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Zinc derieidney-| thoog^ not videspread in Teaneasa* soils, 

h$M been obserred in the Central Basin> Hl^land Rim, and Cumberland 

Plateau areas of the state. At the present time Zn deficiency is 

not considered a najor probleaf althou^ laaay faroers would benefit 

appreciably ty the use of Zn as a fertiliser material. It vbm the 

pTirpose of this inTestigation to study some of the factors that 

influence the ayailabiUty of Zn to plants. The two main db^eetiwea 

of this study vez*ei (1) to detesnnine the effect of rarious lime and 

phosphate lewels on Zn deficienqr of com, small grain, and grain 

sor^umi and,(2) to detemine ̂ e chemical eospositicai and yield of 

the three crops at two Zn lewels of fertilizatim. 

r-f-. r *, ', .-T't : . ' 

- Av" 



CHAPTER II 

SE?IEW OF lITEUfUBB 

The value of Zn as a plant nutrient and its toxic effects <m 

plants are not new discoveries, thou^ the extensive use of Za salts 

for nutrient puzposes on cr<^ in the Held dates from about 1931, 

According to Canp (7)^ 8®ne of the earliest z>efer«3.ees to the 

value of Zn as a nutrient occur in the literature <m Aspergillua spp. 

about 1900, Javiller started about 1907, enlarged this work, awti by 

1912 had bo«n so successful in extending it to green plants that he 

reccOTiended the use of Zn as fertilizer siaterlal for com and smae 

other crops. Haze woz^ing at the sane tine determined water 

culture methods that En was necessary for the growth of com, though 

his work like that of Javiller was not well accepted. Not until the 

work of Sonmer and Lipnan (38) and Sonraer(39) was Zn widely accepted 

as a plant nutrient. 

The first widespread eoamercial use of Zn salts as a fertilizsr 

was m tung trees in Florida in 1932 and 1933 idien several thousand 

acres were treated. In the period 1931 to 1936 Zn became established 

both as a plant nutrleat azui a valuable fertilizer and as spray 

material. Zinc deficiency t^ymptom were described for decidious fruits 

(8), pecans (1), com(2, 3), and numerous other crops* 

^Figures in parentheses refer to literature cited. 



 

Zinc is a zweossary eompcment of acrreral fflnzgnas ST^tems lAiieh 

mgolata ▼arious nstabollo actlxrltlas witMn plants. It is a part of 

the enziyine carbonio anl^drase, idilch regulates the equilibrium between 

carbon dioxide« water, and carbcmic acid. It also functions as a part 

of two enzymes, defaydropeptidase] and glycylglycine dipeptidase, which 

hafve a part in specific aspects of protein metabollsim (3li). 

Zinc also is needed for the formati«a of auxins* Skoog (37) 

has shown a decrease in auxin proceeding the iqjpearance of Zn-deficiency 

£(yii$>toiimi in tomato and sunflower plants. 

Millikan (21) found that Zn deficiency on flax was more severe 

in the winter tiuui in the spring was influenced ty the higher 

lig^t intensity in the winter. Skoog (37) reported that exoessiwe 

illumination of Zn-deficient plants loads to excossiwo destruction 

(probably oxidation) of auxin which in turn causes growth retardation 

and abnormalities. 

In Tennessee, Winters and Parks (liU) observed that in cold wet 

seasons Zn-deficieney of com was more extensive sod severe. 

In gnaieral there is reduced ebsorpti«z of Zn by plants as the 

pH of the soil rises. The critical point lies somidiere between p8 

5.5 and 6.5 (7). 

Gall (10) in 1936 found that the toxicity of large applications 

of ZnSOi^ was reduced by tiw application of CaCO^ or Ca(H2P0|^)2. Lott 
(20) reported ih&t the injurious effects of over-application of Zn 

stated that injurious effects are more pronounced as the pH of the soil 

is decreased. 

t 11 . 



Qall and Bametta (11) in 19U0, shoved that CaCO^ applications 

raised toxic limit of Zn oa com and covpeas in all soils tested. 

Peach (26) shoved that tlte «Tailabilit7 of Cu and Zn in sand^ soils 

is affected soil reaction. The ajsount of Zn and Cu removed by s 

single extraction with IH NaCl solution from 3 acid soils decreased 

rapidly with increase in jdJ of the roil. 

Viets (Ul) r^orted that Zn-defioienqy of com and beans in 

newly irrigated areas in central Washington was associated with a 

shallow depth to the horizon of lliae aoeunulatlon (2-6^ CaCO^). 

Wear (ii3) designed eaqperiinents to separate Ca effects froa 

effects with regard to Zn uptake by sor^nm, md deooostrated that Ca 

was not a factor but that reduced absorption was related to alkalinity. 

Kelson and Melsted (23) reported that as the Ca saturation in-

creasedf especially above 50^* the ({uantlty of Zn in the acid-soluble 

(fixed Zn) forms inereassd eonsldsrably. 

It sseiM that as the pH rises above 7*5 Zn again beeoaies slightly 

more available and this is thought to be due to Zn being in a more 

soluble zincate form (7). Jurinak and Thome (17) riiowed that the in 

crease in soluble Zn over the alkaline range was attributed maixily to 

the formatitm of the bizincate (HZn02") and zincate (ZnOg") ions forming 

soluble sodium and potassium zincates. Calcium zincate is relatively 

insoluble over the alkaline range. Potassium zincate is the most soluble 

over the alkaline rmage and sodium zincate is slightly less soluble than 

potassium zincate* 
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Th« presmet of CaOS^ in tho soil dooa not necesoarlly Indleato 

that a Zn-deficienojr haaaz*d exists. On the contrazy calcaureous soils 

in Utah (18) for exas^le, seldom suffer from Zn-defioiezuy. Jurinak 

and Bauer (18) made a study to determine lAsy Zn is arailable in some 

calcareous soils. Minerals found in calcazBOUs soils of arid and 

semiarid regions are oalcite (CaCO^), dolomite (CaI4g(CO^)2)» and 

nagaesite (MgC03). these Idiree minerals were used to study the in 

fluence of tei^rature on Zn adsorption over the pi range U to 11. the 

greatest 2a adsorption occurred in the na^esite phase* the dolomitie 

phase was second and the least amount of Zn was adsorbed on the ealcite 

phase, the modification of interionic distances in the czystal lattice 

by the introduction of Hg^ into the calclte lattice was considered to 

be the source of the differences in adsoz^tive properties among the 

minerals studied. 

Sanik* Perkins and Sohrmdc (30) working <xi the effect of the Ca-

Mg ratio on the solubility and arailability of plant nutrients idiowed 

that a high Mg soil favors the uptake of M md Zn in sors^um and K* B* 

and Mn by wheat. 

In the last 20 years numerous reports have indicated that Zn-

deficiency was associated with or could be induced by hea'vy applications 

of phosphate. 

West (U2) was the first to report on phosphate izzduced Zn-deficiency 

in 1938 at the Conmumwealth Ez^riment Statical in Hew South Wales. Zinc 

fertilizer cured mottle leaf of citrus occurring on the superphosphate 

plots of the fertilizer field. Mottling was reduced by a ZnSO^ spray. 
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HiUikan (21) in 19U0 reported tbe effect of 8tQ)erphoq;>luite on 

the Zn requirenent of idieat* He aitoeed that the application of eupero 

phosphate in the field not only increased the P content of the plant, 

bat also the Zn content. His es^lanaticm was tiiat the application of 

superphosphate increased the Zn requirement of the plant. It would 

therefore be movB responsive to Zn applications particularly if the 

amount of acvailable Zn in the soil were liid.ted. 

In soils containing excessive Zn, Qall and Baznstte (11) re~ 

ported that slthoui^ phosphate apparoitly did not chaai^ the toxic limit* 

of replaweable Zn, it stimulated the growth of com and cowpeas on a 

Baasfy loam and on a clay loam while no effect was noted <m a eand. 

Millikan (21) also reported on the effect of phosphates oa the 

development of Zn-deficiency Bja^toms in flax* Heavy dressings of 

phosphate both with and without ZnS0^*7H20 induced significant increases 

in the sevexdty of Zn>dsficiency egniptoms in flax. 

Winters and Parks (1^) in fenoessee reported that soil tests on 

maiqr of the fields on idiich Zn~deficiency of com was observed showed 

hi^ to medium-hi^ available phosphate, and a pH of 6.3 or above. 

Hore quantitative data showing a decrease in total Zn content of 

plant tops as a result of applying phosphate was presented by Rogers 

aod Wu (29) JUi 19li8 working with oats and by Loneragan (19) in 19S1 

woz^cing with flax. Rogers and Wu conducted a pot eaperimant with virgin 

Lakeland fine suui and Florida 16? oats. Results showed that the Zn 

content of the plants decreased to en almost constant value with increas 

ing rates of application of phosphate, iddle the P content increased regularly 
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In direct ratio to that applied. Higher rates of ai^lication of 

phosphate resulted in significttit increases In plant waists at the 

secood cutting. Zn ccsitent decreased with increasing rates of 

lias application, bat increased regularly eith increasing rates of Za. 

Loneragan (19) osing flax as the indicator plant groen in Zn> 

deficient sand at different amounts of added phosphate showed that the 

phosphate ccmcentraticm of the flax Increased and the Zn content was 

reduced at all harrests with increasing phosphate application. The 

reduction in relative Zn content of the tops was sufficient to account 

for the effect of pho^hate <m Zn-^eficienqjr synptoias and a i^esponse 

to Zn treatment. 

Boawn, Tiets, and Crawford (6) in 19Bh reported on the effects 

of phosphate fertilizera and Zn nutritloa of field beane. They reported 

that, regardless of the mechanism of jhosphate induced Zn-deficiency, 

the bean plant, though extremely sensitive to Zn-deficiency does not 

appear to be influenced by a hifdi concentration of phosihate either in 

the soil or in the plant tissues. Several atteapts to induce deficiency 

syi^toms failed even though the P content of the plant tissue was 

raised to approxisuately twice the normal concentration. 

Woltz, Toth and Bear (ii5) reported on tests made in Hew Jersey 

to detearmine the relative degree of fixatim of Zn resulting from applica 

tion of lime and superphosphate to soil. Soybeans were used as the test 

crcp, and radioactive Zn^^ as the tracer. Increasing the rates of appli-

oatien of limestone resulted in in*ogressively reduced Zn^^ uptake. For 

exacple, without fdiosphate, activity per gram of tissue was 335 and ItO 
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oounte per mlnate as tbe llmeet(si« level was raised trm 2,000 peunds 

to 10,000 pounds per acre. At the 2,000 potoid lerel, increasing rates 

of ai^licaticm of pho^(diate generally reduced Zn^^ uptake in all but 

the 100 pound rate. Little difference existed betveen Zn^^ uptake at 

the 5,OCX) and 10,(XX) pound rates of limestone as ̂ 2^$ application was 

increased from SO^SOO pounds per acre. Effects of increasing phosphate 

applications on Zn^^ had disappeared by the second harYest. 

Limestone, under eonditicms of this test, played a more ia^rtant 

role in Zn fixation than did phosphate, although i^iosphate did effect 

Zn availability at the low level of limestone and in the first harvest. 

It is believed from this study that the oz^er of addition of limestone, 

phosphate, and Zn salts has ouch to do wi^ determining ehether phosphate 

or liming material plays the major role in Zn fixation. Bamette, et al., 

(3) report a nntual interference of the x^spoase of the com plant to 

P at^ Zn vhen sc^rphosphate and ZnSOj^ are nixed before applicaticm in 

the row. 

Tiets,^al.,(Ul) found that phosphate application to com did 

not decrease the Zn concentrations of com leaves grown <m Zn deficient 

soils, nor was there a relationship between the incidence of 2h-deficieney 

syaptoiBS in com and the NaHCO^ soluble phosphate in the soil. Also 

Seats(33) found that phosphate applications up to 1,000 pounds of P2O5 

per acre failed to reduce flax yield on a Hartsells soil. 

It seems that in certain cases phosphate has an adverse effect on 

Zn absorptim and utilisation. There is little evidence to indicate how 

and under what ccmditims auch a phenosenon occurs. Several mechanisms 
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haro been postulatedi (I) the insawbiliaation of Zn by precipitation 

as an insoluble phosphate (Zn3{POj^)2). Jamison (15) working with 

lysimeters in Florida showed that superphosphate explications in 

creased the nobility of Zn and Cu in the soil. This is due to the 

replacing action of Ca and to the fact that the phosphates of Zn and 

Cu are sooieehat more soluble than the corresponding hunatee* On the 

effect of phosphates xxpoa fixation of Zn and Cu in Florida soils in 

the presence and absence of superphosphate, Ja^son (16) found that 

more Zn and Cu were fixed idien superphosphate was not applied. The 

Ca applied in superphosphate not only tends to displace Zn and Cu 

from the soil but it displaces acidi^(He) into solution, lowering 

the pH, and in many cases aobilizing significant amounts of Zn and 

eqfxer. Moderate and practical amounts of superphosphate do not 

reduce the solubility or exchangeability of Zn and Cu in the soil. 

Rauther, et al.,(26) showed that {diosphate fertilization over a 

savm year period resulted in the aecuiailatim of phosphate in the 

soil. However, the accumulation of cations was not greatly affected. 

Copper, Hn and Zn applied to the soil were retained near the surface 

regardless of phosphate treatment. Binghaa,^ (5) reported 

that excessive P fertilization brought about a redaction in Zn up 

take by citrus only when exceedingly large amounts of P had been 

added. Bini^iam also found that although soil reaction may greatly 

affect the total absozption of trace elements by plants it does not 

appear to be the major factor. Additions of Ca(R2P0|^)2 up to 1,800 

pounds P per acre ten<ted to lower the pH value of five soils yet Ca, 
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B, asd Zn absoxptlm vaa decreased. The wide range of eoil pH values 

(U.i^ to 7<ii} represented the soils tend to dlsccunt eoil reaction 

as the primazy factor Involved. Their evidatice raven's the concept 

of P inmohilising Cu and Zn as relatively insoluble phoi^ates probably 

external to the root. 

Boaun, (^) bas shoim that the supernatant liquid over 

Zn3(POj^)2 at 25® C. and pH 6.7 c<mtains bet*e«a 1,000 and 2,300 ug.Zn 

per liter. Siiailar values have been reported by Jamism (16). £ven 

though the csHBBcai ion effect of large supezphosphate applicatims 

would tend to reduce Ihe Zn concentraticm it is doubtful that this 

concentration would ever beeone less than that used in xzormal nutzdent 

solutions. A greenhouse ezqpezljaent e<»)ducted by Boawn, eb j^.,(6) 

shoved that the \jptake of Zn from Zn3(PO^)2(applied at the rate of 

2 ppm Zn) by grain sorghum was 739 ug. for each pot as eo^ared with 

3U8 ug. for the checks. Respective Zn eoneentrations in the plants 

were 36 and Ih pi»i. According to Boawn it is unlikely that Zn would 

ever beeoao a lindting nutrient ahile a free precipitate of Zn3(PO|^)2 

existed in the soil. 

(II) The second postulation is that Ca fzom superphosphate may 

have an izihibiting effect on Zn in the absorption process. Jamison's 

(16) voz^ has already been mentioned in which he stated that in some 

cases the effect of Ca from superphosphate tooded to make Zn and Cu 

more available. Pearson (25) found that Zn absorption by barl<y root 

segments was not decreased by the {^(Mphate ion except at a solution of 

pS 9» but the Ca ioa had a pronoonoed depressing effect on Zn absorption 



11 

idilch h« thinks aaqr account fhr the effect of superphosphate m Zn 

absorption. Jiirinak and Thome (17) found that CaZnDg (calcium zincate) 

is leas soluble in the alkaline range than sodium and potassium eincates. 

The low solubility of Zn in the Ca system is considered to be the combi 

nation of Zn absorption on the eltgr and the precipitation of Zn(0H)2 

and CaZn02. 

(Ill) Precipitation of Zn2(PO|^)2 or other Zn eoiq)le:»8 on root 

surfaces, in roots, and in conducting tissues. Biddulph (It) showed 

that deposition of nutrients e.g. Fe and Zn, as phosphates in xylem 

extremities may be responsible for inadequate leaf nutrition as demon 

strated by and Zn^^. Viets(39) showed that acid washed bean 

and com roots ha:ve been found to contain up to 10 times greater Zn 

concentrations than do aerial parts. 

Haiqr workers disagree on the effect of pho^hate application 

and availability of soil Zn (16, 19, 28) probably because effects of 

soil pH have not been adequately ccmsidered. Primary and secondary 

Zn phosphates that are formed at low pH levels (9) are relatively 

solxible in eon^parison with tertiazy pho^hates formed at high pH levels. 

Fixation of Zn by phosphates should be more marked at hi^ thau at low 

pH levels. toaKMjiated phosphates are often very ineoluble (9) especially 

idien two n't- ions are replaced by a heavy metal. Insoluble soil phos 

phates of Zn may possibly be of this type. 

Hikitin and Rainey (2li) studied the ehemioal reaotiGna betwem 

trace element salts of Fe, Cu, and Za, and H-P-K fertilizer-type 

coiipounds. They found that commercial superphosphates have only a 



12 

sll^t diminishing effeot <m traea alaawat solubility. Usually tha 

precipitating action of ir-<P-K cairiers on trace elements can be traced 

to high alkalinity of the fertiliaar. 

A deficiency of Zn in plants may affect its ccoitent of other 

elements. Seats(33) using flax as the indicator plant found that Zn-

deficient plants contained tiiee as much P as Zn-fertilised plants. 

Calcium and Hg were affected less by Zn than phoi^horus. 

Viets (!4l) found that ttM total nutrient absorption of plant 

nutrients by Zn deficient com plants was much higher than for nozmial 

plants. Zinc deficient plants were much hi^er in K and ?, but differencea 

in cmcentration of Ca ai»l Hg were not consistent. According to Viets 

the accumulation of theee elements in the com plant interferred with 

the metabolism of zinc. 



CHAPTER III 

I^THDBS AND PROCEDURE 

Various aoousts of lloo and pliosphata vere added to soils 

East* Kiddle^ and West TenaeatMe* Three different er^s were grown 

idtich varied in their capacity to utiliae native soil sine. Com 

idxlch la included in the very eensitive group was planted firatf 

followed hy small grain, a ra'Uier insensitive plant, and grain sor^uim 

which is included in the mildly sensitive group* Grain, forage yields 

and eheodeal ei»g>o8ition of the different crops were ctetermined at 

two rates of Zn-fertilizatlon. 

Location of Plot Areas 

Suitable areas were selected with average pB and soil fez^ility 

levels at the Plateau, Middle, and West Tennessee Saqperiznent Stations 

<Hi Hartsells, Maury, and Olivier aoils* Hartaells fine sandy loam was 

chosen for this study because of its low native fertility and previous 

history of lime liuluced Zn-deficien<qr, Maury silt loam la naturally 

hi^ in phosphate and is the soil on i^ich Zn>deficien(y has been most 

frequently observed in Twmessee. Olivier silt loam in West Tenneaaee 

was selected to see if Zn-deficiency could be liuluced by and 

{dtofiphate applicaticais on a soil idilch bad no previous ZnHleficiency 

history. Initial pK values, extraetable cations, cation exchange 

capacity and total Zn and P content of the three soils are shown in 

Table I. 



