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CHA.PTER I 

INTRODUCTICai 

This inveatigaticm was dsslgned to evaluate the effect of 

various rates of annual t<^pdres8ing8 of fnrtillser <m soil test 

values for exchangeable eations^ available phosphorus and pH of 

the soil at various depths under established alfalfa stands on 

four soil types* 

The yield of alfalfa hay frca each soil was eorrelated with 

the soil test values of various layers toe each locaticm* 
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REVIEW OF LlfmTDRE 

Idteratoz^ ralatlng to the soil and ovop effects of potasslm 

fertilization of alfalfa is quite extensive, Rowever, literature 

conceming^effect of potassium fertilLzation of alfalfa on the 

distribution of available potassium throughout the soil profile is 

not quite so abundant* 

The relationship between the composition of plants and -Uie soils 

on which they were grown has becm studied for more than 300 years (3)« 

Around 1860^^ the Oeraan botanists Knop and Saehs» did extereiive 

inve8tigati<»is to determine specifically which elements were essential 

for plant growth* Their investigations^ which were subsequently oon-

firmed by other vor}^s« indicated that potassium was one of the 

essential eleaaente (Ii.*l6)* Since potassium is m essential elffiaent« 

it is to be expected that there is a relatitmship existing between 

available soil potassium and the amount of potassium in the plant grown. 

Different plmt species vary in their capacity to absorb potassium frc« 

the soil and also in the amount of potassium required for nonaal growth* 

Alfalfa has a marked capacity to absorb a mueh larger quantity of 

potassium than is necessary f<ur optimum growth (1*2,27}• This is known 

as luxxiry eaasumpticm* Work dcme by Bear and Wallace (2) euggested 

that IJu) critical level for potassium in alfalfa plants is l.U per cent* 

Stivers, et ad* (23) found the critical level of potassium in the 

alfalfa plant for survival to be 0.9 to 1.1 per cent. Gerwig and Ahlgron 

(12)found this level to be between 1*U2 and l*81t per cent. 
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Some relAtlfflishipe hav* bMn found to oxlst botwMin tho soil 

fertilitj lovel of petsssitm and tlw potassium contmt of the alfalfa 

plant. As the soil potash level iacreasodji a higher potassium oontent 

and lomr magnMlum sad oaloiua omtents were found in alfalfa (12). 

Vandacavoye and Bond (26)found in field ejq)eriment8 that the applica 

tion of potassium fertilisers to alfalfa increased the potassium 

content of the crop. That potassium content of a normal alfalfa plant 

vas doubled hjjr adding more potaasium fertiliser, was shown 1:^ the work 

of Wooffitouse (27}. Snider (22) foimd that the per eent of potassium 

in alfalfa was proporticmsl to the available potassitM in the soil, and 

tendsd to be higlwr in wet years. This agreed with the experiments of 

Seay,^ (20) which showed that for olosely related soils, 

potassium c«mtent of tho crop could be satisfactorily predicted when 

the content of esBhangeable potassium in the soil on uhlch the crop was 

grown was known. 

In the comparison of yield «ad potassium content. Stivers, et al. 

(23) found that there was no consistent relationship between yield and 

the potassium content of the alfalfa erpp. Experiments by Doll (8) cm 

Tilsit silt loam showed a highly signifloant increase in yield of 

alfalfa hay for each increase in potassium fertilizer with treatments 

of 0, 33, 66, and 120 pounds of K2O per aore respectively. The potassium 

content of the hay analyzed frcm each treatment was higher for escdi 

corresponding higher potassium fertilizer addition. 

Seay and Weeks (21)found that potassium fertilization did not 

affect phosphorus uptake by alfalfa and that phosphorus fertilization did 
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not significantly affect potassium uptake trm the soil. 

Thorp and Hobbs (2U) concluded from a greenhouse study that Unf 

applications on alfalfa greatly increased the calcium content the 

total calcium uptake of the plants and that potassium uptake vas also 

increased. 

MacOreger, et (15) observed from field e^rinents of alfalfa 

that the addition of pdK>sphate and potash fertilizers affected the 

ph<»phorus and potaasiua content of the plants. They found that by 

ai^lylng phosphate fertilizer, the phosphorus ccmcentraticai of ttie 

plants and the total phosphorus removal was Increased. Potash ferti-

lizatioa had little effect on phosphorus content of the plant, but 

gx^atly increased the potassium ooncentratlon and total, ■sptake of 
potassium. 

longevity of stand of alfalfa has also beim related to tho potassium 
fezt>lliaation of the crop (2,11,12,23)* Work done by G<avlg (11) showed 
that potassium fertilizatiim was the key to high yields and life of 

alfalfa stands. This was concluded from a five-year study which Included 
fertilizer treatments of 0-200 pounds of nitrogen, O-I4.OO pounds of 
and o-ltOO pomde of K2O per acre in various combinatlOTS* Increases in 
yield and in nuzdwr of plants per sqpiare foot were recorded with 

increment of KgO applied up to the 200-pound level. Higher rates were 
not beneficial* On check plots receiving no 1^0, potassium deftciroey 
decreased stand as much as 98 per cent daring the five-year study* 

WlMn a potassium fertilizer is added to the soil, iSm potassium 
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Ion reacts rapidly with soil colloids a base-exchange process^ 

displacing other ions* The exchatige of bases between the soil and the 

soil solutiCHi is asstaaed to be fairly rapid* The reacti(m of potassium 

with the soil colloids results in its limnediate retention b7 the soil. 

In tam« potassitn can be remored from this fooem of ecsabination tay 

other eatians inoludii^ hydrogen ions produced as a result of respira 

tion by z>oots and soil micro-organissai* By this ion exshange process^ 

potassium is taken from the colloidal cosplex of the soil and utilised 

by the plant (6). 

Wor best growth of alfalfa^ the amount of exchangeable potassium 

in a given eoil is very important since it is from the soil and fertilizer# 

added to the soil that a plant gets the nutriwats necessary for its growth* 

Bear (2) has suggested that the czitical level of potassium for alfalfa 

soils is 80 pounds of exchangeable potassium per two million pounds soil* 

His work also gave evidence 8t:^)porting the concept that the exchange 

coanqplex of the ideal alfalfa soil should contain about 6$ per cent caloiumf 

10 per cent magnesium, $ par o«at potassiim, and 20 per eeot hydrog«a, 

Suoh a soil would have a of about 6*^* 

It was found in work done by Jhmeell (17) that annual applications 

of 200 pounds of 60 per cent muriate of potash maintained the moet unifom 

oonoentratioQ of soluble potassium throughout the plow layer* He concluded 

this by analyzing plots at (me-inoh intervals vertically throu^ the six-

inch plow layer* This woxic also revealed that under all treatments, the 

c(Hicentrati<ra of available potassium deczvsased with increasing soil depth* 

Qreenhouse experiments by Halstead, et al* (13) showed that ex* 
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dtumgdiible potassium in four of six soils anidyssd at dspths of 0-7 

inches^ T-lU iixshssi and ljli-21 inehss did not may appreciably betweega 

tbi surfact and subsurface samples* HofiroTery vater-soluble potassium 

decreased with depth in most instances* The soils san^led had been 

fertilised vith 200 pounds K2O per aore^ 200 pounds ̂ 2^ P*** or 
with both. All fertiliaejrs were pli^ed in toe soil to a (topth of two 

inches* Along with results of potaasi\im analysis^ it was foimd that 

the relative amount of total phosphorus in surface and subsurface 

swples varied with the soil^ the groatest vazdation being an increase 

of phosphorus in sandy soil wito depth* 

A study by Bradfield, {$) related the response of alfalfa 

to various potassium fertilisers* Approximately ii^OO soil saapXes were 

analysed for potassium. The results showed that on 85 per cent of the 

soils tested, those which tested less than 80 pounds available potassiun 

per acre gave yield increases varying from 20 to 123 per cent when 

potassium fszidliser was added* 

In root develppraent studies 00 a Cumberland soil by Long (llj.), 

it was suggested that the low exnhangeable potassium throughout the 

d^th of rooting, along with acid soil reaction in the lower part of the 

solum probably accounted for the shallow root systsm of alfalfa and a 

decline in hay yield from 14.26 to 2*59 tons per acre on that parUcular 

soil over a threa year period even through the reaction of toe surface 

layer of the soil was considered to be satisfactory for alfalfa growth* 

This is in agrewnent with the work of Pohlman (19)shich pointed out 

that Increases in yield of alfalfa obtainad by raising toe pH of the 
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•urffto* son to 6$ was dependont on the lime status of the subsurface 

h(arison8» 

Investigations tasT' Qamon (9«10} showed that maintainiiig soil 

reaction at a pH of 6,2 increased soil retention of potsssiua, but that 

lining soil to a pH above 6*5 nay result in a loss of soil potassiopi bgr 

leachingt 
•r. 
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METHODS AND PROGEIXJRES 

Four alfalfa axperinwrnts waro used in this study. These were 

located at the >!iddlle Tennessee^ Highland Rim, Tobacco^ and Main 

Ixperlment Stations, 

Each eaperiiBont was on a different soil typo. The types were 

Decatur silty clay loam, Dickson silt loam, Duxuaore sdlt loam, and 

Maury silt loam. 

The Decatur soil, iddch was located an the Main Station, is a 

Reddish-Brown Lateritic soil derived from liaestOM parent material. 

It is a deep, well drained upland soil which is well suited for growth 

of alfalfa, 

Tlwi Dickson soil, located on the Highland Rim Staticm, is a 

Hed-Iellow Podsolic soil with a distinct fragipan, which has developed 

in residuum from oherty limestones capped with shallow loess. The fragi«< 

pan varies in depth from 20 to 30 Inches, In this case it was 2li Inches 

deep. 

