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INTRODUCTI<lt 

During the past few decades efforts have been directed toward 

devising method• of growing corn which are less costly as well as more 

efficient than conventional methods from the standpoint of aoil and 

water conservation. The lllO&t recent of these methods is "no tillage" 

which involve• planting corn in soil treated with chemicals to control 

weeds. Provided that weeds are effectively controlled, the "no tillage" 

method has given equal or higher corn yields than the conventional method. 

Several probleraa must be solved before the "no tillage" method of 

growing corn can be routinely used by farmers. Among the more difficult 

of these problems are devising machinery for planting corn, establishing 

a 1uitable cover crop after corn is harvested, and placing fertilizer in 

a manner which results in efficient usage by corn plants. At the present 

time research is underway to solve each of these problems. One of these 

problema, method of fertilizer placement, was dealt with in the present 

investigation. Emphasis was directed toward uptake of applied P by 

corn plants grown by conventional and "no tillage" methods. 

Specific objectives of experiments reported in this manuscript 

include: 

1. to compare uptake of P by corn plants from fertilizer applied 

to the soil surface with that mixed with the soil; 

2. to compare the conventional and "no tillage" method• of growing 

corn with respect to yield of corn, soil temperature, and soil 

moisture content; 

3. to compare the conventional and "no tillage" methods of growing 

tobacco with respect to yield and nutrient composition; and 

4. to determine the plant availability of the Ca·P, re-P, and Al-P 

fractions of soil which received. varying amounts of superphosphate. 
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IIVIBW OP LITDATUU 

Investigations are continually being undertaken to lncreaae corn 

yield• aud lower production coats. Among the more important 

conaidered in these inveatigationa are seedbed preparation aud fertili• 

ution practice. Seedbed preparation mutt provide meaaurea for aclequate 

weed control and conditions for suitable aeed germination, whereat the 

fertilintion practice muat provide proper amount, of nutrient• placed 

in a manner which allows efficient ueuage by plants. Method of application 

is especially important for an element aueh as l which can be fixed by 

1011 in forms which are relatively unavailable to plants. Information 

eoncerning the effect of aeeclbe4 preparation on corn growth and the 

effect of the method off application on plant availability of applied 

P will be reviewed in the following 1eetiona. 

lelationehip Between Tillaae Practice 

and Corn Growth 

Plowing with su.haequeat disking or dragging (conventional tillage 

method) is at present the most widely used method of aeeclbecl preparation 

for corn. It provide• adequate weed control ·during the early portion 

of the growing aeaeon aa well•• a favorable seedbed with reapect to 

aeecl germination. The raain disadvantages of the conventional tillage 

method are that it cloea not provide adequate eroaion control and that 

it is an expenaive procedure due to high f~l, machinery, aud labor 

coat.a. Conaequatly, lees expensive tillage method•, which provide 

suitable seedbed preparation and erosion control, have been devised. 

1'heae method• include "mulch tillage", "reduced tillage", aud'bo tillage". 

Kylcb tillage. Mulching is defined aa the uae of crop reaitlues, 
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manure, leave•, peat an.cl other litter•• well as paper, alase, wool, 

metal foil, cellophane and other convenient manufactured material• as 

mulches with or without ahallow tillage, for the purpose of increasing 

soil productivity (Jack• ,!1 .!!•, 1955). 

field investigation• have been conducted to detend.ne the effeet 

of mulching on yield of corn. Hutt and Peele (1947) founcl that a corn 

stalk mulch inereaeed the yield of corn on Cecil sandy loam. The in-

cr•••• in corn yield va• attributed to the increase in ••11 moisture 

content. In contra1t, Baugh ,!1 .11• (1950) found that timothy mulch 

decreased yield of com grown on Carrington ancl Miami •ilt loams. The 

deer•••• in yield wa• ascribed to plant damage oaueed by covering of 

plants with clumps of mulch during cultivation. An tnve•tigation on 

Canfield silt loam by lorat ancl Mederski (1957) showed that mulch tillage 

(2 tons straw/A.) decreased yield ·of corn and K uptake by corn plants, 

and increased bulk denaity of the soil. It was proposed that soil 82 

content waa decrea1ed by the high bulk density of soil to a level which 

decreaaed K uptake and that the decrease in yield was caused by K 

deficiency of plants. 

Althoup mulch tillage may not result in higher yields, it ia a 

deairable practice from the standpoint of soil aacl water conservation. 

lunoff experiment• on Marshall eilt loam conducted by Duley an.cl l.useell 

(1939) 1howed 15 times more erosion of bare sou than •oil covered with 

a straw mulch (3500 lbs./A.). A deer•••• in soil erosion due to mulch 

tillage baa also bff!l 1bown by experiments on Cecil sandy loam (Hutt 

and feele, 1947) and on Carrington and Miami silt loams (Baugh .!£ !1•, 
1950). 
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The deerea•• in eroeion of mulched eoile vas attributed to an increa•• 

in infiltration rate of rain water (Duley, 1943) and to a deer••• in 

eia• and velocity of rainclrops which contacted the •oil eurfa•• 'beneath 

the mulch (Lawe, 1940; Bor•t and Wooclburn, 1942). 

I.educed till•&•• lecluead tillage refer, to seedbed preparation in 

whieh one or more of the conventionally u•• tillage practice• is eliminated 

or performed a leaaer number of times. The moat thoroughly investiaated 

method• of redueecl tillaae (Moody!!.!!•, 1964) are given below: 

1. shallow plow•planttna, a two step proceaa in which corn ie 

planted inuediately after shallow plowing of eo11, 

2. whffl-track planting, a two step procea• of plowtna and then 

planting corn in tractor tire traeka; 

3. etrip•till planting, a two step prooeaa in which aoil ia plowed 

amt oom ia planted in a narrow area tilled by either a rotary 

neep or chiael; and 

4. plow-plantiDS, a one atep process eouiatina of plowtna and 

planting com at the aame time. 

Inveatigatione have been col'Miucted to detend.ne the effect of reduced 

tillage on eorn Jielcla. Browning and Borton (1945) founcl that shallow 

plow•plaatina re•ultecl in lower oorn yields than conventional tillage for 

fine textured poorly drained aoile (Clarion, W•b•ter, Cattiqton, and 

Payette ailt loama). On the other bancl, lower• and Bateman (1960) obtained 

hf.per yield• on reduced tillqe than conventional tillage treatment• for 

clayey soils. Conventional and reduced tillap dicl not result in significantly 

different corn yield• in the following inveetisationai etrip•till planting 

on Oroaecloae ailt loam and eilty elay loam (Moocly .!!, !!•, 1955)i wheel• 

traek plantiq on Groaeeloae ailt loam, Feclerick eilt loam, Cecil loam and 
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and Woodston loam (Moac:hler .!! !!•, 1960); and plow-planting on poorly 

drained Mardin silt loam (Muegrave ,!l !!•, 1955). 

Mechanisms have been proposed to explain decreases in corn yields 

4ue to reduced tillage. Cloddy seedbed preparation by the plow-plant 

method reeulted in poor germination and, consequently, low corn yield• 

on Miami ailt loam (Page.!!.!!•, 1946). A similar explanation was given 

by Cook ,!1 J.!. (19S3) who found that reduc• tillage methods decreased 

yield of com grown on Brookston clay loam, Brookston loam, Hillsdale 

sandy loam, aocl Pox sandy loam. Low com yields on Tama and Fayette lilt 

loams which received shallow plow-planting tillage were attributed to X 

deficiency (Bowers .!l .!!•, 1944). lt was proposed that the high bulk 

density of the plow-plant tilled soil redueecl the soil 02 content to a 

level wbieh decreased K uptake by corn plants. 

Higher corn yield• on reduced tillage than conventional tillage 

treatment• have been explained on the baaie of soil moisture and aeration 

relationships. lao, J!!• (1960) attributed the increase in yield of 

wheel track planted eom on Drummer clay loam and Brenton silt loam to 

an increase in amount of available soil water. · It wa• concluded that 

the lower bulk density of the wheel track•• compared to conventionally 

tilled aoil resulted in a higher rate of infiltration and, therefore, a 

higher amount of available water. fanning and Brady (1963) concluded 

that plow-plant tillage improved aeration and, eonaequently, inereaaed 

yield of corn grown on a poorly drained soil. 

J!o till•••• "Ro tillage", the moat reeently devised method of teed-

bed preparation, is a two •t•p proeeas in which vegetation ia killed by 

chemical methods and corn ii planted in the chemically treated soil. 



Inveetiptione have been conclucted to determine the effect of no 

t:l.llaa• on com yield•. Yield• of corn were not eignifioantly different 

clue to conventional tillage ancl no tillage on Honeoye silt loam (Pree 

.!l .11•, 1963) and on Greenclale silt loam (Moody J1 .11•, 1961). In a 

avbaeqwmt etu.dy on Oro••lo•• ancl Locli tilt loame, alMl hvicleon clay, 

Moody .!1.1.1• (1964) found that no tillage resulted in either similar or 

hiper eorn ::,ielcla compared to conventional tillage. 

It 1• m4ent that eeedbed preparation 1• 1••• expeneive for no 

tillage than conventional, mulch, and moat reduced t:1.llaae methods. lqual 

or higher y:1.elcla due to no tillage•• compared to eonventional tillage 

:1.nclicate that a reduction in eoet of aeedbed preparation can be obtained 

without a clecreaae in acre-value of the corn crop. Theae clata imply 

that no tillaa• 11 a more efficient method of eeedbed preparation than 

eonventional tillage. lt ie apparent, however, that the no tillage method 

may not be used for all soils. For example, it would moet probably result 

in clecreaaecl yield• on 10:l.la where weed• ean not lHt eontrollecl by herbicide 

treatment. 

Similar to the mulch tillage procedure, plant re1iclue1 OD the eoil 

surf••~ of a aeedbecl prepared by the no tillaa• method increa••• the rate 

of _infiltration of rain water into •oil., and, thereby, decreue• 

of bJ runoff water• ancl iner ... e• the amount of plant available soil 

water. At preaent, many alopiq soil• of Virginia are not eoneidend 

auitable for oorn production because of aoil eroeion and low toil water 

eontent. It ia anticipated that the no tillage method of growina eorn 

eoul• be effectively ueed on soil• occurring on eteep 
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Relationahip Between P Placement 

and Com Growth 

One of the moat difficult problems encountered in soil management 

1• supplying optimum amount• of available f for normal plant growth. 