Hi 

v^; f .:r^:.■f';,: ' 

XABLS I 

nmm son. pH values, ExmcTABLE anoiis, cation umsm 
CAPACm AT pH 7.0 AMD TOTAL ZIMC AMD PHOSPHORUS COMTEHT 

OP THE THREE SOILS USED HI ZINC STUD! 

Total 

Soil pH aa/lOOit.iS> 'Hg soil C.OT Pottads/AereZn ^ f 
Bartsells fine san^jr loan 2.00 l.liO 0.22 7.1 51 269 

Manx7 silt loam 6.6 9.60 l.UO 0.31 12.0 70 3,366 

Olivier silt loam 5.7 li.29 0.67 0.29 6.6 67 li27 

^ Values represent an arerage of four r^lications. 
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Eatperliaental Dtaiga 

A split-split-plot, experimental deaiga i»*a need and replicated 

four timea* Total mab^r of haarreated plots at the Plateau Station 

vas 96, in Middle Tenaeaaee 72, and at the Weet Tvmeaaee Statim Ud* 

Fertilization 

Lime was add«i to the three soils four months in adrance of plant 

ing to allnw sufficient time for it to react with the soil. Lisw was 

applied at the rate of 0, 2, li, and 6 tons per acre to Hartsells soil) 

0, 2, and li t<m8 per acre to Maury aoil) and 2, k, and 8 tons per acre 

to Oliwier soil. Concentrated 8up>erpho8phat« (i48^P20^) was added to 

the Hartsells soil at the rate of 500, 1,000 and 2,000 pounds ̂ 2^5 

acre, 100, 300, and 500 pounds per acre to Maury soil, and 1,000 awi 

2,000 pounds P20^ per acre to the Olivier soil. Phosphate applieaticaia 

<m the Hartsells and Olivier soils were broadcast and disked in prior 

to planting, and that in the Mauzy soil applied in the row at planting 

tism>. Zinc was applied at the rate of 0 and 20 pounds ZnSOi^'HgO per 

acre in the row at planting. 

Com 

Com of the variety, Dixie 22, was planted in the three soils in 

May, 1957. An application of 60 pounds K2O per aem aa KCl, and 30 

pounds H per acre as HHj^NO^ waa added in the row at planting time m all 

three soils. On the Olivier and Hartsells soils which received broad-

oast aiplieatioua of concentrated superphosphate, 100 pounds of ̂ 2^^ 

was also added in the row at planting. Approximately seven weeks after 
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plantiag the eorn <m all three soils wae side-dreesed with 200 pounds 

of per acre« 

The com was harrested in October, 1957, at the three locations* 

The two center rows of a four row plot on Hartsells and Mauzy eoils 

and the three center rows of a five row plot on Oliwier soil wore 

harrested, weighed, moisture sai^les taken, and yield detenained* 

Harvested plot areas were 1/200 acre on the Hartsells soil, Vl86 sere 

on the Olivier soil, and l/23i acre on the Maoxy soil. 

Small Grain 

After the com was harvested the plot areas were prepared for a 

seeding of small grain. The only additi<m8l fertlllBation was ICX) pounds 

per acre of NHi^HO^ broadcast in the spring of 1958. This was to detemine 

if the lime and phon^hate additions and residual Zn would affect the 

forage and grain yield. Forkedeer oats followed com cm the Olivier soil, 

and Seneca idieat followed com cm the Maury soil. A fall seeding of 

8m*ill grain was not possible cm the Hartsells soil because of exoessive 

rainfall. 

The Zn and no-Zn plots were split for harvesting. One-half was 

harvested for forage and one-half for grain. The small grain forage 

was harvested in the boot-stage of development, moisture samples takws, 

and yield in dry weight deterndaed. The grain was harvested in June, 1958, 

at maturity. 

Grain Sor^ura 

OeKalb E-56a grain soi^ua was planted in the Hartsells soil 

June 2k» 1958. Two weeks later the Olivier soil was also planted* Ho 
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planting was madia In Matuy soil beeausa of vat veathar. 

Twenty pounds of If as UO poonda of P2®5 concentrated 

superphotgdiatey and UO pounds of K2O as KCl were added in the row at 

planting. Zinc sulfate monohydrate was applied at the rate of 0 and 

20 pounds per acre in the row. 

The grain sorghum was harrested in the soft dough stage of 

maturity to prevent grain loss by bird damage, moisture samples takm, 

and dzy forage weight calculated. 

Syii^T4Hg 

Com tissue samples were tshen at the «ad of the third, sixth, 

az^ ninth week after planting. In the first 8a»pliag the idiole above-

ground portion was harrested from plants selected randomly in the row. 

The second sat^liag at the sixth wedc consisted of a randcxn selection 

of the first leaf out of the whorl of the plant. The ̂ ird aaapling 

was the selection of the first leaf below the ear. 

SmCLI grain forage sanples were taken at the boot-stage of 

development emly. 

Grain sorghum saaples were taken four weeks after planting. The 

ndiole above-ground portion of the plant was used. This was i^e only 

sai^le taken. 

After the samples were collected they i^bre oven dried at 70^ C, 

ground in a Wiley mill, mixed thoroughif* stored in bottles for 

analysis. A modification of the wet oxidation procedure of Gieseking, 

Snider, and Gets (13) was used for ashing all sanples. The K, Ca, and 
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ccaitent of the tiaeae was determined Igr a Beckmaa"W flame 

epectiNE^otoaaeter e<|ulpped with a photoimiltiplier attachment. Phosphorus 

was determined lay a modification of the method dereloped by Qee end 

Delta (12). 

Soil Analysis 

The pH of the soil was determined using the Beckman model "Q" pH 

meter. 

'Die soil extractable cations were detennined by the method of Shaw 

and Teal(35)* Cation exehange capacity was detamined by toe procedure 

of Peech, et «d.,(27). The total Zn content of the three soils was 

determined by the method of Holmes (Hi), and total P by toe procedure 

developed by Sherman (36). 

|:4- " 
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HESD1.TS 

Held «zui Chendcal Cc^ositl<m of Corn and Grain Sor^un Grown on 

Hartaella Fine Ssnd^ Loam 

Corn field 

Resalta of the various lime, phosphate and Zn treatioente (» 

com yield are ehown in Table XZI. The Zn versae no-Zn meuie were 

89.1 asoA 89.1 bushels per acre showing no significant Zn response. 

Response to i^osphate fertilizaticm betwewa the 500 and 1,000 pound 

rates was over five bushels per acre with the difference being highly 

significant, field increase between the 500 and 2,000 pound rates 

was significant at the 0.05 level. significant differoice in yield 

could be attributed to lime applicatioa although there was a yield 

Increase of 10.6 bushels per acre between the 0 ai»l 6 ton rates. The 

pH of the various line tzvatments at the beginning and end of the ttkperi-

ment is found in Table XI. 

Com Ear humtoer 

Ear number par plot was also significantly affected by phosphate 

fertilization. The ear number means for the 500, 1,000 and 2,000 pound 

phosphate rates were 6U, 68, and 86 ears per plot mspectively, with a 

difference of three ears being highly significant. The incmase between 

the 500 and 2,000 pound rates and the decrease between the 1,000 and 

2,000 pound rates were significant at the 0.05 level of probability. 

https://HESD1.TS
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TABLE II 

mn pB m HfBACTABLE CATIOBS AT BIFIEHIHT LIME LEmS OH 
HABTSSLLS FIRE SARD!LOAM 

Lime of Eapt.* ue/16bg. soil 
fons/Acire pF pH Ca Mg K 

0 5-53/ 6.1 ii.39 0.73 0.19 

2 6.3 6.9 8.02 0.63 0.21 

k 6.5 7.3 9.02 0.52 0.19 

6 6.8 7.5 I3.I16 o.ia 0.21 

s/ Talues represent an average of fcmr replications, 

* Beginning pfi was tak<ra 3^57* pH at «ad of e^qperlment was 
taken September, 1958* 

' *■ 

vJlf// -

'' -vV^'-

jiAiL/inMhi mv^- "•r^Vi'rtiillHl*if '*^1*^ iVl ' 
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TABLE m 

YIELD OP CSOEH OH HARTSELLS FIHB smjt LOAM OHOWM WITH KWR LIME 
LEVELS, THHES PHOSPHOHDS RATES AMD TWO HAIES OP ZINC 

FERTILIZATIOM. 

Baehels Per Aoro 

ZnS0L'H20 P2O5 L1m8 Tons/Acre Zinc Phoephorus 
2 k ^ Rate Ave. Rate Avo. 

0 500 77.W 90,9 88.1 87.U 86.0 85.8 
20 500 77.r 8U.3 92.5 87.9 85.6 
0 1000 85.0 92.6 95.8 96.5 92.5 91.5 
20 1000 85.5 85.6 93.6 97.7 90.6 
0 2000 86.1 88.6 88.3 91.9 88.7 90,k 
20 2000 81i.6 88.8 95.8 98.3 91.9 

Lime Rate Are. 82.7 88.5 92.U 93.3 

L.S.D.(.05) between lime means H.S. 
L.S.D.(.05) between phosphorus laeans - 3.5 bu. 
L.S.D,(.01) betwen phosjrfiorus means - U.7 bw. 
L.S.D,(.05) between zinc means - H.S. 

C.V, for main plots - 27^ 
C.?. for sub-plots - 8^ 
C.V. for sub-sub-plots - 6% 
C.V. for entire eiiperinent 11^ 

Values represent an aTerage of four replieatims. 
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Sar naiadMr rasisCLts are shovn in fable 17. 

Ll»a and Zn rates did not significantly affect the ear ntusber 

although there was a significant zinc *line interaction. 

Com CheiaiGal Coaqpositian 

jS^nnaries of the effect of liiM» jdiosphate, and Zn treal^nts 

on the Ga^ Mg, P, and K content of com at each sai^ling date are 

presented in fables 7 threap X7I. Data presented are esqpmssed as 

per cent coa^osititm of oven dzy material m a weight basis* and 

represent the mean of four replications. (Samples were collected at 

the end of the third* sixth* and ninth we^ after planting.} 

Calcium. The Ca means of the third* sixth* and ninth week 

samples were 0.68* 0.31, csid 0.61 per cent* respectively. At the first 

sampling* lime additime caaaed a hlf^y significant increase in Ca 

content between the 0 and 2 ton rates* and the 2 and h ton rates* while 

no significant differenca was found between tbe four and aix tc« Hum 

levels. Calcium eongtosition at the ninth week aan^ling also ahowed a 

highly significant increase when cosparing thte 0* 2* and ton rates* 

but showed non-significant change in Ca cont«it at the sixth week eaiqp* 

ling. 

Phosphate fertilization caused a significant increase in Ca 

co]!^)08ition betwe«a ths 1*000 and 2*000 pound ratee at the sixth week 

saj^ling iMle no si^pnificant change was found between the $00 and 1*000 

pound levels. The third and ninth weak sasples were not significantly 

affected by the phosphate additims. 
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TABLE If 

CQRH EAH SOMBER PER PLOT OK HARTSELLS PINE SANDI LOAM GROWN mTB 
FOUR LIME LEfELS, THREE PHOSPHORUS RATES, AND 

TWO RATES OF ZINC FERTILIZATION. 

Ears Fer t»lot 
ZnSOj,-HjO PpOi^ tiiB® Tons/Acre iinc Phosphorus 

0 500 8U 85 85Py 95 8U 
20 500 80 85 80 85 82 
0 1000 66 9li 92 89 90 88 
20 1000 88 90 82 86 86 
0 2000 83 66 85 87 85 86 

85 8520 2000 85 88 66 

Lime Rate Ave. 83 89 85 87 

Xi.S.O. {.05} betwira llnw ateans - g.S. 
L.S.D, {,05} betwvm phosphorua means - 2.0 ears 

L) 3^0 earsL.S.D.(.01) betwaaa phosphorus msaos 
L.S.D. (.05) between sine means - n.S. 

G.f. for main plots -
G.f. for sub-plots - \^% 
C.f. for sub-sub-plots - 5^ 
C.7. for entire e^qperiment -

V Values represent an averace of three replicati<ms. 
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TAiBLS 7 

PER CEHT CALCIUM IM OVEN DRX CORN PUNT TISSUE SAMPLES TAKEN THREE 
WEEKS APTER PLANTING OH HARTSELLS FINE SANDI LOAM CHiOWH 

WITH FOUR LIME LEVELS, 1HRSB PHOSPH(mUS RATES, 
AND TWO RATES OF ZINC FERTHJZATIOM. 

Per Ceorit 
ZnSO),•H2O PpO^ LIjw Tcma/Acre Zinc Phosphorus 

Pounds/Acre (3 2 U 6 Rate Ave. 

0 500 0.58a/ 0.63 0.7U 0.71 0.66 0.68 
20 500 0.61~ 0.68 0.71 0.76 0.69 
0 1000 0.50 0.60 0.66 0.83 0.65 0.67 
20 1000 0.53 0.69 0.85 0.7ii 0.70 
0 2000 0,58 0.6lt 0.79 0.75 0.69 0.69 
20 2000 0.63 0.65 0.7U 0.76 0.70 

Lime Rate Ave. 0.57 o.6ii 0.75 0.76 

L.S.U. (.05) between llwe means 0.02^ 
L.S.D. (.01) between lime means 0,Q^% 
L.S.D.(.05) between phosphorus means - N.S. 
L.S.D. (.0^) between zinc means•— H.S, 

0,?. for main plots 
C.7. for sub-plots — - 7«g 
G.V. for sub-sub-plots - X3% 
C.V, for entire experiment - 12% 

a/ Values represent «n average of fonr replications. 
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nmn 

PER CSHt CALCIUM IH CfVEN DRY COHH PLAHT TISSUE SAMPLES TAKES SIX WEEKS 
AJTBR PLANTINQ HARTSELLS FINE SANDY LOMI GROtm WITH KJUR 

LIME LEVELS, THREE PHOSPHORUS RATES AND TWO RATES 
OP ZINC PSRTILIZATIOM. 

Per Gent 
ZnSOji'HgO Lliae Tons/Acre Zinc Phoephorua 

Poundb/Acre 0 2 U 5" Rate Ave. Rate Ave. 

0 500 o.avV 0.36 0.30 0.33 0.32 0.31 
20 500 0.28 0.29 0.33 0.32 0.30 
0 1000 0.22 0.28 0.33 0.33 0.29 0.29 
20 1000 0.26 0.27 0.35 0.32 0.30 
0 2000 0.32 0.35 0.33 0.32 0.33 0.32 
20 2000 0.29, 0.35 0.32 0.3U 0.32 

Liioe Rate Ave, 0,27 0.31 0.32 0.32 

L.S.D.(.05) batwMm lime means - N.S. 
L.S.D.(.05) betveen phosj^oras mesits 0.02^ 
L.S.D.(.05) betveen sine means M.S. 

C.T. for main plots — 2356 
C.7. for sub-plots — - 15^ 
C.V. few sub-sub-plots - 17jg 
C.7. for entire eaqjeriment — - lijg 

«/ Talues represent an average of four replications. 
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TABLS VII 

PIH CEaiT CALCIUM IM OVER DRI CC3KS PLAHT TISSUE SAMPLES TAKEH MIHS 
WEEKS AFTER PLANTINO OH HARTSELLS FME SANDI LOAM OROWH 

WITH FOUR LIMB LEVELS, THREE PHOSPHORUS RATES, 
AMD TWO RATES OF ZIHC FERTILIZATION. 

Per Gent 
2nS0l|'H20 PpO. Lime Tons/Acre ^inc JphosphoruB*2 ^ . 

Pounds/Acre Rats Are. Rate Aye. 

0 500 0.50V 0.60 0.66 0.62 0.60 0.61 
20 500 o.5r 0.6U 0.66 0.62 0.62 
0 1000 0.57 0.60 0.61 0.66 0.61 0.61 
20 1000 0.5it 0«61i 0.68 0.61 0.62 
0 2000 0.58 0.60 0.68 0.60 0.62 0.61 
20 2000 0.57 0.61 0.63 0.63 0.61 

Lijae Bate Are. 0.61 0.620.55 0.65 

L.S.D.(.05) between line neane - - 0,021% 
L.S.D.(.01) between lime aeans - 0.039% 
L.S.D.(.05) between pfaoephoras aeans -•—......... H.S* 
L.S.D. (.05) between zinc mane — If.S. 

C.V. for main plots i% 
0.7. for sub-plots 13^ 
C.7. for sub-sub-plots - 7^ 
C.7. for entire e:iqperinent ........ 

^Values represent an ayerage of fcmr replications. 

J 
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TABLE mi 

PER CENT MAGNESIUM IN OVEN DRY CORN PLANT TISSUE SAMPLES TAKEN TBEES 
WEEKS AfTSR PLANTINQ ON HARTSELLS FINE SAND! LOAM QROWN 

WITH FOUR LIME LEVELS, THREE FHOSPHOROS RATES, 
AND TWO RATES OP ZINC FERTILIZATION. 

Per Cent 
2nS0[^*H20 P2OC Line T<ms/Acre Zinc Phosphorus
»ounds/Acre Pound^cre 15 5 H W Rate Are. Rate Ave. 

0 500 0.255/ 0.23 0.25 0.31 0.26 0.25 
20 500 0.22 0.26 0.2U 0.23 0.2U 
0 1000 0.26 0.33 0.33 0.33 0.31 0.29 
20 1000 0.22 0.30 0.31 0.28 0.28 
0 2000 0.26 0.31 0.30 0.33 0.30 0.28 
20 2000 0.21 0.28 0.30 0.26 0.26 

Lime Rate Ave. 0.2U 0.26 0.29 0.29 

L.S.B.(.05) between line neans — - 0*02$% 
L.S.U.(.01) between line means 0.036$ 
L.S.D. (.05) between phoephoras aeaas 0*022% 
L.S.D.(.01) between phosphorus means - 0.030$ 
L.S.D. (.05) between sine swans - 0.02U$ 
L.S.D.(.01) between zinc means ..... 0.032$ 

C.7. for main plots -
0.7. for sub-plots - 16$ 
C.V. for sub-sub-plots - 22$ 
C.7. for entire expeidnent - 19^ 

3/ Values nqpresent an overage of four replications 
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PIK CEST MACWESHm IS OVEM WS CORN PUNT TISSUE SAMPLES TAKEN SIX 
WESCS AFTER PLANTIHO OK HARTSELLS FINE SANDX LOAM GSOWN 

WITH FOUR LIME LEVELS, THREE PHOSPHORUS RATES, 
AND TWO RATES OF ZINC FERTILIZATION. 

Per bent 
ZnSOj^'HjO P2O5 Lime Tdtts/Acre Zinc Siosphoras 

— Pounds/Acre 0 ^ li 6 Rate Are. Rate Ave. 