The Dunmore soil, located on the Tobacco Station, is also a Bed-

Yellow Podzolic soil. It is derived from argillaceous limestones or 

dolomitio limestones containing ̂ n lens of shaly material. This is a 

well drained upland soil of the Northern Appalachian Valley, 

The Maury soil, located on the Middle Tennessee Station, is 

another Red-Yellow Podaolic soil but with some characteristics of ths 

Reddish-Brown Lateritic group, Maury soils have developed in residuum 
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from highly phosphatic limestonee. They are well drained soile of the 

Outer Bestn^ and are well adapted for alfalfa production. 

The esiperijaents were initiated at the Kiddle Tennessee Experiiaenb 

Station in the fall of 1952 and at the ot^er locations in the fall of 

1953• The Buffalo variety of alfalfa was used in each eaqperiment, seeded 

at the rate of 20-25 pouods per acre. All soils received initial ferti 

lization as need was indicated hy the 1952 soil test procedures. 

Annual feirtilizatlon treatments consisted of 60, 120, and 160 

pounds 0, 1XX3, ZOO, !^00, and UOO pounds of P®' acre* These 

rates were ocsBbined to give a complete factorial plot design on the 

Deoatur^ Dickson^ and Ounnunre soils* A randomized block design was 

used on the Kauxy silt loan since no phosphate was applied to this soil 

with a high native phosphate content. 

Three r^Uoations were made of each treatment on the Decatur« 

Dleka<»i« and I}unm{»>e soils. Four replicatioui were made cm the Kaury 

soil. Ckily two replications were sampled in the Dickaon eapezlnent 

since (me replication had been discontinued in 1957 because excessive 

water caused loss of stand. 

Soil samples were taken from each plot in each experiment and 

analyzed for available phosphorusji exchangeable potassium and pH. 

Selected sauries frm each «Q)erln»nt were analyzed for calcium and 

magnesium. 

All soil sampling was done with soil sampling tubes. Sasples 

were taken at 0-1, 1-3, 3-6, 6-12, 12-18, I8-2I4, 2it-30, and 30-36 inches 

on the Maury and Oeoatur soils. The Diokson was smpled only to a depth 
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of 21i inches since the fragipsn in this soil could not be further 

penetrated vith & sampling tube at the time of sampliiig* The Bonmore 

was sampled to a deptti of only 12 inches because of the high amount 

of ohert which parevented deeper saagaling# Six cores were obtained 

trcm each plot and the six sasQales from each depth amnpled were then 

transferred to pi^aer bags and air dried. All samples were then ground, 

seived through a 2 am selre, mixed, and stored in glass bottles vith 

plastio caps. The Maury and Decatur soils were sampled in February, 

1958, the Dunmore in March, 1958, and the DLckson in October, 1958. 

Ba soil analysis, phosphorus was determined eolorlmetrically 

using the Beckani B specturophotcaseter. A Perkln-Elmer flame photometer 

was aused for potassium determinations, and a Beckoan OU flame spectro-

photometer with a phottHmiltiplier attacfament was used for ealciiai and 

magnesium determlnaticms. A Bookman Model Q pH meter was used for pH 

dfiterminaticms# 

y. 

V-. 

V-

. . 



CHAPTER 17 

RESULTS 

Potassium Soil Test Results 

Potftssium soil test data are |»reseiited in appendixes D through 

Q* A gra^^c suaroary of potassium soil test data is presented in 

figures 1 throng k* 

Exchangeable potasaitim levels of the flamy soil from various 

treatments show that the potassium level Increased as the amount of 

annual potassium fertilisatioa was increased. The greatest ooncentra-

ti<m of exchangeable potassium was found to be in the Oo6 inch plow 

layer in every treatment. It was observed from the 300 and UOO pound 

£20 per acre treatment that the exchangeable potassium level of the 

6-3L2 inch li^er had increased slightly over values of the 0,100, and 

200 pound per ̂ re treatments. 

Potassium soil test data from the Decatur soil showed that as 

potassium applicatimi was increased, the exchangeable potassium ecm* 

centraticoi was also increased* The 0-6 inch plow layer contained the 

greatest concentration of exchangeable potassium. Only in the hOO 

pound per acre treataaent was an appreciable difference in concen 

tration of exchangeable potassium below the plow layer noticed. This 

increased potassium level below the plow layer reached tmly to the 12-

inch depth. 

Data from, the Ouimiore soil showed that exchangeable potassium 

level increased as treatment with potassium was increased. The greatest 

concentration of exchangeable potassium was found to be in the 0-6 in^ 
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plov layer, howerer, it was evident that the exsetumgeable potaeeiun 

level of the 6<»12 iaeh layer aleo inoreased as applicaticai of potassiim 

was increased* 

jxi the Dickson soil, concentration of exchangeable potassium was 

found to increase as rate of potassium application was increased* The 

highest level of ea»^angeable potassium was found in the inch plow 

layer* (hxly the UOO pound K^O per acre treatment showed an increase 

in exchangeable potassium in the 6<<>12 inch leyer* 

Fhosphozus Soil Test Results 

Available phosphorus soil test data are presented in appendixes 

D through G* A graphic siimmary of these data is shown in figures 5 

thrcwgh 7* 

Ho data were reported for the Maury soil since no phosphate 

variable was used in that e^^eriment* 

Available soil phosphorus in the Deoatur soil increased as 

iqjplication of phosphorus was increased* The greatest corwentraticm of 

available phosphorus was found in the 0-3 inch layer* Available phos 

phorus in the depths below 6 inches was essentially the same in every 

treatment* 

Data from the Dusmore soil indicate that the largest amount of 

available soil phosphorus was concentrated in the 0-6 inch plow layer* 

The amount of available i^osphorus in that l^r increased as phosphate 

1»reatment was increased. Available phosphorus levels in the 6-12 inch 

layer were essentially the same in every treatment* 
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In Qiekeon soilj, available ̂ osphorus was found to ba meeni 

highly conoentratad in the 0-3 inch lagrer* In every treatment, availatie 

phosphorus values decreased with each successive satapling dep-Ui to 18 

inches, where there was then a sli^t increase over the preceding layer. 

Soil pH Level Data 

Soil pH data azvt presented in appendixes D through Q. For ccsspari-

son pu2>poses, only those pH data from annual treatments with 0, 200, and 

UOO pounds E2O per acre were used* These data ara shown in figures 6 

through 11, 

Chi the Maury soil, the feirtiliser treatments had no effect on pH* 

Generally, the pH was near 6*0 from the surface downward to a depth of 

IB inches idiere it then gradually declined to around 5*0 at a depth of 

36 inches. 

Data from the Decatur soil showed that there was generally no 

effect on pH attributable to differences in potassium treatment* The 

notieeahle change was the tendency for the pH of the 3*18 inch layer to 

Im higher than that of the 0-3 inch layer. After the 18 inch depth, pH 

declined from a general value of about 6«li. to a value of around S>*0 at 

the 36-inch depth* 

Values for the Dcmmore soil showed that there was essentially no 

effect on pH due to rate of potassiiim application. It was observed that 

pH gradually declined from around 6*3 at Ihe surface to around 6*0 at 

the 6-inoh depth.'Reaction of the 6-12 inch layer dropped to around 

pH 5#2r 
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Figure 8.—Soil pH values of several depths in 
silt loam after five annual topdressings of 
at various rotes. 

Maury 
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Figure 9.—Soil pH values at several depths in Decotur 
silty clay loam after four annual topdressings of 
potash at various rotes. 
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Figure !!.—Soil pH values of several depths In Dickson 
silt loam after four annual topdressings of potash 
at various rotes. 
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Soil reaction data from the Oiokada soil indieated that varioas 

annual ai^lications of KgO per acre did not appreciably affect pH values 

at variofus depths* It was evident that pH values were relatively low 

through the Diokson soil which varied in reacticm from around pH 5*8 » 

5*9 at the surface to around pH U.8 at a depth of 2h inches* 

Calciuia and Magnesium Soil Teat Data 

Caloium and laagnesiura soil test results are presented in appendixes 

D through 6* 

Bxehangeal^e calcium and magzsHtiua was detezmlned on all 200-

pooiid per acre treatments in each soil* 

Thsse data show on each soil that exchangeable caloiua and maipiesiuni 

values varied slightly as depth of sampling was increased* 

Yield of Alfalfa Hay 

Yield data for 1957 and 1958 are summarised in Tables 1 through 

U* Yields each year on the Maury soil jrepresent the sum of four cuttings. 

