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GHAPOER I 

nraEQDacTiQii 

In "bhls a|(6 of 1nduB'trlallza'tloitt emd "technologleal advanceDien't# 

the iinportaace of nalntalning ihe efficiency of agricultnxal preiuetioo 

at the hic^est possible level cannot be over«^ptaasizad. Altheofib the 

mechanization of faandng operations and the videspread use of eosnasrcial 

fertilizers^ insectioides and herbicides have helped to increase 

agrieultuzul pMdoetion in this eoontry substantially, the indisorininate 

use of these nedam means is apt to be followed by undesirable eon-

sequences* Shis situation, therefore, necessitates the conduct of 

agroQomie experiments designed with a view to finding out the mast 

intelligent way of using these sen aasndnents at the 

eonservlag and improving the fertility of the soil, areenhouse experi 

ments have several advantages in this regard. Zhey can be desi^ied to 

include a large number of treatments and a wide varietf of soils, and 

ean be carried out at any time of the year irrespective of the seasons. 

Furthermore, greenhouse ea^rimants are particularly adapted for 

investigating soil-plant relationships of a fundamental nature, which 

it would be difficult to study in the laboratory or in the field. One 

such relationship which has been studied over several decades is the 

influence of line on acid soils in preoMyting the growth and uptake of 

nutrients by hi|^er plants. 

Lime is generally credited with a dual role in acid soils. Its 

direct function is to eorrect the soil acidity and improve the 

structure and thus create an environment suitable to the growth and 
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darelopBeat of the roots* At the saae time It performs severcQ. indirect 

funetioas as veil* It stlmnlates mLerohlologlcal Eurbivi'^ la the soil, 

therehgr Increasing the avallablll'^ of nitrogen, phosphorus and. sulfur 

to plants* It reduces :i^sphate fixation, and helps to remarB tcodc 

ceaeaatratloaa of alualnam and aaagaaase from the soil solution* la 

some soils at least, lime Is roi^penslhle for the arallahlllty 

of potassium* Within the plant, too, lime performs sovearal laqportant 

functions* Calcium is essential for the growth of the merlstems, 

especially for the development and functioning of the root tips* It 

Is also considered that calcium is prohably osnooraed vlth eartain 

oBSTmes Involved In respiration* Notwithstanding these many functions 

attrlhuted to oalclum, what Is of ImoMdlate conoom to the agrsnomlst 

Is Its effect on the avaHahlUty of other nutrients to plants, 

especially ef phosphorus* 

The loportanoe of phosphorus avmllahlUty In crop production Is 

enphaslzed hy the fact that a deficiency In this elemuit Is very often 

a limiting growth factor In many sell types* The prohlem ef phoqjihate 

fertlUzatlen Is also oonpUoated hy the pH*Miaw*>w«»i of "fixatlen" whleh 

renders phosphate fertilizers aappUed to soils unavallahle to plants* 

At the same tlaw phosphorus Is a very curltlcal elemant la nutrition 

Inasmuch as It controls several vital, netahoUe processes within the 

plant* 

It would, therefore, he evident that fertilizer esperlments 

Involving the use of lime and phosphates on acid soils will he quite 

Important In reaching concltislans regarding the Judicious xise of these 
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nutrients as veil as fertilizers in general* This vork vas^ then, 

undertaken vith the foUoving ohjeetires in yiev: 

(1)To study the influence of 11Bring and phosphorus fertiliza 

tion of different acid soils on the growth aM uptake of 

phosphorus and cations hy plants; and 

(2) To study the influeaee of liwstoae and pdiosphate 

additions to different soils on the pH and phoirpheras 

availahility of the soils as neasusred hy chemical neans* 

Three soils vere used in this study, viz; a Hartsells loam (pH 4*6), 

a Dewey silt loam (pH 4*7) and a Orenada silt loam (pH 4*9). They 

vere all very lov in arailable phosphozus* They represent soma of the 

major farming areas in this State* S<»rghiin vas used as the indicator 

plant as it is veil known for its sensitiveness,to soil phosphorus 

anmilability* Details of the procedure adapted and the results obtained 

are presented and discussed on the subsequent pages* 



CHAPTER II 

BSiJM OF LITERASORE 

NiJinerous workers hare iiwestigated the influence of Utim* on soil 

reaction and nutrient availability to crc^a by different techniques 

such as laboratory sttidiesy greenhouse experiments field trials* 

Comprehensive reviews of the earlier works have been by Beeson (9) 

and also by Truog (39# and no attempt will be made to review the 

entire literature on this subject, excepting those publications that 

have a direct bearizig on the plan and interpretation of the results of 

this work. Attention is here focused on two relevant aspects of liming, 

viz., its effect on the soil reaction, phosphate availability and plant 

growth, and its influence,on the cation equilibria in plants. 

A. The Effect of Liming on Soil Reaction, 

Phosphate Availability and Plant Growth 

Among the earlier works Salter and Barnes (28) observed that in 

the soils investigated by them, phosphate response declined as the soil 

reaction was changed from pH 9*0 to pH about 7.5. However, there was 

an indication that an inciaase in the availability of native soil 

phosphate took place as the reaction was made more and more w-IVw-Hwa 

to this pH. According to Hutchings (17) calcium not (ualy decreased the 

acidity of the soil complex, but also aided the plant in iwATHwg more 

tissue and in absorbing a larger quantity of nutrients. It was found 

that when the calcium level was low applied phosphorus was efficient 
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oaly occasionally, Init it vas effectlTe almost lavariaMy at hlgjxer 

IcVals of ealclxoa asrpUeatian* 

Alteeeht and Kleane (l) hovie reportod. field wwk in which the 

application of limestone and supexphosphate almost douhled the ealcixm, 

phosphorus and protein content of lespedeza forage over obtained 

ftom supezphosphate alone* !Eheir data also reveal that the ahsoiption 

of phosphorus was increased hy liadag, and indicate that soils may he 

deficient in lime without crop yields heing seriously affected* 

Summarizing the results of experiments conducted over a period 

of four years in Illinois, StubhlefLeld and DeTurk (35) concluded that 

the soils is generally reflected in an increased percentage 

of calcium in the plants* As phoa^horus gets converted into living 

tissues and heeomes part of the organic plant body the tgotake of this 

element is aceanpanied by a correspoadiag growth and so the 

of phosphorus is not influenced by additions of phosphatic fertilizers* 

Davis and Brewer (13) found that the Timing of certain 

soils in Louisiana enabled Austrian wintracpeas and eomman vtrteh to 

utilize larger quantities of phosphorus stgiplied by e^pplioations of 

superphosphate* Lime alone produced an increase in the percentage 

contaat of ealeium only while lime applied with st^zpheq^mte resulted 

in an increased content of calcium, phoi^orus and nitrogen* 

In an experiment on the effeeta of preliming with ealcim carbo 

nate and brief ageing hpon the recovery of phoaphorua ftrom 8ub8eg]aent 

incorporations of water soluble calcium phosphate, Maclntire and Hatcher 

(20) observed that in every ease the phoi^hate uptake from the prelimed 
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and aged soil exceeded that from the unlimed soil. However, Maclntlre 

(19) viewed the heavy liming of the soil as being apt to generate too 

large a quantity of calcium salts aM that a high concentration of 

soluble calcium compounds in the soil solution tended to diminish the 

solubility of basic C6G.cium phosphates. The imavailability of tri-

calcium ;^osphates in heavily limed soils was accounted for by the fact 

that the soil water dissolved the readily soluble calcium salts 

lost most of its capacity to dissolve tilcalcium phosphate. It was 

also STiggested that heavy liming affected phosphate utility by causing 

a decrease in the boron content of the soil. 

Neubauer's and Truog's tests conducted by Dunn (llf) have shown 

that soil phosphorus becomes more and more available with increasing 

additions of lime up to slightly above the neutral point. Chemical 

analysis of the forage from a greenhouse experiment indicated that the 

stipply of available calcium zaadlly increased in proportion to the 

amount of lime applied. It was therefore concluded that the UTrrfng of 

acid soils in Western Washington to pH valties of about 6 to 7 was most 

favorable to the growth of plants, eus it tended to increase the supply 

of calcium and the availability of soil phosphorus for plant nutrition. 

Beater (6) traced for a period of thirteen months the change in 

pH of seven r^esentative soils of the sugar belt of Natal and Zululand 

conseq?ient on the additions of oeCLcium carbonate. The effect on the 

pH value appeared to depend on the physical composition of the soil 

and the native ealciim already absorbed. When maize followed by auger-

cane was grown on the soils prelimed to vazying pH values, it was found 
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that preliMng resulted In a 20 perceat Increase in the eomcentraticja 

of nitrogen and calcium in the diy plant material. 

Smith and Hester (32) found that the Hnrtwg of an acid Putnam 

loam# too low in calcium, failed to increase the calcium content 

of SQjrheans, hut produced a significant increase in the nitrogen and 

phosphorus content. Bear and Wallace (7) reported that an awmiai 

topdressing of 1,000 pounds of calcium carbonate per eusre resulted in 

a definite increase in the yield of alfalfa. 

In an experiment using sx^peiphosphate labeled with McAuliffe 

6^ al. (22) found that the phosphorus content of oats im^rffasod as a 

result of liming. The residual effect of phosphorus applied at such 

a high level as 2,000 pounds of superphosphate per acre was insufficient 

for mftylTm,pn yields after a period of about eight years. 

Stewart and Pearson (3l|-) noted a tendency for plants to take up 

a lower percent of their phosphorus from the fertilizer under 

conditions than under unlimed oonditiens. The beneficial effects of 

a three ton application of calcium carbonate on the growth of clover 

was not moare than that of a one ton application, nor was thcHre any 

evidence of overlimiag injury. 

In greenhouse experiments using radioactive phosphorus, Neller 

(23)found that the addition of lime to raise the pH of Rutlege fine 

sand from $»6l to 6.76 had xio significant effect on the percentage of 

the phosphorus taken up by oats from either sodium phosphate or from 

superphosphate. On Carnegie fine sandy loam, Hw* increased the uptake 

of phosphorus by oats, although not signiflcaatly. In a field 
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experiment on Marlboro fine saady loam to vhicb ground dolomitic limestone 

vas disked into the surface layer at different rates, hiipaer rates of 

application had no significant effect orer an application of 500 pounds 

per acre. The phosphorus content of oats was not effected .by >Hg^Ar 

levels of lime application, but it vas increased wh^ superphosphate vas 

used in larger amounts. 

Similar stttdies by Robertson et al. (2j) shoved that HTn4iiig soils 

relatively low in residual phoBjhorus increased the availability of 

applied phosphorus up to a pH of about 6.0 or 6.5, idien the sesg]uioxide 

content was hi|^, but had no effect vhen the sesgpioxides were lov. 

Liming these soils to pH valxtes above 6.5 caused the percentage of 

phosphorus in the plant from the fertilizer to level off or decline, 

possibly due to the formation of relatively unavailable tricalcium 

phosphate. Liming soils hi|di in residual phosphorus reduced the avail 

ability of fertilizer phosphate, regardless of the sesq.uiood.de content. 

The uptake of phosphorus from currently applied superphosphate vas 

highest from the soils high in sesquioxide content irrespective of the 

rate of liming. 