0 500 0.20a/ 0.30 0.25 0.27 0.26 0.25 
20 500 0.23 0.25 0.25 0.2U 0.2li 
0 1000 0.21 0.31 0.26 0,31 0.27 0.2L 
20 1000 0.22 0.23 0.22 0.26 0.23 
0 2000 0.26 0.29 0.31 0.29 0.29 0.27 
20 2000 0.21 0.27 0.26 0.27 0.25 

Lime Rate Are, 0.22 0.27 0.26 0,26 

L.S.D,(.05) between lime means - - 0.025$ 
L.S.D.(.01) between lime meaae - - 0.036$ 
L.S.D. (.05) between fhoaphoarvLa vmms - - K.Sj— 
L.S.D.(.(^) between einc means - 0.016$ 
L.S.D.i.S.D.(,01)(.( between sine mems - 0.021$ 

C.V. for main plots - - 15$ 
C,7. for sub-plota - 22$ 
C.7. for sub-sub-ploti - 15$ 
C.T. for entire expeilment - 18$ 

a/ Falues represent an average of four replleati<ms. 

. t 'a. > 

. 'V-.. . .v.. 
. A • • 

. 
• 

.i- . V 
• : ..•' 4. • ^ 

f.-. 



 

29 

. 'v' 

TABLE X 

PER CEBT MAQHESIUM IN OVEN DffT CCSBH PLANT TISSDE SAMPUES TAKEN NINE 
WEEKS AFTER PLANTING Ol HARTSELLS FINE SANDX LOAM CfflOWS WITS 

FOUR LIME LEVELS, raHEE PHOSPHORUS RATES, AND TWO 
RATES OF ZINC FBRTILIZATIOH. 

Per Cent 

ZnS0^*H20 PoOc Lima tons/Acre Zlne Phosphorttg/. ?oancLB7/ »—«•- ^ 'Acre 15 2 u ^ Rate Ave. Rate Ave. 

0 500 0.35a/ 0.39 O.UO o.Ud o.Uo 0.39 

20 500 0.30"" 0.lt5 0.3U 0.38 0.37 
0 1000 o.Uo O.ldb o.UU O.UU 0.U3 O.Uo 
20 1000 0.28 O.itO 0.35 O.UO 0.36 
0 2000 o.LL 0.38 0.U8 0.U3 0.U3 0.U0 
20 2000 0.26 0.38 o.Ui 0.38 0.36 

eLime Rate Are 0.3U O.l^l o.Ui 0.U2 

L.S.D.(.05) between lime means 0.053t 
L.S.B.(.05) between phosphorus means - M.S. 
L.S.D.(.05) between zinc means - - 0.029t 
L.S.D.(.01) between zinc means — - - 0.039^ 

C.V. for main plots — - 2^ 
C.V. for sub-plots - 2^ 
C.V. for sub-sub-plots - 18$ 
C.7. for entire eaperimwit ------------------- 19$ 

^Values represent an sTerage of four replications. 
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mSLE II 

PER GEHT PHOSH!OaUS HI OVEN DRI CORM PLAMT TISSUE SAKPLBS TAKEM THREE 
WEEKS AFTER PLAKTI1K3 ON HARTSSLLS FIIIS SANDY LOAN GROWN WITH 

KXIR LIHS LEVELS, THREE PHOSPHORUS RATES, AND TWO 
RATES OP ZINC mTILIZATKMI. 

2nS0j_j*H2O PoOt Lime Tons/Acre Zinc Phosphorus 
Pounds/Acre Pounds/Acre 0 2 L 6 Rate Ave. Rate Ave. 

0 500 0.56a/ 0.50 0.U9 0.L7 0.50 0,51 
20 500 0.57*" 0.51 0.1^8 0.51 0.52 
0 1000 0.520.63 0.51 o.5it 0.56 0.55 
20 IDOO 0.63 o.5ii 0.52 0.51 0.55 
0 2000 0.680.75 0.62 0.61 0.66 0.65 
20 2000 0.73 0.65 0.61 0.57 0.6U 

Lime Rate Are. 0.6li 0.57 o.5h 0.53 

L.S,D« (.05) between lime means - 0.0U6$ 
L.S.I). (.01) between lime means 0.067$ 
L.S.D.(,05) between phosphorus means 0.030$ 
L.S.D. (.01) between phoi^horus means — 0.0Ul$ 
L.S.D. (.05) between sine means N.S. 

C.V. for main plots X3% 
C.V. for sub-plots - - X0$ 
C.V, for sub-sub-plots ------------- — -----
C.V. for entire experiment 

5/ Values represent an average of four replications. 
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TABLE XII 

PER CBHT PHOSPHORUS IH OVER DHI CORN PLANT TISSUE SAMPLES TAKEN SH 
WEEKS AFTER PLANTIHO ON HARTSELLS FINE SANDY LOAM GiCWN WITH 

FOUR LIME LEVELS, THREE FHOSPHOMIS RATES, AND TWO RATES 
OP ZINC FERTILIZATION. 

Per C«ni 
ZnSO^^'EgO PoO^ Lime Tons/Acre Zinc Phosphorus 
'oonde/Acre Poands/Acre U 2 U ^ Rate Ave. Rate Ave. 

0 500 0.35a/ 0.36 0.37 0.35 0.36 0.3U 
20 500 0.32~ 0.35 0.3li 0.30 0.33 
0 1000 0.35 0.37 0.37 0.37 0.36 0.35 
20 1000 0.31 0.36 0.3li 0.36 0.3li 
0 2000 0.36 0.37 0.38 0.37 0.37 0.36 
20 2000 0.3U 0.3U 0.35 0.35 0.3li 

Line Rate Awe. 0.3li 0.36 0.36 0.35 

L.S.D. (,0$) between line neans - N.S. 
L.S.D. (.05) between phosphorus lasans - 0.005858 
L.S.D. (.01) between phosphorus neans - 0.0079$ 
L.S.D, (.05) between zinc means - 0.002C^ 
L.S.D. (.01) between zinc neans - 0.0051^ 

C.V. for main plots 9«{ 
C.V. for sub-plots - 10^ 
C.V, for sub-sub-plots 9^ 
C.V. for entire e^eriiowit ----------— - ---- - 8$ 

5/ Values represent an arerage of four replications. 
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TABLE Xin 

PER CEHT PHOSPHORUS IN OPEN DHT CORN PLANT TISSUE SAMPLES TAKEN NINE 
WEEKS AFTER PLANTING OS HARTSELLS FINE SANDI LOAM GROWN WITH 

FOUR LIME LEVELS, THREE PHOSPHCBUS RATES, AND TWO 
RATES OF ZINC FERTILIZATION. 

Per Cent 
ZnS0j^«H20 P20^ ^ Lime Tons/Acre ^Inc Phosphoraa 

2 U 6 Rate Ave. Rate Are, 

0 500 0.25V 0.28 0.31 0.30 0.28 0.28 
20 500 0.25" 0.28 0.32 0.28 0.28 
0 1000 0.29 0.30 0.31 0.31 0.30 0.29 
20 1000 0.25 0.30 0.30 0.30 0.29 
0 2000 0.30 0.30 0.32 0.31 0.32 0.31 
20 2000 0.28 0.31 0.32 0.33 0.31 

Lime Rate Ave. 0.27 0.30 0.31 0.31 

L.S.D,(.05) between llise means - n.S. 
L.S.D.».S.D,(.(.05) between phosphorus means 0.013$ 
L.S.D. (.01) between phosphorus means 0.018$ 
L.S.D.(.05) between sine imsans - N.S. 

C.V, for main plots 17^ 
C.T. for sub-plots — — --------- - 9$ 
C.7. for sub-sub-plots 9$ 
C.7. for entire experiment - ----------------- xo$ 

5/ Talues represent an average of four replications. 

;r 
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fABLE XI7 

PER CEBT POTASSIUM IB CORN PLANT TISSUE SAMPLES TAKEN THREE WEEKS AFTER 
PLANTINQ OH HARTSELLS FINB SAHDI LOAM GROi® WITH FOUR LIME 

LETELS, THREE PHOSPHORUS RATES, AND TWO RATES 
OF ZINC PSRTILmTION. 

Per Cent 
Lliae Tons/Acre Zinc Phosphorus 

?e«i«da/Aere Pounds/Acre ' 0 2 h 6 Rate Ave. Rate Ave. 

0 500 U.06V li.i5 3.58 U.15 3.98 L.I3 
20 500 h,lr U.oU U.L3 h*h6 U.27 

0 1000 hthO U.25 i».39 L.18 I1.3O U.12 
20 1000 3*66 3.91 3.59 L.Uo 3.9U 

0 2000 U.36 U.io 1.51 L.hl h*3h h*lh 
20 2000 ii.Uo U.21 3.28 3.85 3.91* 

Lime Rate Ave. ij.21 U.ll 3.96 U.2U 

L.S.D. (.05) betwB«o lime means — - — - - N.S. 
L.S.D. (.05) between phosphorus means - - N.S. 
L.S.D. (.05) between sine means - - I.S, 

C,?. for main plots - 15^ 
C.V. for sub-plots - - — - lu% 
C.?. for sub-sub-plots - 12$ 
C,?. for entire eatperiment 13$ 

a/ Values represent an average of four replications. 

■ /W'-' 
V 

. '■ ■ '• 'Zfv-'K.Z. 
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TABLE X7 

PER CEST POTASSIUM IB OVSH DRY COiOl PLAUT TISSUE SAMPLES TAKES SIX 
WEEKS A?TBR PLANTINQ ON HARTSELLS FINS SANDY LOAM GROWS WITH 

POUR LIME LEVELS, THREE PHOSPHORUS RATES, AND TWO 
RATES OF ZINC FERTILIZATIOS. 

Per Ceni 
ZhS0i,*H20 ?2^K Linwjfons/Acre Zinc Phosphorus

Fonnds/Acre PoanAs/Acre 0 ^ U 6 Rate Avs. Rate Ave. 

0 500 2.30V 1.83 1.9U 1.75 1.96 1.91 
20 500 1.93 1.82 1.97 1.75 1.87 

2.07 1.78 1.93 1.860 1000 1.93 1.97 
1.90 1.70 1.7820 1000 1.77 1.77 

2000 1.88 1.70 1.80 1.82 1.80 1.760 

20 2000 1.76 1.69 1.76 1.63 1.71 

aLime Rate Ave, 1.95 1.79 1.89 1.7U 

L.S.D. (.05) between lime neans S,S. 
L,S,D.(,0$) between phoephorus meant — 0*091$ 
L.S.D. (.01) between phosf^orus means 0.12W 
L.S.D. (.05) between ainc meant 
L.S.D. (.01) between aine means - 0.098$ 

C.V. for main plots 17$ 
C.T. for tub-plots - 10$ 
C.V. for sub-sub-plotB - ------------------- 10$ 
C.V. for entire experiment - 11$ 

Sj/ Values represent an average of four replications. 
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TABLE m. 

pa CSST POTASSIUM IH 0?1» DRI COHH PLAMT TISSUE SAMPLES TAKES NIME 
VIEEKS AFTER PLAHTINO OS HARTSELLS FINE SANDT LOAM QROWl 

WITH KWR LIME LEVELS, THREE PHOSPH(MIS RATES, 
ASD TWO RATES OF ZINC FERTILIZATIOH. 

an mBmamBSBBm 

Per C«nt 
ZnS0^.H20 P20^ Lima Tons/Acre Zlno Phogphorae 
''' ~ 0 i ii 6 Rate Are. Rate Are. 

0 500 1,80a/ 1.61i 1.61 1.2i7 1.63 1.67 
20 500 1.86 1.51 1,78 1.70 1.71 
0 1000 1.69 1.61t 1.67 1.76 1,69 1.67 
20 1000 1.80 1.62 1.62 1.58 1.66 
0 2000 1.58 1.72 l.liS 1.12 1.55 1.61 
20 2000 1.61 1.52 1.68 1.58 1.60 

Liiae Rate Ave. 1.72 1.61 1.61i 1.63 

L.S.O.(.05) betvaen lirae mem S.3, 
L.S.O.i.S.jD. (.05)\ betaean phoi^horaa neans.............. n.S. 
L.S.O. (.05) betaem zlno aieana N.S* 

C.V. for main plots ly; 
C.V. for sab»plot8 - lo^ 
C.V. for 8ab«sttb~plots - 10% 
C.V. for entire ezperiisent xi% 

e/ Values represent an average of four replications, 
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Inspection of Tables V, VX, and VII shows that Zn-fertilisation 

caused little or no change In Ca eonpositlon, but a significant sine x 

Use Interaction WHS found at the third week saB?)ling. 

Magnesium. The third, sixth, and ninth week Mg means were 0.27» 

0,25# and 0.39 per cent* Zinc rates affected Mg content at each of the 

thzwi sampling dates, ^e Ski versus no>Zn Hg means wezvi 0.26 and 0.29 

per cent at the third week, 0*2lt and 0.26 at the sixth week, and 0,36 

and 0.li2 iNir cent at the final saaplli^* In each instance the difference 

was hij^ly significant. 

Lime application caused a hi^bly significant increase in Mg content 

between the 0 and 2 ton rates at each sampling date. No significant 

difference was fcnind among the 2# h# and 6 t<xi ratee. There was a highly 

significant sine x lime interactiim at the eecmid eampling and a signifi-* 

casit sIjh; x lime interaction In the final sampling. 

Phosphate applications Influenced Mg contwit at the 0,01 level of 

probability in the tiiird week asjqples. The difference was highly signifi 

cant between the 500 and 1,000 pound rates tdiile no significant 

difference was fouiui between the 1,000 and 2,000 pound additions. There 

was no significant change in Mg e<»^ositicn due to phosphate fertilization 

in the sixth and ninth week sanqples. 

Phosphorus, Phosphorus eosgiosition increased with increased phos 

phate application at each sampling date, Bie per cent P means for the 

500, 1,000, and 2,000 pound PgO^ rates werei 0,51, 0.55# end 0.65 for 
the first sai^les, 0.3U, 0.35# 0.36 for the second, and 0.28, 0.29, and 

0.31 per cent for the final easples. Ihe difference in P content due to 

r 
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|rfi08ph*te rates was highly significant at the third and sixth week 

saiq;>les, but in the ninth week sanples a signifieance at the O.OX level 

was foui»l between the 500 and 2,000, and 1,000 and 2,000 pound rates 

only. The difference between the 500 and 1,000 pound rates ma si®aifi-

cant at the 0,0$ level. 

Line eignificantly affected P ecsitmt at the first sampling only. 

The difference was highly significant iMtween the 0 and 2 ton rates as 

the P fell from 0.6U to 0.57 per cent. The differenee tmeng the 2, U, 

and 6 ton rates was not significant. 

Zinc fertilisation did not significantly affect P congjosition 

at the third and ninth week 8asg>les, but showed a highly significant 

effect on the samples talom at the end of the sixth week. The Zn versus 

no-Zn means were O.3I4 and 0.36 per cmt, respectively, at that sampling. 

The P means for the three saiig>ling dates were 0.57> 0.35> and 

0.30 per cent for the third, sixth, and ninth saagiles, respectively. 

Potassium. The mean per cent K eojqposition was U.13 per cent at 

the first saig>ling, l.Sii per cent at the Mcond 8aBg>ling, and decreased 

again to 1.61i per cent in the last samples« 

Lime treatments failed to cause a significant change in K content. 

Potassium content was also unaffected by P~fertilization at the first 

and final samplings. In the second sailing K content was decreased with 

increased phosphate fertilization. The per cent K means weret 1.91> 

1.86, aisd 1.76 per cent, re)ig>ectlvely, for the 500, 1,000, and 2,000 pound 

¥20^ rates* The difference between the 500 and 2,000 pound rates was 

hi^ily significant, and betwem the 1,000 and 2,000 pound rates significant 
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at the 0.05 lerel* The difference between the $00 and 1,000 pound z«tes 

me not significant. 

Zinc, like phosphate, affected £ content at the sixth week sailing 

ooly. The wersus no-Zn aeans wes^ 1*79 and 1.90 per cent, reflpectively, 

the diffeirence being highly significant. 

Grain Sorghua Forage Yield 

Grain sor^mra forage yield respcnse to increased line application 

was hi^ly sigoifieant. Increases in yield between the 0 and h, and 0 

and 6 ton lime rates were significant at the 0,01 lerel. Increase in 

forage yield between the 2 and h t<m rate was significant at the 0.05 

leirel of probability. Ho significant differmee in yield could be 

attributed to phosphate and Zn fertilisation, A sunmaxy of the effect 

cf the warious traatnents on formgfi yield la shown in Table X7II. 

Grain Sorghum Chwaical C«ig>08ition 

Suiaraarles of the effect of line, phosphate, and Zn-fertilisatim 

on Ca, Mg, F, and K content of aorghum are presented in Tables X7III 

throu^ XZI. Sanples ware collected four weeks after planting. 

Calciuat, Line rates caused significant changes in Ca ctHiposition, 

The Ca neans weiw 0.55, 0.66, Q.7ii, 0.77 per cent for the 0, 2, h» and 6 

ton rates, respectively. The difference between the 0 and U tens, and 

0 and 6 ton rates was hi^ly significant. A significant change was 

found between the 0 and 2 tons, uui 2 and U ton rates. Heither i^osphate 

nor Zn>fertilisation significantly affected Ca conpoeltion. The Ca isean 

for this sai^lij^ was 0.68 per c^t. 
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tabu; xtii 

YIELD OP am DRY CEABT SORCMJM PORAOE OH HAR^ELLS PIHS SAHDY LOAM 
OaOWS WITH PODR LIME LEVELS, THREE PHOSPBCMJS RATES, AHD T&K) 

RATES OP ZIHG PERTILIZATIOH. 

o Pounds Forage/Acre w 
ZnSOj^.HaO PoO^ LliaeoTons/Acre Ziinib Phosphorus 

Pounds/Acre Poim^/Aere "5 '2 u 6 Rate Are, Rate Ave. 

0 500 3,5iiOa/ 3,8L0 It,600 It,800 It,200 It,180 
20 500 3,200 3,81;0 lt,780 lt,820 it,l60 
0 1000 3,520 L,l6o U,lilt0 It,760 lt,220 It,260 
20 1000 3,U80 li,2i;0 lt,5oo It,9ltO It,280 
0 2000 3,960 li,l60 It,I{20 lt,680 Ii,300 it,280 
20 2000 3,100 3,980 it,8ItO It,780 lt,2ltO 

Lime Rate Ave, 3,520 li,600 It,800 

L.S.D.(.0$) between liae mms - ^QO pounds
L.S.D. (.01) between lime means — - 81iO pounds
L.S.D. (.0$) between phos^orus means - N.s, 
L.S.D.(.05) between zinc i^ans H.s. 

C.V. for main plots - 21^ 
G.V. for sub-plots - I2j6 
C.V. for sub-sub-plots - 10% 
C.V. for entire eaqperiaent ujs 

a/ Values represent an average of four replications. 
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TABLE Xmi 

PEfi CMT cAicitm IN(ms mr csuiiii sorchth flamt tissoe samples 
TAKSK FSUR AITER PLARTIMa CM HARTSELLS FXBI SAMIST LOAM 

GROWH WITH POUR LIME LEVELS, THREE PHOSPHORUS RATES, AHD 
TWO RATES OF ZBTC FERTILIZAnOir. 

Per Cent" 
ZnSQr'H20 time Tons/Acre zinc Phosphorus 

Pounds/Acre Pounds/Acre 6 2 'k Rate Ave, Rate Ave. 