It ia neceasary to place 1 in a manner which provides efficient u1uage 

by plant• as well a• to apply the proper amount and kind of P fertiliser. 

Data are not available in the literature relating 1 placement to yield of 

col'n fol' any of the metho4• of aee4bed preparation except conventional 

tillage. Three method• of 1 application have been inve1tipted, mainl7 

contact, band, and broadcast-mixed (mixed) placement. 

Coptacs plfC!ID:GS·• Sneral inveetigations have been conducted to 

determine the effect of applying P fertilizer in contact with seed on 

corn growth. Coe (1926) found that contact placement of superphoapbate 

(60 lb1./A.) gave lower com yields than mixed placement of fertiliser. 

The lower yield was attributed to reduction in number of plants due to 

•alt injury of germinating aeed1. Collier (1954) found that contact 

placement of auperphosphate (200 lba./A.) did not deer•••• corn yields; 

a1 compared to the check, contact placement resulted in aimilar corn 

yield on Auatin clay and higher corn yield on Houston blaek clay. !he 

favorable effects of contact placement of P fert111eation was attributed 

to alleviation off deficiency of com planta. 

Xt hae been ahown that contact placement of N reaulte in greater 

damage to germinating aeecl, than•• An in<veatigationduring 1959 on 

Davidson clay loam, Sassafras eandy loam, Groseclo•• silt loam, and 

Rorfolk fine sandy loam showed that the number of corn plant• per acre 

was not significantly different when 12-12-12 fertiliser (1000 lba./A.) 
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was mixed with &oil, or when N and K were mixed aud P was placed in 

contact with seed (Lutz, 1964). However, stand count• were in all 

case• aignificantly lower than the mixed treatment when P and K were 

mixed and N waa placed in contact with seed. Subaequent studies by 

Lutz (1964) showed that stand counts were not decreased by contact 

placement of concentrated auperphoaphate except under conditiom of 

extreme moisture streaa during seed germination. 

11!!1 and mild eksen£.. Yield response of corn to mixed and 

bancl application of superpho1phate variea with different soil&. Nelson 

a .fl.. (1949) found that banding superphoapbate (SO lb1. '1205/A.), 3 in. 

to each it.de and 2 in. below com seed.a, gave higher com yielcla than 

a mixecl aprlication on Borfolk sanely loam. Similar re1ults were obtained 

on C&nfield and Miami loams by Salter .!!• (1931), who banded 

auperphoapbate at the seed depth in two areas aeparated 3 in. laterally 

and 3/4 in. horiaontally. In contra1t, Coe (1926), found that yield 

of eorn grown on Carrington silt loam was significantly increased by 

either banding or mixed 1uperpboaphate (60 lbs. /A.) aud that the place-

ment methods did not result in significantly different com yielda. An 

investigation on laub silt loam. by Barber (1958) showed that mixed super-

phoapbate (130 lbs. /A.) reaulted in higher eorn yie14• than band plaeem.ent 

of the 1 fertilizer. 

Improved yields clue to banding auperpho1pbate have been explained 

on the baeia of leas fixation. Webb and Pesek (1958) pointed out that 

in the case of superphospbate, which ia highly water soluble, band place• 

ment results in a high eoneentration of Pin a small volume of soil 

whereas mixed placement results in a lower concentration of Pin a large 

volume of eoil. The higher eoutact with aoil due to mixed trutment 
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leads to greater fixation of applied P and, consequently, lower availability 

of fertiliser P to corn plants. Webb and Pesek (1958) also observed that 

the effect of banding i• apparent early in the growing season and that 

when plants obtain enough native soil P for their early needs band place-

ment i• not superior to mixe4 placement from the standpoint of corn yield. 

From these observation• it was concluded (Webb and Pesek, 1958) that 

differences in yield due to placement would not be expected to be as 

great for soils haVing nearly adequate amount• of available P. 

Mechaniama of P Fixation by Soils 

The fact that Pis aorbecl from solution by the soil upon application 

of aoluble P compounds has been well establiabed. However, the exact 

mec:haniam by which removal of P from solution occurs is not well understood. 

Mechaniama to explain P fixation include adsorption involving hydroxylic 

surfaces and anion uchange sites, and precipitation reactions involving 

primarily re, Al, and Ca ione. 

Acid soil•• Approximately four decades ago, lloaaman (1927) demonstrated 

that phosphate aorption by Putnam clay varied inversely with pB and that 

the maximum rate of aorption vaa attained at soil pH valuee of 3 to 4. 

llosaman attributed the fixation to surface adsorption of phoaphate ions 

by re- and Al-oxides. Oxides of re and Al were implicated aa components 

of fixation reaction by Chandler (1941) who found that removal of 

the two oxides from the clay fraction of aoil (Decatur, Hartselle, Houston, 

Norfolk, and Cecil soils) decreased the amount of phosphate retained. 

Recently, Bau (1964) characterized two reactions in sorption of P by latlow 

clay loam; a rapid reaction was attributed to adsorption by native reactive 

amorphous Fe203 and Al203, and a slow reaction was attributed to adsorption 
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by similar reactive components developed during the astng proeess. 

Studies involving removal of P from solution by soil, which are 

very similar to those explained as adsorption reaction•, have been 

explainad as precipitation ructions. Bradfield et al. (193S) attributed --
phosphate retention by the < 100 mu fraction of Wyoming Bentonite, 

Miami, and Upshur clay to precipitation of Al- and Fe-phoaphates. 

Coleman (1944) showed that removal of free Fe- and Al .. oxidea from the 

coarse and fine clay fraction of Susquehanna clay loam and Orangeburg 

aand decreased phosphate retention by the two fractions at pH 3.2. 

Coleman proposed that the decrease in phosphate retention resulted 

from a decrease in precipitation of phosphate as Fe- and Al .. eompounds. 

Piu.tion of added P by Kaolinite was shown (Haseman .!! !a•, 1950) to 

occur in two stages, a rapid reaction was attributed to precipitation 

of phosphate by frH Pe and Al, and a slow reaction was attributed to 

further precipitation by Al dissociated from the cryetal lattice of clay. 

A eerie& of reactions presented by Hemwall (1957), given below, 

illustrate a mechanism by which adsorption and precipitation of P may 

occur airnultaneously in soils. 

Clay Minerals, and 
lxchange Sites 

Precipitated or 
Adsorbed 

The symbol K represents cation• of l'e and Al and A represents oxide 

or hydroxide. Hemwall points out that P fixation in acid soils is 

primarily due to the formation of re and Al compound.a of the nature 

M~0)3(0H)2UiP04 and that soil minerals including the clay minerals 

are the aource of Fe and Al; furthermore, the formation of these compounds 

is governed by the common ion principle, solubility product principle 
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and the salt effect principle and, therefore, under certain conditions 

the compounds form a precipitate, whereas under other conditions they 

are adsorbed. Regardless of whether the compound• are adsorbed on the 

surface of soil minerals or precipitated, the compounds formed and the 

1nechanism of reaction seem to be essentially the same (Hemwall, 1957). 

Bavikovitch (1934) noted that concentration of Pin solution varied 

directly with soil pH and asswned that P replaced hydroxyl ions by anion 

exchange reactions. In contrast, Olphen (1950, 1951) hypothesized the 

exietence of a positive layer with negative diffuse ions at the edges 

of clay minerals which is responsible for phosphate adsorption. Although 

included in the above series of reactions, Hen.1Wall (1957) proposed that 

P fixation by anion exchange ia insignificant as compared to precipitation 

and adsorption of P by moat acid soils. 

Reutral soils. Pixation of P by near neutral soils has been ascribed 

to formation of ineoluble Ca-, Al-, and re-phosphate&. Hsu and Jackaon 

(1960) presented a solubility diagram by which the relative concentration 

of ferric Fe, Al, and Pin aolution could be inferred as a function of 

pH, aaswning atrengite (le(OH)2H2P04), variscite (Al(OH)2H2P04) and calcium 

hydroxyapatite (Ca10(0H)2C104)6) to be the Fe-, Al-, and in 

the system. The solubilities of Al-, Fe-, and Ca-phosphates are approxi-

mately equal in the range of pH 6.0 to 7.0; thus, in thia pH range, all 

three forms of phosphate may occur in varying proportions depending on 

the magnitude of the respective cation activities derived from the 

solubility of the various aolid phases. 

Calcareous soils. Pixation of Pin calcareous soils baa been 

attributed to precipitation reaction,. Buehrer (1932) found that the 

equilibriUlll phosphate concentration of the CaHP04-eaco3-~co3 system is 
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inversely proportional to the Ca ion concentration and pH, and poiated 

out that dicalciwu phosphate resulting from eurfaee hydrolysis of 

carbonate apatite supplies the Pin solution. Later, Olsen (1953) 

related this system to 1011 and noted that Ca phoephates predomioate 

in calcareous soils because Ca released from caloium carbonate in the 

soil, controls the phosphate solubility. 

Plant Availability of Fixed P Compounds 

Shortly after monoealeium phosphate is applied to soil, it hydrolyzes 

to dicalcium phosphate dihydrate which supplies moat of the fertilizer 

P to plants in their initial stages of growth. Later, however, dicalcium 

phosphate dihydrate change• to complex Al• and Fe-phoapbate1 in acid soils 

and mainly Ca phosphate• in calcareous soils. Investigations have been 

carried out to determine the availability of these compounds to plants. 

Al• and. Pe-eh9aphatea. An investigation by Lind.aay and Stephenson 

(1959) showed that monocalcium phosphate added to Hartselle fine sandy 

loam (pH s.s) converts to calcium ferric phosphate•B4Cafe2(P04)4•SH20, 

potaaaium taranakite•96X]Als(P04)8.1su20, colloidal aluminum phosphate and 

colloidal iron phosphate. Taylor .!1 A!• (1960) determined the availability 

of the•• compounds to corn plants grown on Hartselle silt loam (pH 4.8) 

in the greenhouse; six corn plants wera grown on the soil (3 l(g.) fertililed 

with P compounds (200 mg. P) for 62 days. Total Pin eorn shoots indicated 

the following P supplying power of the various sources; monocalcium 

phosphate (11.9 mg. P)> colloidal aluminum phosphate (6.8 mg. P) > 
potassium taranakite (S.8 mg. P)> colloidal iron phosphate (4.0 mg. P~ 

potaasium hydrogen pboaphate-Hpe3(P04)6.6H20 (3.S mg. P)> potasaium 

aluminum leucophosphate-KAl2(P04)20H.2820 (2. 7 mg. P~ potaaaium iron 
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leueophoephate•KP•2(P04)20B.2H20 (2.6 mg. P). Using the same procedure 

on Bartsells silt loam limed to pH 6.3, Taylor~ .I!· (1960) found the 

following P supplying power for the various sources; monocalcium phosphate 

(24.9 mg. P)_> calcium ferric phosphate (24.4 mg. P)> colloidal alwuinum 

phoephate (21.9 mg. P)_> potaHium taranakite (19.4 mg. P)> colloidal 

iron phosphate (17.8 mg. P)> potassium iron leucophoephate (3.S mg. ,j> 
potaasiwn aluminum leucophosphate (3.3 mg. P). 