MacLeaa and Cook (21) reoported that liming soils to pH 7.5 

increased the yields of alfalfa on five out of the six soils studied,' 

vhen no phosphorus application vas siade. Vhen phosphorus vas applied 

the optimum reaction for alfalfa vas z'eached in most instances at a 

pH of 6.5 to Application of phosphorus resulted In appreciable 

Increases in the yields of alfalfa. Rative and applied phosphorus 

https://sesq.uiood.de
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seemed to be more available to alfalfa at a pH slightly above -Kie 

neutral point than at lower levels. 

Mama (2) also reported significant increases in sorghnm grain 

and stover yields as a result of liming, 

Lawton and Davis (l8) studied the effects of i-tT»rtrig -two strongly 

acid Eifle peat soils on the growth and absorption of soil >*^^1 fertilizer 

phosphorus by field beans^ Sudangrass and com under greenhouse 

conditions. It was observed that the dry weight of field »« was 

markedly Increased by lime applications tp to 12 tons of calcium 

carbonate per acre. The growth of com, however, was depressed when 

more than 3 tons of calcium carbonate per acre were applied, T.^1n^tlg had 

little or no effect oa the yield of Sudangrass, It was further noted 

that Timing had a depressing effect on the phosphorus content of plants, 

which was attributed to a decrease la the proportion of the to 

the ions in the soil solution. 

In a greenhouse experiment using acid soils from south central 

Kansas, Thorp and Hobbs (37) obseirved that the application of 

increased significantly the pereentage of calciim In alfalfa, T.^n^^wg 

had no apparent effect on the percent of phosphorus In the plant, but 

the uptake of phosphorus was greater from the than from the 

\mllmed soils, 

Ensminger and Pearson (15) Investigated the residual effects of 

various phosphates as measured by yields, i^ptake and ertraotable 

phosphorus on a Decatur silt loam and a Greenville fine sandy l.om, 

Tar any particular source of ̂ sphorus It was found that the residual 
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effects were In proportion to the amounts that had been 

the differaat fertilizer materials used, basic slag gawe the highest 

residual effect on Decatur silt loam as measured by vetch cotton 

yields, vhich was attributed to the neutralizing effect of this 

fertilizer material. 

Pretty and McCall (26) investigated the effects of different 

11,ml,tig materials on soil reaction and on the yield and phosphorus uptahe 

ot alfalfa. Calcium carbonate vas the most effective in raising the 

soil pH, foUotred "by dolomite and water quenched basic slag in order. 

T'iming increased the yield of alfalfa on soils with low pH values, 

but no significant increases in yield occurred on soils which had an 

initial pH near 6.0 or above. !Ehe effect of upon the eatractable 

phosphorus in the soil vailed with the soil, the form of Hw* and the 

extracting method used. There was very little relationship between the 

phosphorus content of alfalfa and the extractable phos]^aoras in the soil. 

The superiority of magnesium-bearing HTB<wg materials over other 

forms of lime has been recently stressed by many workers, especially 

on the European continent. Schmitt (29) reported that in field experi 

ments on sandy and loam soils of pH 4.1 - 5.1, neutralization was better 

achieved, and higher yields of root crops and cereals were obtained 

with dolomitic Jlmestcne than with CaO.MgO, CaCO^ or with CaO. According 
to Trenel and Schonberg (38) the magaeaixxm content of fertilizers 

such as basic slag is beneficial to crops, but pot experiments cooparing 

MgCl2 and MgSOj,. with MgCO^ indicated that benefit from Mg is obtained 
only when the A1 ions have been removed from the soil soltxtion by liming. 
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a« for instance vlth doloanltie limestone. Nieschlag (2l^) observed that 

dolomitic limestone vas superior to ordinary limestone in 

yields in cereal-root crop rotaticm. Griffiths (l6) has reported that 

magnesium limestone applied to frequently and heavily nitrogen fertilized 

grasslands increased the yield and magnesium content of the forage. 

Magnesium applied in the form of magnesite or magnesim sulphate vas 

not as effective as that applied in the form of dolomite. 

B. She Influence of Lime on Cation Equilibria 

in Plants 

Several vorkers have observed a tendency for the sum of the 

various cations in plants expressed as millieqjiivalents per 100 g. of 

dried plant material to be a constant under a given set of conditions. 

Van Itallie (43) found that the sum of Ca, Mg, Ha and K la Italian 

rye grass grown in Mitscherlich cultiare vessels vas approximately a 

constant, ranging from 182.5 to 215.0 me. per 100 g. Fourteen out of 
I 

the 22 valxjes vere vithin the range of 195.0 to 205.0, and this vorker 

concluded that the mutual replacement of cations in the plant vas in 

nearly equivalent proportions. It vas further observed that calcium 

did not cause any great variation in the composition of the plant and 

therefore did not play an inportant part in ion replacement. Magnesium, 

on the other hand, had a greater inflTience on the eoaposition of plants, 

because from an equal application of calcium and magnesium, more 

magnesium than calcium vas taken tqp. 
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After rervlewlng several vorks on the effect of soil type and 

fertilizer treatments on the chemical composition of certain forage 

and small grain crops^ Vandecaveye (te) ohsearved that «jnf»ng a variety 

of soil factors^ differences in soil texttcre were most frequently 

claimed to be responsible for significant differences in the cooposi-

tion of legume hays and cereal grains. 

The experiments of Stubblefield and DeTurk (35), referred to 

earlier, have shewn that any variation in the soil supply of the cations 

tends to be leflected in the vegetative part of the plant. Thus, 

potassium which is not converted into organic substances in plant growth, 

tends to accumulate in the plant sap in soluble forms. Similarly, 

increased applications of lime are reflected in an increased percent of 

calcium in the plant. The use of dolomitic limestone was also found to 

be responsible for increased percentage of magnesiisa in the stover of 

com. These authors did not, however, attempt to study the interrela 

tionships between the cations. 

Ciollander (12) cultivated plants of a nuniber of species in nutrient 

solTjtions containing several cations in equivalent amounts, after which 

the plants were analysed for their cation conposition. It was observed 

that the differences between plant species cultivated in a given solution 

were very unequal in regard to the different cations. Some species were 

rich in certain cations,\^le some other species contained more of some 

other cations. This author has stressed the very complex nature of the 

selective absorption of cations by the hi^ier plants. 
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Beesom^al> (lO) recorded that the phosphoraB caBteentratlon of 

tomatoes was significantly axid positively correlated with magnesluBi 

supplyf whereas neither the potassium nor the calcium supplies were 

significant In their coirrelatlon with phosphorus concentratloai In the 

leaflets. In general there was positive cwrelatlon hetweoi the 

concentratlcn of the cations la the plants and their stqiply^ while 

there was negative correlation between calcltm potassium^ 

between calcium and magnesluau 

Bear and Prince (5) also recorded a cation e<|ulvalent constancy 

In alfalfa^ !Eh^ grew the Atlantic variety of alfalfa la two-gallon 

Quantities of soils limed to pH 7*0 with calcium carbonate treated 

with standard e^ppUcatlons of fertilizer. With repeated harvesting of 

the successive erops^ the calcium and magnesium content of alfalfa 

tended to Increase^ whereas the content of potassium decreased, The 

sum of the eyjolvalenee of Ca^ Mg and K contained In any harvest tended 

towards a constant, These authors^ therefore^ contend that each of 

these cations has at least two functions In the plenty one specific 

the other or others of the type which can be performed y 

by all cations. Once the supply of a particular cation Is adequate to 

meet the specific need for It^ there can be a wide range In the ratios 

In the remaining qpantltles that are absorbed by the plant to meet Its 

total cation reqiilrements. 

According to Snldor (33) the efaemleal composition of plants depends 

upon a number of factors such as species^ the stage of growth^ sesuional 

conditions, the -^rpe and feztlUty of the soil on i^ch the plant Is grown. 
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iMect lajuries, dloeases aad. otbar eooditlatt»<, This voxfcer ohseired 

that the pereesctages of P aad K la hoth legumes nonlegames Tarled 

irith the SMMiats of these avallahle la the soils» miea P aad K vere 

applied to the laad there ifas, as a rule^ aa iaczvase in the eeatent 

of these elemeats ia the haqr. 

Wittver et al» (Mi') iavestigated the motrleat 

element halanee en the grevth aad jaredastioa of ▼egetatlon la serreral 

Tegetahle crops* The growth reipoases hgr plaats vere fooad to he 

derpendeat on the relatlire proportion as well as ahsolute aaooats of 

the Tarioos aatrieat elements present ia the substrate* 

la the wetric referred to earlier. Thorp aad Hohhs (37) reported 
that the total oabioa content la alfalfa ranged from 185 to 200 me* per 
100 g* Tilme applications significantly laereased the percentage of Ca 
ia the plant* The total uptake of CSa was also laereased, hot there 
was no slgaificaat difference ia the total Mg or Mg percentage* 



CHAPTEE HI 

MATERIAL AIID HEIHODS 

The three soils used in this ex;perimeiit vere a Hartsells loam, 

a Bewey silt loam, aad a Grenada silt leasu The eheDdeal chaaraeter-

istics of these soils are given in Tahle 1. The Hwrtwg material used 

vas dolaBdtie limestone ground to pass throui^ a 100 mesh seive* 

Phosphorus vas applied in the form of momocalcium phosphate aad a basal 

dressing of potash vas given in the form of potassium sulfate. The 

treated soil vas placed in plastic lined Ho* 10 cans sorgfhnn vas 

seeded* Details of the procedure foHcved for the gre^shouse eaQperiment 

aad for the laboratory studies are givra separately belov* 

A* Greenhouse Experiment 

Tour rates of lime aad four rates of phoiphoirtts vexa used la 

this experiment in a factorial design vith three replications on eaeh 

of the three soils* The Timing rates vere 0, 2, h and 6 tons of dolomitio 

limestone per acxa* In the light of previous experience that very little 

plant growth on Hartsells soils vithout the application of phosphorus is 

obtained, it vas decided to avoid the 0 treatment for phoaphoms* 

rates of phosphorus application vere 40, 80, l6o ami 2iitO pounds P20^ 

per acre* A laaaal dressing of potassium at the rate of 200 pounds of 

K^O per acre vas also givou 

The soil retpiired for filling three cans vas vith the 
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Table l.'^-COianloal eharaeter of tbe aollt* 

Catloeoi eacchacge Exehangea'ble^ Avaiiableii^ 
Soli JH es^ity K P 

iBe>7lOQg« LbB«/Acre Lbg>/Acre 

Hazteells loam ^*6 8«0 1^7 kO 

Devey ailt loam k»f 8.0 157 68 

Oraaada silt loam i)-.9 8.8 201 3I1-

* Ertracted. by Bray'a rea«eatp O'lHHGl + 0*03IT NHj^P 
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fertilizer materials at the speelfled rates In a twin-shell hlender and 

then dlrldM eqjoally among the tilplleate cans« Each can 3»2 kg, 

of oven-diy soil. All the 11|4 cans were filled with the treated soils 

on April 23, 1960, 

Ahout 25-30 sorghtm seeds (DeKalh hybrid E-56IA) were planted la 

each can on May 21, 19^0* On the day of seeding nitrogen was applied 

at the rate of 60 lbs, of N per acre In the foxm of ̂ ™nnln^^^ nitrate 

solntlon and the soil moisture was bronc^t to field capacity (approxi 

mately 20 percent moisture)* About ten days after germlnatlan, the 

plants wrore thinned to a uniform stand of 19 plants per can* The cans 

were watered dally with demlnerallzed water so as to bring the moisture 

to field eapacliy and the nitrogen was applied at two wedc Intervals at 

the rate of 60 pounds of N per acre* The first crop was harrested seven 

weeks after seeding on July %and consisted of the above-ground plant 

material only* The harvested plants from each can were put Into a 

separate paper bag, dried In an air oven at 70° C and the welf^ht 

recorded. The dried plant material was gztmnd In a Wiley nrin and stored 

In c(lass bottles for analysis* 

After harvesting the first crop, the upper if Inches of soil In 

each pot was loosened with the help of a sharp Iron rod the crowns 

and large roots were removed* On July 13, sorghm was again seeded In 

all the cans as In the previous case and the plants grown as before* 

The second crop was also harvested seven weeks after seeding the 

yield data recorded on the oven=diy basis* The dried material was 

ground and stored for chemical analysis* 
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After the second crop was harvested soil samples Tj«re removed 

from each can for pH and availahle phosphorus determination. Soils 

from the triplicate cans were mixed together and the determinations 

were made on the cosnposite samples, 

B« Laboratory Stoadies 

^labaratoiy studies consisted of soil studies and the 

analysis of plant materials, 

1, Soil Studies 

Soil studies were planned to observe the changes in pH and 

available phosphorus occurring in the soils for each of the treat 

ments in the greenhouse experiment. For this, soils treated in the 

same manner as in the greenhouse experiment except for the replications 

were talcen in cans and kept moist with demineralized water. This 

involved the use ofii8(lfxl|-x3xl) cans. These cans were also 

kept in the greenhouse and soil samples were taken from them at 

intervals of two weeks, except the last sample which was four 

weeks after the previous saapling. The pH and available phosphorus 

were determined in these saoples. The pH was observed by three methods. 