0 500 0.52a/ 0.70 0.71 0.77 0.68 0.67 
20 500 0.61 0.55 0.72 0.76 0.66 
0 1000 0.50 0.70 0.70 0.7li 0.66 0.68 
20 1000 0.57 0.68 0.7li 0.8U 0.71 
0 2000 0.56 0.63 0.8U 0.70 0.68 0.69 
20 2000 0.53 0.71 0.71 0.82 0.69 

Lime Rate Ave♦ 0.55 0.66 0.7U 0.77 

L.S»D. (.05) betwsen lin» means - 0,Q9^% 
L.S.D.(.01) between lime means - -- -- ---------- - 0.137$ 
L.S.D* (.05) between phosphoras means - M.S. 
L.S.S.(.05) betwe«a ainc means - - M.S. 

C.V. for main plots - 21$ 
C.V. for sub-plots - - 22$ 
C.V, for sub-sab-plots - - HJC 
C.V. for entire experiamnt - ------— ---------

a/ Values represent an average of four replications. 
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TABU XIZ 

PIH CEST MA®flSI0M IM OTIM DEt {BAIM SOEaHJM PUNT TISSUE SAMPLES 
TAKEN POUR WEEKS AFTER PLAHTINO ON HARTSELLS FINE SANDI 

LOAM (SOWN WITH K)UB LIME LEVELS, THREE PHOSPH(«US 
RATES, AMD TWO RATES OF ZINC JERTHIZATIOH. 

PhosphorusZnS0j^-H20 PaOi Lliw^Tans/AcrePer Cent 
I Rate Are, Rate Are. 

0 500 0.32a/ 0.1^3 0.39 0.38 0.38 0.36 
20 500 0.32 o.ia 0.30 0.28 0.33 
0 1000 0.32 o.ia 0.37 0.32 0.36 0.35 
20 1000 0.30 0.36 0.32 O.LO 0.3it 
0 2000 0.3U 0.38 0.16 O.UO O.LO 0.37 
20 2000 0.32 0.36 0.36 0.33 0.3U 

Lime Rate Ave. 0.32 0.39 0.37 0.35 

L.S.D.(.05) between liia# means - 0.035^ 
L.S.D* (.01) between lime means - - 0,QSl% 
L.S.D. (.05) between phosphorus means - M.S. 
L.S.D.(.05) between zinc means - 0.02S% 
L.S.D. (.01) between zinc mewas - - 0.033$ 

C.V. for main plots - 5$ 
C.V. for sub-plots 22$ 
C.V. for sub-sub-plots - ------ - — l6$ 
C.V, for entire es^eriment 18$ 

^Values represent an average of four iraplicatiaas. 
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PER CEirr PHOSiHOROS IS OTEB mT(HUIH SORCfflDM PLAHT TISSUE SAMPLES 
TAKES FOUR WESXS AFTER PLASTIHG CM HAR1SSLLS PISE SANBI LOAM 
mam with kwr lime levels, three phosphorus rates, ahd 

TWO RATES OF ZIHG PERTILIZATIOH. 

Per Cfflit 

ZnSOj•HoO Pj)Oc
Pounds/Acre Pot^s/Acre 0 

Iiinte Tons/Acre
^ u 6 

Zinc 
Rate Ave* 

Phosphorus
Rate Ave. 

0 500 o*52«/ o,U8 0.52 0.52 0.51 0.50 
20 500 i.ho0.1*6 0.1*8 0.1*9 0.1*8 0.1*8 
0 1000 0.53 0.52 0.53 0.55 o.53 0.52 
20 1000 0.50 0.51 0.50 o.l*8 o.5o 
0 2000 0.57 0.61 0.58 0.60 0.59 0.57 
20 2000 0.57 0.57 0.51* 0.55 0.56 

Lime Rate Ave. 0.52 0.53 0.53 0,53 

L.S.D.(.05) beteeea lime meant 
L.S.D. (.05) between phosphorus means - ------------ 0.025% 
L.S.D. (.01) between phosphorus means - 0.031*% 
L.S.D. (,05) between sine means - 0*00)% 
L.S.D.(.01) betmen sine means 0.012% 

C.V. for main plots - - 9% 
C.V, for sub-plots -- 9% 
C.V, for sub-sub-plots 5% 
C.V. for entire esperiment - 7% 

Values represent an average of four replications. 

■e-
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TABLE XXI 

PER CMT POTASSIUM IN OVEN DRI GRAIN SORQHIM PLANT TISSUE SAMPLES 
TAKEN POm WEEKS AFTER PLANTING ON HARTSSLLS FINE SANDI LOAM 

C2J0WN WITH POOR LIME LEVELS, THREE PHOSPHOROS RATES, AND 
TWO RATES OF ZINC FBRTILIZAnON. 

Ter Cent 
ZnS02^.H20 ^205 Lime Tons/Acre ^ Zino Phosphorus 
Bounds/Acre Pottnas/Acre D 2 Rate Are* Rate Ave. 

0 500 U.6V i».07 1|.Oit 3.99 it.l9 U.18 
20 500 U.U9 U.22 l^.Oii 3.95 U.18 
0 1000 U.93 3.96 1.02 ii.02 1.23 U.I6 
20 1000 U.65 3.96 3.96 3.76 U.08 
0 2000 U.39 li.ii? 3.82 3.88 U.lit li.20 
20 2000 U.U8 i4.28 I1.O7 14.17 U.25 

Line Rate Ave. U.60 U.I6 3.99 3.96 

L.S.D. (.05) between lime means - - — - 0.20^ 
L.9.D. (.01) between lime means 0.29^ 
L.S.D. (.05) between phosphorus mssns N.S. 
L.S.D. (.05) between zinc means - M.S. 

C.V. for main plots - ft 
C.V. for sub-plots - 8sS 
C.V. for sub-sub-plota - 7% 
C.V. for witire experiment 6% 

^Values represent an average of four replications. 

Vi*". . 
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Magngslttia. the Mg mans for the four liae rates were 0.32, 0.39, 

0.37# and 0.39 per cent in order of Increased line application. The 

increase in Mg content between the 0 and 2, and 0 and li t«a rates was 

hi^ily significant. The decrease in Mg eoi^sition between the 2 and 

6 ton rates was significant at the 0.05 level. 

The difference in Mg content between the 0 and 20 pound Zn rates 

was highly sijpiificant. The Za Yersus no-Zn means were O.lh and 0.38 

per cent, respectively, 

nu»8phate rates failed to canse a significant change in Mg content 

in the grain sorghtia forage sangtles. 

Phosphorus. Phosphate and Zn rates caused significant changes in 

P content. The differences between the 900 and 2,000 and 1,000 and 2,000 

pound PgO^ rates were highly significant. The Zn versus no-Zn mans 

were 0.51 and 0.99 per cent P, respectively, with the difference also 

beic^ hl^ly significant. 

l>im treatmnts caused no significant change in P coiqposition. 

Potassium. Potassium co^osition of grain sorihem was affected by 

lim treatments cmly. Phosphate and Zn-fertilizatlon did not significantly 

change the K content. The K means were U.60, U.16, 3.99, and 3.96 per cent 

for the 0, 2, U, and 6 too lim rates, respectively, A difference ameog 

the K mans of 0,30 per cent is significant at the 0.01 level, while a 

difference of 0.20 per cent or greater is significant at the 0.09 level. 
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TABLE mi 

SOIL pH TALtmS AMD EXTRACTABLE CATIONS AT DIFFBSBNT LINE LHmS 
OH MAURI SILT LOAM 

Beginning End of Experiawit 
Lime of £^t*« "soIT" 

Tons/Acre pH Ca Mg K 

0 6.6j/ 7.1a/ 11.0 0,76 o.il 

2 6.7 7.0 10.0 0.87 0.18 

h 6.8 7.0 10.7 0.92 0.22 

^ Values represent an average of four replications, 
« Beginning pH was taken Hay, 1957. at end of experiment 

was taken in September, 1958. 
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Tlold and Chamleal Conpoeition of Corn and lidiaat Qro^ on 

M«nz7 Silt tern 

Com Yield 

Li»e and phosphate rates had no significant effect on yield of 

com grovn on Mauxy silt loara. Tield increase due to Zn-fertill»ation 

was highly significant. The Zn "rersus no-Zn means were 81.8 and 67.5 

bushels p«p acre, respeetiwely. The effect of the Tarious treatments 

on yield are ^own in Table XXXII. 

Com Ear Number 

Com ear number per plot also shoved a highly significant increase 

due to Zn-fertilization. Com ear number yields for the 0 and 20 pound 

Zn rates were respectiyely, 70 and 7i» ears per plot. Xdme and |dios|^ate 

applications failed to cause a significant change in ear number. Ear 

number results are summarized in Table XHV. 

Com (Shemieal Co^osition 

Summaries of the effect of line, ̂ osphate and Zn treatments on 

the Ca« Mg, P and K content at each sampling data are presented in Tables 

XXI7 through XXXYI, respectively. Data presented are expressed ae per 

cent c^i^ositicm of oven diy material <m a weight basis, and represent 

the mean of four replications. Sauries were collected at the «id of the 

third, sixth, and ninth ws^ after planting. 

Calcium. The Ca means of the third, sixth, and ninth week samples 

werei 0.58» 0.38» and 0.7U por cent, respectively. Analysis of the 

third weok samples diowed that ihm Ca content decreased from 0,65 to 0.51 
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tmM xxxii 

HELD OF CORK OH mURT SILT LOAM ORCWH WITH THREE LIME 
LEVELS, THREE PHOSPHORUS RATES, AND TWO RATES 

OF ZIHC FERTILIZATION. 

l^sbels Per Acre 
ZnSO^'H20 time Tons/Aiere 2:inc PnoaphorusP2O5 

Pounds/Acre Pounda/Acre 0 2 it Rate Ave, Rate Ave, 

0 100 68.6^ 66.9 72.6 69.il 7it.9 
20 100 79.8^ 81.8 80.u 80.U 
0 300 69.0 62.6 6ii.2 65.3 7lt.3 
20 300 83.3 81.8 85.1 83.lt 
0 500 69.8 67.8 66.2 67.9 7it.7 
20 500 78.1 8l.t 85.2 81.6 

Line Rate Ave. 7ii.7 73.6 75.7 

L.S.D. (.0$) between 11*® meens H.S. 
L.S.D. between phoaphorue nmans - H.S, 
L.S.D. (.05) betweaa zinc means 2.5 ba. 
L.S.D.(.01) between zinc means - 3,U bi, 

C.V, tor main plots - 13% 
C.V. for sub-plots - 9% 
C.V, for sub-sub-plots - 736 
C.V. for entire experiment - 9% 

a/ Values ni^reseint an average of four replications. 
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TABLE XXI7 

OBH EAB ^MBER PER PLOT OB M^URX SILT LOAM QROUM WITH 
THREE LIME LEVELS, THREE PHOSPHORUS RATES, AND 

TWO RATES Of ZIHC FERTILIZATIOK. 

Ears Per Plot 
ZnS0j^*H20 P2O5 liiaa tons/Aiere Zinc jpKosphorus

Pounds/Acre Pounds/Aera ■6"' r Rate Are. Rate Are. 

0 100 ?0a/ 70 7h 71 72 
20 100 70 7h 72 72 
0 300 70 68 68 69 72 

20 300 Ih 7h 78 75 
0 500 68 70 68 69 72 

20 500 71 73 78 rk 

Liiae Rate Ave. 70 IZ 73 

L.S.O. (.05) betwaen lime, neantfi - M.S. 
L.S.O. (.05) betwaan phoaphoras staaaa M.S. 
L.S.D. (.05) batifa«n aino isaaaa - 2 aara 
L.S.O. (.01) batwatm zinc niaans 3 «ar8 
C.V. for nain plots •«* — ..•••••. 5<(
C.V, for sub-plots - S% 
C.V, for sab-sub-plots - f% 
C.V. for entira aaqperiment - j^% 
5/ Values rap3ras«it an average of four areplications. 

- -V • • ' ' 

I 

... ii- .... 
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TABI£ X3CV . .■ "j. . ' 'tja 
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PSR CSHT CALCIUM I» OVES DRI CORH PLAHT TISSUE SAMPLES TAKEN THREE 
WEEKS APTER FLAHTIHO ON MAURI SILT LOAM G®OWN WITH THREE 

LIME LEVELS, THREE PHOSPHORUS RATES, AMD TWO 
BATES OF ZIMC FERTIUZATIOM. 

' 

' ' ' ' ' 
ZnS0r*H20 

Pounds/Acre 

' ' ' " 
P20tf 

Pounds/Acre 

' 

0 

" 
Lime TOTs/Acre

^ h' 

Per Cent 
Zlac 

Rate Ave* 
Phosphorus
Rate Ave* 

0 
20 
0 

20 
0 

20 

100 
100 
300 
300 
500 
500 

0.68a/ 
d.65~ 
0.50 
0.56 
0.5U 
0.5U 

0.60 
0.60 
0.6U 
0.59 
0.51 
0.55 

0.78 
0.62 
0.66 
0.51 
0.1(6 
0.U9 

0.65 
0.62 
0,60 
0.55 
0.50 
0.53 

0.65 

0.58 

0.51 

Rate Ave. 0.58 0.58 0.59 

L.S.D. (.05) between lime means 
L.S.D. (.05) between phosphoroe means 
L.S.D. (.01) between phosphcarus means 
L.S.D. (.05) between ainc means 

-
-

- H.S. 
- 0.032$ 
- 0,0U5$ 
- N.S. 

C.?. for main plots -
C.V. for sub-plots
C.?. for sub-sub-plots
C.T. for entire experiment -
^ Values represent an average of four replieations. 

- 31$ 
8$ 

- 21$ 
18$ 
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TABLE XXn 

m CSJT CALCIUM HI 07EH DEI CORM PLAST TISSUE SAMPLES TAKE» SIX 
WmS ABTEH PLAHTHIO QB MAURI SILT LOAM GROWS WITS 

THREE LIME LEVELS, THREE PHOSPHORUS HATES, 
ASD TWO RATES 0? ZI8C FERTILIZATIOS. 

Per Cent 

ZnS0^*S20 PgOtf LiB» Tons/Acre Zinc Phosphorus 
Poands/Acre Poums/jAcre "5 2 r Rate Ave. Rate Ave, 

0 100 O.liOa/ 0.38 O.itl O.UO - 0.38 
20 100 0.38~ 0.38 0.3U 0.37 
0 300 0.36 0.38 o.Lo 0.38 0.39 
20 300 O.UO O.liO O.UO O.UO 
0 500 O.liO 0.35 0.38 0.38 0.38 
20 500 0.36 o.Lo 0.38 0.38 

Lime Rate Are. 0.38 0.38 0.39 

LtS.O* (.05) between liiae xmrne - N.S. 
L.S.D. (.05) between phosphorus means - K.S. 
L.S.S.(.05) between zinc neans - M.S. 

C.V. for main plots - 10% 
C.V. for sub-plots - 13% 
C.V. for sub-sub-plots - -- ---------------- - 18Sf 
C.V. for entire experiment - - 1S|» 

a/ Values r^resent an arerage ©f four replications. 

'I 

, . , ■w • 

- ' > J" .■ " . , 
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TABLE Xmi 

PER CEHT CALCIUM IN OVEN DHI CORN PLANT TISSUE SAMPLES TAKEN NINE 
mms AITER PLANTING ON MAURI SILT LOAM GRCA^ WITH 

THREE LIME LE?ELS, THREE PHOSPHORUS RATES, 
AND TWO RATES OP ZINC FERTILIZATION. 

Per Cent 
ZnSOj^'HgO P20^ ^ Lime Tons/Acre Zinc Phosphoraa 

Pounds/Acre 0 2 h Rate Ave, Rate Are. 

0 100 0.72y 0.67 0.73 0.71 0.7li 
20 100 0.7U 0.78 0.80 0.77 
0 300 0.69 0.62 0.67 0.66 0.7lt 
20 300 0.76 0.86 0.85 0.82 
0 500 0.72 0.67 0.72 0.70 0.75 
20 500 0.80 0.78 0.85 0.81 

Lime Rate Ave. 0.7U 0.73 0.77 

L.S.D. (.05) betwen lime nteans - H.S. 
L.S.D. (.05) betiraen phosqDhoros mwoa - - N.S. 
L.S.D. (.05) betvwaa ainc neana - 0.052J6 
L.S.D. (.01) between sine mans - - 0.07056 

C.V. for main plots - - 1756 
G.V. for sub-plots - Uk% 
C.V. for sub-aub-plota Vx% 
C.V. for entire experiaent 15^ 

2/ Valnea n^reeent an awerage of four replicationa. 

'•1,/- -

.■'r' ' 
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TABLE XX?III 

m cm MAQHESIUM IH CORN PLANT TISSUE SAMPLES TAKEN THREE WEEKS 
AFTER PLANTINO OH MAURI SILT LOAM QROWH WITH THREE LIMB 

LEVELS, THREE PHOSPH(»US RATES, AND TWO 
RATES OF ZINC FERTILIZATIOM. 

' ' Per Cent 
2niK)^^»H20 Lime Tons/Acre Zinc pRosphoms 

Founds/Acre PoundsMcre 0 2 "Tr* Rate Ave. Rate Ave* 

0 100 0.22a/ 0.20 0.29 0.2ii 0.21 
20 100 o.2(r 0.19 0.17 0.19 
0 300 0.19 0.31 0.2L 0.25 0.21 
20 300 0.20 0.17 O.Ui 0.17 
0 500 0.22 0.22 0.16 0.20 0.20 
20 500 0.2U 0.17 0.19 0.20 

Lime Rate Awe. 0.21 0.21 0.20 

L.S.O,(.05) between liine laeane N.S* 
L.S.D. (.05) between phoephoras neane N*S, 
L.S.S. (,05) between sine ineans - O.oUl^ 

C.V. for main plota — - - 26$ 
C.F. for sub~plots - - 30$ 
C.T. for aub-eub-plots - - Ll$ 
C.V. for entire experiment - 35$ 

a/ Values repreamt an avera^ of four replieations. 

A-.. V . 

■'■ ■■ ■A'- ., ' ■ 'V ■ 
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TABLE XXIX 

PER CEKT MAOSESItJM IN COSH PUHT TISSJE SAMPLES TAKER SK WEEKS 
AFTER PLAHTINQ CM MAURI SILT LOAM GROWN WITH THREE 

LIME LEVELS, THREE PHOSPH(fflOS RATES, AND 
TWO RATES OF ZINC FERTILIZATIOH. 

Per Cent 

ZnS0j^*H20 time Tons/Acre Zinc Phosphorus
Pemldi/Acre "5 ^ IT Rate Ave. Rate Ave. 

0 100 0.21a/ 0.30 0.28 0.26 0.2li 
20 100 0.20" 0.22 0.22 0.21 

0 300 0.21 0.26 0.28 0.25 0.22 
20 300 0.19 0.20 0.22 0.20 

0 500 0.21 0.22 0.2ii 0.22 0.22 

20 500 0.20 o.a 0.20 0.20 

Lime Rate Ave* 0.20 0.2li 0,23 

L.S.D,(.05) between lime neans — - M.S. 
L.S.D. (.05) between jdiosphorus aeans - - H.S. 
L.S.D. (.05) betweai sine oeans - 0.02?^ 

C.V. for main plots - 2036 
C.V, for sub-plots - - 20?5 
C.V. for sub-sub-plots - 2(>% 
C.V. for entire experiaent - 23?^ 

a/ Values represent an average of four replications. 
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TABLE m 

PER CEST MACBJESIUM IH CX)Blf PLANT TISSUE SAMPLES TAKEN NINE NEKS 
AFTER PLANTING ON MAURI SILT LOAM GROWN WHM THREE 

LIME LEVELS, THREE PHOSPHORUS RATES, AND 
TWO RATES OF ZINC FERTILIZATION. 