Ca phosphates. An investigation was conducted by Terman .!! !! . 
1958) to determine plant availability of dicalcium phosphate dihydrate, 

anhydrous dicalcium phosphate, and monocalcium phosphate; three acid 

aoila (Clarksville silt loam-pH 6.0, Hartselle fine sandy loam•pH 4.8, 

and Belina silt loam-pH S.S) and two alkaline soils (Rosebud loam -

pB 8.0, Webster silty clay loam•pB 8.3) were used in the study. On 

the basis of total Pin ryegxa•• and sudangrass, it was shown that P 

was more available from monocalcium phosphate than anhydrous diealcium 

phoephate for all soile and that P from monocalcium phosphate was more 

available than dicalcium phosphate in alkaline soils and less available 

in acid soils. In another experiment (Terman§.!.!•, 1958) with Hartsell• 

fine aandy loam limed to pH 1.s, yield of plant tiaaue (a eudangrass • 

ryegra•• mixture) was used to indieate relative plant availability of 

P from various calcium phosphate compounds. Yields at related to P 

soure• we1.'e as follows: Ca phoaphate dihydrate (11.4 8•0 anhydrou.e 

dicaleiwn phosphate (9.1 &•>> m.onocaleium phosphate (7.9 g.)> 
octacaleium phosphate (5.3 g.)> hydroxyapatite (4.1 1•>> no phosphate 

(3.6 g,). 

In summary, the greenhouse investigations indicate that when a 

similar amount of Pis present in •oil aa complex re- or Al-P compounds 
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f from the Al-! compound• i• more available to plants. However, if 

1 •• l'e--P predominates in •oil, it would. most probably supply a higher 

amount of P to plants than Al-P compounds. Data comparing the plant 

availability of complex Ca-P compound• wi.th complex Al- or l'e-P compounds 

are not available in the literature. 
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IPRCT OF SIIDID PUPAIAUON AND lDTlLIZII. 

PLACIMDT OF P UPTAD BY COD PLANTS 

lt baa been shown ~hat the no tillage method of growing corn is 

aupei-ior to the conventional method from the standpoint of erosion 

control and that the two methods result in approximately equal yields. 

ln investigations reported in the literature, P fertilisation of no 

tillage treatments waa accompliahecl by hand placement of fertilizer 

in band• near the sud.· 1.111a method of P fertili&ation is not readily 

applicable for routine usuage. Therefore, a reliable method of P 

application must be devised before the no tillage method of growing 

corn can be used routinely. The present invettigation was undertaken 

to determine the ability of aurfaee applied P to supply P to corn 

plants grown by the no tillage method. 

Methods and Materiale 

Wellston loam, a Gray•Brown lodaolic soil developed from non-

caleareoua aanclstone and shale (lobinaon .!£ Al•, 1961) was selected 

for this investigation. Laboratory and field procedurea used during 

the course of the investigation are outlined below. 

field iBV@8tigation conducted in 1261. The area of soil selected 

for the field experiment most probably did not receive fertilizer during 

moclern times and certainly did not receive P fertilizer during the 

12 year period from 19.50-1962. Soil teat values determined from a 

composite sample of the area by procedures outlined by lich (1955) 

iuclicated that the aoil had a pH value of 5.4, and contained a low 

amount of available P (S lb1. 1205/A•> and a high amount of available 

X (336 lbs. K20/A.). 1.1le experimental area was treated with Atraaine 
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(4 11,e./A.) to control veeda; no other weed eontrol meuurea were 

ued during the investigation. 

A randomised complete block duign, conatstina of 4 treatment• 

replicated 4 time•, wa1 uaed. lach plot vaa 10 by 6 ft. '1'he following 

4 trutment1 were UH: 

1. plowed-P fert1U.aecl, euperphoaphate (21. 71. P205) tasaed* 

vith p32 vas cliatribute4 evenly on the 1011 surface at the 

rate of SO lbs. •tos/A. (144g./plot), ancl the fertiliser waa 

mt.xed with the soil to a depth of 5" by mean• of a rotorator 

plow; 

2. plowed-chm, the aoil waa tilled to a depth of 5" by 

mun• of a rotorator plow; 

3. no tillaae•P fertilised, 1uperphoapbate (21.71. , 2o5) 

taa•• with 132 vaa distributed evenly on the aoil surface 

at a rate of SO lbs. f20s/A. (144&./plot), and the soil waa 

not tilled; and 

4. no tillage-cheek, auperphosphate va• aot applied and the 

aoil waa not tilled. 

All plots received a broaclcaat trutment of 111t.K03 (SO lbs. I/A.) 

and XC:1 (50 lbs. l.zO/A.) wh:l.oh vaa thoroughly mixed with soil of the 

plowecl trutmenta and was not mind with aoil of no tillage trutment,. 

Com (V.t.I. 648) waa planted at a depth of 3 in. on May 7. !be seed• 

were planted 10 in. apart in rows whioh were 36 in. apart. 

* The radioactive f fertiliur waa provi4ed by the U. s. fertiliser 
Laboratory, USDA, Beltsville, Maryland. 
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!&t!.4 iBUftiption coD4!!ftf4 in 1964. t'b• area of aoil •elected 

for the field aperiment received f fertiliser (10 lbe. , 2o5/A.) during 

the 13 year period fTOm 1950•1963. frior to 1950 the area moet probably 

dicl not receive any f fertilisation. Soil test value• were determined 

on a eompoeite aanaple of the area by procedure• outlined by Ii.ch (1955). 

!he reaulta allowed that the soil hacl a pH value of s.o, and eontainecl 

a low amount of available, (3.5 lbs. t 2o5/A.) and a hip amount of 

available X (323 lba. 1.zO/A.). 

flowed-P fertilised and. no tillage-, fertili1ed treatment eimilar 

to those of the 1963 atudy, except that euperphoaphate tagged with 132 

was applied at the rate of 100 lba. 12O5/A., were arranged in a ranc1omised 

complete block design eonai1ting of 4 block•• Bach plot waa 6 1/2 by 

10 ft. Weed control, II ad X fertiliution ancl planting of com (Pioneer 

345') were aehieved by the •tbocla uaed in the 1963 field atudy. 

P!S•P&Ml&9B off uptake bJ com plaptt. Total P content: of newly 

developed eorn leave,•• cletermi11ed by the following procedure: 

sample• were oven-dried (24 hr••> at as0c. and arouncl in a Wiley mill 

to pa•• a 60 mesh eereen; a 1ub•1ample (1 g.) vaa aehed (2 hra.) at 

450°c., cliasolved in o.3J llll03 (100 ml.), and the eontent oft> in 

solution va• determined by the errmonium vanadate proeeclure outlined 

by Jackson (1958). 

!he amount of p32 waa determined on an aliquot of the diHolvN 

leaf sample• vhieh waa prepared for the total 1 determination, eounter 

solvent (10 ml.) was added to a representative aliquot of diaaolved 

leaf sample and counts were made on a !ricarb Liquid Scintillation 

Spectrometer (Packard Instrument Co., La Grange, Illinois). !he counter 

solvent consisted of 2,5-Diphenylaaaole (7g.)1 11 4-bia-2 (4 Methyl•S 
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Phenyl-oxaaolyl) Benzene (50 mg.), and napthalene recryatalliaed from 

ethanol (50 g.) diluted to one liter with 1,4-dioxane. 

Leaf samples were collected on June 191 July S, August 1, and 

Auguet 16 in 1963, and on June 7, June 23, July 7, and July 14 in 1964. 

Mg•utement of corn plant height and. xteld. Plant height was 

measured at approximately weekly intervals during June, July, and August 

of 1963. Three plants were randomly selected from each plot for the 

plant height determination. 

Com ears and stover were harvested on October 22 in 1963, and 

on October 23 in 1964. After drying (96 hours) at 1s0 c. com eara were 

&helled and dry weight• of com grain and stover were determinecl. Yield 

of grain was reported aa bu.IA.of corn grain at lS.51 moisture whereas 

yield of stover was reported as lbs. dry weight/A. 

Detendnat!2n pf soil te9Werature tnd toil moieture content. 

Maximum and minimum temperatures of one plot of the plowed-check and 

no tillage-check treatments were recorded onee a week during May, June, 

and July of 1963. The temperature was determined at a depth of 2 in. 

with a maximum and minimum temperature recording thermometer. 

Soil moisture content of plowed-check and no tillage-cheek treatments 

at 0•6 and 6-12 in. depths was determined once a week during May, June, 

July and August of 1963. The moisture content of soil was determined 

gravimetrically after oven-drying samples (24 hrs.) at 110°c. and was 

reported as 1 moisture of oven-dried soil. 

Determination of movement and fixation of P. 1'he extent of P 

movement in aoil was determined by the following procedure: soil samples 

were collected at 0-2, 2-4, 4-6, and 6-8 in. depths from plowed-P 

fertilised and no tillage-P fertilized treatments 13 days after super-
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phosphate application; •ample• were air-dried, pas•ed through a •ieve 

(60 mesh), and the relative amount of 132 in soil (1 g.) waa determined 

with a GM acaler (Nuclear Chicago Corp., Des Plaines, Illinois). 

The amount of P fixation was determined by the following procedure: 

soil 1amplea were collected at depths of 0-1, 1-2, 2-3, and 3-6 in. 

from plowed-P fertilised and no tillage-P treatments 49 days 

after superphosphate application, sample• were oven-dried (24 hrs.), 

paased through a sieve (60 mesh), and inorganic P fractions were determined 

by the method devised by Chang and Jackson (1957). 