A ecnparison of the 0-pound potassium treated plots with an average of 

-^ose plots receiving potassium showed a significant difference in yield* 

The least significant difference at the .05 level of probability was 1*0 

ton per acre* 

The same general results were noted in the 1958 Maury yield data* 

The least significant difference at the .05 level of probability was 

0*76 ton per acre* 

A total of five cuttings made up the 1957 yield fro® the Decatur 

soil* A significant difference in yield due to potassium over no 
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TAB1£ X 

AVERAGE YIELD OP ALFALFA FROM MAURY SILT LOAM OF IHE ̂ TH AMD 
6th PRODUCTIVE YEARS AFTER VARICOS RATES OF 

ANNUAL TOPI^SINO 

Average Yield in Tons 
Tmt Air Dry Hay/Acre 
No. Annual Treatment 1957 1958 

I 0-0-0 2.99 2.01 

2 
3 

0-0-100 applied in Feb.-Mar. 
0-0-200 " M n M 

L.65 
3.93 

3.13 
2.L5 

L 0-0-300 " » » L.62 3.85 
$ O-O-LOO " a « * lt.50 3.95 

6 0-0-100 applied after let cutting 3.71* 1.9L 
7 
8 

0-0-200 
0-0-300 

" 
" 

H 
« 

» 
a 

» 
« 

3,55 
3.86 

1.L8 
2.57 

9 O-O-LOO " a a a L.IB 1.86 

L.S.D. (.05) 1.00 1.08 

1957 1958 
Rate of Application of K^o Rate of Application of K^O 

100 - U.19 100•2.5I4 
200 - 3,7li 200•1.96 
300 - U.2U 300 - 3.21 
LOO - L.3U Loo - 2.91 
tot: ict: 
(.05)- M.S. (.05)- 0.76 

Time of Application Time of Application 

KoO in February.^!arch - L.L2 KpO in February-March•3*3ll 
After first cuttlnK - 3.83 After first csuttirm - 1,96L.gA (.65) ^ 0.56' L.5.D. (.05) ^ .o.$h 

(.01) - 0.73 
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TABia H 

AVERAGE YIEU) CF ALFALFA FROM DECATOR SILTI CUT LOAM OP UTH 
AND 5TH PRODUCTIVE TEARS AFTER VARIOUS SATES OF 

ANNUAL TOPDHESSDiG 

Xverage Vleld In Tons Air Dry Hay/Acre 
tnt* No. Treatment 

1 0>0*.0 2.U9 2.19 
2 0-0-100 2.58 2.37 
3 0-0-200 2.95 2,81 
It 0-0-300 3.55 2.79 
5 o-o-Uoo 3.10 2.59 

6 0—6O—0 2.87 2.16 
7 0-60-100 U.69 3.57 
8 0—60—200 U.37 lt.21 
9 0-60-300 5.02 3.37 
10 0-60-li00 5.32 3.53 

11 0-120-0 U.ll 3.10 
12 0-120-100 5.71 3.86 
13 0—120—200 5.17 ii.20 
lU 0-120-300 5.92 3.91 
15 0-120-l;00 5.72 3.75 

16 0-180-0 U.oU 2.83 
17 0-180-100 5.00 3.38 
18 0-180-200 5.31 3.it8 
19 0-160-300 5.5U 3.81 
20 0—180—Uoo 6.60 5.13 

L.S.D. (.05) 1.061.35 
(.01) 1.80 1.12 

1957 

Ratea of P20i; Rates of K2O Rates of P20$ Rates of K2O 

0"2.93 0 - 3.36 0 - 2.55 0 2.57 
60 I4..I4.6 100 - li.50 60•3.37 100 3.30 
120 - 5.33 200"ii.l45 120•3.77 200•3.68 
180 - 5.30 300 - 5.01 180"3.73 300 - 3.U7 

ItOO - 5.19 L.S.D. hoo - 3.75 
(.o5)'»o,6o ict:— (.05)-0.l47 iot::— 
(.01)-0.80 (.o5)-o.67 (.01)0.63 (.05)0.53

(.01)-0,90 (.01)0.71 

https://o5)-o.67
https://01)-0.80
https://L.S.D.(.05
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TABIE m 

AVERAGE IIEU) OF ALFAUA FROM DUNMORE SILT LOAM OF THE UTH AND 
5th productive years AFTER VARIOUS RATES OF 

ANNUAL TOPDRESSIHO 

Annual Tmt. Average Yield in Tons Air Dry Hay/Acre 
Tnrt, No. Lbs./A 1957 1958 

1 O-O^O 2,36 2.9U 
2 0-0-100 2.682.U5 

0-0-200 2.29 2.8U? 
k 0-0-300 2.92 2.87 
5 0—0—Uoo 2.93 3.03 

6 0-60-0 2.39 2.55 
7 0-60-100 2.79 2.99 
8 0—60—200 3.02 2.99 
9 0-60-300 3.07 3.13 
10 0-60-U00 3.50 3.20 

U 0-120-0 2.39 3.03 
12 0-120-100 2.89 3.03 
13 0-120-200 3.10 2.9U 
lU 0-120-300 3.21 3.06 
15 O-12O-U0O 3.16 2.9U 

16 0-180-0 2.67 2.82 
17 0-180-100 3.05 2.99 
18 0-180-200 3.13 2.98 
19 0-180-300 3.17 3.18 
20 0-180-UOO 3.20 2.95 

l.S.6.(.05) .57 N.S. 
(.01) .77 N.S, 

Rates of P20g Rates of 1^0 Rates of P2^5 Rates of KgO 

0•2.59 0 - 2.U5 0 «• 2.87 0 » 2.83 
60•2.9$ 100•2.80 60•2.97 100 - 2.92 
120 - 2,95 200 «• 2.88 120•3.00 200 » 2,9k 
180 « 3.0l 300•3.10 180 * 2.98 300•3.06 
L.S.D. ItOO ̂  3.20 L,S.t). Uoo•3,03 
(.05)-o18 L.S.D. (.05)»N.S. l.S.D. 
(.oi)-o2ii (.05)-a29 (.05)-N.s, 

(,01)-a38 

https://l.S.6.(.05
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TABtB IV 

AVEHAC3E YIELD OP ALPALPA FROT DICKSOS SILP LOAM UTH AHD $m 
PRODUCTIVE YEAi?S AFTER VARIOUS HATES OP 

ANNUAL TOPDRESSING 

kvers-ge Yield 1n Ions Air Dry 'Hay/Acre 
Tmt. No. Treatment 1957 1958 

1 0".0»0 2,06 0 

2 0»0«"100 3.12 1.72 
3 0-0-200 3.16 2.II 
I 0—0—300 3.16 3.67 
5 o-o-loo 1.02 3.85 

6 0—6O—0 2.U 0 

7 0-60-100 3.65 2.18 
8 0-60-200 3.85 l.OO 
9 0-60-300 1.07 l.n 
10 0-60-100 1.20 l.u 

11 0-120-0 2.13 0 

12 0—120—100 3.31 2.13 
13 0-120-200 1.06 l.n 
Hi 0-120-300 3.79 l.3l 
15 O-I20-IOO 3.90 1.51 

16 0—I8O—0 1.96 0 

17 0-180-100 3.38 2.29 
16 0-180-200 3.97 3.89 
1^ 0-180-300 3.93 1.86 
20 o-ieo-loo 3.80 1.20 

l.S.Ji, (.05) N.S, 6.89 
N.S. 1.21 

.h°ii 

19581957 

Rates of FoOi Rates of Rates of ̂ 2% Rates of K2O 

0•3.16 0•2.06 0•2.81 0 0.00 

60 - 3.57 100 - 3.36 60 - 3.67 100 2.23 
120 3.Ui. 200 » 3.76 120 - 3.65 200 3.53 
leo »3.Ill 300 - 3.81 180 •• 3.81 300 1.21 
lOTT— loo - 3.98 L.S.D. loo 1.17 
(.q5)«n.s. iot:;— (.05)-0.15 TsTd, 

(.05)-0.31 (.01)-0.63 (.o5)-e.l5 
U01)"0,U2 (•01)-0.63 

https://�01)-0.63
https://o5)-e.l5
https://01)-0.63
https://05)-0.31
https://05)-0.15
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pOtassluB MM obtaliMd the 100«pound !^0 per acre treataen't nhera 

the least significant difference at 'Uie .05 level of probability was 

0.67 ton per acre. A significant difference in yield due to phosphorus 

additions was foimd at the 60«>p(»md ̂ 2% acre treatment whei^ "Uie 
least significant diffeirence between phosphorus treatments at Idie .05 

level of probability was 0.60 ton per acre. 

Yield of hey from the Decatur soil in 1J?58 was obtained irtm four 

cuttings, least significant difference for rates of phosphorus was O.U? 

per acre at the .05 level of probability* least significant difference 

between rates of potassium was 0.53 ton per acre at the .05 level of 

probability. Significance in yield due to potassium wae found at the 

100-pound KgO P®** treatment idiile significance in yield (hie to 

ph(Mpho2ns a(iditioiis was found at the 60—pound P®** aci^ treatment. 

In 1557 yield data frcm the Ouancre soil shewed that a signifi 

cant difference in potassium applications was found at the 100-pound 

KgO per acre treatment where the least significant difference at the .05 

level of probability was 0.25 ton per acre. Significance in yield doe 

to phosphorus addition was found at the 60-poand P^Oj per acre treatment 
where least significant difference at the ,05 level of probability was 

0.18 ton per acre* A total of three cuttings made up the yield. 

In 1558« Ouamore yield data shewed no significant difference 

between either rates of KgO or rates of PgO^ at tiie .05 level of prob 
ability. 

Dickson yield data in 1557 showed that there was a significant 

increase in yield due to phosphorus fertilisation at the 60-pound PgO^ 
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per acre treatnent and at the IDO-ponnd K^O per acre treatment* least 

significant differenos at the *0$ level of probability was 0*71 ton 

per acre* 

Similar reeulta were obtained in 19$^ on the Dickson soil* l^ast 

significant difference for 1958 data was 0*lt5 tm per acre at the .05 

level of probability* 

Correlation of Soil feat Data and 195? Yield Data 

The 195? yield data were correlated with eoil test valoes using the 

least squares regresaicm method as outlined by Ostle (18), Grout (7), 

and Tintner (25)* ^ 

The equation I -f * K6,i2«) 

estimate what per cent of the variation in yield, the potassium soil test 
2 

values would sxplain* R values, or the percent variaticm of yield ex 

plained by potassium soil test values are presented in Table ?« Values 

for r^, or per cent variatiraa of yield explained by potassium soil test 

values of any individual soil layer, are also presented in Table V, 

Values for with resultant partial regression coefficients and Ex^y 

are shown in appendix H throue^ J. 