""Per bent 
ZnSOi'HpO PoOk Liae Tons/Acre Zinc Fho^horus^ 0 2 T" Rate Ave. Rate Ave» 

0 100 0.28a/ 0.27 0.3L 0.30 0.27 
20 100 0.20 0.26 0.27 0.214 
0 300 0.26 0.26 0.29 0.27 0,27 
20 300 0,20 0.33 0.28 0.27 
0 500 0.21 0.25 0.33 0.26 0.25 
20 500 0.26 0.26 0,2U 0.25 

Lime Rate Ave. 0.2U 0.26 0.29 

L.S.D. (.0^) between lime means - N.S. 
L.S.D.i.S.D.(.(.05) between phosphorus means - N.S 
L.S.D.(.05) between ainc means - N.S. 

C.V. for main plots - 28^ 
C.V. for sub-plots - 26^ 
C.V. for sub-sub-plots - 29% 
C.V. for entire experiment -•— 2^% 

a/ Values represent m average of four replicatioas. 
< 

% 
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TABLE Xm 

PER CENT PHOSPHOroJS IN (OTH DRT COT PLANT TISSUE SAMPLES TAKES 
THREE WEEKS AFTER PLANTING OK MAURT SILT LOAM GROWN 
WITH THREE LIME LEVELS, THREE PHOSPHORUS RATES, 

AND TWO RATES OF ZINC lERTILIZATIOH. 

Per Cent 
2nS0, P^Otj Lime Tons/Acre ZlSc Phosphorus 

15 2 ' ' ii Rate Ave. Rate Ave* 

0 100 0.65V 0.72 0,70 0.69 0.58 
20 100 O.U7~ 0.1i5 0,ii9 0.U7 
0 300 1.09 0.88 0.85 0.9k 0.77 
20 300 0.52 0.62 0.66 0.60 

0 500 1.11 1.15 1.27 1.18 0.93 
20 500 0.68 0.6k 0.72 0.68 

Lime Rate At®. 0.75 0,7k 0.78 

L.S.D,(»05) between lime means - N,S, 
L.S.D. (.05) between phosphorus means 0.0565 
L.S.D. {.01) betwen phosphorus means - 0.0765 
L.S.D.(.05) between sine means - 0,086% 
L.S.D. (.01) between sine means — 0.1175 

C.V. for main plots - 85 
C.V. for sub-plots - 105 
C.?. for sub-sub-plots 235 
C.V. for entire experiment - 175 

s/ Values represent an average of four replicatims. 
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TABLE XXXII 

mt CEHT mmvmvB w om dey cofm plaht tissue samples um 
SIX WEEKS after PLANTISO OH MAURI SILT LOAM C»OWN WITH 
THREE LIME LEVELS, THREE PHOSPHORUS RATES, AND TWO 

RATES OF ZINC FERTILIZATION. 

!Per Cent 
ZnSO^'HpO P2O5 Lime Tons/Acre ^inc j^hosphonxs 

Pounds/Acre Pounds/Acre 6 ' P. Rate Ave. Rate Ave. 

0 100 0.52^ 0.55 0.58 0.55 0.U8 
20 100 0.U2 o.ia o.hi 0.1(1 
0 300 0.50 0.5s 0.61t. 0.57 0.50 
20 300 0,li2 O.y 0.U5 0.U3 
0 500 o.51i 0.52 0.63 0.56 OM 
20 500 0,li2 o.l^a 0.U3 0.1(2 

Liine Bate Ave• 0.U8 0.52O.I47 

L»S,D. {.05) between lima aeens - - 0.035^ 
L.S.D*i.S.D* (.05)\' between phosphoxne neane - N.S. 
L.S.D,(.05) between zinc ineans - — 0.028J5 
L.S.D,(.01) betwe<Kn zinc naens - - 0.03^ 

C.V. for main plots — — - iQjg 
C.V. for sub-plots — 
C.V. for sub-sub-plots - ipjs 
C.V. for entire experiKont - lljj 

3/ Values r^resent an average of four replicatifflos, 

■^ir> - >'1 

. i 

. 't: 
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TABLE mill 

m CEHT PSOSPHORBS IN 07EN DRY CORN PLANT TISSUE SAMPLES TAKEN 
NBB I'^EEKS AITER PLANTINQ m MAURI SILT LOAM GROWN 

WITH TEHEE LIME LEVELS, THREE PHOSPHORUS RATES 
AMD TWO RATES OF ZINC FESTILIZATIOH. 

Per Cent 
ZnS0^*H20 PoOc Lime ifons/Acre Zinc Phosphoraa 

TT Rate Ave. Rate Ave. 

0 100 0.6la/ 0.59 0.65 0,62 0.56 
20 100 0.U8 0.1*7 0.5U 0.50 

0 300 0.61 0.6U 0.67 0.61* 0.59 
20 300 0.50 0.52 0.58 0.53 

0 500 0.62 0.63 0.71* 0.66 0.58 
20 500 0.U7 0.50 0.56 0.51 

Lin» Rate Ave. 0.55 0.56 0,62 

L.S.D. (.05) hetmm liiae laeana . - - 0.0581 
L.S.D. (.05) betw©«i jdiosphoros neaae M.S. 
L-S.D. (.05) between zinc Keans - - — 0.077% 
L.S.D. (.01) between sine means 0.105% 

C.?. for main plots - -- -- -- -- ------------- IW 
O.V, for sub-plots 13%
0.7. for sub-sub-plots - 2^ 
0,7. for entire experiment 20% 
a/ 7alues represent m average of four replications. 
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TABLE m.Tf 

?m CENT POTASSIUM IN OVEN DRI CORN PLANT TISSUE SAMPLES TAKEN THREE 
WSMS AFTER PLANTING m MAURI SUT LOAM GROW WITH THREE 

UHS LEVELS, THHiag PHOSPHCBUS RATES, AND TWO RATES 
OF ZINC FERTILIZATION. 

Per'Cent 
2nS0j^*K20 Lime ifcme/Acre EIHc Phosphorus 
>ounds/Acre Pounds/Acre 6 '2 ' ■" ' '1} Rate Ave. Rate Ave. 

0 100 U.IW 5.11 lj.20 i}.57 1.1j5 
20 100 li.lO U.30 14.56 lt.33 
0 300 5.25 $.10 I4.55 14.99 14.53 

20 300 ii.25 3.79 It. 20 I4.O6 
0 500 5.30 li.ei 5.59 5.23 lt.80 

20 Soo ii.O^ U.55 I4.51 I4.37 

Llise Hate Ave. U.56 U.62 I4.60 

L.S.D, (.0$) between liiws means - - H,S. 
L.S.D. (.05) between phosphorus jswaas - - N.S. 
L.S.D. {*0$) between sine means - - 0.31^ 
L.S.D. (»01) between ainc means - O.U3/f 

C.V. for main plots - - 10^ 
C.V. for sub-plot^ 12$ 
C.f. for sub-sub-plota - - II43S 
C.V. for ^tlre eaperiaent - 13^ 

3/ Values represent an arerage of four replications. 
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TABLE Xm 

PER CEST POTASSItIM IS OVEN DET COHH PLANT TISSOE SAMPLES TAKES 
SEC WEEKS AITER PLAHTINO OK MAtfRT SILT LOAM OBOWH WITH 

THREE LIME LSmS, THREE PHOSPHOiaJS RATES, 
AKD TWO RATES OF ZIIC ISRTILIZATION. 

Per 

ZnSOU'HgO Lirae Tons/Acre Zinc Phosphorus 
Pounds/Acre Pouldi/Acre 6 r' h Bate Ave. Hate Ave. 

0 100 1.92V 1.85 2.06 1.9lt 1.90 
20 100 1.88 1.81 1.91 1.87 
0 300 2.06 1.97 2.08 2.0U 1.96 
20 300 1.97 1.77 1.92 1.89 
0 500 2,06 2.10 2.08 2.08 2.03 
20 500 2.05 1.92 1.96 1.98 

Line Rate Ave. 1.99 1.90 2.00 

L.S.D. (.05) between lirae raeena - — H.S. 
L.S.D, (.05) between pihosphoras neane - M.S. 
L.S.D. (.05) between sine laeans - 0.0li3^ 
L.S.D. UCn.) between ainc neano - - 0.05856 

C.?. for main plote - 16^ 
C.Y. for sub-plots - 9% 
C.V. for aub-sub-plot« - W 
C.V. for «atire esqperlfflsixt 9% 

^Talues represent an average of four replications. 
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lABLE XXm 

PER CEKT POTASSIOM IN(NES MI CORN PLANT TISSUE SAMPLES TAKEN 
NINE WEESS AFCER PLANTINQ OH MAURI SILT LOAM C®OWN 
WITH THREE LIME LE?ELS, THREE MOSPHORUS RATES, 

ANB TWO RATES OP ZINC FERTILIZATION. 

Per Cent 

ZnS0ij-H20 PgOc liiae Tona/Acre 2tinc Phosphorus 
Rate Ave. Rate Are. 

0 100 1.63a/ 1.7U 1.52 1.63 1.62 

20 100 l.li? 1.51 1.51i 1,51 
0 300 1.80 1.81 1.70 1.77 1.61 

20 300 1.52 l.Ui 1.58 1.51 
1.67 1,88 1.77 1.620 500 1.77 

20 500 1.5U 1.U8 1.52 1,51 

1.6li 1.6hLin® Rate Ave. 1.57 

L.S.D.(.05) betwe«Q liine loeana H.S. 
L.S.D.(.05) between phosphorus laeaiui - - H.S.
L.S,D. Ko5) betweffltt einc neans 
L.S.D.(.01) between ainc raeans - 0.15% 

C.V. for main plete 6% 
C.V, for sub-plots - ---------------------
C.T. for sub-sub-plots - ------------------ - W 
C.Y. for entire eacperinient ----------------- - 12% 

3/ Values represent an areritfe 6f four replications. 

.-4. .a-s..;... 
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p« o«.t « th.P r.t. «« tacp....d frm 100 to 500 pound. PjOy pop ««. 

The difference usong P rates vas highly significant, ^lere was also a 

hi^bly significant phosphoma x liins interaction at the first sai^pling* 

Phosphorus rates failed to significantly change Ca content at the sixth 

and ninth week samples. 

Lime applicatitm did not cause a significant change in Ca coiiposi* 

tlon at the three sanpling dates. 

Zinc rates affected Ca content at the final sampling At 

that sampling 20 pound Zn rate nasn was 0.11 per emt greater than 

the no-Zn mean. This difference was significant at the 0.01 level. 

Magnesium. The Mg means were 0.21^ 0.23 and 0.26 per cent for the 

three sampling dates. 

i The effect of the various lime and phosphate treatments on Mg eoa-
j 

tent of the three sai^lings was not significant. Differences between Zn 

rate mems was significant at ths third and sixth week saaples while no 

significent difference was found in the ninth week samples. 

A hig^ily significant sine x ̂ osphorus interaction was found ta. 

the first sampling. 

Phosphorus. The per cent P means for the third, sixth, and ninth . 

week samples weret 0.76, 0.U9, ai»i 0.58 per cent, respectively. Lime 

rates did not significantly affect P eemtent in the first sampling, but 

in the sixth and ninth week saraples increase in P content due to increased 

lime Implication was significant. 

The difference in P content among P rates was highly significant in 

the third week saiKples ihile no significant difference was found in the 

sixth and ninth week samples. In ths first sampling the P eos^osition was 
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iacreaaad from 0.58 to 0.93 per cent ms the phosphate rate was increased 

from 100 to 500 pooads PgO^ per acre. 

Zinc additions eansed highly eignificant diffezonces in P content 

at each of the thiree eaapling dates. The Zn Tsrsus no~Zn per cent P 

means werei 0.58 and 0.93 for the first sanqpling, 0.U2 and 0.56 for 

the second sai^ling, and 0.51 and 0.6U per cent for the final saiqplingjt 

respectively. 

A significant sine x phosphorus interaction was found in the third 

week sasqples. The sixth week samples showed a sine x lime interaction 

Ih&t was highly significant. 

Potassium. Lime and P rates failed to cause a significant change 

in K cmtent* 

The Zn versus no-Zn per cent K means were U.26 and U.93 for the 

first sasplingy 1*91 and 2.02 for the second, and 1.51 end 1.72 per cent 

for the third saBg)ling, respectively. Zn each instance the difference 

was significant at ihe 0.01 level of probability. 

The per cent K means for the three sampling dates weret U.60, 

1.96, end 1.62 per cent for^third, sixth, and ninth week sanples, f ̂ 

respectively. 

Wheat Forage Yield 

Wheat forage yield was not significantly affected by the lime, P, 

or Zn treatments. Mean yield was 3,130 pounds per acre* llheat fcnrage 

yield is summazdsed in Table XXZ7II* 

Wheat Grain Yield 

Wheat grain yield was not signlficitntly affected by the lime, P, 
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TABLE mra 

WHEAT mtAm IIEID OH MAURI SILT LOAM (ffiOWH WITH THBEE LIMB 
LCTBLS, THREE PHOSPHORUS RATES AND TWO RATES OP 

ZINC PERTILIZATI(»I. 

Poonds/Acre 

2nSOL-H20 PgOg 
Poaads/Acre Pomads/Aere 

Lime Toas/Acre 
"5 IT 

'Ziatc' 
R&te AVe. 

Phosphorus 
Rate Ave. 

0 

20 

100 
100 

3,310^^ 
2,850 

3,OUO 
3,ii20 

3,530 
2,890 

3,260 
3,060 

3,170 

0 300 2,750 3,270 2,890 2,970 3,0li0 
20 300 3,180 3,090 3,080 3,U0 
0 500 3,180 3,130 3,060 3,120 3,170 
20 500 3,200 3,030 3,170 3,130 

LIjmi Rate A'ra. 3,080 3,200 3,100 

L.S.D. (.05) betwea lias asswas - M.S. 
L.S.D. (.05) between phosphonuii means - N.S. 
L.S.D. (.05) between sine means N.S, 

C.V. for main plots 11^ 
C.V. for sub-plots — 12^ 
C.V, for sub-sub-plots lu% 
C.V, for entire estperiraent 13% 

a/ Values represent an avrerage of four replications. 

V-

' j-i - V '« 
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or Zn treatinsnts. Mtan yield waa 27.0 bttsfeele per acre. Mteat grain 

yield is suamriaed la fable XXX7XII. 

Held and Cbendcal Ceapoeiticai of Com, Oats, and Grata Sorghom 

Grown on Olivier Silt loaa 

Com Tield 

Statistical analysis of the com yield results on Olivier silt 

loan shomd no significant difference due to the various line, phos|^te 

and Zn treatments. The nean com yield waa 117.3 bushels per acre. Uxo 

results are shown in Table XL* 

Corn Ear Somber 

The line, phosphate and Zn additions did not significaatly affeot 

com ear number. The results are shoim ia Table XLI. 

Com Chemical GQng)Qsiti<m 

Sunanaries of the effect of lime, phosphate aiMi Zn treatments on 

the Ca, P and K content at each saaqpling date are presented in TaWLes 

XLII thmugh LIII, respectively. Data presented are expressed as per cent 

corf)osition of oven dry forage m a weight basis, and represent the mean 

of four replications. Satrples were collected at the end of the third, 

sixth and ninth week after planting. 

Calcium. The Ca means were 0.71* 0.39 and 0*$6 per cent for the 

third, sixth and ninth week sjtt^jles, respectively. 

Liiae and Zn rates did not cause a significant difference in Ca con 

tent. Hiosphate additions cause a significant increase in Ca cmt«at ia 
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TABLE XXmil 

YIELD OF kHEAT OH MAUHI SILT LOAM GBOWN VJITH THEEE LIME 
LEmS, 1KREE PiKJSracaUS RATES AHD TWO RATES OF 

ZIHC mriLIZATION. 

ZnSO. ♦R2O Lime Tons/Acre Zinc Phosphorus 
Pounds/Acre P<^dl/Acre 0 2 ii Rate Av®. Rate Ave. 

0 100 29 ,w 2L.8 21.8 25.3 25.8 
20 100 29.0"" 25.1 2li.6 26.2 
0 300 27.2 29.5 26.0 27.6 27.2 

20 300 26.1 27.5 26.6 26.7 
0 500 25.9 27.2 29.7 27.6 28.1 

20 500 28.1 28.U 29.I4 28.6 

Lime Rate Ave. 27.6 27.1 26.li 

L.S.D. (.C^) between lime ineana H.S. 
L.S.D, (.05) bet^reen phosphorus means - - H.S. 
L.S.D. (.05) between sine means H.S. 

C.Y. for main plots - 21% 
G.V. for sub-plots - - lljjC
C.V. for sub-sub-plota - ------------------- - 22% 
O.V, for entire esqperiment — - -- -- -- - 23% 

y Valttea represfflat an average of four replications. 

V . ■ 

■ ' ■ 'XM. . 

■■ ■, A,,/ 
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son, pfi ?AIOES m)BXTRACTABLE CATIOHS Af OIFISRm LIME LEVELS 
ON OLIVIER SILI LOAM 

Beginning _bf'Expt.» ^ ' 
Emi of Ej^^imentLine ^ ffla/lObg. 80137 

Tons/Acre 1566 pH Sa ' kg —g 

2 6,3^ 6.2 6.7 6.62 0.55 0.22 

U 6.6 6.U 6.8 7.38 0.59 0.25 

8 7.3 6.7 7.0 8.32 0.6ii 0.21} 

Taluee r<^resent m average of four replicaticms. 

« 5^ talcen October, 1957 after harvesting of com crc^. pH at 
end of eacperiiiient was taken in October, 1953. 

J'. 
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TABLE XL 

nSLD OP CORK ON OLIVIER SILT WAK GRC3l«I V/ITH THREE LIME 
LEVELS, TWO PHOSPHOHUS RATES, AI© TWO RATES 

OF ZINC FERTILIZATION. 

Bushels Per Acris 
ZnS0^*H20 P2O5 Lime Tons/Acre Zinc Phosphorus 

Pounds/Acre Pounds/Acre 2 h 8 ' Rate Ave. Rate Ave. 

0 1000 iio.iiV 118.5 119.5 n6.i n6.u 
20 1000 112.ii 120.3 117.6 n6.8 
0 2000 119.0 118.lt IIU.5 n7.3 ns.i 
20 2000 113.2 120.6 123.2 n9.o 

Lime Rate Are 113.8 n9.It n8.7 

L.S.D. (.05) betiiedn lin» means - H.s, 
L.S.B,(.05) betneen phosphorus means H.S. 
L.S.D.(.05) between sine means - H,S. 

C.V. for main plots - - - - 12% 
C.V. for sub-plots - - - - 11% 
C.V. for sub-sub-plots - - 6% 
C.V. for entire e3q>eriment 8% 

y Values represent an a^rermge of four repllcaticme. 

V- ,"i\ 

y: 
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TABLE XU 

<Xm EAR HOHBER PER PLOT ON OHVIER SILT liOAM QROV® WISH 
THREE LIME LEVELS, TWO PHOSPHORUS RATES, AND TWO 

RATES OF 2IHC fERTILIZATION. 

