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CHAPTER Z 

INTBODUCTIOII 

lliiflMsiia Is <me of ths sssmtlal olsaonts for tho growth of 

all plantsy sines it is the kej Bstallic ion in the ohlorophfU aole^ 

cule. Magnesiioi defieienojr in the plant often results in intenreinal 

chlorosis of the leareSf but the sjnq>toBw caused bgr a deficienoj' will 

vaxy with the speeies. The chlorosis usually begins at the edges of 

the leaves and gradually spreads toward the center with increasing 

intensity of the deficiency. The older leaves are affected first 

andf in severe cases, they nay lose all of their green color, while 

the younger leaves develop sane chlorosis. 

Reports of nagnesiun deficiency qmptons have been received 

only in the past few years in Tennessee. Deficiency synptons sinilar 

to those described for nai^esiun defici«ioy in com, tobacco, and 

vegetable crops have been observed on the Cusberland Plateau. Sinilar 

synptons have been seen in com on the Highland Bin, in the Central 

Basin, and in the southem portion of West Tennessee. Magnesiun 

deficienqr synptons of cottm on the Highland Rin and in West 

Tennessee have been reported. 

A studly of a limited nunber of soils during 1948 and 1949 (6)^ 

indicated that nagnesiun deficiency omptcns of com and tobacco were 

associated with either a low level of exchangeable nagnesiun in the 

^unbem in Parenthesis refer to literature cited. 
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•oil, or•vide ealeiuMUgMaiuB ratio aai/ov a wido potaaoiiai-

auigMsini ratio, A genoral pieturo of tho magnositai atatua of tha 

Bo^a in thm Tarioua rogiona of Unraaaaaa would bo helpful to reaoareh 

parammal in planning their fertilitgr CKperlnentation and to adueational 

agoneioa in waking fertilisation and lining recoBimendationa* 

A . '• » ' V .= 
! f '■ - V-

. ■ ^ a. 



CHAPTER II 

EEVIBtr or UTERATURS 

MagaasiuB has long b««n rsoognisad bgr plant jdiQraiologlata aa 

baXttiging to tha group of ohaoleal oloienta Indiapenaable for noraal 

plant growth* It la only within tha laat 30 yaara^ howaTar, that thia 

aleaant haa baan racogniaad aa harlng any aajor aignifieanoa in practical 

fartilizar uaaga* Tha firat papar pointing out ita importaxMm to fiald 

crop production waa publiahad in 1922 (18)« and^a aora datailad account 

followed in 1923 (19)* Thaaa papara diaeuaaadi nagnaaiun dafieianogr 

qri^tona of tbbaeoo plaata growing <m aandy, acid aoila of North 

CSarolina* The addition of aagnaaitai aalta waa found to correct a 

ehlorotie condition of tha tobacco, obaarrad aa early aa 1912, whan 

tha addition of nitrogen, phoaphorua, and potaaaiun failed to correct 

tha condition* Thia chloroaia of tobacco haa ainca bean obaarrad in a 

nunbar of atataa* Mdfurtragr (28) haa auaautriaad tha affaeta of nagnaaiun 

on tha growth and conpoaition of tobacco* 

JTonaa (23) reported in 1929 that a chloroaia of com could be 

corraetad by nagnaaiun fertilisation* In 1930, Ofaudea and Brown (14) 

showed that increaaaa in tha yield of potatoes could be obtained wlMn 

tha crop was fartllisad or sprayed with nagaaaiun salts* Nagnaaiun 

daficlmcy ayaptoma of acybMna ware reported In 1930 (15) and in cotton 

in 1932 (15)* Since thaaa early dataa nany invaatigatora hare reported 

nagnaaiun deficiency aynptonn and raap<msaa to nagnaaiun fertilisation 

on a wide rariaty of crops* Baaumsit and Snail (7) inraatigatad tha 
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•ffeeta of low ■agBoslim lavols on •OToatoon crops. Thsy found buck-

idM&tf sptaach, turnips^ oom and tobaeco to bo ■ost affectod; tho aaall 

grains^ graaooa, elowor^ and potatoes to bo onlgr allj^tlj affected and 

other crops to be unaffected. Bcgmtm (10) has reviewed the problsn of 

■agnesiun nutrition of apple trees; Canp (12) and Fudge (17) the use of 

■agiMsiun in citrus fertilisation; and Carolus and Brown (13) the 

■agnssiua problsn in vegetable production. 

Kost of the reports of ■agoesltaa deficiencies have ccbm fron areas 

in the Coastal Plain region along the Qulf of Mexico and Atlantic Ocean. 