In one case a soil-water suspension (is2) was xised. In another method 

the soil was leached with water and the pH noted in an ag;ueous suspension 

(l;2) and in the third method m/100 CaCO.2 solution was used instead of 

water as suggested by Schofield and Taylor (30). 

Available phosphorus was determined by the method described 

by Bray and Kurtz(u)with this difference, that 5 g» of the soil 
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wa» Shaken vlth 35 ml. of the ertractaat (0»1II HCl + 0*03ir HHi,P) for 

fire minutes and then filtered* The molyhdenum blue color iras dereloped 

In the extract by the 1^ 2p ^ amino ns^thol sulphonlc add 3^agent 

method as suggested by Arnold and Kurtz (3) and the absorbaaee read In 

a Fischer photoelectric colorimeter using the 65O iqu* filter* 

2, Plant Analysis 

The plant material from each can was analysed for its content 

of P,K, Ca, and Mg using the method suggested by Shaw (31)* In broad 

outline the pxxKsedure consisted in digesting a known vei^t of the 

ground plant tissue (usually 1*0 g* and 0*5 g. when the yield was less) 

with a 1:1 mixtare of perchloric and nitric acids and in*irtwg the 

solution to a known volume after filtering off the silica* In an 

aliquot of this solutioUp phosphorus was determined in the same manner 

as in the soil extraxrts* The rest of the solution was evaporated to 

dryness on a hot platep the excess perchloric au:id removed by heating 

in a muffle furnace at 200® G and the residue taken up with dilute Hd* 

Potassittep Cap and Mg were deteimiaed using a Beckman Model ISU Flame 

Spectrophotometer, after precipitating the sulfate with BaClg, 

phosphate with Fed^j* and excess Fed^ and Ald^ with The 
solution was buffered to pH l|-.0 with ammonium acetatep filtered, and 

made up to a known voliane before comparing with standards in the flame 

photometer* The wave lengths used were 767*0 mn* for K, i»22*7 na* for 

Ca and 285*2 ma* for Mg* 



CHAPTER IV 

RESUITS 

A. Held 

Tlio ATOiraKe yields of onmLodzy •org^'UBi per can for tiie varloas 

treataoats of the three soils are presented In Tables 2 to k* 

Considerable differences exist among the three soils in their 

response to lime application. The highest total yield in Hartsells 

loam was obtained for a liming rate of 2 tons of dolomite per aere> 

vhile for higher rates of application the yields vere significantly 

reduoed. In Dewey and Grenada silt loams, on the other hand, the 

yields increased vith increasing rates of application Tip to 6 

tons of dolomite per acre. 

Almost invariably a positire correlation vas obtained between 

the total yield and the rate of phosphoms fertilization in all the 

three soils. 

In the Hartsells loam the second crop vas better than the first 

for almost all the limed treatments, irtiile in the Dewey and Gnmada 

silt loams the second crop vas rdatively poorer. 

Grenada silt loam produced the best total yields vhen compared 

to Hartsells and Dewey, but the residual effects as indicated hy the 

yields of the second crop vere more prononneed on Heortsells on 

the other two soils. 
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Table 2.—Average yield of oven^'dry sorghum on Harissells loam for 
different lime and phosphorus treatments. 

Treatment 

Lime P2O5 
tons/acre Lbs.7acre 

0 ko 
80 
160 
240 

Mean 

2 40 
80 
160 
240 

Mean 

4 40 
80 
160 
24o 

Mean 

6 4o 
80 
160 
240 

Mean 

All levels 40 
80 
160 
240 

First erop 
g./caa 

1.51 
2.22 
2.43 
2,18 

2.08 

5.99 
%n 
11.15 
12.69 

9.75 

4,16 
To58 
T.OO 

11. 

T»54 

3o33 
5.22 
8.18 
9067 

6060 

3o75 
6.05 
7ol9 
9oOO 

Yield 

Second crop 
g./ean 

0.73 
0,86 
0,96 
1.08 

0.91 

8.14 
9.69 

10.61 
10.34 

9069 

8.26 
10.50 
10.61 
11.41 

10.20 

6.58 
9.78 

10.76 
11.50 

9,66 

5o93 
7o71 
8.24 
8.58 

0.53 
0,72 

1.06 
1,43 

Total 

g./can 

2.24 
3.08 
3.39 
3.26 

2.99 

14.13 
18.86 
21.76 
23.03 

19.44 

12.42 
18.08 
17.61 
22.87 

17.74 

9.91 
15.00 
18.94 
21.17 

16.26 

9.68 
13.76 
15.43 
17.58 

L.S.D. Lime and phosphorus means. 
95 percent level O.61 
99 percent level 0.83 

Lime X phosphorus 
95 percent level 1.23 
99 percent level 1.65 
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Ta1>le 3*—Average yield of orea-dry sorghum on Devey silt loam for 
different lime and phosphorus treatments. 

Treatment 
Lime P2O5 

tons/acre Lbs.7acre 

0 ko 
80 
160 
2kO 

Mean 

2 ItO 
80 
160 
2k0 

Mean 

k IfO 
80 
160 
2lK) 

Mean 

6 40 
80 
160 
240 

Mean 

All levels 40 
80 
160 
240 

First crop 
g./can 

2.11 

2.05 
3.29 
5.22 

3.17 

11.76 
12.67 
14.80 
17.15 

14.09 

12.80 
12.73 
14.92 
16.94 

14.35 

10.94 
12.69 
15.56 
17.25 

14.11 

9.40 
10.03 
12.14 
l4.l4 

L.S.D. Lime and phosphorus 
95 percent level I.06 
99 percent level 1.43 

Lime X phosphorus 
95 percent level 2.10 
99 percent level 2.83 

Yield 

Second crop 
g./caa 

0.91 
1.03 
0.85 
0.74 

0.88 

5.75 
5.23 
4.36 
4.21 

4.89 

4.97 
6.15 
5.88 
5.70 

5.67 

6.80 
8.06 . 
5.84 
7.25 

6.99 

4.61 
5.12 
4.23 
4.1»8 

0.94 
1.27 

1.90 
2.56 

iDotal 
g./eaa 

3.02 
3.08 
4.14 
5.96 

4.05 

17.51 
17.90 
19.16 
21.36 

18.98 

17.77 
18.88 
20.80 
22.64 

20.02 

17.74 
20.75 
21.40 
24.50 

21.10 

14.01 
15.15 
16.37 
18.62 
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Table l|-«--Average yield of ovea-diy sor^um on Grenada silt loam 
for different lime and phosphorus treatmentso 

Treatment Yield 
Lime P2OC First crop Second crop Ttotal 

tons/acre Lhs./acre go/can g./can g./can 

0 Ij-O 3.50 2.36 5.86 
80 5ol9 4.32 9.51 
160 80I5 5.59 13.74 
240 10.38 5.04 15>k2 

Mean 6080 4.33 11.13 

2 4o IO060 4.23 14.83 
80 12.31 5.05 17.36 
160 15<.19 5.31 20.50 
240 IT0O5 5.15 22.20 

Mean 13.79 4.93 18.72 

k 40 8.08 9.00 17.06 
80 11.70 7.36 19.06 
160 15.76 7.32 . 23.08 
240 17.28 26.058.77 

Mean 13.21 8.11 21.32 

40 8.64 9.32 17.96 
80 11.10 10.43 21.53 
160 16.00 10.91 26.91 
240 18.73 11.33 30.06 

Mean 13.62 10.50 24,12 

All levels 40 7.70 6.25 13.95 
80 10.08 6.79 16.87 
160 13.78 7.28 21.06 
240 15.86 7.57 23.43 

< 

L.S.D* Lime and phosphoz°us means 
[ 

95 percent level 0.79 0.74 \ 

99 percent level 0.94 0.99 

Lime X phosphorus ! 

95 percent level l,k81.39 
99 percent level 1.87 2.01 

I 
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B* She Mineral Caqpositlon of the Flanta 

Data shflwlBg the mineral eoqpoaltioa of the plants for the various 

treatments of the thz^ soils and for the tvo crops are givan in Tables 

^ to 10. She percentage of the applied phosphorus that vas 

bgr the plants has also been calculated for each treatment crop on 

these soils and the results are presented in Sables 11 to 13* She 

inportant findixigs for each ntxtrient elraieist are as foUovs: 

1« Phosphorus 

She pexueatage of phosphorus in the plants showed a vide 

variation^ ranging from 0.0^ to as high as 0,2k, the being 

nearly 5 times the minimum* With the excq^ion of a fev cases the 

l^oqphoruB content of the plants ineareased vith the increase of phosphorus 

application* 

In Hartsells and Devey soils the highest phosxdiorus content vas 

obtained for a lime application of 2 tens per acre* Bat in GrenaiBa 

silt loam the level of phosphorus in the plants vas higher in the 

than in the limed soils* However, when the total uptake of phosphorus 

per can vas considered, more phospherus vas removed trm the 

sanples than from the \iBl1med sang^es, altboui^ higho-r rates of Him> 

application generally had a depressing effect upon phosphorus ahsorption* 

She i^sphorus content of the plants also showed some differences 

between the tvo crops* With the exception of the unlimad Grenada soil 

the phosphorus content of the plants vas generally h^gh^wr> during the 

second crop than dmring the first* SOtal uptake of phosphorus vas 
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Table 5»—^Mineral composition of sorghum grown on Hartsells loam for 
differeht lime and phosphorus treatments# 

(First crop) 

Treatment 

Lime K Ca MgP 
tons/acre Lbs./acre i i 

0 1^0 0.05 1.27 1.05 0.22 
80 o.o6 1.13 1.05 0.20 
i6o o.o6 1.35 l.OB 0.22 
2l^0 o.o6 1.2B 1.11 0.22 

Mean 0.06 1.26 1.07 0.22 

2 1^0 o.u 2.64 0.83 0.59 
Bo 0.13 2.73 0.73 0.58 

l60 o.i6 2.45 0.74 0.71 
240 0.17 2.OB 0.76 0.76 

Mean o.i4 2.1t8 0.76 0.66 

4 40 0.10 2.10 0.79 0.57 
Bo 0.13 1.90 0.82 0.60 

i6o 0.13 2.30 0.77 0.54 
240 o.i6 2.03 0.74 0.62 

Mean 0.13 2.OB 0.78 0.58 

6 4o O.OB 1.6B 0.91 0.50 
Bo 0.12 2.23 0.86 0.53 
l6o 0.13 1.91 0.7B 0.59 
240 0.14 2.08 0.77 0.64 

Mean 0.12 1.98 0.B3 0.56 

All levels 40 0.09 1.92 0.90 0.47 
Bo 0.11 2.00 0.86 0.48 

l6o 0.12 2.00 0.84 0.52 
240 0.13 1.87 0.84 0.56 

L*S.D* Lime and phosphorus means 
95 percent level 0.01 0.14 0.04 0.02 
99 percent level 0.01 0.19 0.06 0.03 

Lime X phosphorus 
95 percent level 0.02 0.28 0.08 0.04 
99 percent level 0.02 0.38 0.12 0.06 
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Table 6»—^^ineral cosmposition of sar^um grown on Dewey silt loan for 
different lime and jdioaphoraa treatments. 