Data showed that the greatest percent of variation in yield em-

plained by soil test potassium valxies from the layeze to a depth of 12-

Inchee was on the IHmmore soil, followed by Decatur, Dickson, and Maury 

soils# Wh«i considering on3y values of the layers to a depth of 6-inche8, 

the data on Dunmore explained more 12ian the data on Decatur, but the data 

on Haury gave a greater per cent of explanaticaa than data(m Dickson* 

It was shown from r^ values that soil test potassium values of ths 

3-6 inch layer gave the greatest amount erq^anation of variation in yield 

due to potassium soil test values in the Dunmore, Decatur, and Dickson 
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soils* fhe 1*3 inch laysx* potasftinai soil tsst values gave the greatest 

amount of ejqplanation of variation in yield on the Maury soil* 

The equaticm I « f * ^3-6" * ^6-12" *^*18" ^8*214" * 

^l4-30« * ^0*36»^ 
was used in an atteo^it to eiqilain variation in yield doe to potassiua 

2
soil test values of different soil layers in the Maury soil* The R 

value obtained was *030* 

Yield equations were set up using potassium soil test values for 

each soil* 

Using i^e general equation 

I- bQ ♦ ♦ baXg *—W 

The yield data and soil potassium data from the Dunmora soil gave 

the equation 

i- 2.032878 ♦ 0.003977 Xi•0.003216 Xg ♦0,00la09 X^•0.002652 Xj^. 
The yield data and eoil potassium data fz>om the Oecatur soil gave 

the equation 

Y•2*liU7905 - 0*001j308 X^ ♦ 0,002606 X^ ♦ 0.009896 X^ + 0.009311\* 
The yield data and soil potassium data from the Dicks<m soil gave 

the equati<m 

1 « 3.010167 - 0.0007U9\- 0.001869 Xg + 0.00liU26 X^ ♦ 0,006596 X^^. 
The equation from using yield data and soil potassium data from 

the Manry soil was 

2- 3,751471•0,000139\♦ 0.000293 x^ ♦ 0.000097 x^ * o.oool44 
•0.000191%♦ 0.0002li2 X^ + 0,002393 X^ - 0,000980 Xg, 
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Ab e3q>Xanation of variation in yisld was also mads using the 

equation X•f(P ♦ K ♦ ♦ PK). 

Soil test values for the 0-6 inch layer were used for the avail 

able phosphorus and exchangeable potassium values in this equation. 

In using this equation all data were coded tgr dividing by 1000. 

values for each soil used in this equaticai are shown in Table VI. 

OanDsore gave the greatest amount of explanation in variation of yield 

using this equation. Oecatur gave the next highest explanation^ and 

Oicks<m the least. 

Prom the general equation 

I-"o* ♦Vi* W 

yield equatitms were set up for each soil used with this function. 

Yield data and soil test data from the Buzwcare soil gave the 

equation 

I- -0.000678 - 0.009173\*0*007903 X^ ♦ 0.000257 - 0.000012 X^ 
- 0.000032 X^. 

Yield data and soil test data from ths Oecatur soil gave the 

yield wpiation 

Y - 0.001681 ♦ 0,191531 X^ ♦ 0,006755 Xg - 0.003830 Xj- 0.000008 
+ 0,000080 X.. 

5 

Yield data and soil test data from iia Oickson soil gave the 

yield equation 

Y•0,001228 ♦ 0.06293U X^ + 0.009859 Xg - O.OGO606 X^ - 0.000010 X^^ 
- 0.000058 X^, 

5 
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TABI£ VI 

!? TaluM Whar.I-

♦ , ♦ PI)
0^« ' 

Soil jj2 

DcuEOMKni .500 

Deo&tux^ .1430 

Dieksoa ,002 

. '"?V-<k,^ 

••: A-. 

^^UiaL 
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CHAPTER T 

DISCUSSION AND CONCLUSIONS 

Potassitua Soli Test Data 

Ex&h&ngeable soil potasslun as Bsasored li!/ soil tast vas oon« 

centrated in tha 0«6 inch plow layer in every eapezlaent^ These soil 

tests followed a total of five years of annnal topdressings on the 

Hanry soil and foar years of mmual topdressings on the Deeatur^ DtuaKxre, 

and Dickson soils* Exchangeable potassium decreased with depth in every 

eaperiment* This agrees with the work of Munsell (17)# ̂ o also found 

that concentration of exchangeable potassium decreased with Increasing 

soil di^th* These z^asults do not follow the greenhouse work by Kalstead# 

et al* (13}> which Indicated that exchangeable potassium values did not 

vary ai^reciably throughout a depth of 21 inohes* 

Since the results of this experiment show that the movement of 
.t 

potassium through the soil profile is slow# there is little reason to 

believe that a rapid loss occure when potassium is added at these rates» 

Only at the higher treatments of K 0 per acre was movement of potassium 

£vm. the (>->6 inch plow layer into the 6-12 inch layer detected* Om 

could possibly infer from these data that the exohaoige capacity of the 

surface of these four soils was capable of retaining the applied potassium^ 

This eo\ild then account for retention of potassium in the plow layer from 

rates of annual fertilisation that have been considered excessivei» 

It should be pointed out that in the Dunmcre soil exchangeable 

potassium valaies of the 6-12 inch layer increased as annual potassium 
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fertiliaatifm was Increaosd* This partieuXar soil is quite cherty 

throughout the profile, thus allowing a high rate of pereolatAon which 

would then make it possible for potassium to be iJJLuviated into the 

<S»12 inch layer* 

The results shown by these data raise the thought that it is 

possible that aianual topdressing of alfalfa may not be most profitable* 

Perhaps higher initial applications of potash mixed throughout the 0»6 

inch plow ligrsr, and fewer topdressings mwr a period of years, but at 

higher rates than are presently reocuamended would give alfalfa yields 

coiBparable to the yields obtained frem annual topdressings at moderate 

rates. It also follows that there may be less rapid loss of potassium 

from higher but less frequent applications than has been suspected* 

Phosphorus Soil Test Data 

Available phosphorus soil test data indicate that available soil 

phosphorus is conoentrated in the surface 3 inches* This concentration 

was found to extend to the 0«»6 inch depth in the Dunmore soil and the soil 

phosphorus levels were higher in this soil than in the Decatur or Dickson 

soils* It is quite probable that thia higher concentration of available 

phosphorus in the 3^ inch layer is (Me to the fact that this particular 

site was located on an area that had received previous iMosphate applica* 

tion* 

These data clearly point out the fact that phosphorus from annual 

applications moves only slightly downward in a period of a few years* It 

is shown in figures 5 through 7 that the highest available phosphorus soil 

teat values are found in the surface inch* 
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Soil pH Data 

Soil reaction data In figures 8, 9$ 10, and 11 show that there 

was no appreciable effect on pH value by annual applications of KgO# 

An interesting point was ol^erved frm the Deeatur soil reaction 

data which show that pH values of the soil le^rs between the 3-inch 

and 18-inch depths were higher than those pH values of the 0-3 inch layer« 

Calcium «ad Magnesium Soil Test Data 

After examination of values for exchangeable calcium and exchangeable 

magnesium^ it se^ss that the trend of the siumation of these values in 

pounds per acre closely follows the treM in pH valust Bven though mither 

calcium nor iMtgnesium values closely follow trends in pH value, the 

summation of the two values at each sampling depth does appear to follow 

the trend in pH value. 

Bxchangeable calcium and magnesium values from the Decatur, Doamore, 

and Diokscn soils are siiailar. fhe exchangeable calcium aixl magnesiun 

values from liaury are higher for a given pH. !?hiB may be explained by 

either the high phosphate content or different kinds of cla^r in the Maiary 

soil* 

Yield Data 

A significant imrease in yield at the .0^ level of probability 

was found at the 60-pound PgO^ per acre tjreatment and the 100-pound K2O 

per acre treatment on the Decatur, Dunmore, and Dickson soils* There was 

no phosphate variable on the Mauiy soil, however, significance in yield 

Increase at the ,05 level of probability was found at the 100-pound per 

acre treatment* This would indicate that yield of alfalfa hay on the 
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four soils studied is definitely affected by annual topdressings of 

phosphorus and potassium* 

Examination of these data show that annual applications of 

phosphate and potash exert an effect on yield of alfalfa. Soil test 

data show that there was little movement of annually applied potash 

and idiosphate over a period of years below a depth of 12-iiiehes* 

It has been considered that potash was readily lost by leaching 

when applied at high rates. Yield data and soil test data resultas of 

this study cause one to wonder if moderate annual phosphate and potash 

applications to alfalfa on these soils are necessary. Perhaps fewer 

phosphate and potash applications but at higher rates over the life of 

the alfalfa stand would sriffios# 

Correlation of Soil Test Values and Yield Resxtlbs 

Examination of correlation results show that exchangeable potassitmi 

soil test values at various depths do not explain much of the varlati(»i in 
2 

yield in 1957* This is quite evident from R values obtained from 

statistical analysis of the data frcsa tt» Maury and Dickson soils* 
2 

In explanation of R values of the potassium functions of the 

various soils> it is quite possible that the point <m the yield cxrrve 

at which fertilizers were applied would affect the explanation of vjcria-

tiaa in yield* It is postulated that the fertility level of the 

unfertilized plots of the Maury soil was at the point on tos yield ouxnre 

idxere the line broke* Since it is possible that yields were obtained from 

the portion of the curve that was breaking^ it would follow that the 
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linear equation aaed for potaseiua eorrelationa would not explain as 

much variation in yield as it would were the yields obtained from 

straight portions of the yield curve. 