Reault• and Discussion 

A field investigation waa conducted on Wellston loa~ to compare 

no tillage and conventional tillage with re1pect to yield of corn and. 

uptake of applied P. During the course of the investigation, studies 

were also undertaken to determine the effect of the two tillage practices 

on soil temperature and moisture content, movement of 1 in soil, and 

fixation of P by soil. 

Growth and neld of com plants. The relationship between com 

plant height, tillage practice and method of P.fertilisation is shown 

in table 1. Height• of com plants up to 50 day• after planting for 

the no tillage-I fertilised, no tillaae•check, plowed-P fertilized, 

and plowed-check were 731 60, 48, and 38 cm., reapectively. A• shown 

by Duncan's Bew Multiple lange Teat, height of plant• from each treatment 

waa significantly different. The taller plants of the P fertilized 

treatment• as compared to their respective check• indicate that growth 

of corn plants wa• improved by either surface or mixed applieation of 

superphosphate. However, later in the growing season, 88 to 104 days 
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Table 1 • Height of corn plant• a• affected by tillage and fertilisation 
praetice (1963 field inveatiption). 

Daya 
after 
Planting 

40 

4.5 

.50 

.56 

62 

69 

77 

88 

95 

104 

Soil Treatment# 

Plowed 
Check f Pertiliaed 

No tillye 
Check 1 rertilized 

em. 

25 l4 42 5~ 

30 40 46 66 

38 48 60 73 

48 61 75 92 

60 74 88 108 

75 89 104 128 

95 108 127 155 

118 133 153 179 

133 148 166 196 

153 167 180 208 

* r-value is significant at the Sl level of probability, 

,.. F-value is eignifieant at the ll level of probability, 

F-value 

22.021"' 

25.7 1M 

22.4 • 

17.7 1M 

15.3,.. 

15.6,.. 

11.7,.. 

9.9,.. 

6.7 * 
6.3 * 

+Means unclerlined by a continuous line are not significantly differeut 
as determined by Duncan•• New Multiple lange Teat. 

# Superphoaphate (SO lba./4) was applied to the surface of the no 
tillage-P fertilised treatment, and mixed to a depth of Sin. for 
the plowed-P fertilised treatment. 
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after planting, height of corn plante wae not affected by P fertilisation, 

i.e., height of corn plant• for the P fertilisation treatments was not 

significantly different than correeponding checks. Prom these data, 

it is apparent that the early growth etimulation of P fertilization 

did not reault in difference in height of mature com plants. 

During 1963, yield of com stover for the varioue treatments (table 2) 

coincided closely to difference• in height of mature corn plant• (table 1). 

Corn stover yield& for the no tillage-P fertilized, no tillage-check, 

plowed-P fertilized, and plowed-cheek were 2907.61 2225.1, 1997.01 and 

1757.6 lbe./A., respectively. Duncan's New Multiple lange Teat in4icated 

that atover yield from the plowed• and no tillage•! fertilized treatment• 

were not aipificantly different than their corresponding checks. 1:heae 

relationships indicate that P fertilisation did not influence etover 

yields of com grown by either plowed or no tillage methods. It is 

apparent from tbe1e data that the early growth stimulation of corn plants 

due to P fertilization (table 1) did not result in differences in yield 

of corn stover. 

Neither height of mature corn plants (table 1) nor yield of corn 

stover (table 2) gave a good indication of yield of eorn grain (table 2) 

for the various treatments of the 1963 field inveatigation. Yield of 

corn grain for the no tillage-P fertilised, no tillage-eheck, plowed-P 

fertilised and plowed-check were 31.1, 19.9, 16,7, and 9.9 bu./A., 

respectively. As shown by Duncan's New Multiple Banse Test, yield of 

corn grain was significantly higher for the no tillage-P fertilized 

treatment than the no tillage•oheok whereas yield from the plowed-P 

fertilised and plowed-check were not significantly different. The 

relationships show that P fertilisation increased yield of corn grain 
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Table 2 - Yield of com grain and atover as affected by tillage 
and fertiliution practice. 

Year 

1963 

1964 

1963 

1964 

Soil Treatment# 

Plowecl Ho tillage 

Check P 1'ertilised Check P Fertilized 

Bu./A. of com grain (lS.Sl moisture) 

9.9 16.7 19.9 31.1+ 

65.2 59.0 

Lb1.IJ,.,. of dr,: com stover 

1757.6 1977.0 a12s.1 3907.§ 

1444.0 1213.S 

* F•value is eignificant at the 51 level of probability. 

ff r~value is significant at the 11 level of probability. 

F•value 

13.l..,, 

n.s. 

4.3 * 
10.4 M 

+ Keane underlined by a continuoua line are not 1ignificantly different 
aa determined by Duncan'• New Multiple flange Teet. 

I Superphoaphate (SO lbs./A. in 1963 and 100 lbs./A. in 1964) was 
applied to the surface of the no tillage-P fertilised treatment and 
mixed to a depth of 5 in. for the plowed-P fertilized treatment. 
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on the no tillage treatment but not on the plowed treatment. 

Corn plants grown on the no tillage•P fertilized treatment were 

significantly taller than those grown on the plowed•P fertilized treat-

ment thro~ghout the 1963 growing aea1on (table 1). Likewiae, the yield 

of stover and grain was higher for the no tillage•P than plowed•l 

fertilized treatment and the yield of grain was higher for the no tillage-

than plowed-cheek (table 2). 'lbe relationships indicate that the no 

tillage treatment proVides a more favorable environment for corn plant 

growth than the plowed treatment. factors affecting growth of corn 

plant• by plowed and no tillage method• are considered in eubsequent 

sections. 

Comparison of data from the 1963 and 1964 field experiment (table 2) 

show• that yield of corn grain and stover for the two aeaeons differ 

in two respects. Piretly, the no tillage•P fertilized treatment gave 

higher grain yields than the plowed•P fertilised treatment in 1963 whereas 

grain yields from the two treatment• were not significantly different 

in 1964. Secondly, the no tillage-P fertilized treatment resulted in 

higher stover yield• than the plowed-I fertilised treatment in 1963 

whereaa the latter treatment gave higher stover yield• in 1964. In 

the review of literature, it was noted that no tillage and conventional 

tillage usually give equal yield of corn grain. Prom this standpoint 

the eimilar yield of corn grain obtained in 1964 for the two treatment• 

are in cloae agreement with other investigations. However, the 1963 

data ahow that under certain conditions no tillage reaulta in superior 

yield of corn grain and fodder than conventional tillage. 

Comparison of conditions give little insight regarding the differences 

in yield of corn grain ancl atover during 1963 and 1964, These differences 
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may be a reflection of the rate of P fertilization, amount and dis-

tribution of rainfall, or variety of corn grown. In 1963 auperphoephate 

wa• applie4 at the rate of SO lbs. 1205/A. whereas a higher rate (100 

lbs. P20s/A.) was applied in 1964. lainfall was higher during July 

and Auguat of 1964 than 1963 (table 3); the higher amount of rainfall 

oorreeponds to the period when corn plants were growing most rapidly. 

In 1963, V.1.I. 648 wae grovn. whereas Pioneer 345A was grown in 1964. 

v.,.I. 648, the earlier maturing of the two varieties, generally result• 

in similar grain and higher etover yields than Pioneer 345A (Shulkeum 

and Genter, 1964). It ia apparent from these data that further experi-

mentation ia necessary before CO!Mlitiona under which uo tillage givee 

higher corn yields than conventional tillage ean be accurately described. 

SQj.l temperat:ul'e fll4 moisture antent. It has been ahown in 

several iaveetigations that under normal oonditiona P uptake varies 

inversely with eoil moisture tenaion (Olsen.!!!.!•, 1961; Hinman.!!!!•, 

1962) and directly with soil temperature (Hinman.!!!.!• 1962; Power 

.!! !l•, 1963). It was therefore deemed deairable to determine the 

effect of the no till.age- and plowed-ehecka on toil temperature and 

moieture eontent. 

hlationahipa between eoil moisture content at two depth• (0•6 and 

6-12 in.) as related to the tillage methods of the 1963 field study 

are shown in table 4. Soil moisture contents of the 0-6 in. depth 

ranged from 8.3 to 18.71 for the plowed-check and from 6.6 to 18.71 

for the no tillage-check. At the 6•12 in. depth, soil moieture content 

ranged from 11.1 to 18.41 for the plowed-cheek and from 9.S to 18.61 

for the no tillage-check. 'flle analysis of variance (table S) shows 

that the two tillage treatments did not signifieantly influence the 
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Table 3 - Amount of rainfall during the growing sea1on of 1963 
and 1964. · 

Month 

May 

June 

July 

Auguet 

September 

Total 

Amot.mt of rainfall dur111,1 

1963 

2.6 

2.1 

2.4 

1.3 

3.4 -
11.8 

in. 

1964 

2.1 

1.2 

4.0 

3.7 

2.9 

13.9 
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soil moisture content of either the 0•6 or 6-12 in. depth on any of the 

aempling dates. Consequently, the higher yield of corn grain from the 

no tillage-check as compared to the plowed•check can not be attributed 

to difference• in soil moisture content. 

Temperature for the 0-2 in. soil depth of the plowed and no tillage 

checks during the 1963 field study are ahown in table 6. Averages of 

maximum temperature were 87 and 88oC. and of minimum temperature were 

58 and S9°C. for the plowed and no tillage-checks, respectively. Because 

the maximum and minimwn soil temperature for the two treatments were 

not significantly different, the higher yield of corn grain on the no 

tillage-cheek as compared to the plowed-check (table 2) can not be ascribed 

to differences in either maximum or minimum soil temperature. 

Movement and fiption of applied P. It has been shown that mixed 

application of highly water aoluble P fertilizer most often results in 

more fixation and, consequently, lower availability of P to plants than 

band application. '1'he greater amount of fixation due to mixing P fertilizer 

is generally attributed to a greater amount of soil•fertili&er eontaet 

(Webb and Pesek, 1958; Bhure, 1960). Inveatigations regarding the in• 

organic P transformations in acid •oil during the fixation process indicate 

that superphosphate dissolves Al ions from soil and reacts with these 

ions to form Al•P compounds and that Al-P compounds gradually react with 

re ions to form Pe-P compounds (Chang and Jackson, 1958; Bnsminger, 1960; 

Welch!!!.!•, 1957). 

The present investigation waa undertaken to compare movement and 

fixation of surface and mixed application of Pas superphosphate. Results 

from the study were expected to provide information regarding differential 

plant uptake of surface and mixed P. 
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Table 4 - Soil tllOisture content (I by weight) at two depths aa related 
to tillage practice and eampling date (1963 field investi-
gation). 

