 180 5.00 
h 2I4O 5.00 
8 0 2.6]i 5.27 7.90 0 

8 60 5.27 7.90 7.90 7.90 
8 120 7,90 10,53 13.16 10.53 
8 180 10.53 15.79 7.90 18.1*3 
8 2U0 7.90 10.53 15.79 13.16 
8 300 5.27 
12 0 6.90 6.90 3.U5 5.18 
12 60 5.17 18.97 5.17 10.35 
12 120 12.07 5.18 10.35 6.90 
12 180 12.29 10.35 10.35 3.1*5 
12 2U0 12.07 8.63 10.35 13.80 
12 300 5.18 
16 0 5.13 7.70 7.70 6.1*2 
16 60 11.5U 7.70 9.10 3.85 
16 120 11.5U 10.26 8.98 8.93 
16 180 8.98 11.85 11.51* 7.70 
16 2kO 12.83 17.95 1I4.II 8.93 
16 300 16.67 
20 0 8.3U 11.U6 11.1*6 
20 60 9.38 9.38 10.1*2 
20 120 9.38 15.63 12.50 
20 180 17.71 21.06 12.50 
20 2liO 10.U2 13.55 16.67 
20 300 18.75 
214 0 6.61i 12.29 9.1*9 
2h 60 13.16 15.18 21.56 
2h 120 10.72 2li.77 15.52 
2h 180 7.90 20.51* 25.87 
2U 2U0 ili.oU 22.33 16.38 
2li 300 19.83 
28 0 17.01* 
28 60 18.52 
28 120 19.86 
28 180 21.33 
28 2I4O 25.71* 
28 300 19.12 
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APES2iDIX L 

EARS PER PLABT AT DIFFERKHT NITROGEN AND POPULATION LEVEI5 

Jieans of Four Replications 
Hants h/A lbs N/A febertavllle Etoiiah State 

h 0 1.8 
h 60 1.9 
ii 120 2*0 
k 180 2,0 
k 2li0 2*0 
8 0 1*2 1.1 1.6 1.6 
8 60 1.5 1.0 1.6 1.7 
8 120 1.3 1.0 1.6 1.6 
a 180 1.3 1.0 1,6 1.7 
8 21^0 1.3 1.0 1.7 1.7 
8 300 1.7 
12 0 .9 .9 1.8 1.1 
12 60 .9 1.0 1.2 1.2 
12 120 1.0 1.0 1.9 1.2 
12 180 1.1 .9 1.1 1.3 
12 2U0 1.0 .8 1.2 1.3 
12 300 1.3 
16 0 .8 .7 1.0 1.0 
16 60 .8 .7 1.1 1.0 
16 120 .9 .7 1.0 1.0 
16 180 .8 .7 1.0 1.0 
16 2iiO *8 .8 1.0 1.0 
16 300 1,0 
20 0 .6 .9 .9 
20 60 .6 .9 .9 
20 120 .6 1.0 .9 
20 
20 

180 
2liO 

•6 
.5 

1.0 
.9 

,9 
.9 

20 300 • ».*'• 
.ar' ,9 

2h 0 .9 .8 
2h 
2h 

60 
120 

T 
' -■ 

.• ■*•_*»■ 
■ .k 

.5 
.9 
.9 

.9 

.8 
2k 180 .k .9 .9 
2k 2kP .k .9 .9 
2k 300 .9 
23 0 .8 
28 60 .8 
28 120 ,7 
28 180 .8 
28 2kO .8 
28 300 .8 
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APP£lfflIX U 

PEHCEMT BAKRSi PL&HTS AT DIFFEBlQiT NITROGEN A® POPUUTION LEVELS 

FOants U/A Lbs N/A 

k 0 
h 60 
U 120 
h 180 
U 2U0 
8 0 
8 60 
8 120 
8 ISO 
8 2li0 
8 300 
12 0 
12 60 
12 120 
12 180 
12 2U0 
12 300 
16 0 
16 60 
16 120 
16 180 
16 2U0 
16 300 
20 0 
20 60 
20 120 
20 ISO 
20 2li0 
20 300 
2k 0 
2U 60 
2h 120 
2h 180 
2h 2U0 
2h 300 
28 0 
28 60 
28 120 
28 180 
28 2iiO 
28 300 

Ifeans of 5bitr Replications 
RobertavUle Etowalli State Congat^ 

3.75 
2.50 
1,25 
3.75 
2.50 
3.37 28.9U 2.63 0.65 
1*97 13.81 5.26 3.9U 
1*97 9.86 U.60 1.97 
2.63 15.13 .65 2.63 
1.32 11.18 3.28 .65 