This postulation could then be used as an explanation as to why 

the Maury soil potassium equation explains such a small amount of 

variation in yield. 

It is suggested that the low R value on the Biokson soil is due 

to two factors. One ie the relatively high contamination of alfalfa 

stand with eral:^ass« The other is the fact that the upper surface 

of Biokson stays relatively dry during the growing season, thus forcing 

root feeding at depths irtiere the concentration of available potassiim 

and phosphorus is not so high ss in the plow layer. 

2 
It is to be noted frm the Table of r values that of the per 

cent explanation obtained, the greatest individual amount of explanation 

of variation in yield casie from the ii»3h layer on all soils except 

Maury, 

It is probable that thie soil layer was the region most favorable 

for root activity in 1957, thus accounting for a relatively higher r 

value for this layer than for others. 

Of the percent variation in yield explained on the Mauzy, the 1-3 

inch layer potassium soil test values gave the greatest amount of explans#* 

tlon. 

It is concluded from results using the potassium function of yield 

that Mil test potassium values per se explained only a slight amount of 

yield variation In 1957* 
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Correlation data froa the e!«pr»88ioa of yield as a limetion of 

0-6 inch soil test values for available plwMphorus and potassium gave 

a greater amount of explanation of variation in yield than did the 

function using only potassium values* 

t, 



CHAPTER ¥I 

STO5MAHI 

Soil test values tor the vertical djjtribution ot exchangeable 

cations, available phosphorus, and pH were determined for four soil types 

\mder established alfalfa sods. 

lield data were obtained from each soil type and correlated with 

soil test values for exchangeable potassim. 

The major results were as foUomit 

1. Exchangeable soil potassium from all treatments was found 

to be most highly concentrated in the 0-6 inch soil layer, 

2. No great amount of potassium msvamsnt below a depth of six-

inches was fotind in three of four soils studied. 

3. Available phosphorus W£ui found to be most highly concen 

trated in the 0-3 inch depth and one soil had appreciably 

more in the 3«>6 inch layer than did the others. 

Annual phosphorus fertilization had essentially no effect 

on available phosphorus soil test values below a depth 

of six inches. 

5. Significance in yield at the .05 level of probability was 

f«md in.«h «qperl«at at th.60 pound PjOj par «« 

amual troatMnt and th. 100 pound KjO par acre annual 

treatment. 

6. ApplicaUon of 1^0 roaultod in no no^mrabla offoot on pH. 

7. The summa^on of vertical soil test values for exchangeable 

calcium and magnesium was found to parallel the vertical 

soil pH values. 
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8. The potassium soil test values for the different 

soil layers vas foxmd to correlate poorly with alfalfa 

yield. 

9^ Correl&titm wae increased hy adding available pht^horus 

soil test data to the funoticsi* 
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APPENDIX A 

PROGEDUHE fOB, lElEBMINATION OF EXCHANGEABIE 
CALCIUM AND MAGNESIUM OF SOILS 

X« Pl«c« 10 grams of adLr-dry soli (grooiwi to a flnsnass -ttiat will 

pass a 2 am* sieve} in a 125 ml* erlenmsgrer flask* 

2* k4d 50 ml* of neutral n<nnsal aimnonium acetate* 

3* Shake for 30 minutes and let set overnight* 

i^« Shake for 30 minutes the following morning* 

5* Pllter, using Whatman No, U2 filter paper, with suctirai flask and 

watsh with an additional 50 ml* of neutral ammonium acetate, 

collecting ®itire filtrate* 

6* Rrocure a small portion of the filtrate (about 5 ml#) end 

detez^aine exchangeable calcium content with a Beokman DU flame 

speetrophotameter equipped with a photoimiltiplier attachment* 

A wavelength of U22*7 is used for calcium* 

7# San^jle readings are cos^ared with the calibration curve obtained 

from standard solutions and the calcium content of the soil is 

calculated* 

8* Sai^les for determining aagnesiiim are obtained hf procuring a 

50 ml* aliquot of the original filtrate and taking to dxyness on 

the hot place* 

9* Destroy organic matter with 30 per cent hydrogen peroxide* 

10* Add 20 ml. of 0*1 N hydrochloric acid* 

11* Procure a small portion of this solution (about 5 «!♦) to 

dst^nBine exchangeable magnesium with a Beokman DD flame 8i>ectrQ<» 

photooAter equipped with a photcHnultiplier attachnent* A 
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wavelength of 285*2 is used* 

12* fhe sof^jle ireadlngs are eonqoax^ed with the ealilxration eorvt 

ohteinsd from standard solntiiEM^s and megneslnn dontent gf tht 

soil ealoulated* 

. • 
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APPEHDH B 

PROCEDURE FOR DETEiGIINATICN OF AVAILA.BIE PH0SPHGE03 
AND EBJHANGEABIB POtASSIUM HI SOILS 

!• Transfer 6*2$ grams of air-dry soil (ground to a fineness 

that will pass a 2 lan, sieva) into a 125 hlL. aETlenmeyer flask# 

2* Add small amount of activated carbon and mix. 

3* Add 25 ml# of extracting solution (0»C^ sulfuric acid con 

taining 1 per cent aimncmium sulfate), 

U# Shake for five mlnates, 

5* Filter, using Whatman No, 1 filter paper, collecting entire 

filtrate, 

6, Pippette 10 ml, of filtrate into 25 ml, erleiBneyer flask, 

7, Add 0,5 Bsl, of molybdio acid solution and mix, 

8, Add 8 dzxips of reducing agent (amino-naphthol-sulfonio acid) 

and mix ijmaediately, 

9* Read in spectrophotometer at 650 wavelength 15 minutes after 

adding reducing agent, 

10, Convert readings to ppm, phosphorus from standard eunra plotted 

from readings obtained from phosphorus standards run in a similar 

manner, 

i 
11, Use remainder of filtrate to deteiroine potassium concentration by 

comparing reading obtained on a Parkin-Elmer flame photometer with 

those obtained using standard solutions, 

12, Convert readings to ppm, potassitm froa standard curve plotted from 

readings obtained from potassivim standards arun in a similar manner. 
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APPENDIX 0 

PROCEDUHE FOR DETEK'UNATIOK 
OP pH OF SOILS 

!• Plac« about 25 gema of air-dry soil (ground to a finsnsds 

that will pass a 2 lam* sieve) in a 50 ml* beaker. 

2, Add distilled water until thin pasty ndxture is obtained. 

3* Allow to set until soil beoooaes well saturated. 

Re-ndx and place electrodes of pH laeter into the soil mixture 

and read pH directly. ' / ' *r-0' 

t ." . . y ■: 
I 

f 
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APIMIX D 

son. TEST VALUES FOR EXCHAHOEABIE CATIONS, AVAIUBIE 
PHOSPHORUS, AND pH ON mURY SILT lOAM FOLLa-ZIKO 

VARIOUS ANNUAL FERTILITY TREATMENTS l 

Annual Total kxchangeabie 
PpOHand Anplication Soil Available Cations 

Tmt* KpCrtrat ; (Lbs./A) Depth P (Lbs,/A) 
No. (Lbs./A) ? K Inches (Lbe./A) K Ca Mg pH 

X 0-0-0 0 0 0-1 35 209 6.2 

1-3 25 lol 6.2 
3-6 23 92 6.1 
6-12 31 100 6.0 
12-16 38 126 5.9 
18-2U 29 128 5.7 
2I4-3O 21 130 5.1 
30-36 20 133 5.1 

2 0-0-100 0 las 0—1 32 151 6.0 
applied 1-3 25 215 5.9 
in 3—6 21 132 6.0 
February 6-12 32 126 5.9 

12-18 lo 116 5.9 
I8-2U 31 Ho 5.7 
21-30 20 136 5.6 
30-36 19 117 5.3 

3 0—0—200 0 830 0-1 10 699 2975 230 6.0 
applied 1-3 30 l7l 2150 85 5.9 
in 3-6 26 252 2663 115 6.0 
February 6-12 30 153 2775 115 6.0 

12«1S 37 168 2988 170 5.9 
18-21 31 119 2913 210 5.6 
21-30 22 152 2538 215 5.1 
30-36 21 159 2375 305 5.1 

h 0-0-300 0 uhS 0-1 33 918 6,2 
applied 1-3 21 786 6,1♦

In 3-6 21 150 6.2 
February 6-12 30 171 6.2 

12-18 35 178 6.1 
18-21 25 163 5.9 
21-30 17 170 5,6 
30-36 17 172 5.3 

2!| 
_ . r. 
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Annual Totid Exchangeable 
PpO^and Application Soil Available Cations 

Tmt, K;<rtnifc (Lbs./A) Depth P (Lbs./A) 
No. (ijm./a) P K Inches (Lbs./A) K Ga pH% 

5 o-o-Uoo 0 1660 0—1 35 1280 6,0 
applied 1-3 2$ 1170 6.1 
in 3-6 21 732 6.2 
Februarys 6-12 29 235 6.2 

12-18 3ii 178 6.1 
18—2it. 26 156 5.7 
214-30 18 183 5.5 
30—36 19 201 5.1 

6 0-0-100 0 las 0-1 35 6.0 
applied 1-3 26 237 5.9 
after 3-6 214 130 5.9 
first 6—12 30 118 6.0 
cutting 12-18 37 1143 5.8 

18-2U 29 139 5.7 
214-30 21 135 
30-36 19 II45 5.2 

7 0—0—200 0 830 0-1 35 956 2788 220 6.0 
applied 1-3 214 636 2338 80 5.8 
after 3-6 214 280 2625 50 5.8 
first 6-12 32 i)|)i 2638 85 5.9 
cutting 12-18 142 159 2925 155 5.8 