Sampling 

Date 

May 20 

June 11 

June 21 

June 29 

July 1 

July 11 

July 18 

July 26 

August S 

Auguat 12 

.Auguat 21 

Depth 
in. 

0•6 
6•12 

0-6 
6-12 

0-6 
6-12 

0-6 
6-12 

0-6 
6-12 

0•6 
6-12 

0-6 
6-12 

0-6 
6-12 

0-6 
6-12 

0-6 
6-12 

0-6 
6-12 

Soil Moisture Content 

Plowed-check No tillage-check 

18.7 18.7 
18.4 16.7 

1S.3 18.6 
16.9 17.1 

1S.8 16.S 
15.3 15.7 

12.2 12.S 
14.2 14.4 

13.S 16.2 
14.8 15.4 

12.0 12.8 
13.8 15.0 

13.2 13.8 
15.4 15.l 

14.0 13.7 
14.8 13.8 

11.1 11.5 
13.9 12.s 

11.3 9.S 
14.0 13.2 

8.3 6.6 
12.4 9.9 
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Table S - Analy1i1 of variance for the relationship between soil 
moi1ture at two depths aa related to tillage practice and 
sampling date (1963 field inveetigation). 

Source df 

llepl1eat1on1 3 

Treatment eombi-
nation• 43 

Treatment l 

Date& 10 

Depths 1 

Trutment x 
Dates 10 

Treatment x 
Depths l 

Date x Depth 10 

Treatment x Date 
x Depth 10 

lrror 129 

Total 175 

a. r-value is not significant at 

ss MS 

295.25 98.42 

1668.86 38.81 

42.51 12.51 

567.62 56.76 

4.42 4.42 

201.96 20.20 

91.50 91.SO 

286.45 28.64 

474.40 47.44 

S570.69 43.18 

7534.20 

the si level of probability. 

a F•value 

2.28 

0.89 

0.29 

1.31 

0.10 

0.46 

2.12 

0.66 

1.10 
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Table 6 - Maximum and minimum soil temperature (0•2 in. depth) aa 
related to tillage practice and aampling date (1963 field 
investigation). 

Sampling 
date 

May 21 

May 24 

May 31 

June 6 

June 11 

June 13 

June 19 

June 21 

June 25 

June 30 

July 1 

July 6 

July 11 

Average* 

Maximum soil tgerature 
Plowed~check No tillage• 

check 

78 78 

71 75 

76 77 

75 77 

86 88 

84 87 

87 89 

84 92 

94 95 

102 106 

101 98 

98 95 

96 96 

87 88 

oc. 

Minimum eoil t!!J>!rature 
Plowed-cheek No tillage-

check 

60 60 

48 48 

54 54 

54 54 

61 54 

56 48 

60 60 

66 67 

55 61 

62 62 

62 67 

58 69 

67 63 

58 S9 

* A two way classification atatiatical analy1i1 showed that the 
differences in either maxim\111. or minimum temperature due to tillage 
treatments were not eignificant at the 5% level of probability. 
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The relationship between ruovement of surface (no tillage-P 

fertilized) and mixed (plowed··P fertilized) P, 13 days after application 

of 1uperphosphate, is given in table 7. The statistical analyeia of 

theae data is shown in table 8. Difference in total cpm (counts per 

minute) from 132 for the mixed application (1023 cpm) and surface 

application (690 cpm) most probably resulted from the soil sampling 

procedure. Fertilizer granules present on the soil surface of the 

surface P treatment were not included in the soil sample and consequently, 

cpm of 132 of the sample underestimated the amount of p32 in the 0•2 

in. depth, It waa expected that inclusion of fertilizer granules which 

had not reacted with soil would overeetimate the amount of fertilizer 

in the 0-2 in. depth and for this reason the above aampling procedure 

was followed. 

Although the rotorator plow was adjusted to till eoil to a depth 

of Sin., the major portion of the fartilizer was mixed with soil to 

a depth of 4 in., i.e., number of cpm/g. eoil from fertiliser 132 were 

4001 S28, 61 and 34 for the 0•2, 2-4, 4-6, and 6-8 in. deptha of the 

mixed treatment (table 7), respectively. Prom th••• data it can be 

aaaumed that more than 901 of the fertiliser remained in the 0•4 in. 

layer 13 days after application, The cpm from surface applied 132 

fertiliser wer• 608, 441 29; and 9 per 8• of soil for the 0•2, 2-4, 4-6, 

and 6•8 in. depths, respectively (table 7). Th••• data ahow that less 

than lSX of the surface applied P moved downward to the 2-8 in. soil 

layer during 13 days. Since very little movement of surface applied 

P occurred, mixed application of P would most probably result in a higher 

amount of soil-fartiliaer contact and thereby a faster rate of P fixation 

than the surface application, 
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Table 7 - Movement of p32 during a 13 day period as related to tillage 
and fertilisation practice (1963 field investigation). 

Treatment# 

flowed• P fertil1zecl 

Mo tillage - P fertilized 

Soil depth (in.) 

0-2 4-6 6-8 
Total 

cpm 

____ 132 cpm/g. soil ___ _ 

608 

528 

44 

61 

29 

34 

g 

1,023 

690 

+ Means underlined by a coutinuou• line are not significantly different 
aa determined by Duncan'• New Multiple lange Teat. 

I Superphosphate (SO lbs./A.) wa• applied to the surface of the no 
tillage•! fertilized treatment and mixed to a depth of 5 in. for 
the plowed•P fertiliaecl treatment. 
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Table 8 - Analysis of variance for the relationship between movement 
of 132 in aoil after an equilibration period of 13 day••• 
related to tillage and fertilisation practice (1963 field 
inve1tigation). 

Source df ss MS F•value 

Replication• 3 67,244.35 22,414.78 

Treatment 
combination• 1 1,800,009.72 257,144.25 7.9()1Wt 

'treatment l 55,361.28 55,361.28 1.70 

Depth 3 1,240,318.59 413,439.53 12.70ti 

'treatment x 
Depth 3 504,329.85 168,109.95 5.16H 

lrror 21 683,736.90 32,558.90 

'total 31 2.,550,990.70 

'"r-value i• significant at the 11 level of probability. 

# Superphoaphate (.50 U,e./A.) was applied to the surf••• of the no tillage-
' fertilised treatment and mixed to a depth of 5 in. for the plowecl•P 
fertilized treatment. 
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Indication that the mixed application results in a higher rate 

of P fixation is shown by the P fractionation study (table 9) and the 

analysis of variance for the data (table 10). The significant r-value 

of S.74 (table 10) show• that the mixed and surface applied P treat• 

ments result in aignificantly different amounts of difficulty soluble 

Al-, Pe-, ancl Ca•P compounds at the various 1011 depths. Comparison 

of data (table 9) shows that the amount of these fractions is higher 

for the mixed P application. 

P coptept of 5pm leave•. Content of P and p32 cpm of f erti User 

of corn leavee from the plowed and no tillage treatments of the 1963 

field experiment are shown in table 11. The significantly higher P 

content of corn leaves for the surface as compared to the mixed P 

application, 49 and 61 days after fertilization, indicates that the 

former treatment was superio,: in supplying P to corn plants during the 

early portion of the growing seaaon. Later in the growing season, 84 

aDCI 99 days after planting, the two treatments did not result in different 

P contents of corn leave•• 

Difference• in cpm of p32 of leaf tissue from mixed and surfaee 

P applications were not significant at any sampling date (table 11). 

'l'hese data imply that the two tTeatments were not eignifieantly different 

in av.pplying P to corn plantl• However, it should be pointed out that 

corn plants were taller on the surface P than mixed P treatment (table 1) 

ancl, therefore, the former treatment most probably resulted in higher 

uptake of fertiliser P. 

Since the percentage of Pin corn leaves wa• low throughout the 

growing ••••on and was higher for the surface than mixed application 

early in the growing season (table 11), faster corn plant growth of 
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Table 9 - Effect of tillage and fertilization practice on P fraction• 
at various soil depths 48 days after application of super-
phosphate to Wellston loam (1963 field investigation). 

Sampling 
Depth 

in. 

0-1 

1-2 

2-3 

3-6 

Treatment# 

Plowed-P fertiliaed 
No tillage•P fertilised 

Plowed·P fertilized 
No tillage•P fertilised 

Plowed•P fertilised 
No tillage•P fertilised 

Plowed•P fertilized 
No tillage-P fertiliaed 

Fraction of Soil P 
Al·P Fe•P Ca•P 

ppm. 

60 39 22 
44 36 22 

51 32 23 
23 20 11 

40 4S 25 
28 38 22 

26 29 31 
27 40 18 

i Superphosphate (SO lba./A.) was applied to the surface of the no 
tillage-P fertilised treatment and mixed to a depth of Sin. for 
the plowed•P fertilized treatment. 
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Table 10 - Analyeis of variance for the relation1hip between P fraction•, 
sampling depths and tillage practice 48 daya after application 
of 1uperphoephate # (1963 field investigation). 

Source 

bpe. 

Treatment combinations 

Treatments 

Depths 

Fraction• 

Treatment x Depth• 

Treatment x 
Fractions 

Depth• x rractions 

Treatment x Depths 
x hactions 

lrror 

Total 

df SS 

3 1,372.53 

23 11,842.24 

l 11 141.26 

3 1,827.78 

2 3,882.27 

3 919.20 

2 522.52 

6 2,535.32 

69 

95 

6 1,013.89 

13,719.22 

26,933.99 

MS 

457.51 

S14.88 

1,141.26 

609.26 

1,941.14 

306.40 

261.26 

422.55 

168.98 

198.83 

* P•value is significant at the 51 level of probability. 

• F•value is aignificant at the ll level of probability. 

P•value 

2.30 

2.59H 

S.74H 

3.06* 

9.76ff 

1.54 

1.31 

2.12 

0.8S 

I Superphoaphate (SO lba./A.) waa applied to the surface of the no 
tillage-P fertili&ed treatment and mixed to a depth of 5 in. for 
the plowed•P fertilized treatment. 
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the former treatment can be explained on the baeia of higher P uptake. 

Apparently, this early growth stimulation was reepon1ible for the higher 

yield of corn grain and stover due to the surface P application (table 3). 