-■L^x.-ui " 'gaf|i"'P'er Plot 
EnSOL'HgO PoOg Liiaa Tons/Acre Zinc Phosphorus

Pounds/Aero Pooms^Acre 2 h B Rate Ave* Rate Are. 
0 1000 88a/ 95 95 93 96 

20 1000 96" 103 98 99 
0 2000 98 98 95 97 96 

20 2000 89 95 101 95 

Lime Rate Awe, 93 98 97 

L.S.D. («0^) botween Hrae laeans - - - K.S« 
L,S»D. (.05) between phosphorus awsns - - - H.S. 
L.S.D* (*05) between sine means - « M.S. 

C.T* for main plots - - 7% 
G.V. for sub-plots - - - 6% 
C.V. for sub-sub-plota - 6% 
C.?. for entire eaqjeriment — «. 7% 

^ Values represent an atmrage of four replications. 
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TABU tUJ 

PEH GEKT CALCIUM IN 073N DRI CORN HJ^T TISSUE SAMPLES TAKBM THREE 
WEEKS AFTER PLAOTIMO OH OLmSR SILT LOAM OROWH WITH 

THREE LIME LEVELS, TWO PBOSPHOKUS RATES, 
AMD TWO RATES OF ZING FEHTILIZATIOM. 

Per Cent 

ZttSO^'H20 
FomMie/Acre Poanas/,

PgOg 
Acre 

Liirre Tons/Acire 
1 n 

"^inc" 
Rate Ave. 

Phosphorus 
Rate Ave, 

0 

20 
0 

20 

1000 
1000 
2000 

2000 

0.62a/ 
0.77 
0.71 
0.68 

0.65 
0.70 
0.70 

0.65 

0.73 
0,80 
0.70 
0.85 

0.67 
0.76 
0.70 
0.73 

0,71 

0.72 

Lizas Rate Are. 0.69 0.60 0.77 

L.S,D. C.05) between lin® means N.S. 
L.S.D. (.05) between phosphorus fiteane - - N.S. 
L.S.D,(.05) between sine means - M.S. 

C.7. for laain plots 
C.V. for sub-plots - - 15^ 
0.7. for sub-Eub-plots - 15^ 
0.7. for entire experini^t - lUN 

a/ Values represent an average of four replicatiajB. 

.• \ 

V/-

»''v, ':'Oir i\ 
; • " ̂ ' 'Vi 'i//■ » . t ■■■ 
lfs_ 
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fm& xLixx 

?m cm CAICIOM is over bri corh plaht tissue samfles taksi 
SIX mms AITER PLASTIHQ OH OLIVIER SILT LOAM QROWH 
WITH THREE LIME LEVELS, TWO PHOSPISmUS RATES, 

AHD TWO RATES OF ZIHC FERTILIZAnON. 

Per Cent 

ZnSOij'HgO P2O5, tine fons/Acre 
a 

Zinc Phosphorus 
Potmds/Acre Pounds/Acre 2 U Bate Are. Rate Are. 

0 1000 0.ii2a/ 0.1^2 0.39 O.UO0000 
20 1000 0.35^ O.iiO 0.38 
0 2000 0.33 0.38 0.37 0.38 
20 2000 O.UO 0.38 O.iiP 

Idias Rate Ave. 0.38 O.liO 0.39 

L.S.D,(.05) betwen lirae iseans - H.S. 
L.S.D.(.05) between phoephorua ataaaa H.S. 
L.S.D.(.05) betwsen ainc ateaas - - M.S. 

C.V. for aaln plots - 23% 
C.V. for eub-plots - — - 16^ 
C.V. for Bub-sub-plots - Ilt5i 
C.V. for entire experiisMit - 17^ 

a/ Valties represent an awraife of four replications. 

• M ?i ■ft'?'"'"' ' ^ ^ / ■' 
f 

" 

^4 -:/ 
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fkms. XLVr 

fm CEHT CALCItm IN OTEH DRI CORN PUNT TISSUE SAMFIES TAOTT NINE 
WEEKS AFTER PLANTING ON OLmER SILT LOAH GROWN WITH 

THREE LIME LSmS, TWO PHOSPHORUS RATES, 
AND TWO RATES OP ZINC FERTILIZATION. 

Per Ceai 
ZnS0^*H20 PoOtf Lime Tons/Acre Zinc Phosphorus 

Pounds/Acre Pounds/Acre 2 ^ 8 Rate Ats. Rate Ave, , 

0 1000 0.56a/ 0.52 0.5U 0.5U 0.5U 
20 1000 0,56 0.55 o.51i 0.55 
0 2000 0.58 0.58 o.5ii 0.57 0.56 
20 2000 0.58 0.52 0.59 0.56 

Lime Rate Awe1. 0.57 0.% 0.55 

L.S.D.(.05) between lime means - - N.S. 
L.S.D.(.05) between phosphorus means - - O.OITJJ 
L.S.D. (.05) between sine means N.S. 

C.V. tor main plots - - Z0% 
C.?, for Bttb-plots - $% 
C.?, for sub-sub-plots - — 20^ 
C.7. for entire esiperimont - 1?^ 

c/ Values represent an arerage of four replications. 
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TtSU XL7 

PER CENT MGMSSIOM IN OVM DRX CORN PUNT TISSUE SAMPLES TAKEN 
THREE WOTS AfTER PLANTING CM! OLIVIER SILT LOAM (ffiOWH 

WITH THREE LIME LEViLS, TWO PHOSPHORUS BATES, 
AND TWO HATES OF ZINC JERTILIZATIC^. 

j*er 'Cent _. ' ' 
ZnSOj^'HgO P2% Xlrod ^ons/Acre 21nc Phosphorus

Pounds/Acre Poainas/Acro 2 8 Rate Are. Rate Ave. 

0 1000 O.lUa/ 0.20 O.lii 0.16 0.19 
20 1000 0.22 0.22 0.23 0.22 
0 2000 0.20 0.20 0.17 0.19 0.19 

20 2000 0.22 0.18 0.20 0.20 

Linie Rate Ave. 0.19 0.20 0.18 

L.S.D* («05) b«tiWHi liffl® — - — N.S. 
L.S.D. l*OS) between phoephoros ]»i«aa - N.S. 
L.S.D. (.05) between einc aieaQS - - — - N.S, 

C.V. for main plots - 2h% 
C.V. for sub-plots - - $3% 
C.V. for sub-sub-plota - - k$% 
C.V. for entire experiiaemt - ]i$% 

y Values represent an average of four replications. 

m-

■r h :■ 
' 'ij": 
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fABu: XI.7I : : 

PER CERT MAGSESBJM Hi OVER DEI CORE PUHT TISSUE BKmM fAKat 
SIX WEEKS AFTER FLANTINO ON OLIVIER SILT LOAM GROWN WITH 

THREE LIME LEVELS, TWO PHOSPHORUS RATES, AND 
TWO RATES OF ZINC FERTILIZATION. 

Per Cent 
ZnS0ij«H20 ^2^5 Lima Tons/Acre Zinc Ebosphorus 

PonndS/Acra k k W Rate Are, Rate Ave. 

0 1000 0.08a/ 0.08 0.12 0.09 0.10 
20 1000 0.09 0.15 0.11 0.12 
0 2000 O.li; 0.10 0.10 0.11 0.12 
20 2000 O.IU 0.130.10 0.15 

Lime Rate Ave* 0.11 0.11 0.12 

L.S.D.(.C^) betwewa line meana - N.S, 
L.S.D. (.05) betwan phosphorus asaas - m.s. 
L.S.D.(.05) between sine means N.S. 

C.V. for main plots 
C.V. for sub-plots - 28$ 
C.V. for sub-sub-plots -
C.V. for entire ezperimont - ^0$ 

Values represent an average of four replications. 
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TABLE XLVII 

PER CENT MAQNESIOM IN OVEN mi CORN PLANT TISSUE SAMPLES TAKEN 
NINE WEEKS AFTER PUNTIUa CHI OLIVIER SILT LOAM QBOUK 

Wira THREE LIME LEVELS, TWO PHOSPHCHIUS RATES, 
AND TWO RATES OP ZINC FSRTILIZATIOH. 

Per Cent 
ZnS0li'H20 P20t Li^ Tona/Acre Zinc Phosphorus/. ^ ' i; a Rate Ave. Rate Are. 

0 1000 0.18V 0.17 0.22 0.19 0.19 
20 1000 0.18 0.20 0.20 0.19 
0 2000 0.18 0.20 0.21 0.20 0.20 
20 2000 0*22 0.18 0.19 0.20 

Lime Bate Ato. 0,19 0.18 0.20 

L.S*1). (#05) between line means n.S. 
L.S.S* (.05) between phosphorus swaas N.S. 
L.S.S* (.05) between zinc means N.S. 

C.V. for main plots — - - 23% 
C.V, for sub-plots - 20^ 
C.V. foor sub-Bub-plots - - 25$; 
C.V. for entire e3q)erlment 

a/ Values represent an arerage of four replications. 
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TABLE XLVni 

PER CEUT PHOSPHORUS IN OVUI DRI CORH PUHT TISSUE SAMPLES TAKEN 
THREE WEEKS AITER PLANTING OH OLIVIER SILT LOAM GROWN 
WITH THREE LIME LEVELS, TWO PHOSPHORUS RATES, AND 

TWO RATES OP ZINC PERTILIZATION. 

Par Cent 
ZnS0[j*H20 

Pounds/Acre Pounds/Acre 
PoOt Lime Tona/Acre 

2 U S 
Zinc 

Rate Atc. 
Phosphoras 
Rate Ave. 

0 

20 

0 

20 

1000 
1000 
2000 

2000 

1.00a/ 
0*V2~ 
1.00 
0*95 

0.90 
0.89 
1.17 
1.02 

0.9li 
0.86 
1.06 
0.99 

0.95 
0.89 
1.08 

0.99 

0.92 

1.03 

Lime Rate Ave. 1.00 0.960.97 

L.S.D.(.0^) between lisa means N.S. 
L.S.D* (*05) between phosphorus means - 0.026j( 
L.S.D.(.01) between phosphoras means 0.037$ 
L.S.D* (.05) between zinc means — 0.0$0$ 
L.S.D.(.01} between sine means 0.068$ 

C.V. for main plots 
C.V. for 8ub>plot8 5$ 
C.V. for 8ub>eub>plot8 8$ 
C.V* for entire eaperimeat 8j( 

a/ Values represent an average of four replicatims. 

• 

. y...- - AJ 
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tABLE XLH 

PEH CERT P»)SPHQRUS IH OVER DHI CORN PLART TISSOE SAMPLES TAKER 
SIX WEEKS APTEH PLAHTIRa ON OLIVIER SILT LOAM(Mm WITH 

THREE LIME LEVELS, TWO PHOSPHORUS RATES, 
AND TWO RATES OF ZIRC FEHTILIZATIOR. 

Per Cant 

ZnSO}•HoO Line Tons/Acre Zinc PhospiiozuaP2O5 
Pounds/Acre Pounds/Acre U 8 Rate Awe. Rate Awe. 

0 1000 O.L6a/ 0.U7 0.U6 0,h6 0.W4 
20 1000 0.L2 O.I4.2 0.U2 0.U2 
0 2000 0.51 0.59 0.56 0.55 0.50 
20 2000 0.U6 o.iiit 0.U7 0.U6 

Line Rate Awe. 0.U6 0.U8 0.U8 

L.S.D. (.05) between llroe meana - - H.S 
L.S.D..•S.D. (.05)\* between phosphorus Mans - - 0,013^ 
L.S.D. (.01) between phosphorus aeens - - 0.018^ 
L.S.Di (.05) between ainc aeans - - 0.0^2^ 
L.S.Dii.S.D. (*(UOl) between ainc laeans - 0.057^ 

0.7, for main plots - 7% 
C.V, for sab-plots -
G.V, for sub-sub-plots - 15$ 
C.V. for entire eiqperiment - - 12$ 

Values represent an sTorage of tonr replieaticmse 



 oo  o

77 

it,-
> fci»' 

■#v. •; 

. 

fABbS Z. 

PM cm PHOSPHORUS IH OVEH DHI C(®H PUNt TISSUE SAMPLES TAKEN 
NINE WEEKS AFTER PLANTING ON OLIVIER SILT LOAM GROWN WITH 

THREE LIME LEVELS, TWO PHOSPHORUS RATES AND TWO 
RATES OF ZINC FERTILIZATION, 

' ' Per Cent 
ZnS0j^*H20 PoOtf Lime Tons/Acre Zinc Phospiiorueo ssfesPouna^Acra '' ' ii' ' li —g 

0 1000 0.1i6V 0.50 0,17 0.U6 
20 1000 o.h5^ 0.U5 0.li5 
0 2000 0,58 0.66 0.62 0.57 

20 2000 0.51 0,U7 0.51 

Lime Rate Ave. 0.50 0.52 0.52 

L.S.D, (,05) between liaje means - N.S,
L.S.D, (,05) between phosphorus means - - 0,062%
L.S.D. (,01) between phosphorus means - 0,090j6
L.S.D. (,05) between zinc means — - - 0,0595^ 

C.V, for main plots - 6% 
C.V, for sub-plots - — "}$% 
C.V, for Bub-aub-plots - 19$ 
C.V. for «mtire experimant - - 18$ 

^ Values represmt an average of four replications. 
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fiSM U 

PER CEIIT POTASSIDM IH CORH PLAST TISSUE SAMPLES TAKES WEEKS 
AFTER PLANTING ON OLIVIER SILT LOAM GROWN WITH THREE 

LIME LEVELS, TWO PHOSPHCmUS RATES, AND TWO 
RATES OP ZINC FERTILIZATIOK. 

Per Cent 

ZnS0^*H20 PgO^ L1b>» Tcna/Aere Zinc PhospKorus
* ~ • 2 U fa Rate Ave. Rate kre. 

0 1000 U.9faa/ fa.60 fa.79 fa.76 fa.70 
20 1000 U.68 U.50 fa.71 fa.63 
0 2000 li.70 U.35 fa.78 fa.61 fa.70 
20 2000 1.90 1.98 fa.52 fa.80 

Line Rate Ave. U.80 fa.61 fa.70 

L.S.D.(.05) between lime means — N.S. 
L.S.D.(.05) between phosphorus mesne - N.S. 
L.S.D. (.05) between einc means - - M.S. 

C.V. for main plots - - S% 
C.V. for sub-plots 
C.V. for sub-sub-plots - - fajf 
C.V. for entire experiment - - 8$ 

^Values represent an average of four replications* 
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TABLE LII 

PER CEHT POTASSIUM IH OVEN DRI CORS PLANT TISSUE SAMPLES TAKEN 
SH WEEKS APTER PLANTING ON OLIVIER SILT LOAM GROWN 

WITH THREE LIME LEVELS, TWO PHOSPHORUS RATES, 
AND TWO BATES OF ZINC FERTILIZATION. 

ZnSOi^'HgO P2O5 Lime Tons/Acns Zinc Phosphorus 
Pounds/Acre Pounds/Acre 2 h - r" Rate Are. Rate Are. 

0 1000 2.51V 2.62 2.51 2.55 2.5U 
20 1000 2.12 2.li8 2.71 2.51t 
0 2000 2.15 2.3li 2.16 2.32 2.28 
20 2000 2.50 2.16 2.10 2,25 

Lime Rate Are. 2.UO 2.U0 2.U5 

L.S.D.(.05) betveen liioo means - - — n.S. 
L.S.D,I.S.D» (.05)V between i^os^^orus means - - 0.23^ 
L.S.D.(.05) between einc iseans —............... h.S. 

C.V. for laain plots X7% 
C.V. for sub-plots - - — 15^ 
C.V. for eab-sub-plots ------------------- - \$% 
C.V. for entire e3q>eriiaent 

1/ Values represent an arsrage of four replications 

":v 

ii 
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TABLE LIU 

PER CERT POTASSIUM IN OVEN DRI CMW PLANT TISSUE SAMPLES TAKEN 
NINE WEEKS AFTER PLANTHIO(M OLIVIER SILT LOAM GROWN 

WITH THREE LIME LEVELS, TWO PHOSPHORUS RATES, 
AND TWO RATES OF ZINC FERTILIZATION. 

Per Cant 
^ZnSO^'HjO ^2®^, ^Llme Tons/Acre Zinc Phosphonia
1 ^ ̂  9 Hate Av», Rate Ave. 

0 1000 2.1C< 2.22 2.13 2.15 2.12 
20 1000 2.11 2.13 2.02 2.10 
0 2000 2.121.97 1.87 1.99 2.05 
20 2000 1.96 2.27 2.09 2.11 

Lime Rate Ave. 2M 2.12 2.09 

L.S.D. (»05) betii>e«a lijae aeane - U.S. 
L.S,D.(.05) between phoephorua mMme H.S. 
L.S.D.(,05) between zinc means - - JI,S, 

G.V, for main plots — - 13^ 
C.V. for sub-plots - 3Q«g 
C.V. for sub-sub-plota - lOJJ 
C.V. for entire esqperinnnt - Hjf 

«/ Values represent an average of four replications. 
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the final san^llng dianging the eoi^oeitlon from 0.5h to 0.56 per cent. 

An Interaction between Zn azui P wee significant at the 0,05 level in 

the sixth week sidles. 

Magnesium. Statistical analysis of the insults from the com 

plant tissue saa^iles showed no significant difference in Mg content due 

to limeI phosphate and Zn treatment at the three sampling dates. The 

per cent Mg means for the three sampling dates were 0,19, 0.11 and 0.19 

per cent for tibte third, sixth and ninth week sauries respectively. 

Phosphorus. Lime rates did not cause a significant change in 

P content at the three saa^ling datos. 

Per e«at P eooq;>o8ition was increased vdth increased phosphate 

application. Ihe P means for the 1,000 and 2,000 pound rates were 0.92 

and 1.03, O.UU and 0.50, and 0.1i6 and 0.57 per cent for the first, second, 

and third saB5>llng dates, respectively. A highly significant phosphorus 

X lime interaction was found in the third and sixth week samples. 

Difference between phosphorus x line means in the ninth weak sam{des was 

not significant. 

The Zn versus no-Zn per cent P means were X.Ol and 0.9U, 0.51 and 

O.hh, and 0.5!> and O.Ub per cent for the third, sixUi, and ninth week 

eai^les, respectively. The difference between Zn treatment means was 

highly eignificant in the third and sixth week samples while in the final 

san^ling the differanee was significant at the 0.05 level. 

The per cent P means were 0.98f 0,h7, and 0.51 p«r emt for the 

first, second, and third sampling, respectivf^. 

Potassium. No sigtdflcant difference in per cent K could be 

attributed to lime and Zn rates. A significant decrease in K content due 
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to increased phosphate application was foond in the sixth week sai^Xea. 

The third and ninth we^ sanples were not significantly affected by 

phosphate application. 

Oat Forage Yield 

Linte rates were the only treatments to cause a significant change 

in oat forage yield. laiqpeetion of Table liI7 shows a signii^oant decrease 

in oat forsige yield between the 2 and U ton lim means, and a significant 

increase between the U and 8 t<m rates. Mean yield was 3,060 pounds per 

acre. 