18-214 35 liiO 2988 195 5.7 
2U-30 27 139 2775 215 5.5 
30-36 21 II42 2625 260 5.1* 

8 0—0*300 0 I2k$ 0—1 35 1118 6,0 
applied 1-3 26 828 5.8 
after 3-6 23 lil5 5.9 
first 6-12 30 359 6.0 
cutting 12-18 314 178 5.8 

18.214 214 158 5.6 
214-30 19 168 5.1 
30-36 20 172 1*.9 

9 0—0—liOO 0 1660 0—1 I4O 1390 5.9 
applied 1-3 28 1220 5.8 
after 3—6 2I4 700 5.8 
first 6—12 28 2142 5.9 
cutting 12-18 37 211 5.8 

18-214 26 171 5.6 
214-30 18 165 5.3 
30-36 18 169 5.0 
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SOIL TEST VALUES FOR EXCHANGEABLE CATI{»iS, AVAILABLE PHOSraQRtJS, 
AND pH ON DEGATUR SILTI GUY LOAM POLLaJING VARIOUS 

ANNUAL FERTILITY TREAmNTS 

Annual TStS 
P20^an<i Application Soil 

Tmt. KoO tmt (lj3S»/A) Depth 
No. (Lbs./A) K Inches 

0-0-0 0—1 

1-3 
3-6 
6-12 
12-18 
18-2U 
2ii-30 
30-36 

0-0-100 0 332 0-1 

1-3 
3-6 
6—12 
12—18 
18-2U 
2U-30 
30-36 

0—0—200 66U 0-1 

1-3 
3-6 
6-12 
12-18 
l8-2li 
2U-30 
30-36 

0-0-300 996 0—1 
1-3 
3-6 
6-12 
12-18 
18-2U 
2ii-30 
30-36 

Available 
F 

(Lbs./A) 

6 
6 
3 
2 

2 

2 

2 

3 

h 
H 
3 
2 

2 

2 

2 
2 

6 
6 

3 
U 
2 

3 
3 

6 
5 
U 
3 
3 
k 
3 
2 

Ecxchangeable 
Cations 

(VbsJk) 
K Ca pH 

252 6,1* 
123 6,1* 
91 6.7 
96 6,7 
100 6,6 
103 6.0 
120 5a 
12k 5»0 

528 6.2 
260 6.3 
123 6.6 
105 6,7 
118 6.5 
120 6.1 
120 5.2 
122 i*.7 

701 2117 207 6,1 
565 2183 220 6.3 
236 2300 307 6.6 
135 2017 307 6,8 
129 1967 333 6.1* 
130 1650 373 5.6 
131 1350 380 5.0 
166 1067 360 1*.7 

853 
683 

6,3 
6,i* 

iil3 6.7 
186 6.7 
151* 6.3 
163 5.5 
163 i*.9 
161 1.7 

1 



Annual Total &cchangeable 
PpO^and Application Soil Available Cations 

Tint, K Crtmt (Lbs./A) Depth P (Lbs./A) 
No. (Lbs./A) P K Inches (Lbs./A) K Ca pH 

5 0 1328 0-1 6 1173 6.1 
1-3 k 1067 6.2 
3-6 7 568 6.5 
6-12 2 218 6.6 
12-18 2 182 6.0 
18-2U 2 I7I4 5.7 
2U-30 2 170 5.5 
30-36 2 183 5»o 

6 0-60*0 : lOU 0 0-1 23 19it 6.3 
1-3 7 100 6.5 
3-6 3 83 6.8 
6-12 1 85 6.7 
12-18 3 93 6.5 
I8-2J4 2 97 5.8 
2I4-30 2 106 5.1 
30-36 2 119 U.9 

7 0-60-100 loli 332 0-1 19 250 5.8 
1-3 7 lli2 6,2 
3—6 U 105 6.6 
6—12 3 103 6.5 
12-18 2 99 6.1 
l8-2li 2 113 5.3 
2ii-30 2 112 1.9 
30—36 3 165 U.9 

8 0-60-200 loU 66U 0-1 18 U51 2350 1U7 5.9 
1-3 7 265 2617 120 6.1 
3-6 3 13h 2583 173 6.6 
6—12 2 103 2033 200 6.7 
12-18 2 102 1850 2I4O 6.U 
18-2U 3 108 1667 267 5.9 
2U-30 2 120 1I17 293 5.3 
30-36 2 1U2 1083 320 5.0 

9 0-60-300 10I4 996 15 581 6.0 
1-3 7 177 6.3 
3-6 226 6.5 
6-12 3 ua 6.6 
12—18 2 117 6.0 
l8-2lt 3 136 5.2 
2li~30 2 158 U.6 
30-36 3 171 U.6 
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Tmt* 
No, 

Annual 

PpOwand 
KpO trat 
(Lbs,/A) 

'■i'otal 
Application

(Ibs./A) 
P K 

Soil 
Depth 
Inches 

Available 
P 

(Lbs./A) 

Ilxchangeable 
Cations 

(Lbs./A) 
K Ca Mg PH 

10 0-60-1400 lOli 1328 0-1 
1-3 
3-6 
6-12 

12-18 
18-2it 
2I4-30 
30-36 

25 
5 
U 
3 
3 
3 
3 
3 

880 
803 
35I4 
150 
123 
I2I4 
151 
150 

6.3 
6,14 
6.7 
6.6 
6.2 
5.I4 
I4.9 
14.6 

11 0-120-0 208 0 0-1 
3j—3 
3-6 
6-12 

12-18 
I8-2I4 
214-30 
30-36 

61 
20 
5 
14 
I4 
I4 
3 
3 

183 
100 

88 
93 

102 
102 
122 
136 

6.0 
6.3 
6,6 
6,14 
6,2 
5.5 
5.1 
5.0 

12 0-120-100 208 332 0-1 
1-3 
3-6 
6-12 

12-18 
I8-2I4 
2I4-30 
30.36 

50 
9 
k 
2 
2 
2 
2 
2 

233 
121 

8I4 
81 
96 

102 
108 
120 

5.8 
6,2 
6,5 
6.7 
6.5 
6.1 
5.I4 
5.0 

13 0-120-200 208 66k 0-1 
1-3 
3-6 
6-12 

12-18 
I8-2I4 
214-30 
30-36 

63 
n 
5 
3 
3 
3 
3 
3 

386 
2I4I4 
131 
107 
109 
115 
136 
155 

2917 
2950 
2850 
2367 
2083 
2050 
1600 
1283 

153 
1147 
167 
220 
227 
227 
2I4O 
233 

5.9 
6.3 
6.7 
6,7 
6.6 
6.2 
5.U 
5.0 

Ih 0-120-300 208 996 0—1 
1-3 
3-6 
6-12 

12-18 
I8-2I4 
2I4-3O 
30-36 

I46 
9 
5 
3 
I4 
U 
3 
3 

667 
h6k 
209 
3i40 
135 
135 
1145 
171 

5.9 
6,1 
6,5 
6,6 
6,3 
5.5 
14.8 
14.6 



�  

 

$7 

Annual 
PpOf^and 

Total 

Applicati<m Soil Available 

Ejosilangeable 
c.ations 

Tmt, ICO^tmt (Lbs./A) Depth P (LIas./A) 
No* (LbB*/A) K Inches (Lbs,/A) K Co. Kg pH 

IS 0""l20<»i}.00 208 1328 0-1 58 7k9 5,7 
1-3 12 597 6*1 
3-6 5 303 6*5 
6-12 3 155 6.7 
12-18 3 138 6.5 
18-2U 3 16U 5.9 
2U-30 3 153 5.0 
30-36 3 168 U.8 

u 0-180^ 312 0 0-1 lli2 161 6,2 
1-3 36 92 6,U 
3-6 7 88 6.6 
6-12 13 89 6,7 
12-18 5 93 6.5 
18-2U 3 99 6,2 
2lt-30 3 106 5.6 

^ 30-36 3 120 5.2 

17 0-180-100 312 332 0—1 78 215 5.9 
1-3 15 113 6.5 
3-6 5 87 6.8 
6-12 U 89 6.7 

12-18 3 89 6.1 
18-2U 3 96 5.7 
2ii-30 3 111 5.2 
30-36 3 125 U.8 

18 0-180-200 312 66U 0-1 116 379 2567 167 5.8 
1-3 22 253 2667 lli7 6.2 
3—6 5 13U 2li03 207 6.7 
6-12 3 106 2133 267 6.6 
12-18 5 111 1983 287 5.9 

•4 

16-2lt 3 111; 1667 293 5.3 
2h-30 ^ 3 229 1167 293 U.8 
30-36 3 L'iS 1150 293 1.8 

19 0-180-300 312 996 0—1 lOU 589 5,6 
1-3 23 hBo 6,0 
3-6 7 26h 6,5 
6-12 3 1^2 6.5 
12-18 h 2}i2 6.1 
18-2U 3 131 5.7 
2J+-30 h 156 5.1 
30-36 3 165 1.8 
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Annual 

P-O^and 
Tiat. K^O^tait 
No. 