(First Crop) 

Treatment" 
Lime P2OC P K Ca Mg 

tons/acre Lbs./acre i i i 

0 1^0 0.06 1.60 0.71 0.19 
80 0.05 1.46 0.76 0.20 
160 0.09 1.74 0.73 0.19 
2kO 0.17 2.14 0.78 0.22 

Mean 0.09 1.74 0.74 0.20 

2 1^0 0.17 2.71 0.56 0.70 
80 0.19 2.70 0.57 0.78 
160 0,24 2.46 0.57 0.79 
2hO 0.23 2.09 0.64 0.80 

Mean 0.21 2.49 0.58 0.77 

k ko 0.16 2.61 0.58 0.82 
80 0.18 2.56 0.56 0.86 
160 0.21 2.33 , 0.54 0.88 
2lj-0 0.20 2.04 0.61 0.98 

Mean 0.19 2.36 0.57 0.88 

6 ko 0,16 2,76 0.57 0.76 
80 0.16 2.68 0.55 0.71 
160 0.17 2.14 0.58 0.78 
2k0 0.17 1.87 0.56 0.75 

Mean 0.16 2,39 0.56 0.75 

All levels IfO 0.14 2.42 0.60 0.62 
80 0.15 2.35 0.61 0.65 
160 0.18 2.17 0.60 0.66 
2k0 0.19 2.04 0.65 0.69 

L.S.D. Lime and phosphorus means 
95 percent level 0.01 0.12 0.03 0.03 
99 percent level 0.02 0.16 0.04 0.04 
Lime x phosphorus 

95 pejxsent level C.03 0.24 0.06 0.06 
99 percent level o.o4 0.32 0.08 0.08 
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Table 7»—Mineral corapoBitlon of sor^um grown on Grenada slit loam for 
different lime and phosphorus treatments. 

(First Crop) 

Treatment 

Lime P20c K Ca Mg
tons/acre Lbs./acre i H, 

0 kQ 0.12 1.72 0.70 0.48 
80 0.18 1.98 0.^ 0.50 
l6o 0.21 2.12 0.63 0.46 
240 0.21 2.17 0.58 0.50 

Mean 0.18 2.00 0.64 0,k8 

2 40 0.11 2.53 0.61 0.50 
60 0.14 2.26 0.68 0.64 
i6o 0.15 1.89 0.66 0.70 
240 0.l6 1.83 0.67 0.74 

Mean 0.l4 2.13 0.66 0.64 

4 4o 0.14 2.73 0.77 0.42 
So 0.13 2.56 0.80 0.48 
i6o 0.14 2.18 0.73 0.49 
240 0.14 2.08 0.82 0.52 

Mean 0.14 2.39 0.78 0.48 

6 4o 0.l4 2.27 0.82 0.46 
So 0.13 2.15 0.84 0.44 
l6o 0.13 2.18 0.82 0.50 
240 0.12 1.97 0.76 0.43 

Mean 0.13 2.14 0.81 0.46 

All levels 40 0.13 2.31 0.72 0.46 
80 0.14 2.24 0.74 0.52 
l60 0.l6 2.09 0.71 0.54 
240 0.l6 2.01 0.71 0.55 

JLi.u.JL;. Lime and phosphorus means 

95 percent level 0.01 0.05 0.04 0.03 
99 percent level 0.01 6.07 0.05 0.04 

Lime X phosphorus 
95 percent level 0.02 0.11 0.07 0.06 
99 percent level 0.03 0.100.l4 0.08 

https://JLi.u.JL
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Table 8,--Mineral conrposition of Bor^um grown on HartseUs loam for 
different lime and phosphorus treatments. 

Treatment 
Lime ■^2^5P2OC 

tons/acre Lbs./acre 

0 IfO 
80 

160 
2^0 

Mean 

2 ItO 
80 

160 
2kO 

Mean 

If 40 
80 

160 
240 

Mean 

6 40 
80 

160 
240 

Mean 

All levels 40 
80 

160 
240 

L.S.D. Lime and phosphorus 
95 percent level 
99 percent level 

Lime x phosphonis 
95 percent level 
99 percent level 

(Second crop) 

Coiiipositi<m of plant material (oven-dry basis) 
P 
i 

K 
i 

Ca 
i 

Mg
i 

0.10 1.49 1.44 0.25 
0.13 1.44 1.54 0.24 
0.09 1.4l 1.59 0.24 
0.14 1.93 1.74 0.24 

0.12 1.57 1,58 0.24 

0.08 1.95 0.89 0.52 
0.11 1.35 0.87 0.80 
0.15 1.16 0.97 0.93 
0.19 0.97 1.04 0.97 

0.13 1.36 0.94 0.80 

0.09 2.64 0.94 0.73 
0.11 1.62 0.84 1.09 
0.16 0.87 1.091.77 
0.19 o.i0 0.93 1.24 

o.i4 1.75 0.90 1.04 

0.10 2.94 0.94 0.68 
0.12 1.98 0.90 1.03 
0.16 1.35 0.92 1.12 
0.18 1.02 0.91 l.l4 

0.14 1.82 0.92 1.00 

0.09 2.26 1.05 0.54 
0.12 1.60 1.04 0.79 
o.i4 1.42 1.09 0.84 
0.17 1.22 1.15 0.90 
means 

0.01 O.lV 0.10 0.04 
0.02 0.19 0.13 0.05 

0.03 0.26 0.19 0.08 
0.04 0.37 0.26 0.10 
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Table 9*""Mineral compoBltion of Borgbum grown on Dewey Bllt loam for 
different lime and ;^oBphoruB treatmexitB* 

(Second crop) 

Treatment 

Lime P2O5 P K Ca Mg 
tonB/acre Lba./acre i i 

0 bo 0.11 1.88 0.90 0.18 
80 0.09 1.73 0.92 0.16 
160 0.1b 2.11 1.03 0.19 
2b0 0.16 1.66 0.181.13 

Mean 0.13 1.8b 1.00 0.18 

2 bo 0.17 1.23 1.11 0.99 
80 0.22 1.17 1.1b 0.9b 
160 0.2b 1.2b 1.16 0.8b 
2b0 0.2b 1.13 1.2b 0.77 

Mean 0.22 1.19 1.16 0.88 

k. bo 0.17 l.3'^ 1.19 1.09 
80 0.18 1.201.13 1.11 
160 0.19 1.0b 1.21 1.13 
2b0 0.19 0.88 1.21 1.13 

Mean 0.18 1.10 1.20 1.12 

6 bo 0.21 1.27 1.18 1.23 
80 0.16 0.9b 1.16 1.27 
160 0.22 0.91 1.26 1.3b 
2b0 0.22 0.83 1.19 1.37 

Mean 0.20 0.99 1.20 1.30 

All levelB bo 0.16 l.b3 1.10 0.87 
80 0.16 1.2b 1.10 0.87 
160 0.20 1.32 1.16 0.88 
2b0 0.20 1.12 1.19 0.86 

L.S.D* Lime and pbosphonia means 
95 percent level 0.02 0.10 0.06 0.03 
99 percent level 0.02 0.1b 0.08 0.0b 

Lime X xbosphoruB 
95 percent level O.Ob 0.21 0.12 0.07 
99 percent level 0.05 0.28 0.16 0.09 
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Table 10,--iUaeral ccmipoBition'of sor^um grown on Grenada silt loam for 
different lime and phosphorus treatments, 

(Second crop) 

Treatment 
Lime P2OC P K Ca 

tons/acre Lbs,/acre i 

0 10) 0,10 l.k5 0,72 0,50 
80 0,ll4 2.07 0,68 O.I48 
160 0,19 1.79 0,7lf 0.75 
214-0 0,18 lo35 0,66 0,69 

Mean 0,15 1.66 0,70 0,60 

2 IfrO 0,14 1.92 1,01 0,91 
80 0,1k 1,56 0,9l^ 0,91 
160 0,18 1.17 0,90 1,03 
2llO 0,21 0.94l.u 1.09 

Mean 0,17 l,kh 0,980.95 

li- IfO 0,12 1.22 0,9k 0,814-
80 0,12 1,214- 1,11 0,96 
160 0,15 1.07 1,12 1.15 
214-0 0,17 0.92 1,11 1,12 

Mean 0,114- 1,11 1,021,07 

1;i 

6 kO 0,114- 1.36 1.05 0,85 
80 0,114- I0O9 

i 

1,15 0,99 
160 0,l4 0.8I4- 1.03 1,06 
2I4O 0,17 0,78 1,00 1.19 

Mean 0,15 Io0l4 I.0I4- 1,02 

All levels 40 0.13 l,l49 0,93 0,78 
80 0,13 1.50 0,96 0,814 
160 0,16 lo22 0,95 1,00 
2kO 0,18 1,014- 0.93 1,02 

L,S,D, Lime and phoshporus means 
95 percent level '0,01 0.09 0.22 0,08 
99 percent level 0.02 0,12 0,29 0,11 

Lime x ̂ osphoxiis 
95 percent level 0,03 0,18 0.143 0,16 
99 percent level O.OI4 0,2l4 0,58 0,22 

https://1,014-0.93
https://0.8I4-1.03
https://0,114-1.36
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Table 11»—Phoephorus recovery by aor^um from Haxtseila loam at 
different rates of lime and phosphorus application* 

P Phosphorus recovery 
Treatment Applied First Second First Second 

Lime 

tons/acre 
P2O5 

Lbs,/acre 
per can 

roR. 

crop 

mg./can 
crop 

mg./can 
Total 

mg./can 
crop 

i> 
crc^ Total 

0 ko 31.7 0.76 0.73 1.49 2.39 2.30 4.69 
80 63.3 1.31 1.13 2.44 2.07 1.78 3.85 
160 126,7 1.36 0.89 2.25 1.07 0.70 1.77 
2k0 190.0 1.26 1.46 2.72 0*66 0.77 1.43 

2 ko 31.7 6.59 6.84 13.43 20.79 21.58 42.37 
80 63.3 n.73 10.37 22.10 18.53 16.38 34.91 
160 126.7 I8.lf0 15.70 34.10 14.52 26.9112.39 
2kO 190.0 21.70 19.23 40.93 11.42 10.12 21.54 

k ko 31.7 4.16 7.52 11.68 13.12 23.72 36.84 
80 63.3 9.70 11.66 21.36 15.32 18.42 33.74 
160 126.7 9.24 16.98 26.22 7.29 13.40 20.69 