Oat Grain Yield ' 

Statistical analysis of the oat grain yield results showed no 

significant difference due to the various lime, phosphate and Zn treatments. 

Mean yield was 70.6 bushels per acre. Results are shown in Table L7. 

Oat Chemical Cei^sition 

Summaries of the effect of line, phosphate and Zn ti^atments on 

the Ca, Mg, P and K content are presented in Tables LVI through LDC, 

respectively. Oata presented are expressed as per cent coiq;>osition of 

oven dry forage on a weight basis, and repzwsent the swan of four repli 

cations. Sauries were collected at the boot stage of maturity. 

Calcium. Mo significant difference was found among the various 

Ca means due to lime, phosphate and Zn i^lication. 

Magnesitm. Magnesium oongtosition was not significantly affected 

by either lime or phosphate treatment. Application of 20 pounds ZnSOj •̂HgO 

per acre caused a significant increase in Mg uptake as coispared to the 

no-Zn treatment mean. 
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TABLE LIV 

OAT lORAQB HELD 01 OLIVIIR SILT LOAM OROWH WITH 
LIME LEVELS, TWO PHOSPHORUS RATES, AND TWO 

RATES OF ZINC lEHTILIZATIOM. 

ZnSO^'HgO P2O5 
Pounds/Acre PoundsAcre 

Lime tcffiis/Acre 
2 k 8 

Zinc 

Rate Are. 
2ko8phorus 
Rate Are. 

0 1000 3,510 2,8U0 2,900 3,080 3,090 
20 1000 2,570 2,880 3,800 3,090 
0 2000 2,130 3,160 3,110 2,900 3,0U0 
20 2000 3,770 3,060 2,730 3,190 

Lime Rate Ave* 3,080 2,990 3,1U0 

L.S.D.(«05) bstween lims nems 6L pounds 
L.S.D. (.05) between phosphorus means N.S. 
L.S.D.(.05) between zinc mans N.S. 

C.V, for main plots - - 2h% 
C.V. for sub-plots — - 3C^ 
C.V. for Bub-sub-plots 
C.V. for (mtire experiment - 35^ 

a/ Values represent m average of four repXications. 
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TAHJE LT 

; OAT ORAIN HELD Of OLIVIER SILT LOAM (fflOWM WITH THREE 
? \ - LIME LEVELS, TWO PHDSPH(«US RATES AMD TWO HATES 

OP ZINC FERTILIZATION. 

^s^eis Per Acre" 
ZnSOj^'HgO PpOy iima fonsTAere Zinc Phogphorua 

Pounds/Acre Pounae/Acre "T" R B Rate Are. Rate Ave. 

0 1000 73.2a/ 69.3 70.U 71.0 70.1 
.r20 1000 6k»3 69.0 7ii.3 69.3 

0 2000 72.6 68.7 68.3 69.9 71.2 
20 2000 80.6 66.2 70.7 72.5 

Line Rete Are. 72.7 68.3 70.9 

L.S.D. (.05) between line neane n.S. 
L.S.D.(.05) between {diosphoraa neans - N.8. 
L.S.D. (.05) between zinc means - N.S. 

C.V. for main plots - 26% 
C.V. for sub-plots — - -- — 2^% 
C.V. for sub-sub-plots 
C.V. for entire experiment - I8j( 

a/ Values represent an average of four replicaticms. 

^ V-. 

', •. ' ; 
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fkSLS LTI 

PEl CEWT CALCIUM IN OVEN DRI OAT POHAQE SAMPLES TAKEN AT BOOT 
STAOE OP MATURITY ON OLIVIER SILT LOAM GROW WITH >1 

THREE LIME LEVELS, TWO PHOSPHORUS RATES 
AND TWO RATES OF ZINC FERTILIZATION. 

Par Cent 
ZnS0j[j*H20 Lime T<^/Acre Zinc Pitosphorus 

Pounds/Acre 2 It S" Rate Are. Rate Ave. 

0 1000 0.27a/ 0.29 0.35 0.30 0.30 
20 1000 0.29 0.28 0.36 0.31 
0 2000 0.27 0.3U 0.31 0.31 0.31 
20 2000 0.3U 0.32 0.28 0.31 

Lime Rate Are, 0.29 0.31 0.32 

L.S.D. (.05) between lime means - N.S. 
L.S.D.(.05) between phosphorus means N.S. 
L.S.D,(.05) between zinc means - s,s. 

C.V. for main plots — - - 2h% 
C.V. for sub-plots - - 28$ 
C.V. for sub-sub-plots - - 13$ 
C.V, for entire escperiment - 2C^ 

a/ Values represent an arerage of four replications, 
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TABLE LVII 

PER CENT MAGNESIUM IN OAT fOHAQE SAmES TAKEN AT BOOT STAGE OF 
MATURITI ON OLIVIER SILT LOAM CfflOWN WITH TIKES LIME 

LEmS, TWO PHOSPHORUS RATES JiND TWO RATES 
OF ZINC FSBTILIZATIOH. 

ZnSO.'HgO Lime Tons/Acre Zinc Phospborus^2% 
Pounds/Acre Pounds/Acre 2 h 8 Rate Ave, Rate Ave. 

0 1000 O.lU0,13V 0.13 0.13 0.15 
20 1000 o.i6^ o.m 0.20 0.17 
0 2000 0.18 0.16 O.lij 0.16 0.16 
20 2000 0,17 0.18 O.lii 0.16 

Lime Rate Awe 0,16 0.15 0.15 

L.S.B.(.0$) between lims aeana - - N.S. 
L.S.D. (,05) between phosphoras means - N.S. 
L.S.D,(,05) between einc means - - 0,017^ 

C.7. for main plote yj% 
C.V, for sub-plots - ------ ------ --------- 39% 
C,V.-for cub-sub-plots - 18${ 
C.V. for entire experiment - - 29^ 

a/ Values represent an average of four replications. 
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TABLB L7III 

CMT PHOSPHORUS IH OTEH DRI OAT FDRACffi SAMPLES TAKEN AT BOOT 
STAGE OP MATUHITT ON OLIVIER SILT LOAM GROW! WITH 

THREE LIKE LEVELS, TWO PHOSPHORUS RATES AND 
TWO RATES OF ZINC FSRTILIZATIOH. 

j'er Cent"" 
ZnS0j,*H20 PgO^ Llaw Tbne/Acre Zinc l*ho8phorus 

T R«t« Are. 

0 1000 0.38a/ 0.38 O.UO 0.39 0.38 
20 1000 0,38 0.39 0.39 0.39 
0 2000 o.uo O.liO O.Ul o.Uo O.Ul 
20 2000 0.U2 O.liO o.ia O.Ul 

Lime Rate Ave. 0.39 O.IiO o.Uo 

L.S.D. (*0^) betvem lime iMana N.S. 
L.S.D. (.0^) batvaen phosphorus assas - 0.0l6j( 
L.S.D. (.05) between sine assna —...... h.s. 

C.V. for main plots - f% 
C.V. for sub-plots 
C.V. for sub-sub-plots .................... 8j( 
C.V. for entire experiaent .................. 

3/ Values represent an arerage of four replications. 
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TAHTrB UX 

?m cm POTASSIUM IH OVIK kit oat PORAQE SAMPtES TAKES AT BOO* 
STAOE OF MATUHITT OH OUVIER SILT LOAM QBOWS WITH THREE 

UME LimS, TWO PHOSPHORUS RATES AHD TWO RATES 
OF ZIHC milLIZATIOH. 

Per Cent 

ZnS0i^'H20 Lime Tons/Acre Zinc Phosphorus 
Pounds/Acre Pounls^Acre 2 ii B Rate Ave. Rate Ave. 

0 1000 3.25«/ 3.18 3.22 3.22 3.28 
20 1000 3.33 3.37 3.33 3.3U 
0 2000 3.U8 3.39 3.39 3.U2 3.it6 
20 2000 3.I16 3.71 3.32 3.50 

Lime Rate Ave 3.38 3.U. 3.32 

L.3.D.(.05) between lime means — - H.s. 
L.S.D. (.(^) between phosphorus means - 0.16)( 
L.S.D.(,05) between einc means — - - H.S. 

C.7, for main plots - U% 
C.V. for sub-plots — - J% 
C.7, for sub-sub-plots - - 10$ 
C.7. for entire experimmit - 9$ 

^7alue8 represent an average of four replications* 
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Phosphoraa« Incraasad phosphat* applloatlon resulted ia a 

significant Increase in P c<»q>osltlon* Phosphorus content was not 

significantly changed ty line and Zta-fertlllaatlon. 

Potassium* Phosphate rates caused a significant (diaage in K 

content. The per cent K means for «ie 1,000 and 2,000 pound PgO^ rates 
vas 3.28 and 3.U6 per ctmt, respectively. Ho significant difference 

in K content could be attributed to the lime and Zn additions. 

Grain Sor^nia Forage Yield 

No significant difference in grain sorghum forage yield could be 

attributed to the various lime, phosphate and Zn additions, but an 

interaction between Zn and lime was significant at the 0.05 level. The 

mean forage yield for the entire esqperimmit was li,180 pounds per acre. 

The effect of the lime, phosphate and Zn treatmenta on grain sor^um 

forage yield are shown in Table LX. 

Grain Sor^um Chemical Composition 

Suimnaries of the effect of lime, phosjhate and Zn treatments on 

the Ca, 14g, P and K content are presented in Tables UCZ through IXTf, 

respectively. Sasqples were collected four weeks after planting. 

Calcium. The difference in Ca content due to lime, phosphate and 

Zn fertilization was not significant. The per cent Ca man for this 

sanpling was 0.65 per cent. 

Magneaium. Magnesium conposition decreased with increased lime 

application. The difference between the 2 and 8 ton rates was significant 

at the 0.05 level. The per cent Mg means for the 2, U and 6 ton rates 

were 0.35, 0.32 and 0.27 per cent, respectively. Zinc end phosphate 

applications did not cause a significant difference in Mg content. 
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Ttwy.ig 11 

HELD OF OIUIII SORGHUM JORAQE ON QLI7IER SILT LOAM QUOWN WITH 
THREE LIME LEVELS, TWO PHOSPHCEUS RATES, AND 

TWO SATES OF ZING fERTILIZAnON. 

PottBde Forage/Acre 

Pg®? Lime ̂ ona/Acre Zxik PhoaphoraF^Poiaids/Acre Pqaaas/Aere 2 U T~ Rate Ave. Rate Are. 

0 1000 U,50<V U,130 It,280 It,300 U,200 
20 1000 3,U50 i»,580 It,260 lt,110 
0 2000 li,630 It,650 2,900 li,060 1,090 
20 2000 U,090 3,870 li,WtO lt,lit0 

Lime Rate Are. li,180 lt,320 3,960 

L.S.D* (.05} between linw swane N.s. 
L.S.D. (.05) between phosphoroe neene N.S. 
L.S.D* (.05) between zinc means N.S. 

C.V. for main plots - 13^ 
C.V. for sub-plote - 19^ 
C.V. for 8ttb-9ub-plots -
C.V. for entire experiment 15^ 

y Valttes repx^seat an arerage of four replicaticms. 



 

 

 0
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TABLE UX 

0p0PER CEHT CALCIUM IH OTEll imi GRAIN SORCSUM RSIAGI SAMPLES TAKEN 
JWJR WEEKS AfTER PLANTING ON OLIVIKR SILT LOAM GROWN 

WITH THREE LIME LBTELS, TWO PHOSPHORUS RATES< 
AND TWO RATES OP ZINC ISlTILIZATKMr. 

Per Cent 
SaSOi'HgO PgO^ Lime Tons/Acre Zinc Phosphorus 

Pounds/Acre Pounds/Acre 2 k 8 Rate ATe. Rate Ats. 

0 1000 0.62 0.66 0.65 0.65 
20 1000 0.610.70 0.65 
0 2000 0.70 0.65 0.67 0.65 
20 2000 0,60 0.68 0.63 

Lime Rate Awe. 0.61t 0.65 0.65 

L.S.O.(.05) betws«i lloe m««na - N.S. 
L.S.D.(*05) betwean phosphorus lassas - N.S. 
L.S.O.(.05) between sine means h.s. 

C.P. for main plots — > — xc^ 
C.V, for sub-plots 
0.?, for sub-sub-plots - lij^ 
C.V. for entire eoqperiiiwnt - -------- - — »•«-«_ 13^ 

a/ Values repre8«Rt an a:rerage of four replioations. 

w. 
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TABLE UIl 

PER CENT MGSESHJM IN OVEN DEI GRAIN SORGHUM FORAGE SAMPLES 
TAKEN FOUR WEiXS AFTER PLANTIIIG ON OLIVIER SILT LOAM 
mom WITH THREE LIME LEVELS, TWO PHOSPHCBUS RATES 

AND TWO RATES OF ZINC FERTILIZATION. 

iper Cent 
ZnSO.•H2O time fcns/Aore Zinc Phosphorus 

Pounds/Acre Pouidi/Acre 5 li 8 Rate Ave* Rate Ave. 

0 1000 0.36a/ 0.29 0.29 0.31 0.31 
20 1000 0.32 0.33 0.28 0.31 
0 2000 O.liO 0.35 0.26 0.3U 0.32 
20 2000 0.3U 0.32 0.25 0.30 

Lime Rate Ave. 0.35 0.32 0.27 

L.S.D.(.05) between lime means - - 0.06$ 
L.S.D.(.C$) between phoephorus means - - H.S, 
L.S.D.(.05) between sine means - - M.S. 

C.V, for main plots - - 22$ 
C.V. for sub-plots - 22$ 
C.V, for sub-sub-plots — - - 25$ 
C.V. for antiro experiment 2ii$ 

5/ Values represwit an average of four replications. 
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TABT.ie T.YTTT 

fm CERT PHOSPHORUS IS OVES DHT tSAIH SORCMJH KMGE SAMPUES WLM 
KJtm \®EKS AFKR PLANTISQ CW OLmER SILT LOAM ORCWS 

WITH THREE LIME LEVELS, TWO PHOSPHORUS RATES 
AMD TWO RATES OF ZIMC FERTILIZATION. 

Per Cent 
ZnSOji'HjO ^2^5 tiiiaB Tons/Acre Ziiu: Phosphorua

Pcmnda/Aere Poun^/.Acre F Rate Ave. Rate Ave. 

0 1000 0.50a/ 0.1i6 O.li? 0.18 0.lt5 
20 1000 0.39 0.U6 O.iiO 0.12 
0 2000 0.57 0.56 0.58 0.57 0.53 
20 2000 0.U7 0.h9 0.50 0.U9 

Lime Rate Ave. O.iiS 0.U9 0.1i9 

L.S.D.(,05) between lime means - - M.S. 
L.S.D,(.05) between phosphorus laeane - - 0,03958 
L.S.D.(.01) between phosphorus means - - 0.05758 
L.S.D.(.05) between sine means O.03658 
L.S.D.(.01) between zinc means - - 0.05258 

C.V. for main plots -
C.V. for aub-plots — - - 1^ 
C.V. for Bub-erub-plota - 13j6 
C.V. for entire experiment - - 12$ 

y Values represoat an arsrags of four replications. 
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TABLE LXI7 

PER CEHT POTASSIUM IN OVEN DRT (ffiAIN SCXiCaiUM FORAGE SAMPLES TAKER 
KWR WEEKS AFTER PUNTING ON OLIVIER SILT LOAM QROWH 

WITH THREE LIME LEVELS, TWO PHOSPHORUS RATES 
AND TWO RATES OF ZINC FERTILIZATIOH. 

Per Cent 
ZnSOIi'HgO ^2^5 I.iL3»e tone/Acre Phoephoraa— 

Poonds/Aera PoanaB7Aer«i T Rete Are. Rate Ave. 

0 1000 h.hW a.61 a.52 a.53 a.a6 
20 1000 a.59 a.15 a.ao 
0 2000 1.35 a.26 a.58 a.ao a.39 
20 2000 1,29 li*5U a.3a a.39 

Lime Rate Are. U,39 a.5o a.ao 

L.S.O.(.05) between liraa means - N.S. 
L.S.D. (.05) between phoaphorue aeaas ^ N.S* 
L.S.O.(.05) between zinc means — N.S. 

C.V. for loaln plots Q% 
C.V. for sub-plots - j% 
C.V. for sub-sub-plots - - 9% 
C.V. for mttire experiment - — - 8^ 

5/ Values represent an average of four replicatiwus. 
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Phosphcras. The difference In per cent P e«qp08iti<»i between 

the 1,000 and 2,000 pound PgO^ rates was highly significant. Phosphorus 

co^oaltlon was Increased fr«a O.liS to 0.53 per crot with increased / / 

phosphate i^jpllcation. 

The addition of 20 pounds of ZnSOj^'HgO caused a highly ol®cdfleant 

decrease In P content, ^e per cent P neans for the 0 and 20 pound Zn 

rates were 0,52 and 0.li.5 per cent, respeetlrely. 

Lime failed to cause a significant chimge in P coBg>osltlon, 

Potassium. No slg^flcant difference In K content could be attrib 

uted to Ume, phosphate and Zn-fertlllBatlon. 

:r 

•. v„. vs. r 

-• ■- ■' ' ^ ' ■' 



CHAPTER 7 

DISGUSSKM 

Corn Grain Held and Ear Hosibor 

LiiaOy under oonditiima of these testsi did not significantly 

affect com yield and ear noraber on the three soils used in this stu^y. 

CkKi^arism of the lime means cm the Hartsells soil lE^Offed m increase 

of nearly 11 bushels per acre betneea the two and six ton lime rates. 

This increase vas not significant, probably due to the large C.V. 

value for the stain plots. Ear noHher also shoved a large difference 

between lime means on Harteello soil but this, too, was not significant 

due to a high C,7. vidue and a eignifleant sine x lin» interaction. 

Although the differences between lime rates on Maury and Olivier soils 

were not as great as on t!M» Hartsells the trend was toward increased 

grain yield and ear nuaber production with increased lime applicatim. 

The small difference in pH between the varioue lime rates on Maury silt 

loam was probably due to considerable boH mixing brought about water 

erosion. Soil mixing due to three seedbed preparations probably accounts 

for the small change in pH between the lime treatments on Olivier silt 

loam at the end of the experiment. 

Hartsells fine sandy loam was the only eoil to show a significant 

increase in grain yield and ear nanber due to phosphate sypplication. The 

increase in grain yield and ear nxusber was highly significant between the 

$00 and 1,000 pound P2O15 rates. Increase in grain yield between the 500 

and 2,(X)0 pouiKl rates was significant at the 0.05 level indicating a 

sli^t yield depression. This depression was a»re evident on ear number 
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showing « significant dscrease bstwssn ths X^OCX) and 2,000 pound 

phosf^ata rates* Ho significant differences in com yield and oar 

number was obtained on Mauzy and Olirier silt loams. However, the 

2,000 pound ̂ 2®$ *'*'te on Olivier soil lowered the pH at each lime rate* 

Differwice between the 1,000 and 2,000 PgOg additions at the 8 ton 

lime rate was 0.6 pH unit. This is in agreement with Jamison (16) 

idio found that the Ca applied in superphosphate displaces acidity (Hv) 

into solutiCHa, lowering the pH, and in many cases mobilizing significant 

anrnnnrts of Zn and copper. 