'i'otai 
Application Soil Available 
(Lbs,/A) Depth P 
# K Inches (Lbs,/A) 

20 O-I8O-I4OO 312 1328 0-1 132 
1.3 U3 
3.6 8 
6-12 h 

12-18 5 
IB-2U 3 
2li-30 li 
30-36 k 

!^hangeable 
Cations 
(L)3*/A) 
X "K■L M. 
61i8 5.7 
591 5.9 
ii35 6.5 
215 6.6 
11^2 6.1 
130 5.8 
128 5.3 
138 5.2 

l ■ ■ 

.h:-' 
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APPENDIX f 

SOIL lEST VALUES FOR EXCHANGEABLE CATIO®, AVAIUBLE PHOSPHORUS, 
iam pH ON DUHMORE SILT LOAM FOLLOWING VARIOUS ANNUAL 

FERTILITY TREATMENPS 

Annual Toial' Exchangeable 
PpOc-and Application Soil Available Cations 

Tfeit* K^Crtrat (Lbs./A) DeTJth P (Lbs,/A) 
No. (Ebs./A) t Inches (Lbs,/A) t Ca Mg pH 

I o«*o*o 0 0 0-1 20 178 6.6 
1-3 17 9k 6.6 

' 3—6 n 69 6.0 
6-12 7 98 5#0 

2 0"0""100 0 332 0-1 17 293 6,5 
1-3 11 187 6,5 
3-6 ID 123 6,0 
6-12 U 103 5.3 

3 CW)-200 0 661i 0—1 13 313 1667 287 6.U 
1-3 33 269 1U50 282 6.2 
3-6 9 219 1100 2li7 5*8 
6—12 5 158 867 173 U*9 

k 0-0-300 0 996 0—1 17 380 6.2 
1-3 n 351 6.2 
3-6 6 3I46 6*0 
6-12 6 265 5.ii 

$ 0*0—ItOO 0 1328 0—1 21 ia2 6.5 
1-3 111 357 6.5 
3—6 12 388 6.3 
6-12 7 29U 5*5 

6 loll 0 0—1 56 159 6,3 
1-3 16 72 6.U 
3-6 9 56 6.0 
6-12 6 79 5*1 

7 CW60-100 loil 332 0—1 56 222 6.U 
1-3 19 lUO 6*6 
3-6 10 85 6.2 
6-12 5 95 5*5 
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No. 

Annual 
PoO^and 
KpO^tsirt 
(Ebs./A) 

'i'otal 
Application 
(Lbs./A) 

K 

Soil 
Depth 
Inches 

Available 
F 

(Lbs./A) 

Exchangeable 
Cations 

(LI5S./A) 
K Ca m pH 

. W 

6 0-60-200 lOli 66itt 0-1 
1-3 
3-6 
6-12 

81 
kh 
16 
8 

291 1800 
205 1517 
161 1200 
113 883 

273 
287 
273 
173 

6.2 
6.1 
5.7 
5.2 

p 0-60^300 lOlt 596 0—1 

1-3 
3-6 
6-12 

50 
22 

9 
5 

360 
316 
289 
219 

6.3 
6.3 
5.9 
5.1 

10 0*'60'4t00 loU 1328 0-1 

1-3 
3-6 
6-12 

53 
28 

15 
10 

37k 
322 
319 
236 

6.2 
6.2 
5.9 
5.2 

11 0-120^ 208 0 0-1 

1-3 
3—6 
6-12 

106 
38 
16 
10 

359 
89 
72 
65 

6,5 
6.5 
6.2 
5.2 

12 0*120«100 208 332 0-1 

1-3 
3-6 
6-12 

103 
39 
18 
8 

238 
110 

79 
8U 

6.3 
6.3 
6.2 
5.6 

13 0-120-200 208 66it 0-1 

1—3 
3-6 
6-12 

lit3 
59 
2it 
10 

277 
222 

172 
1U9 

1883 
1650 
1300 
1000 

267 
300 
287 
227 

6,3 
6.1i 
5.9 
5,1 

lit 0-120-300 208 996 0-1 

1-3 
3-6 
6-12 

96 
U3 
15 
6 

336 
279 
2it9 
222 

6.3 
6.3 
5.8 
5.0 

15 O-120-UOO 208 1328 0-1 

1-3 
3—6 
6—12 

108 
83 
27 
U 

it07 
307 
361 
228 

6.2 
5.9 
5.7 
5.2 

16 0—IBO—0 

-

312 0 0-1 

1-3 
3—6 
6-12 

169 
72 
19 
6 

196 
76 
59 
77 

6.2 
6.2 
6.0 
5.U 



 � 

Tmt* 
No. 

Axumal 
PpOtami 
KZOrtmt 
itbsjk) 

'i-'otai 
Aj^licaticm 
(Lbs./A) 
P K 

Soil 
Depth 
Iiiches 

Application 
P 

(Lbs./A) 

Exchangeable 
Cations 

Lbs./A) 
t Ga % PH 

17 o*l8o«»loo 312 332 0»"1 

1-3 
3-6 
6-12 

173 
88 
29 
11 

187 
95 
68 
85 

6.2 
6,2 
6,0 
5.2 

18 {KlBO-200 312 m 0-1 

1^3 
3-6 
6-12 

176 
93 
23 
9 

306 1900 273 
178 1600 280 
129 1283 267 
132 983 193 

6.2 
6.1 
5.8 
5.1 

19 0«180-300 312 996 0-1 

1-3 
3—6 
6-12 

200 
122 
30 
9 

377 
3U3 
318 
201 

6.3 
6.1 
5.6 
iv.8 

20 0<"l80"U00 312 1328 0-1 

1-3 
3-6 
6-12 

203 
lilt 

12 

m 
393 
b37 
3U3 

6.b 
6.U 
6.2 
5.5 

?v 

\'-i 
<h)j. 
• • .■'&>■'. • • •';j-j 



APFEHDIX Q 

SOIL TEST VALUES FOR EXCHAIKEABIE CATIOliS, AVAILABLE PHOSPHORUS,. 
AND pH C® DIGKSON SILT IDAM FOLLOWIHG VARIOUS ANNUAL 

FESTILITI TREATMENTS 

AimuaX Total Exchangeable 
Appllcatl^ Soil Available Cations 

Tmt. KjCrtrat (LIt>s,/A) Depth P (Lbs./A) 
No, (Lbs,/A) P K Inches (Lbs./A) K Ca % m 

1 0-0-0 0 0 0-1 11+ li+9 6,1 
1-3 10 90 5,8 
3-6 8 1+6 6,0 
6-12 56 5.0 
12-18 1+ 78 l+,9 
18.2U h 61+ i+.8 

2 0—0—100 0 332 0-1 12 21+1+ 5.8 
1-3 11 63 5.6 
3-6 10 1+6 6.2 
6—12 h 51+ 5.2 
12-18 3 82 U,8 
18-21+ 3 78 i+.8 

3 0.0-200 0 66U 0—1 11 1+61+ 2000 no 6,0 
1-3 9 192 1700 70 5.8 
3-6 8 80 2575 50 6,1+ 
6-12 5 76 l6oo 120 5.0 
12-18 3 71+ 1275 260 1+.6 
18-21+ 3 82 1000 390 1+.8 

k 0-0-300 0 996 0-1 12 680 5.8 
1-3 11 1+61+ 5.6 
3-6 9 208 6,0 
6-12 h 108 5.0 
12-18 3 86 1+.6 
18-21+ 3 100 1+.8 

5 O-O-liOO 0 1328 0-1 13 768 6,0 
1-3 10 681+ 5.8 
3-6 10 1+00 5.9 
6-12 5 1U7 5.2 
12-18 1+ 91+ U,5 
18-21+ $ 111+ i+,6 
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Tmt. 
No. 

Annual. 
PoOj^d 
CO^tnrfc 
(tbs./A) 

Toiai 
Application 
(Lbs,/A) 

K 

Soil 
Depth 
Inches 

Available 

P 

(Lb8,/A) 

Exntiangeable 
Cations 
bs»/A) 

t Ca Mg ph 

6 0**60**0 101+ 

-

0 0-1 

1*3 
3-6 
6-12 
12-16 
16-21+ 

69 
11+ 
11 
6 

3 
5 

11+1+ 
1+1+ 
1+1+ 
60 
66 
60 

5.9 
6.1 
6.2 
5.2 
1+.8 
1+.8 

7 0"60»100 
V 

lOU 332 0-1 

1-3 
3-6 
6-12 
12-18 
18-21+ 

101+ 
21 

11 
6 

5 
5 

190 
72 
1+U 
56 
71+ 
62 

5.5 
5.1+ 
6.2 
5.2 
5.7 
1+.7 

8 0»60»200 loU 66U 0—1 

1-3 
3-6 
6-12 
12-16 
16-21+ 

50 
15 
16 
5 
3 
1+ 

279 1600 
166 1175 
76 1650 
62 1525 
78 1150 
91+ 925 

60 
30 
30 
80 
220 
380 

5.1+ 
5.2 
5.8 
5.0 
1+.7 
1+.8 

9 o«.6o»3oo lOU 996 0-1 

1-3 
3—6 
6-12 
12-18 
18-21* 

61 
22 

11+ 
5 
3 
5 

1+1+1+ 
301+ 
ll+O 
81+ 
90 
108 

5*6 
5.3 
5.9 
5.3 
1+.6 
1**7 

10 0«.60«1|00 101+ 1328 0-1 

1-3 
3-6 
6-12 
12-18 
l8-2i+ 

38 
13 
11 

5 
3 
5 

61+0 
1+1+1+ 
221 
122 
92 
103 

6.2 
5*8 
6.0 
5.0 
U.6 
1+.8 

11 0«»120..0 200 0 0-1 

1-3 
3-6 
6-12 
12-16 
18-21* 

157 
32 
13 
7 
1+ 
[. 

212 

58 
1+6 
58 
68 
66 

6^0 
6.1 
6.2 
5.0 
1+.8 
l+*8 

12 0-120-100 208 332 0-1 

1-3 
3—6 
6-12 
12-18 
18-21+ 

131 
23 
13 
6 
3 
7 

172 
58 
1+1+ 
62 
61+ 
66 

5*6 
5.6 
6.0 
5.1 
1+.8 
it.9 
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Annual Total Exchangeable 

Tmt* 
No. 