An investigation, similar to the 1963 field experiment, was con-

ducted in 1964. Because the 1963 data indicated that difference in P 

uptake due to surface and mixed P application occurred early in the 

growing season, tissue samples were obtained at earlier dates in 1964 

than 1963. Data obtained from the 1964 field study are given in table 12. 

The percentage of fertilizer 1 in com plante grown on aurface and mixed 

P treatments 30 day• after application was 54.0 and 16.01 reapectively. 

1'he highly significant P•value of 285.3 indicates that a higher amount 

of fertiliser P was absorbed by plants from the eurface P treatment. As 

indicated by the nonaignificant r-valuea, the two treatments supplied 

approximately equal amount• of fertiliser P to com plant• later in the 

growing ••••on (46, 60, ancl 67 daya after fertilizer application). 

1'he higher uptake of fertiliser P from surface than mixed P application 

early in the growing aeaaon correspond• closely to higher uptake of banded 

than mixed P fertilization. Similar to the band application, there 11 

leaa fertiliser P•aoil contaet with the surface than mixed application 

and consequently surface application, like the band application, .would 

reault in lese fixation of P than the mixed application. Lese fixation 

of fertilizer and phoephate would increase its availability to plants 

provided that it is in a zone which ia penetrated by plant roots. Uptake 

data for eurface applied P (table 11 and 12) indicate that corn plants 

can absorb 1 from near the soil aurface. 

It is enviaion.ed that small showers and dew which do not supply 

aufficient amounts of water to penetrate deeply into soil would favor 



'l'able 11 - lelatiouhtp betveen P conteat of com leavea and tillage practice during early atagea of 
plant gn,wth (1963 fiel4 iawatlgation). 

Daya after P content 
heatmentf 232 Couuta of leaves of leavea 

Plating Sample cpm P•wlue t. F•value 
•iae (mg.) 

49 flowecl-P fert:111&ed 10 119 .140 16.67• Bo tillage-! fertilised 190 n.a. .187 

61 Plowed-P fertilised 100 661 n.a. .137 19.19* Bo tillage-P fertilised 779 .154 

84 
Plowed·f fert:iliaed 

200 
742 .101 

Ro tillage-P fertiliaecl 813 •••• • 104 n.a • 

Plowed-f fertiliaed 187 .102 99 soo •••• n.s. Bo tillage-P fertilised 170 .098 

* r-value is aiptficaat at the St. level of probability. 

# Superpbospbate (SO lba./A.) vaa applied to the surface of the no tillage-P fertiliaecl treatmellt 
and mixed to a «lepth of Sin. for the plowecl-P f•rtili&ed treatSDent, 

1 
,I:'-
lo,, 
I 
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uptake of eurface applied P. '1'he concentration of Pin water from dew 

and am.all ahowere would moat probably be higher for the surface than 

f application. "l'hia higher eoncentration of Pin eolution would reault 

in a higher uptake of aurface applied Pas water is abaorbed by plants. 

'ftle percentage of P present in plant leaves from the mixed P 

application incraaees in the later portion of the growing season. For 

example, the fertiliser P content in corn leaves 30 and 67 days after 

planting vaa 16.0 and 37.oi (table 12) of total P, respectively. lrom 

these data, it is apparent that a higher amount of fertilizer P 111 

abaorbed by the plants as root proliferation increases in the volume 

of fertilized soil. In contrast, the portion of native 10111 absorbed 

by plant• which received the surface application increase• later in 

the gt'O'Wing season, i. •• fertiliser P content of corn leaves 30 and 

67 claya after planting vaa .54.0 and 35.91 of the total P (table 12), 

respectively. The increaee in absorption of native soil P may result 

from an increaae in soil volume penetrated by plant roots. 
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Table 12 • Relationship P content of corn leave• and tillage practice 
during early •taa•• of plant growth (1964 field investi• 
gat1on). 

Days 
after Treatment# 
Planting 

30 lloved•P fertilized 
No tillage-, fertilized 

46 Plowed•P fertilised 
No tillage-P fertilized 

60 Plowed•f fertilised 
No tillage-P fertilised 

67 Plowed-P fertiliaed 
Ho tillage•P fertiliaed 

Fertilizer, 
§smtet of lyve• 

I P•value 

16.03 285.30'"' 54 .. 03 

31.76 
42 .. 73 n.a. 

21.03 
25.45 n.,. 
37.14 
35.85 n.a. 

Total P content 
of leaves 

'I. 1-value 

0.044 n.a. 0.066 

0.182 
0.182 n.a. 

.132 

.159 n.s. 

.148 

.150 n.s. 

,.. r-value is significant at the 11 level of probability. 

# Superpbosphate (100 lba./A.) waa applied to the surface of the no 
tillaae-P fertiliaed treatment and mixecl to a depth of 5 in. for 
the plowed-P fertilized treatment. 



-46-

uncr or SEIDBD PIIPAIATION ON BlmLIY 

TOBACCO UILDS 

Co•t of tobacco production could be reduced by ueing no tillage 

method of seedbed preparation. However, the no tillage method would 

not be beneficial unless higher or comparable profit per acre would be 

obtained as compared to conventional seedbed preparation. Before the 

no tillage method of growing tobacco can be either recommended or 

discouraged, studies are neoeaeary to compare no tillage and conventional 

tillage with respect to yield and quality of tobacco and to develop a 

reliable inapenaive method of chenically controlling weeds. One aspect 

of th••• atudiee was considered in the present investigation which was 

eonc:lucted to com.pare yield and nutrient composition of Burley tobacco 

plants arown by no tillage and conventional methods of seedbed preparation. 

Methods ancl Material8 

'l'he soil selected for the investigation ie elaasifiecl aa Wellston 

loam, a Gray-Brown Podsolic soil developed from noncalcareoua sandstone 

and shale. The area selected most probably did not receive fertiliser 

during modern times and certainly did not receive fertiliser during the 

12 year period from 1951 to 1963. The following procedures were performed 

during the inve1tigation which was conducted in 1963: 

lsP•EiaePtfl deeim. Two treatments, given below., were ueed in 

the investigation: 

1. plowed tillage, fertilizer (1000 lbs. 5-10•5/A.) waa mixed with 

the soil to a depth of Sin. with a rotorator plow, and 

2. no tillage, fertiliser (1000 lbs. S-10-5/A.) was epread evenly 

on the soil surface. 
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The treatments were arranged in a randomized complete block deeign with 

two blocks. laeh plot was 10 by 10 ft. Burley tobacco plants (18 plant•/ 

plot) were planted (June 20) 20 in. apart in rows which were 40 in. apart. 

Weed control prior to seedbed preparation was achieved by covering the 

experimental area (May 5) with a black plastic sheet. The plaatic was 

removed when fertiliser was applied (June 19) and., thereafter, weeds were 

controllecl by clipping with a hoe. 

R!!ifrmipa51on 9£ soil moisture co9'19t. Soil moisture content of 

the plowed and no tillage treatmeats waa determined once a week during 

July and August. Soil eamplea were placed in tin containers, oven-dried 

(24 bra.) at llOOC., and moisture content was reported as i moisture of 

oven-dried aoil. 

HM•uJ,eent of ~o)!ac;12 h•!aht f!!!! n•ld: Plant height .... measured 

on July 26., August S, Auguat 12, and Augu.at 21. The plants from the 

eenter row of each plot were measu1!'ed. 

Yield of tobacco was measured by the following procedure: The 

fresh weight of plants (item and leavee) vas determined in the field, 

a subsample (S plants) vaa oven-dried (72 hrs.) at 7S0c., and the yield 

per acre wa1 reported as lbs. dey weight/A. 

Detemnatiop of cont pt pf 19 P, fnd g of tpbaccp p leSS• • A 

representative sample of tobacco leaves (20 g.) wa1 around to pass a 

60 meah eereen and thoroughly mixed. A subaample (1 g.) waa ashed (2 

hrs.) at 4S0°c., dissolved in 0.3 ! BN03 (100 ml.), and the content of 

Pin aolution was determined by the method outlined by Jackson (1958). 

Potaeaium content of the diasolved sample was determined with a Beckman 

model DU flame photometer. Kitroaen wae determined by the Micro-Dumas 

method which employs a Coleman Nitrogen Analyser (Stwart .!1 .f.!., 1963). 
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lleaults and Discussion 

The investigation reported herein was undertaken to determine the 

effect of no tillage ancl plowed treatments on soil moisture content, 

and nutrient composition, yield, and height of Burley tobacco plants. 

Since the fertiliser waa mixed with soil of the plowed treatment wherea1 

it was applied to the aoil surface of the no tillage treatment, each 

treatment conaieted of two variables. In the remaining portion of thie 

1ection, attempts will be made to attribute experimental results to the 

tillage or fertilisation variable of the two treatment&. 

l,igh~ of pluts. llelationships between the height of tobacco plants 

am tillage practice are given in table 13. It can be eeen that tobacco 

plants of the no tillage treatment were taller earlier in the growing 

aeaaon (36 and 46 days after planting) anct, thereafter (53 and 62 daya 

after planting), plant• of the plowed treatment were taller. The greateet 

difference in plant height o«urred early in the growing aeaeon (July 26). 

At this time, the height of tobaeeo plants for the no tillage and plowed 

treatments were 61.6 and 51.0 cm., respectively. 

Soil mo1•ture content, The total percentage moisture of the o-6 

and 6•12 in. depths was higher for the no tillage than plowed treatment 

in July but was approximately the same in Auguat (table 14). 

The difference• in plant height (table 13) correaponcl to the difference• 

in percentage of moiature (table 14) for the two treatmenta, i.e., plant 

height• and I moisture were higher for the no tillage treatment during 

July. Since the soil moisture waa inadequate for optimum plant growth 

as evidenced by the fact that moisture content of both treatmeuts was 

below field moiature capacity of the Wellston loam (24J) the more rapid 

growth of plants on the no tillaae treatment waa most probably a reflection 
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Table 13 - B.elationsbip between height of tobacco plants and tillage 
practice. 

lay• after 
transplanting 

36 

46 

53 

62 

Date 

July 26 

Auguet 5 

Auguet 12 

August 21 

heatment# 

Plowed 
Ho tillage 

Plowed 
Ho tillage 

flowed 
No tillage 

Plowed 
No tillage 

Height of 
tobacco plants 

cm 

51.0 
61.6 

74.3 
77.4 

88.6 
86.6 

118.4 
113.6 

I Fertiliser (1000 lbs. 5·10-S/A.) was applied to the soil surface 
of the no tillage treatment and wa• mixed to a depth of Sin. with 
eoil of the plowed treatment. 