Com plants showed a significant yield response to Zn-fertilization 

only cm the naturally high phosphate Mauxy soil. This is in agreemsnt 

with Winters and Paidcs (Wi) idio found that iZn-defieieney of com in 

Tennessee was observed most fre<|a<mtly on soils high to medium-high in 

available phosphate. The Zn versus no-Zn com yield means were 81.8 

and 67.5 bushels per acre. Mauzy silt Iom was also the only soil to 

show a sifffiifieant increase in ear mad>or due to Zn-fertilization. The 

increase in ear nunher due to Zn-fertilization waa significant at the 

0.01 level. 

The secpence of develc^ment of Zn-deficiency sjcqptcms on com 

vaided on the three soils* Visual obsez^ation of the c<nm plants cm 

Mauzy silt loam at the end of the third week after planting showed moderate 

to severe chlorosia and purple colozdng of the lower leaves on the untreated 

Zn plots, Tdiile the corn receiving 20 pounds of ZnS0^»H20 were normal to 

slightly chloratic in appoaz*ance. These symptoms appeared to be the same 

over the entire plot area and were not enhanced by the hi^er lime and 
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jibtngjptAte tr«*tiiient8. In contrast to th® tiiird w»«k bbsonration en the 

Hsury soil the no>Zn treated com on Hartselle ahowed a Tezy slii^t 

chlorotic condition oaXy on the foar and six ton lim rates of the 

fertiliaer field. On Olivier silt loam this condition vas evident oaly 

at the eight ton line rate. 

At the mid of the sixlh seek the no-Zn treated com on Manzy silt 

Idem still ihcwsd seme chlorosis of the lower leaves hut considerable 

tMte striping of the upper leaves appeared and the plots were stunted 

in growth as cco^tared to the Zn treated com. On the Bartsells soil 

com on the no-Zn treated plots of the six ton lime rate showed a slight 

decreaM in growth and striping of the leaves as cellared to the Zn 

treated plots, although not nearly as severe as m the Maury soil. Some 

striping but no differcmee in growth was found on the com grown <m 

Olivier soil at the eight ton lims rate. At this date all of the com 

receiving 20 pounds of ZnSOi^'HgO at the three soil sites showed good 

color and normal growth. 

Only com grown on Maury silt loam rtiowed Zn-defici««y sym9>toaJs 

at the end of the ninth week. White striping of ̂ e leaves was still 

evidsnt on plots receiving no>Zn and the plants were smaller in size 

than those tm the Zn treated plots. !nie Zn fertilized com was also 

more mature ahowing larger p3Lant size, larger ear develcipment, and a 

greater nuaher of ears per plant. 

No visual evidence of Zn>defieiency could be seen on com grown 

on Hartsells and Olivier soils nine weeks after planting. This agrees 

vlth the Endings of Winters and Paries (Ut) that in Tsnneesee eom grown 

under conditions of mild deficiwaey tends to gecm out of Zn-deficieney, 
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In the sequence of Zn-defieleaoar qmptOBS on corn 

paralleled very oloeely with those descilbed by Winters md Paxics (I4U) 

in 1955. 

Moisture eonditicne were wexy good throughout the growing season 

on the Maary aiwl Olivier soils, but on the Hartsells soil, plants suffered 

from lack of moistixre by the end of tbe ninth we^* A good rain three 

days later corrected this condition. 

It is difficult to determine idiat ims the major cause of Zn-

deficiency <m Mauiy silt loam. The initially high pH, soil mixing by 

erosion, little ehauge in pH between lime treat^nts, and the lack of 

significant differences in yield between liras means makes it vezy hard 

to corjrelate Zn-deficien<^ with soil reaetim. Also, since Haury silt 

loam is initially high in arailablt ̂ osphato, a:^ no difference ims 

found due to row applicatiwis vp to 500 pounds per acre ^ 

difficult to establish P as the principle cause of Ztt'deficiency. 

Phosphate, however, m^ be a ecntributing e«uie. 

Lime and phosphate treatments did not significtfitly affset com 

yield on Hartsells and Olivier soils. The t«adenoy was for inoreas«l 

grain yield with increased lime and phosphate application, althouih 

2,000 pound P2O5 addititm on Hartsells soil brought about a slight* but 

not significant, depressicm in yield. Data in Table III show the increased 

difference between Za versus no-Zn yield means then 2,000 pounds PgO^ was 

added to Wie four and six ton lime rates. It appears that as the " 2̂^$ 

rate is Increased above 2,000 pounds per acre at high levels on 

Hartsells soil the incidence of Zn-^deficlency will increase. Apparently 

^-defioitmcy is caused by a oombination of high pH and phoi^hate additlcms 

(5). 
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Small Grain Forage and Qratn Yield 

Mieat foragft and grain yield on Manzy soil, and oat forage and 

grain yield on Olivier soil were not aignificantly affected ty the various 

lime, pho^hate and Zn tz^tmente. 

Grain Sorghum Forage field 

Grain sorghum forage on Hartaells soil showed a highly significant 

increase in yield due to lime treatment. JOri^e yield cm Olivier soil 

did not shcnr a significant difference among lime means, hut showed a 

highly significant sine x lim interaction. Phosphate and Zn treatment 

did not cause a slgnifieant change in forage yield on the two soils. 

Com Chemical Composition 

Effects of Lime Applloatlcm. Calcium content of com increased 

with increased lime application on Hartsells soil. The difference between 

lime imMms was highly significant in the third and ninth week saa^lee. 

This is in close correlation with increased com yield and ear number due 

to lime treatment. Increasing the lime rates failed to cause a significant 

change in Ca content of com cm Mauxy and Olivier soils. Soil mixing as 

previously described may account for ̂ s ii:on«8igaiflo«»t diange on Mauzy 

soil but no e3q>lanatlOQ is amilable for this condition em Olivier soil. 

Ma^eeium eonposlticm also increased with increased lime applica 

tion aa Hartsells soil. The difference was highly sigaificant in the 

third and sixth w»ek sasples, and significant at the 0.0^ level at the 

ninth week. Lime did not significantly affect Hg cosposition of com grown 

on Mauzy and Olivier soils. 
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The P content of com vas decreased at the 0.01 level with in 

creased lisie application in the third week san^lee on Rartselle soil. 

Analyeis of the sixth and ninth samples <m Hauzy soil shoes a 

significant increase in P content with increased lime addition. Lime 

^plication did not significantly affect the P content of com grown 

on Olivier soil. There wae, however, a eignificant phosphorua x lime 

Interaction on P content of the san^lea taken at the end of the third 

and sixth wei^. 

The effect of lime additions on K content of com on the three 

soils was non-8i@aificant. 

The accumnlation of Ca, Mg, P and K in leaf sai^plea of the com 

plant on the three soils followwd the pattern shown by Ssyre (31» 32). 

Calcium and P content of com leaves increased with increasing age of 

the plmt idiile K content of the leaf began to dsereaee six weeks after 

planting. 

Effect of Hiosphato Application. The effect of phosphate fertili-

sati<m en Ca content of com varied with the different soils and sas^ling 

datea. 

Calcium content of com can Rartsells soil at the «nd of the sixth 

week showed a eignificant decrease between the 500 and 1,000 pound ̂ 2^'$ 

rates and a aignificant increase between the 1,000 and 2,000 pound rates. 

In contrast to the results on Rartsells soil the Ca content of com 

grown on Maury soil at the oad of three weeks was decreased at the 0.01 

level with increased phoephate fertilization, fhe third week samples 

also showed a highly eignificant phosphorus x lime interaction on Cs 
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c<»itent. On Olivier soil cheM.cal anelysie of the com leaves at the 

end of nine weeks ̂ owed a significant increase in Ca eontmt as the 

rate was raised fros 1,000 to 2,000 pounds per acre. 

Other than causing a hi^ily significant increase in Hg content 

of com on Hartsells soil at the third week, phosphate had rery little 

effect on Mg con|>ositlon. 

Phosphorus eoe^ositlon of com on Hartsells and Olivier soils in> 

creased with inemased i^oephate fertilisation. The difference betweoi 

I^osphate ratee at each san^jling date on the two soils was highly 

significant. The com on the naturally high phosphate Maury soU showed 

a highly significant increase in P cmtent due to phosphate fertilisation 

at the third week, hut this effect had disappeaz*ed the end of the 

sixth week m this soil. 

Phosphorus fertilisation brought tibout a significant decrease in 

K content at the sixth week sailing on Hartsells and Olivier soils. The 

difference in K content due to phosphate rates on Hartsells soil was highly 

significant while the difference due to rates on Olivier soil was signifi 

cant at the 0.05 level. Potassium content of com on Maury soil was not 

significantly affected by pho^[>hate aK>lication. 

In general, excessive phosphate application did not greatly affect 

com mineral eoi^ositlm other than increasing P emtent. Cos¥>osition of 

com groim cn the naturally high phosphate Hauzy m>il was not affected at 

all by the phosphate additions except in the early stages of growth. The 

effect of excessive phosphate on Ca uptake was inconsistent. Magnesium 

uptake was also not greatly affected by phosphate. Potassium emtent, 

however, was decreased m Hartsells and Olivier soils at the sixth weedc. 
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The changes in absoiption of Ca, Mg, P and X hy com plants due to 

excesslTS phosphate fertilization were nuch greater m the Hartsells 

and OliTier soils than on the naturallj high phosphate Hauzy soil* 

Ko information could be found in the literature on the effect of 

hi^ rates of phosphate m absorption of the major elements bgr eozti 

plants. Bin^^uutt, et al. (5)* however, votidng with citrus found that 

phosphate fertilization up to 1,800 pounds P per acre had no effect 

on leaf Ca content. On "Um other hand, Mg absorption was liO-5C^ greater 

at the high rates of P and K loaf concentration was decreased by in*' 

creased phosphate fertilizatiCKn. Phosphorus increased in direct ratio 

to that applied. 

Effects of Zinc Application. In general the Zn treated com was 

lower in Ca, Mg, P, and K content than the com receiving no-Zn. The 

differences asung Zn treatments varied with the particular element, 

sampling date and soil. C<»pari8on of the results from each saspling 

date indicates that the ninth week samples are the most ii^ortant. It 

was at this date that visual Zn-deficiency sT^toms of com had disappeared 

on Hartsells and Olivier soils, and were still evident on the com not 

receiving Zn on Mauzy soil. Mauzy was also the only soil to show a yield 

response to Zn-fertilization. 

Com grown cm the 2^ deficient Mauzy soil showed the greatest 

differences due to Zn-fertilization especially in regard to the elements 

P and potassium. The difference in K and P eont«nt between Zn deficient 

end normal plants was hi^ily significant at each sampling date. The 

difference between Zn versus no-Zn per cent Ca means at the ninth we^ric 

was also hi^ily significant. These zwsults are in agreement with the 



lou 

findings of Soats (33) and Tiets (Ul). 

Analysos of the eaij^les taken at the third and sixth week on 

Hartsells and Olivier soils shov that although oozti without Zn«fertill« 

zation may hare a greater percentage of Ca, P and K in the early stages 

of growth than the Zn treated com» these differences tended to di8agq>ear 

hy the end of the ninth week. An exception was on Olivier soil at the 

ninth week idiere the no-Zn plants were significantly greater in P content 

than the Zn fertilized plants. 

Under conditions of these testa Hg acted in an (^posite "fanner to 

Ca, P and potassitim. Magnesium eoiig>08ltlcn of Zn deficient com on 

Mauxy soil was sigaifieantly greater in Uie early stages of growth than 

the normal plants hut hy the end of the ninth week no significant 

diffezmice was found. The no-Zn corn m Hartsells soil was higher in Mg 

at the 0.01 level than the Zn fertilized com at each sanpling date. Ho 

difference was found on Olivier soil. The results m Haz>t88lls soil may 

be due to the fact that the initial soil analysis showed it to be 

relatively high in magnesium. Sanik,^al.,(30) found that a high Mg 

soil favors Zn uptake. Viets (itl) found that the accumolatlon of Mg in 

Zn deficient and normal plants was not consistent but traded to be greater 

in Zn deficient plants. A hij^ily significant sine x lime interaction at 

the rad of the sixth week and a slgnlfleant sine x Uns intoraetion at 

tho ninth week may account for the difforenees la Mg eratrat between Zn 

treated plants on Hartsells soil. 

Oat fCrage Chemical Ccmposition 

The various limOf phosphate and Zn treainents showed several 
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significant effects on the chemical coz^osition of oate tdiich dots not 

exhibit Zn-deficien^ as readily as some other crops. 

Line did not significantly affect the ehenical eoBq;>o8ition of oats 

grown on Olivier soil. 

The P and K content showed a significant increase due to phosphate 

application. 

Zinc-fertilisation showed the nost striking results. The Kg content 

of the forage fr<Mi Zn treated plots was significantly greater than fr«n 

the untreated plots. This is opposite to the results fouxad for com and 

grain sor^dxan where the tmtreated plants were higher in Hg than the 

Zn feirtilieed plants. Calciun, P and K content of oats was not signifi 

cantly affected by Zn-fertilisation, 

Grain Sorghum Chemical Composition 

Effects of Lime Application. The Ca content of grain Bor0exm on 

Hartsells soil increased with Increased lime application. Differences 

between lime rates was highly significant and closely parallels the 

increase in forage yield attributed to lime on this soil. The Ca content 

of grain sorghum m Olivier soil was not significantly affected bP line 

application* Inspection of Table IXXIX shows little change in pH between 

lime treatmMite on Olivier soil. 

Magnesium content of grain sorghum on HartsellB sell shewed a hi|d^ 

eighificant Increase due to IIbm application. A significant decrease in 

per cent Kg was also found between the lower and higher lime levels. 

Magnesium content of grain sorghum on Olivier soil also showed a signifi 

cant decrease due to lime application. The decrease in Mg cmtent was 

probably due to the antagonistic effects of Ca at -Uie higher lime levels. 
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DIfftrtaMS in P content da* to lim Application «u nm-

signifleant on th* two soils. 

Th* decreas* la K content du* to lime additions on HartseUs soil 

was hi^ily eignifleant* Thie, too, was probably due to the antagmistie 

effects of Ca on potasslam. Lime rates did not significantly affeot K 

content of grain sorghum on Oliwier soil. 

Effects of Phosphate Aiq>lieation. Phosphorus content increased 

with increased phosphate application. Differences among phosphate rates 

on each soil was highly slgiifleant. Calci\im, Mg and K centmt was not 

significantly affected by phosphate applieatim. These results show that 

-Uie residual P in "Uie soil resulting from the high applications a year 

befoire still had a pronounced effect on plant P content. 

Effects of Zinc Application, In most instaness the effect of Zn^ 

fertilization (m nutrient content of grain sorghum closely resembles that 

of com grown on the two soils. 

Calcium and K eoatent were not significantly affected by Zn appli 

cation on the two eoila. 

Magnesium content was lowered by Zn-fertilization on HartseUs soil. 

The difference betwem Zn meane was highly significant. Ko significant 

difference was found between the treated and untreated plants on Olivier 

soil. 

Zinc-fertUization also lowered the P content of i^e sorghum on 

the two soils and in each instance the difference was highly aigniileant. 



CHAPTER VI 

COirCLUSIONS 

The results of this Ixrrestlgatim did not estahLi^ the priisazy 

cause of Zn-deficiene7« Uhsther it is due to high pH, high phosphate, 

or a eorabination of the two is not known. 

Hauxy silt loam was the emly soil to show a jrield response to 

Zn-fertilization. Inspection of TaUs I shows that Maaxy silt loam 

c<sitained the highest amount of total Zn and P of the three soils. The 

total Zn eontmt of Hauzy soil is approximately equal to Olivier soil, 

but was twenty-seven per eent greater than Hartsells soil. The total 

P content of Maiuy soil was eight times greater than Olivier soil and 

twelve times greater l^an Hartsells soil. This indicates that phosphate 

must be inhibiting & uptake in Mauxy soil. However, lack of a wide 

raago of pH values prevents separation of phosidiate and pH effects. 

Held of com on Hartsells fine sandy loam began to decline idien 

2,000 pounds P20^ was added to the four and six ton lime rates. The 

application of approximately 7,700 pounds P20^ per acre and the addition 

of sufficient lime to keep the pH near the neutral point would make the 

total phosphate level of hartaella soil equal to Maury soil. If a 

combination of various high phoiqphate applications and wide range of 

pH valuea were used on Hartsells soil, the question of phosphate induced 

Zn-deficiency in the field may be answered. 

The fact that Zn deficient com plants contain iK>re total P and K 

than normal plants may serve as a tool in determining if com plants in 
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th* field are auffering front lack of aino. In Kiddle Tenneseee com 

differing from Zn>defiei«u^ in manjr caaes does not cover the entire 

field but occurs in auall localised areas within a field. Analysis of 

com leaf samples from the normal and deficient areas for K and P may 

show if the plant is Zn deficient. An average difference in per cent 

P of O.lU to 0.38 per cent, depending on the stage of growth, would 

indicate a Znniefieiency hasard exists. The average difference in per 

cent K, according to the results of this stadjr, would ran from 0.11 

to 0.67 per e«ait potassium. "k. 

... . 

, • ; „ ..A-



CHAPTEH VII 

SUHMARI 

Th« effects of Tarioue IIbm, phosphate and Zn additions on Za 

uptake by corn, sioalX grain and grain sorghum eere determined on Mauiy, 

Hartsells end Olivier soils* Yield and chemical conposition of the 

plants at different stages of growth were also determined. 

These determinations showedi 

1. A significant com yield response to Zn-fertilization on Maury 

silt loam* Com on Olivier silt loam and Hartsells fine saisSy 

loam did not respond to Zn treaimmnt. 

2. Llm i^lication up to eight tons per acre did not significantly 

affect com yield on the three soils. 

3. Hartsells fine sanely loan was the only soil to show a signifi 

cant increase in com yield due to very hi^ phosphate 

fertilisation. Applieatim of concentrated superphosphate 

to 2,000 pounds ̂ 2®^ acrs failed to reduce com yields in 
the three soils. 

h* Small grain forage and grain yields were not affected by 

phosphate and Zn-fertilization. Oat forage yield increased 

with increased lime additions on Olivier siii loam. 

$» Grain sorghum forage yield increased with increased lime 

application on Hartsells fine aandy loam. Ibrage yield was 

not affected by phosphate and Zn additions on Hartsells and 

Olivier soils. 
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6. ChdHtieal analysis of com plant tissue sanplas indicated 

the ninth week sampling to be the m(wt ii^ortant In 

deteritdning chemical changes due to Zn-fertili*ation. 

7. Com shovring mild Zn-deficiency symptoms in early stages 

of growth tended to grow out of Zn-defici#nqr ly the end 

of the ninth week. 

8. Com plants receiving 2nS0j^*H20 contained less P and K 

than Zn deficient plants. Results on Ca and Kg were 

inconsistent. 

9* Phosphorus content of com* small grain and grain sorghua 

increased with increased phosphate applications m Hartsells 

and Olivier soils* Com on Kaury silt loam showed an 

increaee only in the early stages of growth. 

10. Calcium, Mg, P and K coiq)OSition of grain sorj^um forage was 

similar to that of com grown on the two soils. 

11. Chemical eoit^sition of eats showed little change due to lima 

and Zn treatment. 

-f. r"
■.d: . ir' 
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