' 2k0 190.0 18.79 21.22 40.01 9.89 11.17 21.06 

6 ko 31.7 2.83 6.45 9.38 8.93 20.35 29.58 
80 63.3 6.06 11.54 17.60 18.23 27.809.57 
160 126.7 10.39 17.11 27.50 8.20 13.50 21.70 
2l^0 190.0 13.15 20.59 33.74 6.92 10.84 17.76 
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Table 12«—Phosphorus recovery by sorghm from Dewey silt loam at 
different rates of lime and phosphorus implication# 

Treatment Applied First Second First Second 

tons/acre 
P2O5 
Lbs./acre 

per can 

m* 

crop 

mg./can 
carop 

mg./can 
Total 

mg./can 
crop 

1> 
crop Total 

0 ko 31.7 1.31 0.99 2.30 4.13 3.12 7.25 
80 63.3 1.09 0.96 2.05 1.72 1.52 3.24 
160 126.7 3.06 1.22 4.28 2.42 0.96 3.38 
2k0 190.0 8.77 1.21 9.98 4.61 0.64 5.25 

2 ho 31.7 20.3I^ 9.83 30.17 64.16 31.00 95.16 
80 63.3 2lt.58 11.40 35.98 38.83 18.00 56.83 
160 126.7 10.64 8.403h.93 45.57 27.57 35.97 
2k0 190.0 38.76 10.27 49.03 20.40 5.41 25.81 

k I^0 31.7 20.1(8 8.25 28.73 64.60 26.03 90.63 
80 63.3 23.30 10.58 33.88 36.81 16.71 53.52 
160 126.7 30.88 11.17 42.05 24.37 8.82 33.19 
2ho 190.0 33.5^ 10.89 44.63 17.65 5.73 23.38 

6 ho 31.7 17.29 14.1(8 31.77 54.54 45.68 100.22 
80 63.3 20.05 13.22 33.27 31.67 20.88 52.55 
160 126.7 26.92 12.84 39.76 21.25 10.13 31.38 
2lfr0 190.0 28.81 15.73 44.54 15.16 8.28 23.44 
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Table 13*<~Pbosphora8 recovery by sorghum from Grenada silt loam at 
different rates of line and. phosphorus applicatioxu 

P Phosphorus recovery 
Treatment Applied Slfst Second First Second 

PgOc per can crcp crop Total crop crop Total 
tons/acre Lbs*/acre mg* msw/can mg*/caa mg./can i i> 

0 liO 31.7 4*31' 2*38 6.69 13.60 7.51 21.11 
80 63.3 9.13 5.92 15.05 l4*42 9.35 23.77 
l6o 126*7 16*95 10*57 27.52 21.72 
2lK) 190*0 21*90 9.^ 31.22 U.5^'•"^43 16*44 

2 JfO 31.7 11.55 6*13 17.68 36*44 19.34 55.78 
So 63.3 16*86 6*82 23.68 26*64 10.77 37.41 
l6o 126*7 23.39 9.61 33.00 18*46 7.58 26.04 
2k0 190.0 27.45 10*61 38.06 14*45 5.58 20*03 

k ko 31.7 11*07 10.71 21*78 34.92 33.79 '68*71 
So 63.3 15.33 8*66 23.99 24.22 13.68 37.90. 
l60 m*7 21*91 10*76 32.67 17.29 8.49 25.78 
2k0 190*0 23.67 15.00 38.67 12*46 7.89 20*35 

6 4o 31.7 11*83 12*77 24*60 37.32 40*28 77.60 
So 14*32 14*92 29.24 22*6263.3 23.57 46*19 
l6o 126*7 21*12 14.95 36*07 16*67 11.80 28*47 
240 190.0 23.23 19.49 42*72 12*23 10*26 22*49 



hotrever^ lover darlag the aecood crop la Dev^ aod Grenada^ doe to the 

lover yields* 

The laereased phosphorus content daring the second crop vas 

co-existent vith a correspoinding tendency for increased levels of 

i!agnesiam> and an increase in the avnilahle phosphorus after the sixth 

veek as revealed hy laboratoiy studies* 

2* Potassium 

Potassium shoved less variation than phovphorus in the plants^ 

ranging from 0*78^ to the ««ir<imim heing ahout 3*7 times the 

miaimum* The level of potassium in the plants grovn on the n«HTn*>«^ 

Hartsells and Bevey during the first crop vas significantly lover thw^ 

that in the plants grovn on the limed soils. These tvo soils exhibited 

symptoms of magnesitoa deficiency in the form of albinism on the 

treatments and the con^lex nature of the interactions betveen the 

different cations occunlag under sudii eandlticais probably aecoonts for 

this , 

I)lffa:'ences vere noted betveen the potassitm contents of the 

plants grovn in the tvo crops* The second crop generally eontaiaed a' 

lover level of potassium than the firsts vhich might be due to a 

diminished supply of this dement in the soil as a result of the removal 

by the first crop* A higher levd of edcium and magnesium in the plants 

during the second crop mi^t also haeve been recponsible for a correspond-

ingly lovered uptake of potassium* 

The reciprocal potaasium-phosphorua rdationship reported by some 

vorkers vas also verified by, and discernible in the data obtained* 
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3« Calcium 

Among "the nxctrlen.'t elemen.'ts s'tudled calcium appeaz*ed to be the 

least vaz^lable in the plants* In spite of the widely vajcyiBg rates of 

lime applied to the soil^ the level of calcium in the plants ranged 

only between and 1*74^, the maximum being about 3*2 times the 

minimum. (These results would indicate that the calcium content of the 

plants was not necessarily dependent upon the level of calcium in the 

soil and that there were factors other than the total supply idiich 

influenced its absorpticaa by plants. (Hie level of calcium in the plants 

grown on the tmJ.imed Hartsells and Dewey was even higher than that in 

the plants grown on the limed soils during the first crop. (This tendency 

persisted in Hartsells during the second crop also^ and appeared to be 

because a deficiency of magnesium in these soils was to some extent 

compensated for by an increased absorpticui of calcium. (This tendency 

disappeared in the Dewey soil during the second crop^ and may have 

resulted from the fact that the plants grown on these soils 

diuring the second crop contained a higher level of potassium. 'Ph*' Ca:K 

ratio in these soils might have been significantly reduced by the removal 

of Ca by the first crop. 

4. Magnesium 

Magnesium was the most variable ©f the elements considered^ varying 

between 0.l6 and 1.37 percent. The maxf.Tmim percentage in this case was 

nearly 8.5 times the minimum. A deficicKy of this element in the crop 

growing in two of the unlimed soils has apparently contributed towards 
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this higher ratio. A positive correlation existed between the levels of 

magnesium and those of phosphorus in the plants, which may be explained by 

assuming that magnesium functions as a carrier for phosphoms. 

The concentration of magnesium in the plants increased during the 

second crop as conpared with the first crop. This might have occurred 

for one or more of several reasons. Firstly the concentration of 

magnesium in the soil solution might have increased during the period of 

the second crop by the increased dissolution of Mg from the dolomite. 

Secondly, an increase in the Mg:K ratio might have resulted atiTHwg the 

second crop consequent on the removal of potassium from the available 

supply Ty the first.crop. Thirdly, an increased avedJLability of phosphorus 

during the second crop might have resulted in an increased absorption of 

magnesium. 

The inverse Ca-Mg relationship reported in literature was also 

observed in the results presented. 

C. Cation Equivalence in Sorghum 

The cation content of the plants, expressed as miUieguivalents 

per 100 g. of plant material is presented in Trtales l4 to l6. The total 

number of miUiequivalents of cations per 100 g. of plant material has 

in all cases beeh less in the unlimed than in the limed soils. The total 

cation concentration was greater for -Whe second crop, which might be 

attributed to an increased concentxaticm of Ca and Mg in the soil solution 

because of continuing dissolution of dolomite and to a reduced vegetative 

growth due to,the operation of some other limiting factor. 
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Table l4.*-0atlcjn content of sor^tm grown on HartaellB loam for 
different treatments of Hmti. and phosphorus# 

Treatment First ei-op 
T.-tiw . PgOc Total Total 

tons/acre Lbs./acre K Ca Mg cations K Ca Mg cations 

me./lOOg. 

0 40 32#6 52.4 18.5 103.5 38.2 72.2 21.0 131.4 
80 34.2 52.4 17.0 103.6 36.8 77.0 20.3 134.1 
l60 34.6 54.1 17.9 106.6 36.2 79.4 20.3 135.9 
240 32.8 55.6 18.6 106.0 49.5 87.2 20.0 156.7 

2 4o 67.8 41.5 1^.9 158.2 49.9 44.4 43.5 137.8 
Bo 70.1 36.7 1j8.2 155.0 34.5 43.7 ^.6 144.8 

l6o 62.8 37.2 59.3 147.7 29.8 Ii8.7 77.7 156.2 
240 53.4 38.2 63.6 155.2 24.9 52.2 80.8 157.9 

■f 

k 40 53.9 39.6 47.3 140.8 67.7 46.8 61.0 175.5 
80 48.7 40.6 49.1 138.4 41.4 k2.2 90.7 174.3 
l6o 58.9 38.7 45.0 ite.6 45.4 43.3 90.9 179.6 
240 52.0 37.2 51.5 iito.7 25.1 1)6.7 103.6 175.4 

6 40 43.0 45.4 41.7 130.1 75.5 4^.8 56.4 178.7
80 - 57.3 43.2 44.4 144.9 50.8 4^.0 86; 0 181.8 

i6o 49.0 37.5 1»8.6 135.1 34.5 46.3 93.8 174.6 
240 53.3 37.8 52.3 143.4 26.2 45.5 94.9 1^.6 
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Table I5»—Cation content of sorghnm grown on Dewey silt loam for 
different treatments of liioe and phosphorus. 

Treatm^t Hrst crop Secood crop— 

Lime Total TotalPaos 
tons/acre Lbs«/acre K Ca Mg cations K Ga Mg cations 

me./lOOg.» 