-50-

Table 14 - :llelationahip between soil moiatllre content and tillage praetice 
for Burley tobacco. 

Month 

July 

Au.auat 

Sampling 
depth 

in. 

0-6 

6-12 

0-6 

6-12 

'treatment# 

Plowed 
Bo tillage 

Plowed 
Ro tillage 

Plowed 
Ro tillage 

Plowed 
Ro tillage 

Ko1ature 
content 

'l 

16.87 
20,.72 

18.12 
18.76 

10 .. 25 
12.70 

15 • .57 
13.89 

I Pertillaer (1000 lbs. 5·10•5/A.) waa applied to the aoil surface of 
the no tillage treatment and was mixed to a depth of 5 in. with soil 
of the plowed treatment. 



of the higher amount of available water. 

Yield and nutriept eompositton ~£ plants. Relationships between 

tillage practice, and yield and nutrient composition of tobacco leaves 

are shown in table 15. Yield of tobacco plants was much greater from 

plowed tillage (6124 lbs.IA.) than no tillage (3481 lbs.IA.) treatment. 

fhoephorus and K contents of plant leaves from the two treatments were 

similar. However, the N content of the leaves wae much higher for the 

plowecl tillage (3.11) than no tillage (2.01) treatment. Since the 1 N 

of tobacco leaves was closely related to yield of dry leaves and, in 

general, the 1 N of leaves vas in the range in which plants would respond 

to N fertilizer, it appears that utilization of R was less efficient by 

plants grown on the no tillage treatment. 

From the standpoint of Burley tobacco yields, the no tillage method 

Wied. in this investigation was not as suitable as the plowed treatment. 

However, a favorable effect due to no tillage, higher soil moisture 

content was noted in the early portion of the growing season. Because 

the higher moisture content resulted in more rapid growth of plants, it 

ia recognized that water conservation provided by no tillage may be 

beneficial during a droughty season. 'l'be rapid growth early in the 

growing season on the no tillage treatment did not result in increased 

tobacco yields, an affect attributed to N shortage. 'l'bese data indicate 

that, before no tillage and plowed methods of growing tobacco plants can 

be validly compared, the optimum amount of N fertilization must be 

determined for the no tillage method. 
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Table 15 • Yield and nutrient composition of Burley tobacco as affected 
by tillage practice. 

Plant 
variable 

B:,t. ,,, 
K,1. 

Yield 
Lba./A. 

Tillage Practic~# 

No tiluge 
Rep I llep II Ave. Rep I 

2-.0 2.0 2.0 2.7 

0.28 0.29 0.29 0.27 

2.6 2.7 2.7 3.1 

3361 3481 5713 

Plowed 
l.ep II Ave. 

3.4 3.1 

0.25 0.26 

2.8 3.0 

6535 6124 

# Pertiliser (1000 lba. 5•10-S/A.) waa applied to the soil surface of 
the no tillage treatment and wa• mixed to a depth of Sin. with •oil 
of the plowed treatment. 
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Ul.lTlOBSHlP Bl1'Wllll SOIL lNOIGAllIC 1BOSPIIOIUS 

FBACTIORS AID OAT Pt.ANT GUWTH 

In the review of literature, it waa pointed out that when mono• 

calcium phoapbate is added to soil it hyclrolyzea to dicaleium phosphate 

dihyclrate which reacts with Ca, re, Al, and Mn ion• to form their 

respective phoephate compound•. The predominace of one of these cations 

in a form capable of reacting with dicalcium pboaphate dihydrate determine• 

the amount of the phosphate compound which forms in soil. The present 

wa1 undertaken to determine the plant availability of compounds 

formed in soil after fertilization with superphosphate. 

Method.I and Materials 

from the Ap horiaon of two Lloyd clay loams and Huntington 

ailt loam were selected for the investigation. The procedures outlined 

below were used in and laboratory atwliea. 

Greephouae procedure. Soila were paHed throu.gh a 4 mesh screen 

and N and K (lSO mg.) as ammonium nitrate and chloride were 

mixed with portions (l.500 g.) of the screened aoill. fhosphorua as 

monocaloium phoaphate monohydrate mixed with the at the rate 

of o, 25, SO and 200 ppm. The •oils were then placed in tin cans (no. 

10) and 20 oat seeds were planted in each can. 'rbe eeu vere arranged 

in a randomised complete block with two replicate• for Huntington 

loam and three for the Lloyd soils. Plant culture• 

were watered to approximately field moieture capacity and rotated daily. 

After 28 days oat plants were harvested, oven-clried (24 bra.) at ss0c., 
weighed and ground to a 40 me1b screen. 

Labofatory pJod.gurea. Total P content of the plant tissue was 
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detennined by the following method; dry tia1ue (lg.) was ashed (2 hrs.) 

at 4S0°c., dissolved in 0.3 ! HNo3 (100 ml.) and the content of Pin 

solution was determined by the ammonium vanadate procedure outlined 

by Jackson (1958). 

Available P was determined by the method of Mehlich (19S3). 

The procedure involves shaking (S g.) with a O.OS ! HCl and 0.025 

.!! a2so4 mixture (20 ml.) for 5 min., filtering and determining the P 

content of the extract by the ammonium vanadate procedure. Soil inorganic 

P fraction• were determined by the method of Chang and Jackson (1957); 

0.S ! NH4F extractable P (Al-P) was determined on all treatments whereas 

0.S ! H2SO4 extractable P (ca-P) and 0.1 N NaOB extractable P (Fe•P) 

were determined on O and 200 ppm. P 

bsults and Diacuasion 

Soil teat P P uptake by oat planta. Data relating P uptake 

by oat plants to P fertilisation of three soils are given in table 16. 

As indicated by the r-value, P fertilisation did not significantly affect 

P uptake by oat plants grown on Lloyd clay loam no. 1 but significantly 

increased P uptake from Huntington silt loam and Lloyd clay loam no. 2. 

Soil test data (table 17) show• that the Lloyd 1011 no. l contained a 

considerably higher amount of available P than the other two soils. The 

high amount of available soil P (96 ppm.) may account for the lack of 

response to P fertilization of oat plants grown on Lloyd soil no. 1. 

Duncan'• New Multiple Range Test (table 16) showed that P uptake 

was higher at the 100 ppm. P treatment than the check and that the 200 

ppm. treatment was not significantly higher than the 100 ppm. treatment 

for the Huntington soil. On the other hand, P uptake at the 200 ppm. 
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Table 16 - lelation~hip between 1 fertilization and uptake of 1 by 
oat plants grown on Huntington silt loam and two Lloyd 
clay loame. 

Bats 2f' fersi11a1t1on <eem. of ao11> 
Soil Type 0 25 SO 100 200 F-value 

mg. P/1500 &• 

Huntington 
2.3+ silt loam 3.9 5.3 ~-6 8.0 9.47* 

Lloyd clay 
loam no. l 6.4 7.4 7.8 10.0 10.s n.s. 

Lloyd clay 
loam no. 2 2.1 2., 3.2 4.4 7.4 38.86* - -
* r-value ia aignifieant at the SI level of probability. 

+Mean• underlined by a continuoue line are not aignifieantly different 
aa determined by Duncan'• Bew Multiple lange Teat. 



Table 17 - Contents of Al-P, Pe-P, Ca-P, soil test P, and P uptake by oat plants for three soils 
fertilized with several amounts of superphosphate. 

Soil 
type 

Huntington silt 
loam 

Lloyd clay loam 
no. l 

Lloyd clay loam 
no. 2 

pH 

7.8 

6.9 

7.0 

P uptake 
by oat plants 

mg./l.500g.soil 

2.21 
3.85 
5.30 
5.64 
8.00 

6.42 
7.38 
7.77 
9.97 

10.s2 

2.08 
2.54 
3.15 
4.35 
7.41 

P applied 
to soil 

0 
25 
so 

100 
200 

0 
25 
50 

100 
200 

0 
25 
50 

100 
200 

-

Soil+ 
test P Al-P 

ppm. of soil 

8 34 
11 43 
19 63 
24 67 
55 134 

96 7S 
106 85 
115 97 
135 116 
154 141 

26 38 
31 48 
38 57 
45 78 
75 111 

P fraction _ 
Fe-P Ca-P 

67 38 

99 47 

262 82 - -
330 84 

276 85 

358 98 

+ Soil test P determined by using a mixture of .025 !! B2S04+.0S ! Bel as an extractant (Mehlich, 1953). 

I 
VI 
Cl', 
I 
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1 treat.meat va• aignifieantly hiper than at the 100 ppm. f treatment 

for the Lloyd aoil no. 2. 1.'beae atatiatical data a• well a• the hiper 

uptake at each level of appliN t for Huntington eoil indicate that 

uptake of applied t waa more efficient from the Huntington eilt loam 

than Lloyd clay loam no. 2. However, the available f te1t value• for 

each treatment inclicate a hiper available 1 atatua for the Lloyd aoil 

(no. 2). Since the Huntington aoil had a pH value of 7.8 where•• the 

Lloyd aoil no. 2 had a pB value of 7.0, the aoil teat ay have under-

e1timated the available f statue of the Huntington eoil due to neutrali-

zation of the atracting aolutlon. 

Ss,il inorea&s I fractiog• !!· I HSIH by et pynte. hlationahipa 

between applied,, 1 uptake by oat plant•, •oil teat P and inorganic aoil 

P fractiona are ahown in table 17~ Althouab all the aoila had an available 

CaO content of greater than 4.500 11,a./A., aclclition of superphoaphate (200 

ppm. 1) resulted in little increase in the Ca•P fraction of the soil• 

(2•13 ppm.) during the 28 day equilibration perio4. The 200 ppm. l treat• 

ment aubetantially incr••ed the re- aad Al•f fractiou of the soil•. 

'l'he P••f fraction of the Lloyd no. 1 and no. 2 aoile, which are knOllll 

to oontain high amounts of re, increaeed by 68 and. 92 ppm., reapectively. 