Mew Jerssgr research workers (4« 5« 3B) have found that nangr of the soils 

of the Coastal Plains are naturally ladking in nagnssivoa ninerals. The 

sandf soils of this region are also subject to serioiis losses of tho 

eleasnt through the leaching action of the heaey rainfall of the area. 

Bear et al. (5)« in a studr of twenlgr Miew Jorsegr soils^ foui^ the virgin 

Coastal Plain soils ocntained from 400 to 7«400 pounds of total nag-

nesixsi and from 24 to 267 pounds of exchange nagnesiuu. The soils of 

the Appalachian Province contained fraa 7»000 to 23»400 pounds of total 

aagnssivsi and 77 to 1,225 pounds of exchange nagnositBi. 

Bear and Prince (4) estinate that on the average about one-fourth 

of oam per cent of the total nagaesiun in the Mew derseor soils beeoaes 

available annudly; however, the rate of release frma each soil differed 

considerably. Thigr found no deCLnits relati(mship between the total 

■agnesiun in soils and the aaount in tlM exchange eonplex. 

Peach (36) found that aaBy of the virgin MorfolJc light sands of 

Florida had about 10 pounds or less of eacehangsable plus soluble 
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Kagneaim. Tha Summaries of Rorth Carolina Soil Iteata Reaulta (35) 

indicate that the soils of the Coastal Plain region of that stats ars 

atuch loeer in magnesiw than the Piedaont and Ifountain areas. The Soil 

Consenration Service has reported (13) that the drainage waters of tbs 

Coastal Plain have ms to three parts per million of magneslua vdiils 

Tennecsee* KentuelQr« Western Virginia^ Psnnsylrania, and New Tozk waters 

hare four to nine ppw, and those of the aidwestem states hare ten to 

tMsntjjr ppm. fiesson (8) has prepared a generalised map of the occurrence 

of magnesium deficiency in plants. This map indicates that the major 

problems occur in the Coastal Plain region and in the northeastern 

states. Most of those deficimcies ha-ve occurred in regetablesi 

tobacco, potatoes and cotton, 

Magnesiimi deficiency is not confined to the Coastal Plain and 

northeasteni states, howerer, since a few reports are found in the 

literature from other areas, Albreeht et al. (1) hare reported plant 

Sjrmptcaas indicating magnesium dsflcioneles in Missouri, They hare also 

made a sunrey of the magnesium lerels in different regions of the state} 

and found that the area with the highest magnssium content did not haTS 

as mmsh as 240 pounds of avallabls magpMSium per acre. This value was 

oonsidsred to bs msdiom in momt, Ths mean for 600 sagq>les was 168 

pounds wi12i ths lowsst levels occurring in the soutiisni areas of ths 

stats. Sams soils in other areas ars naturally low in magnesium, others 

have become or may become low because of the l<mg time removal of crops, 

particularly those fertilised with eleawnts other than mag^nesivm. 

Magnesium problems occur in some aress following the use of high 
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caleitaa lining matcriala or hea^ application of potash, 

Iho thms basic cations, potassioa, calcium, and magnesium com-

pose the largest portion of the essential nutrient elements found in 

plant ash. Bear and associates (14), lucas ot al. (25) and others httvm 

shown from analjraes of plants grown in soils or other with 

▼S'Tlhg supplies of potassium, ealeivm and that their 
sum, on a chemical equivalent basis, tends to be constant if a speeifio 
Variety of the plant 5m gxKsm under unifona envirtnatental conditions 
except as to the suppty of these cations, Soil~plant literatxire contains 

Bangr exaiqples of interrelationships between oations in soils and plants, 
These investigations indieats that ths absolute amounts of available 
ealcium, potassium ai^ magnesium as well as their relative values, arm 
important in soils to the nutrition of plants. 

As earty as 1901, Loew (24) formulated his theory of the "lime 
factor" for plants. Ibis theory postulated that for best results plants 
require a fairly definite ratio between ealeivBa and magneeium in the 
soil, Lemir was of the opinion that the ratio should be greater than 
two to one or toxieity would result, Ihls theory prompted 
eussion and research. The investigatloaa by Hoser (33) and others 
have led to the concltreion that thore is no definite optlmini c^lctum-
magnesiun ratio. However, research has shown that any extrmae laek of 
balance between these eatitvis may decrease the magnesiuK content of 
plants and decrease yields. 