0 1|X> ln.0 35.6 15.8 92.lt i»8.3 lt5.0 i5.lt 108.7 
80 37.^ 38.2 16.7 92.3 ltlt.3 1i6.2 12.9 103flt 
l6o kk.6 36.3 15.9 96.8 5lt.l 50.2 15.8 120.1 
2kO 5^9 39.3 17.9 112.1 li2.5 56.6 llt.8 113.9 

-

2 ko 69.5 27.8 58.3 155.6 31.5 55.lt 169.8 
60 69.3 28.1^ 6lt.8 162.5 29.9 56.8 78.7 l65.lt 
i6o 63.0 28.5 66.0 157.5 31.7 58.1 70.3 l60.l 

53.5 31.9 66.3 151,.7 29.0 62.2 61t.lt 155.6 

k kQ 66.8 28.9 68.5 l6lt.2 3it.3 59.7 5lt.l 11j8.1 
80 65.5 28.1 71.8 l6lt.9 29.0 59.9 68.1 157.0 
i6o 59.7 27.2 73.1 160.0 26.6 60.5 66.6 153.7 
2k0 52. 30.lt 81.5 l6lt.3 22.6 60.6 6lt.6 11(8.0 

6 ko 70.7 28.7 63.3 162.7 32.5 59.0 175.0 
80 68.7 27.lt 59.3 155.If 2lt.l 58.1 102.3 l8lt.5 
l6o 55.0 28.lt 6lt.8 1I18.2 23.lt 62.9 78.2 . l6lt.5 
2ho 1j8.1 27.9 62.7 138.7 21.2 59.lt 99.3 179.9 
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Table l6»--Cation content of sorgham grown on Grenada silt loam for 
different treatments of lime and phosphorus 

Treatment First crop 
Lime Total Total' 

tons/acre Lbs./acre K Ca Mg cations K Ca cations 
1 

./lOOg,me •

0 ko 1^.0 34.8 39.8 118.6 37.2 35.8 41.5 114.5 
80 50.9 32.8 41.3 125.0 53.1 34.2 39.6 126.9 
i6o 5l^.3 31.7 38.8 124.8 45.8 37.1 62.2 145.1 
2h0 55.6 29.1 41.4 126.1 34.7 33.1 57.5 125.3 

2 ko 6k,9 30.6 41.4 136.9 49.2 50.0 75.5 175.2 
80 57.8 3i^.l 53.1 129.8 40.0 47.1 75.5 162,6 
l6o 1^8.1^ 33.2 58.0 139.6 30.0 45.2 86.1 161.3 
2l^0 k6.9 33.7 61.8 142.4 28.6 l<6.8 90.9 166.3 

i^0 70.1 38.4 35.2 143.7 31.3 k6,Q 70.0 llt8.1 
80 65.5 40.0 40.2 145.7 31.9 55.5 80.3 I67t7 
l6o 56.0 36.3 41.1 133.4 27.5 55.9 95.6 179.0 
2hO 33.k 41.1 43.5 138.0 23.6 55.3 93.8 172.7 

6 ko 58.1 41.1 38.0 137.2 35.0 52.4 70.9 158,3 
80 55.1 41.9 36.8 133.8 29.5 54.6 82.2 166.3 
l60 55.8 4l.i 41.3 138.2 21.5 51.4 88.3 161,2 
2k0 50.5 37.8 36.1 124.4 20.0 49.8 99.4 169.2 
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The wrerage values of catloa eqrtLvaleaee for the various treatments 

during the first crop were 135.5 for HartseULs, l42.5 for Bewey, and 133,6 

for Grenada. The corresponding figures for the second C3rop were 16O.I, 

150*5/ and 156*2 respectively. The average values for the two crops werp 
14T,3 for Hartsells, 146.5 for Dew^ and 144.9 for Grenada and this 

constancy of the cation eqiaivalence of sorghum grown on these different 

soils was remarkably good. 

D. Soil Incubatloia Studies 

The results of the soil Incubation studies are prescsated In Tables 

17 to 22. These tables reveal the variation In the pH and available 

phosphorus la the three soils for the different treatments over a period 

of twelve weeks. These results may be compared with the data la the 

Tables 23 to 25 which give the and available phosphorus at the end of 

eaperlmeirt la the soils la which the plants were actually grown. 

1. Liming and Soil Reaction 

The pH values of the soils were Influenced almost entirely by the 

lime treatments and only Insignificantly by the different levels of 

phosphate application. Tables I7 to I9 present the average pH values for 

the different liming rates determined by three different methods. Leaching 

of the soil with water raised the pH by about 0,4 r 0*7 \ailts above that of 

the unleached sample. The pH determined by using m/iOO aBCa.2/ oa the other 

haad^ was about 0,1 - 0,3 units below that of the unleached soil In water 

suspension. Although many advantages have been ascribed to the leaching 
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Talale 17»—<!haage ia pH of HartsellB loam with 
treatment and time (incubated aoila)# 

Treatment PH on 
lime May May May Jme June July 

tons/acre 2 l6 30 13 ^ 27 25 

Before leaching with water 

0 h.7 4.8 4.8 4.8 4.64.7 
2 6.1 5.9 5.9 5.6 5.5 
k 5.7 6.6 6.7 6.8 6.6 6.3 
6 5.9 7.0 7.0 7.2 7.0 6.8 

After leaching with water 

0 5.5 5.5 5.4 5.5 5.3 5.3 
2 6.2 6.8 6.5 6.26.5 6.2 
It 6.5 7.2 7.2 7.5 7.2 7.0 
6 6.6 7.4 7.5 7.7 7.4 7.4 

In M CaCl/^ Solution 
100 

£ 

0 4.5 4.5 4.5 4.3 4.3 
2 5.1 5.8 5.8 5.7 5.5 5.2 
k 5.5 6.3 6.4 6.7 6.5 6.1 
6 5.t 6.6 6.7 6.9 6.7 6.6 

- V-\ i» 
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l8«—Qiange In pH of Dewey silt loam with 
treatment and time (incubated soils). 

^eatment pH on 
lime piay May May June June July 

tons/acre 2 l6 30 13 27 25 

Before leaching with water 

0 li-.6J+.T 1^.7 h.7 1^.7 
2 5.2 6.0 6.0 5.8 5.7 5.5 
h 5.5 6A 6.6 6.5 6.6 6.k 
6 5.8 6,6 6.7 6.8 6.8 6.7 

After leaching with water 

0 5.2 5.1 5.2 5.2 5.1 5.2 
2 6.2 6.7 6.3 6.k 6.2 6.1 
k 6.9 7.0 7.1 7.3 7.3 7.0 
6 T.O 7.1 7.2 7.5 7.5 7.5 

In M CaCln Solutlcm 
100 

0 1J-.3 kA 
2 5.1 5.8 5.6 5.5 5.5 5.2 
k 5.3 6.2 6.h 6A 6.5 6.3 
6 5.5 6.5 6.6 6.7 6.7 6.6 



Table 19.—Chaiage in pH of Grenada silt loam vith 
treatment and time (incubated soils). 

Treatment pH on 
lime May May May June June July 

tons/acre 2 16 30 13 27 25 

Before leaching with water 

0 lf.8 ^^.7 4.7 4.^ 4.5 4.4 
2 5.3 6.0 6.0 5.9 5.8 5.7 
k 5.7 6.6 6.7 6.6 6.6 6.7 
6 5.9 6.8 6.9 7.0 7.0 7.1 

After leaching with water 

0 5.4 5.1 5.2 5.2 5.1 5.0 
2 6.3 6.6 6.4 6.5 6.5 6.2 

6.9 7.1 7.3 7.4 7.3 7.1 
6 7.1 7«5 7.7 7.7 7.5 

In M Cad^ Solution 
(L100 

0 4.1+ 4.3 4.4 4.24.3 
2 5.0 5.9 5.7 5.7 5.7 5.5 
4 5.5 6.5 6.4 6.5 6.5 6.4 
6 5.6 6.6 6.7 6.6 6.8 6.8 
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Talale £C»—Change in available phosphorus in Hartsells Ipra with 
treatment and time (incubated soils). - •-

Treatment 

Lime P^Oc 
tons/acre Lbs,/acre 

Available P (pounds per acre)<m 
May May May June June July 
2 16 30 13 27 25 

Average 
for the 

period 

0 40 203 157 l46 91 90 122 137 
80 193 129 150 85 109 153 136 
l60 197 158 169 105 no l44 147 
240 169 179 171 120 119 183 157 

2 40 195 155 151 102 106 l4o 142 
80 188 162 168 106 105 129 143 
l60 181 151 133 98 125 150 156 
240 190 160 174 119 120 175 156 

1'" 
k 40 210 172 127 106 116 137 145 

80 217 165 l64 112 109 147 152 
l6o 202 169 143 112 123 176 154 
240 213 190 160 134 126 181 167 

6 40 242 132 164 104 106 148 149 
80 221 167 143 105 102 159 150 
l6o 209 134 116171 113 l64 155 
24o 228 154 l64 132 129 188 166 
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Table 21.—Change in available phosphorus in Dewey silt loam 
with treatment and time (incubated soils). 

Lime 

tons/acre % Lbs./acre 
May 
2 

May 
16 

May 
30 

Jime 

13 
Jxme 

27 
July 
25 

for the 
period 

0 

80 
192 
202 

175 
158 

l4o 

139 
139 
146 

129 
129 

200 

186 
163 
160 

i6o 
2l^0 

192 
203 

172 
217 

l64 
l64 

l64 
176 

143 
178 

228 
244 

177 
197 

2 175 134 151 m 123 189 153 
80 192 188 148 132153 195 153 
i6o 179 157 153 168 143 209 168 
21^0 183 195 175 179 171 234 190 

h IfO 163 118 120 121 116 204 i4o 
80 163 85 92 123 l4l 204 135 
i6o 160 101129 132 143 209 l46 
21^0 132133 78 146 148 223 143 

6 40 200 151 83 126 127 211 150 
80 133 113 97 123 126 217 135 
l6o 185 151 94 143 150 220 157 
240 178 112155 149 162 255 169 
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ftoble 22.—Change in available phosphojnis in Grenada silt loam 
with treatment and time(incubated Boila), 

Treatment ' Available P (pounds per acre )on 
Lime P2O5 , May May May Jiuie June Jiily for the 

tons/acre Lbs./acre 2 16 30 13 27 25 period 
' ' ■!' 

0 ko 137 87 60 111 138 118 109 
80 99 98 67 126 116 115 lOh 

160 153 109 70 132 127 123 U9 
21^0 lh3 106 63 I3h 160 lk6 125 

2 ho 193 102 79 lh8 157 136 136 
80 178 loh 83 119 153 123 127 

160 17h 109 79 132 Ihl 137 129 
2ho 193 113 97 lh3 159 153 lh3 

k ho 129 105 81 lh8 137 129 122 
80 109 115 111 13h 169 IkQ 131 

160 206 96 76 85 159 138 127
?ho 182 129 103 167 183 157 I5h 

6 lh3 119 57 lk8 179 159 I3h 
80 i1j8 109 59 163 170 137 131

160 169 lOh 98 176 185 153 lh8 
2h0 182 122 98 167 169 185 151 



 

 

 

 

Table 23«~Soil reaction and available phosphorus in Hartsells 
loam after the seccmd harvest. (Composite Soils) 

Treatment Available 
Lime ^2^5 m P 

tons/acre Lbs,/acre A B c Lbs,/acre 
T" 

0 ko 4.3 5.1 4.2 U8 
80 4.3 5.1 4.2 52 
l6o 4.3 5.1 4.2 67 
2kO 4.1 5.0 4.1 83 

2 ko 5.5 6.2 5.3 38 
80 5.6 6.3 5.4 4l 
i6o 5.7 6.3 5.5 49 
2kO 5.8 6.4 565.5 

4 4o 6.2 6.9 6.0 43 
80 6.4 7.0 6.1 4l 
i6o 6.4 7.0 6.1 6o 
240 6.5 7.1 6.3 62 

6 40 6.8 7.4 6.7 k2 
80 6.8 7.4 6.6 k8 
i6o 6.8 7.4 6.6 k6 
240 7.0 7.4 6.7 64 

A » "before leaching with water 
B « after leaiching with water 
C ̂ in M CaClg solution 

I5o 

M 
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Table 24»—Soil reaction and available phosphorus in Dewey 
silt loam eufter the second haonrest (Composite 
soils). 