'1'he re-f fraction of the Buntington aoil, which eontaiu 1••• iron than 

the Llo,rcl eoila; increaeed by 32 ppm. \'he increaee in Al•f wa1 higher 

for the Huntington 1011 (100 ppm.) than either Lloyd no. 1 (66 ppm.) or 

Lloyd no. 2 (73 ppm.) •oil•• In general, the above data that the 

re- and Al-1 fractiou of th••• three aoila incr••ed to a greater extent 

than the Ca-t. Th••• data concur with reaulta obtained in several 

inveatigatiou (Lindsay .!l .!!•, 1959; la1clovinoa, 1964), which show 

that a conaiderable amount of Al• and re-P 1• formed in alkaline•• well 

aa acid aoila. 
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la a greenhouse inveatigation, Baldovinos (1964) found that Al•P 

formed on addition of superphosphate to aoil waa more cloaely related 

to f uptake by plant• than the amount of re- or Ca•P formed. Statistical 

data (table 18) also 1how that Al•P formed on addition of various amounts 

of monocaleium phosphate to three soils correlate• closely (r-<>.93ti) 

with 1 uptake by oat plants grown for 28 days. 'l'heae data indicate that, 

ahortly after P fertilization, Al-f fraction of 1011 supplies the P 

requirements of plants. Thi• observation support• the hypothesis of 

laldovinos (1964) that Al·P fraction of soil supplies Pin soil solution 

shortly after fertilisation with euperphoaphate. 



Table 18 - Coefficients of simple correlation for the relationship of 
P uptake by oat plants with soil test P and Al-P for three 
soils fertilised with several amounts of superphospbate. 

Soil 

Huntington silt 
loam 

Lloyd clay loam 
no. 1 

Lloyd clay loam 
no. 2 

All aoila 

Ho- of 
obaervations 

s 

s 

s 

15 

Variable correlated 
WiSb r uptf!t• 

Al•P Soil teat P 

0.94'r 0.94" 

0.97"' 0.98ti 

0.99ff' 0.99"' 

0.93ff' 0.87ff 

* Significant at the 51 level of probability. 

ff Significant et the 11 level of probability. 
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SllfHAI.Y 

'lb• present investigation wa1 initiated a) to compare plowed and 

"no tillage" with respect to yield of com and tobacco grown on Wellston 

loam, b) to determine the availability of surface applied and mixed P 

fertiliser to com plants, and c) to evaluate the plant availability 

of ea-, Fe-, and Al-P fraction• of soila ferti!iaed with auperphoaphate. 

1.'be principal concluaiont reached in the courae of this study are 

summarised as follows: 

1. During 1963 com plants were taller on no tillage- and plowed-

• fertiliaed plots than their respective checks, 50 days after planting. 

Later in the season, 88 to 104 days after planting, height of corn plants 

on no tillage- and plowed•1 fertiliced plots were not significantly 

different than their correeponding checks. From theee clata it was 

concluded that P fertiliser applied to the surface of the no tillage 

treatment and mixed with soil of the plowed treatment increased growth 

of com plants early in the season. 

2. Yield of eorn stover in 1963 corresponded cloeely to height of 

eom plants, 88 to 104 days after planting., i.e., no tillage- and plowed-

p fertilised treatments did not give higher yields than their respective 

checks. Heither plant height nor yield of stover waa reflected in yield 

of corn grain. Dunean'• Hew Multiple llauge Teet showed that P fertilization 

in.creased yield of com grain on no tillage but not on the plowed plots. 

3. Soil moisture content and temperature were not 1ignificantly 

different for no tillage- and plowed-checke of the 1963 field experiment. 

Con1et1uentl7, the higher yielcl of corn grain from the no tillage-check 

•• compared to the plowed-check could not be attrib11ted to different 

soil temperature or moisture content. 
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4. Phosphorus movement atudiea showed neglibible downward movement 

of surface applied 1 of 1963 no tillage plots. These results indicate 

that surface application of P results in less fixation of P than mixed 

application of P due to less eoil-P fertilizer contact. lurther evidence 

that eurface P application results in less fixation of P was shown by 

a soil inorganic P fractionation study; the amount of difficulty soluble 

Ca-, Fe-, and Al-P compounda vaa higher for the mixed than surface 

application. Higher yield of no tillage P fertilized as com.pared to 

plowed-P fertilised treatments was explained on the baaia of less fixation 

and, consequently, higher uptake of surface than mixed application of P. 

5. An amount of moisture which does not penetrate deeply into soil 

would contain a higher concentration of Pin soil solution from surface 

than mixed P application. Therefore, it was concluded that small showers 

and dew favor plant uptake of surface applied P. 

6. The amount of Pin corn leaves from mixed P application increased 

in the later portion of the growing season. These data were explained on 

the basis of higher uptake of fertilizer Pas root proliferation occurred 

in the volume of soil containing fertilizer. The content of Pin corn 

leaves from aurface application decreased in the later portion of the 

growing season. This decrease was explained by increased uptake of native 

soil Pas root proliferation increased. 

7. Tobacco plants were taller on no tillage than plowed plots early 

in the growing season. Since the difference in height occurred during 

a droughty period, the increase in height was attributed to the higher 

amount of available water of the no tillage treatment. Content of N 

in tobacco leaves was lower for the no tillage than plowed treatment 
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whereaa contents of P and K were eim1lar for the two treatment•. Lower 

yield of tobacco from the no tillage treatment was attributed to N 

deficiency. Apparently surface applied N of the no tillage treatment 

waa not aa efficient in aupplying I to tobacco plant• aa the mixed 

application of the plowed treatment. 

8. Pboaphorua fertilisation increased yield of oat planta grown 

in the greenhouse on Lloyd clay loam and Huntington ailt loam which 

eontained 26 and 8 ppm. available P by the Mehlich soil teat, reapeetively, 

but not on Lloyd elay loam which contained a higher amount of available 

P (96 ppm.). For the two aoile on which oat plant• ahowecl growth responae 

to P fertilization, uptake of applied P waa greater for the Huntington 

than Lloyd soil whereas the soil teat indicated a higher amount of available 

1 at each level of P fertilization for the Lloyd aoil. It waa coneludecl 

that the available P content of the Huntington toil waa underestimated 

due to neutraliaation of the extracting solution. 

9. Fractionation studies ehowed that higher amounte of Al .. f and 

re-P than Ca-P were formed in Huntington ailt loam and two Lloyd clay 

loua 28 claya after fertilisation with auperpboepbate. The Huntington 

soil had a pH of 7.8 whereas the Lloyd soils had pH values of 6.9 and 

7.0. 'l'h••• data show that eonaiderable amount• of Fe- and Al-P compound• 

may form in alkaline and neutral soils. 

10. The amount of Al•P formed in Huntington ailt loam and two 

Lloyd clay loama which received 5 rates of P fertilization correlated 

aipifieantly (r • 0.93M) with P uptake by oat plant•. It waa concluded 

that the Al•P formed, ehortly after fertilisation with auperphosphate, 

supplied the major portion of P absorbed by oat plants. 
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ABSDACT 

IILATICMSHIPS ll'l'WIIN SIIDBID PUPAIA.TION 

AND GllWlB or COIN AND TOBACCO PLAITS 

THUR AMil SINGH 

The objective• of the inveetiption were to evaluate no tillage 

and tillage by plowing with respect to yield of tobacco and corn plant• 

ancl to compare uptake of P by corn plant• from aurface and mixed 

application• of superphoaphate. A further aim waa te determine the 

relationahip between P uptake by oat plant• and inorganic P fraction• 

of three Virginia aoila which received varying amount• of auperphoephate. 

During 1963 corn plants were taller on no tillage- and plowed-P 

fertilised plots than their respective cheeks, SO days after planting. 

Later in the aeaaon, 88 to 104 day• after planting; height of corn 

plant• on no tillage- and plowed•P fertilized plot• were not significantly 

different than their correaponding checks. Prom the•• data it waa con-

clu.led that f fertiliser applied to the surface of the no tillage treatment 

and miucl with aoil of the plowed treatment increased growth of eorn 

plant• early in the aeaaon. 

Stu.tie• with 132 indicated that eurfaee applied P wa1 more available 

to corn plants than broadcast-mixed P during the early portion of the 

1963 ancl 1964 growing auaona. Hiper yield of corn grain in 1963 from 

the no tillage treatment••• attributed to the higher uptake of aurfaee 

applied P. During the middle and later portion• of the two aeaaona, 

eurface and mixed applied auperphosphate were equall7 available to corn 

plant•• lecauae soil temperature and moisture oontent were not significantly 

different for the plowed and no tillage treatment it vaa concluclecl that 
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these two variables did not influence corn yield. 

Higher uptake of surface applied P was explained on the basis of 

leH fixation due to leas soil-fertilizer contact. This explanation wae 

eupported by investigation• which showed negligible downward movement 

of eurface applied Panda higher amount of difficulty soluble P compounds 

in &oil of the broadcast-mixed P treatment. It was pointed out that 

moisture, which does not penetrate deeply into soil, favors plant uptake 

of surface applied P due to a higher amount of Pin solution from surface 

applied P than broadeaet•mixed P. 

Burley tobacco plants grown on Wellston loam were taller on no tillage 

than plowed plots early in the growing season. The difference in height 

was attributed to the higher available water content of the no tillage 

treatment. Content of Nin tobacco leaves at harveat time was lower for 

plant• grown by no tillage. Smaller plants late in the growing season 

and lower yield for the no tillage treatment were attributed to N deficiency. 

lresumably, surface applied N (no tillage treatment) supplied less N to 

plants than mixed H (plowed treatment). The two methods of fertilizer 

application resulted in equal contents of P and Kin tobacco leaves. 

In a sreenhouse investigation, P fertilization increased yield of 

oat plants on Huntington silt loam and Lloyd clay loam which contained 

8 and 26 ppm. of available P (Mehlieh test), respectively, but not on 

Lloyd clay loam which contained 96 ppm. For the soils on which oat plants 

responded to P fertilizer, uptake of applied P was higher from the 

Huntington than Lloyd eoil whereas the soil test indicated higher 

of available P for the Lloyd soil. It was concluded that the 

available P content of the Huntington soil (pH 7.8) was underestimated 

due to neutralization of the extracting solution. 
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Higher amounts of Al•P and Pe-1 than Ca·P were present in the 

Buntiugton (pH 7.8) than two Lloyd soils (pH 6.9 and 7.0), 28 day• after 

application of S amounts of auperpbospbate. These data show that con• 

eiderable amounts of Al•P and re-P may form in alkaline and neutral soils. 

Amount• of Al-P present in the fertilized soils correlated. significantly 

(r • 0.93M) with P uptake by oat plants. rt:om theae data it was concluded 

that Al-P compounds, formed shortly after application of auperphosphate, 

supplied the major portion of P abaorb4kl by oat plants. 
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