In the early woric with tobaoco "sanddrown", and 
Mathews (44) found that caleite made the magneeium deficiency worse. 
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Maelntlr* (27) also pointed out that ealeltle Uaeetone auqr aggravate 

inagnesiuB deficlene7 synptoae of plants groim on certain soils, 

ihmter (22) reported that the Keight of alfalfa vras not signifioant^x 

affected by variations from U'.l to 32jl in the soil calcltss-nagneslai 

ratio; however, the per cwit of magnesion in the plants increased as 

the ratio decreased. Bear and associates (4) reported that nagnesimi 

defieienosr aay be induced bjr heavy application of ealoitic llsestone^ 

particularly with shallow rooted crops, 

Haftel (34) grew sorghum in pots containing Hartsells fine saa4r 

loan with vaiying amounts of caleitn, Hs reportsd that ths magnesiui 

eontsnt of the plants deereassd and the calcium increased as the per 

esnt ealcium eaturaticm was increased by ealcium carbonate additions, 

Wien the per cent calcium saturation was inersased by the addition of 

a mixture of calcium and magnesitmi earbonate the per cent magnesium in 

the plants increased and the calciim decreased slightly, 

Mehlich and Ksed (31) and others have reported that increasing 

ths ealcium to magnesium ratio in the soil inersased the ratio of ̂ eae 

elements in the plants; however, tl» ratios in ths plants were different 

from those in the soil, Mshlieh and Reed (30) have also used average 

"o Mg" values (ratio of CaiMg in the soil to Ca» Mg in ths plant) to 

compute the Ca: Mg ratio in a soil needed to obtain average Oa:Mg in 

various crops. The oomputed soil CaiMg ratios were found to bs 6:1 for 

turnips, red clover, alsUce clover, and oatsj 5:1 tor alfalfa* eottoo 

and timoldqr; and 4:1 tcr soybsans. 

Beasley (6), in his stu^y of magnesium deficiencies in Ibnnessee, 

found that there was no definite calcium to ougnecium ratio at which 
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EBgnesluia dsficiency synptoBS would occur in com* Ho found tho aaTlHwni 

ratio at which there were no deficiency ayspttms to bo 10«4)lf while 

the jsiniinuni ratio at which there were deficienqr eysptcBis wae 2*6}1* 

Beasley'e data also indicated that crops nay be able to tolerate wider 

ratios of calcium to magnesium as the quantity of available mafpesium 

increases. 

PotassiiBB seeimi to be the most coo^titive cation in the 

potassium, calcium and magiesium group. Van Itallie (42) found that 

the replacing or competitive abilities of these cations was in the order 

of potassium, magnesium, and calcium. Lundegardh (26) concluded from 

his investigations that the substitution of cations is strongest between 

the outer most ions of the eeriest manganese, calcium, magnesium, 

potassium, and sodium. Wilsm (45) and others have shown that the order 

of the rate of removal of cations from soils by electrodialyses is 

potassium, calcium, and magnesium; and that plants tend to absorb the 

three cations in that order. 

Prince and associates (38) have suggested that the most important 

single factor influencing the uptake of magnesium by plants is the 

quantity of available potassium. Wiey also attribute a large per cent 

of the magnesium deficioncies in Mew Jersey to heav applications of 

potash fertilisers. Boynton and Burrell (11) induced magnesixaa de 

ficiency symptoms in apple leaves by heavy potash fertilization. 

Bower and Pierre (9) reported that potassium fertilizatiwi decreased toe 

magnesium content of seven different crops. Stanfoxl et al.(40) and 

Lucas et al. (25) have repcarted a reciprocal relationship between 
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ealcita and aiagaosium to the potaeelvoi in plants, 

Beaslegr (6) also found that aaipaesiua defieienegr flgra^toms 

oeeurred at vaxgriag potassiua to ■agnssiiai ratios. No noxnal oom 

plants were seen where the ratio in the soil was greater than lt2} 

howemNTf there were mny plants sbowjUig defieienogr ajraptoms where the 

ratio was less than lt2, 

The optiana ratios of aagnesiveif oaleiuo, and potassiuM in the 

soil for plants is no doubt dependent on the oati<m exchange eapaoil^' 

of the soil and the per cent saturation of each cation. Mehlich and 

Beed (31) hawe shown that at constant nagnesiun leTsls in a soil^ 

auLgnesium in plants increases with decreasing exchange oapacitgr. 