Treatment 
Xtime P2O5 
tons/acre Lbs,/acre 

0 IfO 
80 
160 
2lf0 

2 IfO 
80 
160 
2lf0 

i^0 
80 
160 
21^0 

80 
160 
2lf0 

PH 
A B c 

lf.2 lf.8 
lf.2 If.2 
If.2 If.2If.9 
I|-.2 lf.8 If.2 

5.6 6.1 fe.If 
5.5 6,1 ^.If. 
5.3 5.9 5.1 
5.5 6.1 5.1 

6.If 6.9 6.3 
6,3 6.9 6.1 
6.1f 7.0- 6.1 
6.5 7.0 6.3 

6.9 7.5 6.6 
6.9 7»i^ 6.8 
7.0 7.5 6.7 
7.0 7.5 6.8 

r- !« 

A * before leaching .with water 
B e after leaching with water 
C « in M CaClg solution 

m 

Available 

P 

Lbs./acre 

69 
76 
91 
113 

69 
6If 
83' 
93 

59 
7lf 
80 

85 

69 
69 
80 
90 
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Table 25»-*^ll reaction and available phosphorus la Grenada 
silt loam after the second harvest (Composite 
soils). 

Treatment Available 
Lime PH^*205 P 
tons/acre Lbs«/acre! A B. c Lbs-/acre 

0 ItO . 4^4 4.9 4.1 
ad 4i5 5.0 4.1 41 
l6o 4.4 5.0 4.2 46 
240 4.4 5.0 4.2 6o 

2 4o 5.4 385»7 6.1 
6o 5»7 6-2 5.4 4o 

6^0 6.3 5-6 46 
340 5.65-9 6.3 53 

k 40 6.8 7-1 6.7 39 
ao 7.0 7-3 6.7 43 
iSo 6,9 7-3 6.6 48 
sko 7-0 7.3 6,7 57 

6 ko 7.2 7.a 7.0 46 
80 T.2 7.6 7.0 47 
i6o 7.6 7.07.3 50 
240 7.3 7.6 7.0 60 

A s l)efore leaching vlth water 
B ■= after leaching with water 
C « in H CaClg solution 

Io5 
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of the soils and to the using of the CaCl2 medium over that of an 

aqueous suspension for determining soil pH, for the pxirpose of this 

discussion, the pH values obtained in the water suspension alone are 

considered. 

Equal rates of lime application have raised the pH of different 

soils to different extents. Thus, an application of 2 tons of lime 

per acre raised the pH of Hartsells loam from If.6 to a TnRviTmim of 6,1, 

that of Dewey silt loam from If.7 to 6.0 and of Grenada silt loam from 

4.9 to 6.0 during the period of observation. The corresponding values 

for a limiiag rate of 4 tons per acre were 6.8, 6.6 and 6.7, and for 6 

tons of lime per acre they were 7.2, 6.8 and 7.O respectively for the 

three soils. In other words, an application of 2 tons of lime per 

acre has raised the pH of these soils throxigh a range of 1.5# 1.3 

and 1.1 units respectively. The corresponding figures for a i-fTning 

rate of If tons per acre are 2.2, 2.0 and 1.8 and for a rate of 6 tons 

per acre these values are respectively 2.6, 2.1 and 2.1. These results 

serve to illustrate the principle that different soils have to be 

limed to different levels to reach the same reaction. 

The final pH values-of the soils in which the plants were grown 

agreed closely with those of the incubated soil saoiples at the end of 

the 12 week period. This result would suggest tliat the growth of the 

plants did not significantly influence the soil reaction over the 

period of growth. 
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2. Availability of AMed Phosphorus 

Two teradencleB were generally discernible in the amotaats of 

phosphorus extracted by Bray's reagent over the period under stxjdy; 

(1) The amounts of extractable phosphorus Increased with 

increasing rates of lime and phosphorus applicaticm; 

(2) The eactractable phosphonis decreased to a Trriti-Timim dtjring 

the period of to 6 weeks and then increased again. 

The beneficial effects of lime on the availabililgr of phosphorus 

may apparently be attributed to its retarding effect on the fixation 

of added phosphorus as iron and aluminiim phosphates. The decrease of 

extractable phosphoinis to a minimum during the period of 4 to 6 weeks 

corresponds to the period of maximum fixation and the increase of 

extractable phosphonis thereafter indicates increasing release of 

organic phosphorus in the available form by microbiological activity. 

The three untreated soils, Hartsells, Dewey and Grenada origi 

nally contained 40, 68, and 34 pounds per acre of extractable phosphorus 

respectively. When phosphorus was applied at the rates of 40, 80, 160 

and 240 poxinds of P2O5 P®r acre the available phosphoiois in the Hartsells 

soil was increased to an average of l43, 145, 153 and 163 poimds of Pper acre 

respectively over the 12 week period. In the Dewey silt loam the 

corresponding figures were 152, l^i^, l62 and 1T5> and in Grenada 125, 

123, 131 and i43 :^ovaads of P per acre. In the Hartsells loam the amounts 

of extractable phosphorus at the end of the expeilment in the soils in 

which the plants were grown were 43, 46, 56 and 66 pounds of P per acre. 
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In Pewey these values were 66, 71, 8k and 95 pounds of P per acre and 

la Grenada k2, k3, 48 and 57 pounds of P per acre respectively. 

Phosphorus treatments of the different soils Increased the 

available phosphorus In the Incubated sainples to values in excess of 

the added phosphorus and this greater availability might be due to 

the release of some of the organic native phosphorus to the avail 

able form by microbiological activity. At the end of the experiment 

the levels of extractable phosphorus la the cans In which the plants 

were grown were less than those la the Incubated soils. In many 

instances the levels of extractable phosphorus had dropped to the 

original values in the untreated soils. This is evidently due to 

the removal of available phosphorus from the soils in which the 

plants were grown, althou^ the difference between the amounts of 

extractable phosphorus in the Incubated soils and those la the soils 

la which the plants grew did not represent the exact amoimts removed 

by them. The reactions taking place in a system such as the incubated 

soil samples are different from those in a system like the soils in 

which the plants are grown, and hence the difficulty in applying the 

results obtained in one to the other. 

An application of 40 pounds of per acre raised the level 

of available phosphorus la the Incubated Dowey soil to 152 pounds of 

P per acre, while It required a rate of 160 pounds P2OJ per acre to 

bring the amount of available phosphorus la Hartsells to a level of 

153 pounds of P per acre. But in Grenada a phosphorus application of 
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21(0 pouadfl of per acre resulted In an available ;^aossboru8 level 

of only i43 pounds of P per acre* Again, an application of 1|0 pounds 

of P2O5 per acre to Hartsells and of 2^0 pounds of P^O^ per acre to 
Grenada restilted in the same level of available phosphorus, viz*, ll|-3 

pounds of P per acre* Similar trexids were discernible in the amounts 

of available phosphorus in the soils in which the plants were grown. 

These results would suggest that the response to phosphorus 

fertilization in these soils would diminish in the order Dewey, Hart-

sells and Grenada. Tables 11 to 13 indicate that the hl^st total 

amoxuits of phosphorus were actually removed by sorghvon from Dewey, 

but the next hi^est amounts were removed from Grenada rather than 

from Hartsells which was probably due to the c^eration of some other 

limiting factor in this soil. 

3» Soil Reaction* Phosphorus Availability and Plant Growth 

A conparison of the data in Tables 11 to 13 with the corresponding 

data in Tables 17 to 19 reveals that in the Hartsells Dewey soils, 

the hiiJhest amounts of phosphorus were absorbed by plants at a pH range 

of 5*2 to 6.1. In Grenada soil, on the other hand, the uptsihe of 

phosphorus increased progressively as the pH of the soil increased from 

^.9 "fco 7*1» 3Jbe highest total yields were obtained in Hartsells at a 

pH range of 5*4 to 6,1, irtiile in the other soils the total yields 

increased 15) to pH 7»1/Vhich was the highest pH reached. 

For the same levels of phoiphorus extracted by Bwy's reagent, 

a higher uptake of phosphorus and yield of sorghum were obtained at a 



pH of about 5»2 to 6.1 la Hartsells loam. la the other two soils for 

the same level of "available" phosphorus the uptake of this elemeat 

laereased tip to a pH of 7.1. 



CHAPTEE V 

DISCfUSSCON 

The results of the present ia:vestigati(Mi provide useful informa 

tion regarding fertilizer practices on three acid soils of Tennessee 

and give some significant indications ahout the nature of cezlain 

fundamental soil-plant relationships* 

The beneficial effects of dolomitic limestone in promoting the 

growth and yield of plants on acid soils are amply borne out by the 

results of the present study. In Hartsells loam the highest total 

yields were obtained for a liming rate of 2 tons per acre, while in 

Dewey and Grenada silt loams significant yield increases were obtained 

for liming rates up throu^ 6 tons per acre. An application of 2 tons 

of dolomite per acre to Hartsells soil raised the pH to an average 

value of 5*7 during the growth period of the plants. The hi^est 

yields of sor^tim were observed at this pH rather than under more 

neutral conditions brou^t about by higher rates of tiww application. 

These findings siaggest the operation of seme limiting growth factor, 

possibly the reduced availabili"^ of zinc. 

The lime requirement of soils varies depending on several factors 

such as the texture and the nature of the soil colloidal conplex. The 

fact that the pH of the Hartsells loam was raised through a larger range 

as compared to Dewey and Grenada silt loams for the same rates of HTn«. 

application mi^t point to the influence of texture, provided however, 

the colloidal properties of these soils were similar. 
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The prorper time of llii» application is a major factor in its 

efficient utilization and this, too, might vary with the properties of 

the soils involved# In Hartsells soil the yield of the second crop 

was higher than that of the first, presumably becaxise the beneficial 

effects of lime increased with time. 

The yield data obtained in these studies also correlated 

positively and significantly with the rates of phosphorus application, 

Stubblefield and DeTurk (35) pointed out that phosphorus is converted 

into living tissues and becomes part of the organic plant body, 

as the absorption of increasing amounts of phosphorus is acconpanied 

by a corresponding increase in growth, the percentage of phoiphorus in 

the plant tissues will generally tend to be a constant. This was not 

the case in the present studies, because the phosphorus content of 

the plants was found to increase with increased rates of phosphorus 

application. Wrij^it (1^5, k6) attributed the beneficial effects of large 

applications of superphosphate to acid soils mainly to the internal 

precipitation of al\mxinum by phosphorus, with excess phosphorus avail 

able for the metabolic processes of the plants. Althou^ the data 

gathered in this study are not quite illustrative of this hypothesis, 

the simultaneous increase in the growth and phosphorus content of the 

plants might suggest the beneficial effect of phosphorus in coinbating 

the tOXicity of H.Tiitn-<mTmT 

Hie optimum rate of lime and phonphorus application to insure 

the best possible yields is an iiaportant factor in any intelligent 
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program for fertilization. The present stiuSy revealed that in Hartsells 

loam the highest yields of sor^um vere obtained for a liming rate of 2 

tons per acre and a phosphorus rate of 2^0 pounds of P^0_ per acre. In 

the Dewey and Grenada silt loaias the yield increased progressively 

to the hig^hest rates used, viz., 6 tons of wwii 2k0 pounds of ̂ 2^3 

per acre. 

A knowledge of the causes of the low fertility of acid soils is 

essential for finding out the critical means of improving the crop yields 

on them. Lime promotes the growth of plants on acid soils and this 

beneficial effect of lime is attributed to different factors such as 

correcting of the soil acidity, remedying of nutrient deficiencies and 

combating of the toxic effects of certain cations. The results obtained 

in this study do not throw any additional light on the exact hmmiwot* in 

which lime functions in acid soils, but the evidence from this investi 

gation tends to favor the existing theories. There is no doubt that 

in Hartsells loam and Dewey silt loam dolomite helped to remedy 

magnesium deficiencies, but this is not in itself a satisfactory 

explanation for the beneficial effects of on all acid soils. 