PgO^and 
KpCrtrat 
(Lbs./A) 

Application 
(Lbs,/A) 
P t 

Soil 
Depth 
Inches 

Available 
P 

(Lbs./A) 

Cations 

(Dssv'A) 
K Ca i-ig pH 

13 0*120«200 208 66U 0-1 

1-3 
3-6 
6—12 
12-18 
l6-2li 

I31i 
Sk 
18 
9 
k 
7 

201 
82 
k6 
60 
88 
92 

1625 
1275 
1775 
1875 
1350 
1025 

100 
30 
30 
60 
280 
kko 

5.U 
5.2 
6.0 
5»U 
U.7 
U.8 

111 0-120-300 208 996 0-1 

1-3 
3-6 
6-12 
12-18 
l8-2ii 

121 

Ul 
15 
6 

5 
5 

kkk 
3k$ 
182 
78 
90 
96 

5.ii 
5.2 
5.5 
5.0 
U.6 
iu6 

15 0-120-U00 208 1328 0-1 

1-3 
3-6 
6-12 
12-18 
18-2U 

123 
zk 
lU 
7 
5 
7 

588 
U52 
260 
119 
110 

119 

6.0 
5.1i 
5.6 
U.7 
U.6 
U.8 

16 0-160-0 312 0 0-1 

1—3 
3-6 
6-12 
12-18 
l8-2it 

218 
86 
19 
8 

5 
6 

169 
52 
50 
6k 
76 
7U 

5.8 
6.0 
6.0 
5.0 
U.8 
U.8 

17 0-180-100 312 332 0-1 

1^3 
3-6 
6-12 
12-18 
18-2U 

199 
59 
22 

9 
3 
7 

200 
62 
1|8 
60 
78 
72 

5.6 
5.5 
6.0 
5.0 
U.8 
U.8 

18 0-180-200 312 66k 0—1 

1-3 
3-6 
6-12 
12-18 
l8—2li 

191 
58 
19 
11 
6 
8 

238 
97 
6U 
66 
82 
88 

1700 
1575 
1850 
1700 
1275 
875 

80 
30 
30 
80 
220 
370 

5.U 
5.U 
6,0 
5.2 
U.7 
U.6 
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Tint* 
No. 

Annual 
PpO-and 
KpO^trat. 
(Lds./aJ 

Total 
Application 
(Lbs./A) 
P 

Soil 
Depth 
Inches 

Available 
P 

(Lbs./A) 

Exchangeable 
Cation 

(Lbs./A) 
K Ca % pH 

19 0-.180-300 312 996 0-1 

1-3 
3—6 
6—12 
12-18 
18-2U 

202 

67 
17 
10 

5 
6 

390 
222 

111 

81* 
86 
98 

5.U 
5.2 
5.6 
5.0 
U.6 
5.7 

20 0-180-U00 312 1328 0-1 

1-3 
3-6 
6-12 
12-18 
18-21* 

191 
51* 
16 
12 

$ 
8 

616 
398 
197 
136 
102 

102 

5.6 
5.5 
5.8 
U.7 
U^6 
1*.6 
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APEEHDIX H 

Cj4 Values With Ex.y and Resulting Partial Regression Coefficients
Where i•f(ICg_j, ♦

Decatur silty clay loam 

1 Exj^y
1 2 h3 

1 eOOOOOU -.000005 ,000003 -.000002 -1535.96 
2 -.00000^ .000009 -.000008 .000005 6.23 
3 ,000003 -.000008 .000017 -.000023 922.lit 
h -.000002 .000005 -.000023 .000061 UU9.U6 

-,oou3oe ♦002606 .009896 .009311
■A • ( 

• j 
S 

Dunmore silt loam 

1 .000009 -.000006 .0000002 -♦000001 1208.20 
2 -.000006 ♦000023 -.000016 .000001 1089.50 
3 .0000002 —.000016 .000019 -.000007 1353.50 
u -.000001 .000001 -.000007 .000011 631.01 

.003977 .,003216 .001tl09 -.002652 

Dickson silt loam 

1 .oooolU -.000021 .000021 -.000028 835.U6 
2 -♦000021 ♦0000lt9 -.000059 ♦000019 91+3.10 
3 .000021 -.000059 .000091 -.000057 570.77 
h -.000028 .000019 -.000057 .000270 165.20 

-.0007ii9 -.001869 .00UU26 .006596h 



a
p
e
b
n
d
u
 I
 

Va
lu
es
 W
it
h 

an
d 
Re

su
lt

in
g 
Pa
rt
ia
l 
Re

gr
es

si
on

 C
oe

ff
ic

ie
nt

s 
Wh

er
e 
Y"
 

\
3*

 ̂
^3
-6
" 
*
^6
-1
2*
 

*
^-

18
" 

■*■ 
^lt

-3
0"

* 
^0

-3
6"

^ 

M
au

ry
 s

il
t 

lo
a
n
 

i
 

Ex
j^y

1
 

3
h 

7
8 

1
 

.0
00

00
2 

-.
0

0
0

0
0

2
 

.0
00

00
00

5 
.o

oo
oo

U
 

-.
00

00
08

 
-.

0
0

0
0

0
0

8
 

.0
00

00
5 

-.O
O

O
O

O
U 

11
91

.8
2 

2
 

-.
0

0
0

0
0

2
 

.0
00

00
3 

-.
0

0
0

0
0

0
2

 
-.

00
00

05
 

.0
00

00
6 

.0
00

00
3 

-.
0
0
0
0
0
6
 

.0
00

00
5 

21
20

.7
7 

3 
.0

00
00

00
5 

-.
0
0
0
0
0
0
2
 

.0
00

00
08

 
-.

00
00

00
5 

.0
00

00
05

 
.0

0
0
0
0
0
0
2
 

-.
0
0
0
0
0
0
7
 

.0
00

00
02

 1
85

1.
86

 
k 

.0
00

00
1;

 
-.

00
00

05
 

-.
00

00
00

5 
.0

00
0l

;5
 

-.
00

00
52

 
-.

0
0

0
0

1
1

 
.o

oo
oo

U
 

-.
0
0
0
0
1
2
 

1
7

7
.9

0
 

$ 
-.

0
0

0
0

0
8

 
.0

00
00

6 
.0

00
00

05
 

-.
00

00
52

 
,0

0
0
2
2
0
 

-.
00

01
27

 
-.

00
00

72
 

.o
oo

oU
o 

83
.1

49
 

6
 

-.
0
0
0
0
0
0
8
 

,0
00

00
3 

.0
0
0
0
0
0
0
2
 

—
.0

0
0
0
1
1
 

-.
0

0
0

1
2

7
 

.0
00

29
6 

-.
00

00
36

 
-.

0
0
0
0
2
2
 

57
.9

3 
7 

.0
00

00
5 

-0
0
0
0
0
6
 

-.
0

0
0

0
0

0
7

 
.o

oo
oo

U
 

-.
00

00
72

 
-.

00
00

36
 

.0
00

36
U

 
-.

0
0

0
2

0
2

 
17

2.
86

 
8 

-.o
oo

oo
U

 
♦0

00
00

5 
.0

0
0
0
0
2
 

-.
0
0
0
0
1
2
 

.o
oo

oh
o 

-.
0

0
0

0
1

2
 

-.
0
0
0
2
0
2
 

.0
00

15
8 

11
6.

51
 

-.
0

0
0

1
3

?
 

,0
0

0
2

9
3

 
.0

0
0

0
9

7
 

-.
o
o
o
w

iii
 

-.
0

0
0

1
9

1
 

.0
0
0
2
4
2
 

.0
02

39
3 

-.
0
0
0
9
8
0
 

J
k
. 



�

kmmm j 

Ojj V&Xues With E3Ct7 and Resulting Partial Regression iCoefficients 
Wara I.f(Pq^ » » 

Deoatur silty clay loaro 

i 
1 2 h3 5 

1 2201.76l2i;2 11.813913 -14.568718 .002983 -.553660 .OOOI43I 
2 11.813913 8.530839 .104595 -.008U9li -.095565 .000279 
3 •yi.5687l8 MS9S 1.127756 -.000552 -.011122 .0114736 
h .002983 —«0u81+9ii- -.000552 .000009 .000067 -I.I8I4977 

-.553660 -.095565 -.011122 .000067 .0032U5 .181383 
.191531 .006755 -.003830 -.000008 .000080Ki 

Donmore silt loaa 

1 369.011085 -9.212659 -2.7281814 .056715 -.2914938 .OOOI4I7 
2 -9.212659 35.978506 .1142626 ..07I4295 -.0061148 .0012142 
3 -2.728I8I4 ,1142626 .028149 -.000369 -.000509 .052103 
14 .056715 -.07U295 -.000369 .000171 -.000112 .532280 
5 -.2914938 -.OO61I48 -.000509 -.000112 .001372 .I3I43I4 

-.009173 .007903 .000257 -.000012 -.000032 

Dickson silt loam 

1 17146,8140000 65.86310I4 -18.329791 -.038976 -1,630823 .000023 
2 65.863IOI4 37.31U693 -.208671 -.052768 - .325373 .00221a 
3 -18.329791 -.208671 .21I4OO3 -.000123 ,009988 -.001032 
I4 -.038976 -.052768 -.000123 .000083 .000355 1.0l40i433 

-1.630823 -.325373 .009988 .000355 .063285.005525 
.06293R .009859 -.000606 -.000010 -.000058 