Bsbelton and Bq^ton (l6) have sug^sted that the relationship between 

■agnesina and potassiue is as important as absolute amounts in soils 

of low exchange capacity. Mehlich and Reed (29) found that increasing 

the soil potassium saturation reduced the absorption of magaesium Igr 

cotton idants more at lower ealciam saturation than at hiiher soil 

calcium saturation. Bear and associates (5)» from their extensive 

investigations of oaticm equilibria^ have suggested that the exchange 

coaplex of the ''ideal soil" should be occupied by twenty per cent 

hjrdrogtm^ sixty-five per cent ealeium« ten per cmnt magnesiua, and five 

per cent potassium on an equivalent basis. 

Virgin soils are usually depleted of essential elemsnts after 

many years of cultivation unless fertilisers are added. It would be 

expected that magsesium would follow thin pattern. Ames at^ Schollen-

berger (2) made a atudr of a large number of virgin and cultivated soils 
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in Ohio* Ihvgr roisul virgin ourraoo soils ocn'tainsd moro Bugnssiioi 

than ths cultivatsd surfacs soils} howsvor, the subsoils of the eulti-. 

vated areas ocmtained more aagnesiiai than the virgla subsoils* The7 

also foistd that both virgin and cultivated soils had more total and 

soluble magnesiuai in the subsoil than in the surfaee soil, Auten's 

data (3)« from a studjr of northern forest soils and adjaeent eulti* 

▼ated fieldSf support the findings of ^ms and SehoUenbergsr* 

Albrecht and associates (1) have o<meluded that good soil 

manageswnt such as the use of sod crops with fertilisation and Ualngf 

increase Uw nitrogen^ or^^nic matter^ and calcium levels in a soil 

but decrease the magnesium saturation, Ihsjr found that fallowing and 

other poor managmnsnt practices increased the exchangeable smgnesiun 

in the surface soil bj bringing up the lower profile, 

Mehring (32), in his sunmaxx of magnesium in fertilisers, lime, 
and manure, reported that the interest in adding majpiesiuB canying 

materials to mixed fertilisers has increased in recent years because 

of the discovery of ths need of magnssimn for tobacco in 1922 and 

other crops since that tins) the decrease in use of organic materials 

and kainite} the increased interest in neutral fertiliser; and the use 

of other material to displace sand as a filler,, Mshring found, however, 

that the average mixed fertiliser in 1945 contained only 2*07 per cent 

magnesium oxide compared to 2.2d per cent in 1910. He estimated that 

in 1946, 65 per cent of all magnssiun oxide added to the soils of the 

Choited States was from lining materials, about 6 per cent tjrcm ferti* 

Users, 28 per cent from manure, and about 1 per cent from sdscellaneous 

sources. 



 

 

...A... 

u 

Sklnn«r uid Assoolata* (39) oomparad standard and eonosntratsd 

fertilisers in Virginia, North Carolina, South Carolina, and Georgia 

in a niaaber of axperlnaats, Thar found hi^ analraia fertilisers did 

not giro as hi^ a ri^^d as low analrsis fertilisers unless suignesiua 

was added* Volk, et al* (/b3) reported that eagnesiuK in soew fom was 

a neeessaxr suppleoent to hie^ analrsis fertilisers for cotton grown 

(Ml soils with onlr 0*1 to 0*2 aiUiequivalents of exchangeable 

magnesiuB* 

Bear and associates (5) suggest that at least 40 pounds of 

■agnesiun aocide per acre shenld be applied ammallr to crops in 

nagnesiun defieiwit aersas. Bmp point out that this should be in 

a soluble fom for aeid-soil crops on sandr soils* Ther rsconmend 

that hi^ nagnesiun Uaestone be used (m high exchange oapacitj soils 

for crops which grow best at pH 6.0 to 6.5* 

; - ■ h' 

■ "N* 
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CHAPTER XZZ 

UktmiAXB AND METHODS 

Th* soil Mnplss us«S in this turvagr were obtained from several 

eouroes. Most of them were obtained bj selecting erezy tenth ssmple 

received at the Tennessee State Soil Testing Laboratoiy, A few soil 

samples were received frosi agricultural workers who had observed 

magnesium deficiencT' in crops, Otoers were collected tagr the writer 

from experimental and farmers* fields. 