According to Peech and Bradfield (25) the yield responses of crops to 

application of lime on acid soils are complex and involve many contri 

buting factors such as calcium deficiency and the toxicity of hydrogen 

ions, aluminma, iron and manganese, the relative significance of \diich 

will vary with different crops and soils. These authors hold the 

view that the poor growth of plants on acid soils cannot be attributed 

entirely to calcium deficiency brought about by a low exchangeable 
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calcixim ccmteat and/or low degree of calcium 8at\jration. The results 

of the present study lend support to this school of thou^t, because 

it has been shown that the level of calcium in the plants is fairly 

independent of the total supply in the soils and that the plants grown 

on unlimed acid soils may even contain a higher level of calcium than 

those which are grown on limed soils. Careful studies by Amon and 

Johnson (4) with nutrient solutions and sand cultures have shown that 

many plant species can malse normal growth at idl values as low as those 

encountered in most acid soils, euad therefore, the hydrogen ion concen 

tration cannot be considered as the cause of poor crop yields in these 

soils. Evidence is, therefore, very strongly in favor of the other 

view that toxic concentrations of certain cations such as wiiimiwnTn and 

manganese would largely account for the low fertility of acid soils 

and for the poor growth of plants on them. Liming tends to induce the 

concentrations of these cations in the soil solution and thereby to 

facilitate the growth of plants. 

Lime at hi^er rates of application is known to repress the 

availability of added phosphorus and this has been borne oxrb by the 

restilts of the present^stTidy. For liming rates of 0, 2, If and 6 tons 

of dolomite per acre the average phosphorus contents of the plants of 

the first crop on the Hartsells soil were 0.06, 0.14, 0.13 and 0,12 

percent respectively. The corresponding valiies for Dewey and Grenada 

were respectively 0.09, 0.21, 0.19 an<i 0.l6, and 0.l8, 0.l4, 0,l4 and 0.13 

percent. It is noteworthy that in Hartsells and Dew^ the highest 
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absorption of phosphorus occurred for a liming rate of 2 tons per acre 

vhich raised the pH to about 5*5 to In Grenada on the other hayd, 

the highest absorption of phosphbnis took place in the unlimed treatment 

(pH 4.if to 4»6) and with increasing rates of lime application the 

percentage of phosphorus in the plants steadily decreased.. For the 

four increasing rates of lime application the average levels of 

^phosphorus in the plants grown in Hartsells during the second crop were 

0*12^ 0*13ii 0«l4 and 0,l4 percent respectively^^ The corresponding 

values on Defw^ and Grenada were respectively 0.13, 0,22, 0.l8 and 0,^, 

and 0,15, 0,17, 0,l4 and 0,15 percent. In this case the lowest level 

of phosphoius in all the soils is obtained for the unlimed treatments, 

while the ̂ (ighest pbiteent of phosphorus is absorbed in Dewey 

Grenada for the liming rate of 2 tons per acre. In Hartsells there is 

no significant difference between the levels of phosphorus in the plants 

for the different 1Imlng rates. 

The repressing effect of on the absolution of phos 

phorus by plants is generally attributed to the reversion of readily 

soluble idiosphates to less soluble di- and octa- calcium phosphates 

in the pressence of excess calciion. The resiilts of the present investi 

gation suggest that there may be some other contributing factors also 

controlling the uptake of phosphorus by plants. On the strength of the 

evidence in literatvire it was indicated earlier that alianinum is 

probably precipitated as aluminum phosphate within the plant and this 

indication is further coiroborated by the fact that at hi^er rates of 
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lime ajrplieation,"which resxilte i* decreased amounts of exchangeable 

alumiaum in the soils^ lower levels of phosphorus were found in the 

plants. This finding "would suggest "that higher leVels of ihosphorus 

"would be found in plants in "the presence of higher amovints of exchange 

able aluminum in the soil. Purthermore, it is significant that only 

very low lervels of phosphorus were abosrbed by the plants grown on 

■the unlimed Hartsells and Dewey, al"bhou|^ in the light of "the "view 

eiqpressed herein, the higher levels of aluminum in these acid soils 

should have resulted in a higher absorption of phosphorus by plants. 

This may be attributed to the observed deficiency of magnesium in these 

soils which is considered as neeessazy for functicwing as a carrier 

for phosphorus; Thtis it woiild appear that the solubili-fcy of soil 

phosphorus and the levels of exchangeable taluminum and magnesitim in 

the soil are all contributing factors which govern the levels of 

phosphorus in plants. 

For this same reason the "available" phosphorus extracted by 

chemical reagents often fails "to represent the amounts actually removed 

by crops. In these studies too, "there was very little correlation be-

"tween the amounts of phosphorus extracted by Bray's reagent the 

amounts which "the plants actually removed from the soils. This is 

beca'use "the 'available" phosphorus detexi&ined by chemical extzaetants 

depends only on the solubili'ty of soil phosphorus in "them, "whereas the 

amounts of phoi^orus utilized by plants may also be controlled by 

"the levels of exchangeable aluminum and magnesivoa in the soil. 
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Another Interesting observation is that at the end of the 

experiment the amounts of phosphorus extracted hy Bray's reagent from 

the soils in which the plants were grown had in many instances dropped 

to the level which had originally existed in the untreated saaple. 

However, the difference between the extractable phosidiorus in the 

incubated samples and these amomts did not represent the amounts 

actually removed ty the crop. This is because the reactions occurring 

in a system like an incubated soil are very much different from those 

in a system such as a soil in which the plants are grown, also 

because the solubility of the soil phosphorus alone is not the factor 

which goveras its availability to plants. 

The critical role of magnesium in the utilization of soil 

phosphorus by plants deserves more than passing consideration. Truog 

^ noticed an increasing level of phosphorus in peas with 

increasing concentrations of magenaium and thought that this result 

confirmed the theory that magnesium functions as a carrier for 

phosphorus. These authors attribute the failure in many experiments •' 

to produce crops of higher phosphorus content through phosphorus 

fertilization to a lack of available magnesium. It is inporlant that 

an adequate supply of magnesium be present in soils so that a more 

®f'^icient utilization of added phosphatic fertilizers be made. 

This would explain the superiority of dolomite as a Umiwg material 

over other forms of lime which ST;pply only calcium to the soil. 
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Ho significaat observation regarding the effect of lime on the 

availability and absorpticm of potaesiioa plants has been revealed 

dtiring the course of these studies^ except that a high level of 

calcium has a repressing effect upon potassium* The Tim-iag of soils 

as a practical method of conserving the potassium supply has been 

emphasized by Thomas and Coleman (36) vho indicate that an adequate 

supply of caloim in the soil solution helps to keep the potassium 

in the colloidal complex and prevent it from being lost in the 

drainage* According to Bear and Toth (6) an exchangeable C!a:K; ratio 

of 13il in the soil enables the plant to absorb a liberal margin of 

potassium in excess of its requirements and yet not so much as to be 

a known waste of this element. 

A remarkably constant cation equivalence of about I'li^ has been 

observed for sore^um in these investigations. Other workers (37, k3) 

have reported a higher value for cation equivalence for some other 

crops, but it is obvious that this would vary with the different 

species of plants. This constancy is maintained by the reciprocal 

relationship between Ca and Mg on the one hand and K on the other, 

M well as by the inverse relationship between Ca and Mg. In the 

present study an increased uptake of calcium occurred in magneslisn 

deficient soils, and a decreased absorption of potassiw in the 

presence of a hic^er level of calcium and magnesium. These results 

are in agreement with the view eaqpressed by Bear and Prince (^)that 

every element will have two or more functions in the plant, one of 

I 
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which iB specific for that element and the other or others capable of 

being perfomod interchangeably "fcy all elaments. Once a w^w^Tm1Tn 

available amoimt of each of these elements is assured to meet the 

specific needs^ there can be a wide range over which the relative 

proportions of these ions may vary* 



CHAPTEE VI 

SUMMARY AMD CX)NCLUSIONS 

A greenhouse stiidy of the infltience of four rates of Ht»w> and 

four rates of phosphorus on the yield and coopositloii of sor^um 

grown OB soil samples from three major soil types of Tennessee has "been 

made. The soil types used were Hartsells loam, Dewey silt loam and 

Grenada silt loam. The changes in the pH and acidity characteristics 

of these soils for the same treatments during the growth period of 

the plants were also traced in a separate soil incubation experiment. 

The chief findings were as follows: 

1. Significant growth and yield response to the applications of 

and phosphorus on all the three soils studied were obtained. The 

highest total yield of sorghum in Hartsells was obtained for a HnHng 

rate of 2 tons of dolomite per acire, and a phosphorus irate of 2hO 

pounds of P2O5 per acre. In the Dewey and Grenada silt loams the 

yield increased progressively iq) to the hi^est levels of fertilizers 

used, viz. 6 tons of lime and 2U0 pounds of P^O^ per acre. 
2. The three soils differed in their capacity to produce and in the 

nature of their interaction with lime. Grenada silt loam generally 

gave the best total yields at all levels of Hw* »wi phosphorus 

treatmerts, when compared to the other two soils. In Hartsells loam 

the second crop yield was higher than the first, evidently because 

the beneficial effects of lime on this soil continued to increase 

during the entire growth period. 
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3* Soil ImcubatloB stxidies shoved th&t the soils differed la the 

quantities of lime required to raise their pH throi:igh the same range* 

"Avallahle" phosphorus detemdaed hgr Bray's method shofwed an lacreaife 

In the amounts of extractahle phosphorus vlth Increasing rates of 

phosphoznis applleatlon and a teadeacy for the esKtraotahle ;^osphorus 

to decrease to a minimum amount dxirlag the period of four to six 

veeks and then to Increase again* 

h. CkmrparlscB of the results of the greenhouse study with those of the 

soil lacuhatloa ocperlment shows that la the Eartsells loam aad the 

Dewey silt loam the highest amounts of phosphorus were absorbed by 

plaats at a pH range of about 5*2 - 6*1* la Grenada silt loam the 

uptake of phosphorus Increased progressively as the pH of the soil 

Increased from h*9 to The highest total yields were obtained 

la Hartsells at a pH range of 5*l^ to 6,1 while in the other two soils 

the total yields Increased up to a pH of 7*1 which was the highest 

pH reached. 

5* "AYallable" phosphorus at the end of the experiment la the treated 

soils la which the plaats were grown had la many lastemces dropped to 

the level la the untreated soil before the ex;^nment. However, the 

dlffereaee between the "available" phos]|^orus la the Incubated sas^les 

aad these amounts were not correlated with the amounts which tlw plaats 

had actually removed* 

6* There was some Indication that the exchangeable wTim as governed 

by the soil reaction, the availability of magaeslisn aad the solubility 

of soil phosphorus were among the contributing factors Which controlled 

the utilization of phosphorus by plants* For this reason the "available" 
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phoaphoruB as uffually determined, vhleh depends almost entirely on 

the solubility of soil phosphorus in certain chemical reagents, may 

not be a proper index of the amounts of phosphorus actTially remqved 

by plants. 

7* Sorghum grown on the three different soils showed a cati(» equiva 

lence constancy of about ikS me./lOO g. plant material. This constancy 

was maintained by a reciproceO. relationship between Ca and Mg on the 

one hand and K on the other, and by an inverse relationship between Ca 

and Mg. 
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