0.00 
8.18 15.51 0.65 2.15 
3.87 18,10 0.86 0,00 
3.87 16.37 2.58 1.72 
2.63 11.63 1.29 0.86 
7.32 18.53 0.00 0,li3 

1.72 
111.10 30,12 3.20 3.20 
9*61 2a.8U 1.62 0.96 
6.08 27.88 1.28 5.1iii 
10.89 30.92 2.56 1.60 
11,85- 25.00 3.20 O.6I4 

2.56 
38.80 IO.I4I 8.85 
Ui.27 8.59 9.11 
38.5U k*9h 6.51 
37.76 6.05 7.55 
50.26 7.29 6.25 

8.85 
57.01 10.U9 16.16 
55.70 10.26 12.71 
5'4.01 10.23 17.2it 
61.Uo 12.50 13.79 
53.07 12.27 12.06 

13.79 
21.85 
20.55 
27.75 
20.96 
23.52 
23.3k 
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APPENDIX N 

CBOfPIHO AND FERTILIZATION HISTORT ON ETOWAH, ROBERTSVILLE, STATE 
AND CX)N(1AREE SOILS FROK 19^3 THROUGH 1957 

Pounds 
Tear Soil Crop Fertiliser Used Per Acre 

1953 Robertsrille Fescue 15-15-15 100 
1951* Robertsville Fescue 15-15-15 100 
1955 BobertsviUe Fescue 15-15-15 100 
1956 Robertsville Fescue 15-15-15 100 
1957 Hobertsville Com Expeirlnent 0-20-20 2700 

Epsom Salt 200 

Nitrogen Variable 

1953 Etoiiah Vetch Cora 6—12—12 1*00 
Ammonium Nitrate 100 

1951* Etomh Vetch Com 6-12-12 1*00 
Ammonium Nitrate 100 

X955 Etoeah Vetch Com 6-12-12 1*00 
Ammonium Nitrate 100 

1956 Btowah I^e Com 6-12-12 1*00 
1957 Etoeah Com Experijaent 0-20-20 2700 

Nitrogen Variable 

1953 State Cora 6-12-12 200 
Ammonium Nitrate 100 

1951* State Fescue 6-12-12 1*00 
1955 State Fescue 6-12-12 1*00 
1956 State Vetch Com 6-12-12 500 

Ammonium Nitrate 100 
1957 State Com fijqjerlment 0-20-20 2700 

Nitrogen Variable 
Doloraitic Limestone 

CaC03 equivalent 2*000 

1953 Congairee Com 6-12-12 200 
AssBonium Nitrate 100 

1951* Congaree Com 6-12-12 200 
Ammonium Nitrate 100 

1955 Congaree Seeet Closer 6-12-12 200 
1956 Congaree Com 6-12-12 200 

Ammonium Nitrate 100 
1957 Congaree Com Experimeht 0-20-20 2700 

Nitrt^en Variable 
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APPENDIX 0 

PRSGIPIIATION DDRIKQ QROWINQ SEASON OP 195? (FROM U. S. DEPARTltENT OF 
COMMERCE HEATHER BUREAU REPORTS AND RAIN GAUGES MAHITAINED 

AT THE EXPERIMENTAL SITES) 

Day of llMith June 

1 mm 

2 . ■m mm mm 

mm3 m 

li 0,70 
«> 

1.5 m 

5 0,30 m 

6 m • «ie mm 

7 - 0.2 
8 •m 0,3 
9 0,30m 41. em 

10 m • • mm 

n •> «a» mm 0,6 
12 0.30 1,0m •• mm 

13 mm mm• 1.2 
em mmlU 0.6 

m mm mm15 0.3 
16 em mm em mm 

17 0,20 O.liO 0.6 0,1 l.lt 
«»18 * mm 1.0 

19 1,00 0.20 mm mmt 

20 ■ • • ..m o.U 
mm e»21 mmmm •• 

« mm mm22 0,50 o,k 
mm mm23 0.65 

mm2h 0,60 0,60 mm. 

25 . . o,Uo 0.90 0,5 o,k -Aalt 

26 •am • 
mm 

mm27 O.ltO .. me 

mm «a28 0,50 2,0m 

em mm29 0,20 0.20 1.5 
30 em m m me 

31 - mm 'm-

Total long term mean 
from U, S, Weather Btireau. 
Knoxtrllle Airport ii.21 3.U7 k.72 2.U3 2.53 
Total inches of rainfall 
at site of experiment 

2,90 5.1i5 2.00 3.30 8,70 
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