The following deteminations were sMde <m all samplest exehangs* 

able magnesium^ calcium and potassium^ and pR. The socehangeable cations 

were detezmined hv the rapid chemical tests described bjr Peech and 

English (36) with modifications^ as proposed lagr Beaslegr (6). Detailed 

analytical procedures are givm in the Appendix. These procedures are 

knoen to be less accurate than the standard methods} however, the 

simplicity, rapidity, and moderate accuraqr of the tests make them 

suitable for a survey of this kind. Duplicate detezminations were 

found to cheek wiUiin the following limitst magnesium, 20 pounds per 

acre) calcium, 100 pounds at the low and medium levels and 200 pouixis 

at the high levels} and potassium, 10 to 20 pounds. The caleima aikl 

potassixa content of the soil extracts was also determined by the flame 

photometric method described by Toth and Prince (Al). There was ex 

cellent agreement between the rapid ohemieal and flame methods. 

The of the ssi^jIss was detezmined with a Bedcaan potentiometer 

equipped with a glass electrode. The soil-water ratio was adjusted to 

give a thin paste (approximately Itl). 
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Pl&nt tissu* saaplAs w«r« eoUeetad from several species of 

plaists for a detersdnation of their eation omtent. The ashing 

Mthod, as proposed hy Gieseking st al. (20), was used to oocidise the 

organic Matter in the tissue saaqples and to bring the salts into 

solution. The saae procedures were followed fw the dstenainatlcn of 

caloiiat, magnesiisa, and potassitn in the tissue extracts as for the 

soil extracts. 

j, iV JWiTi i"i tii<it'tefiiii 
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PRESBSTATIOM OF DATA 

In ordsr to omtluato tho MigoMltai statua of tha soils of 

Tsnnassoo, this studtjr was divided into several phassst (1) a survsj 

of the socehangeable aapissiuBi in soils of ̂ e major phgrsiographical 

regions of the state; (2) a coaparLson of the amoimts of exchangeable 

calciui and potassim to the aagnesiua in those soils; (3)a sttidjr of 

'Uie cation levels and ratios in certain crops and soils and their 

relation to ■agpesiiai dsficiencj sjrmptosw; and (4) iAvestigation of 

the relation between the application of various liming materials and 

the amount of exshangeable maffiesium and oalciua in soils. 

Four hundred and ninetgr'>one surface soil samples were obtained 

from several counties in five regions of the state for the general survesr, 

These regions were: the Cumberland Plateau, the Highland Rim, the 

Central Basin, the East Tennessee Vallegr, and West Tbnnessee. The parent 

rook and material from tdiich the soils were developed varies a great deal 

within each region; however, the variation in the parent material between 

regions is greater than that within regions. In addition to the soil 

samples used in this survc7, other samples were collected fron the 

Cumberland Plateau and West Tennessee for more specific studies, 

Cuoiberland Flateau 

Ihe soils of the Cussberland Plateau were derived from sandstone 

and sandf shale, Th^if are, in general, low in plant nutrients, veiy 
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stronglj acid, low ia catlon-exohanga capaollgr, and rather shallow. 

Sows of the saa^jr solXe of this area hare profiles siailar to the 

aagnesiua deficient soils of the Coastal Naia* Rather heavy ferti 

liser and Uae applicatioas are reqiiired to produce high crop yields. 

Certain data froa six surface and subsoil saa|des collected 

fjraa woodland areas on the Plateau are presented in Table I. These 

data indicate that the virgin soils of the regicm have low pH values 

and are low in caloiuu, aagaesiua and potassiua. The exchangeable 

calciiai was lower la the subsoils than ia the surface soils, while 

the auignesiua was hi^er in the subsoils. The CaiMg ratios of the 

subsoils are, therefore, narrower than those of the surface soils. 

Since the potassiua in the two horisMS of each soil varies less than 

the aa^tesiua, the KtMg ratios are narrower in the subsoils. 

The pH,exchangeable catioas, aad catioa ratios of 62 soil 

saaples obtained frca cultivated fields in Cumberland Plateau counties 

are shown ia Table II. The aaount of aagnesiua in these soils varied 

considerably, sample number 36 eontalaiag cnly 0.05 me. and sample 

niaiber 33 having 0.53 me. per 100 grams of soil. The average amount 

of magnesium in these samples was 0.24 ne. Siamination of the data shows 

that 43.5 per cent of the saaq;)les tested very low (0.04 to 0.21 me.), 

37.1 per cent low (0.21 to 0.41 ne.}, 19.4 per cent medium (0.41 to 

0.82 me.), and no sample contained enou^ magnesium to test high (above 

0.82 ne.). The magnesium levels In these soils are of the same general 

order as those found ia the sandjr soils of other areas (4,5,37)• 

There have bem jure reports of magaesitai deficiency qrnptc 

from this area than from other sections of the state. Beaslsy (6) 
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TABLE 1 

BXCHANC5EABLB CATIONS, CATION RATIOS AND pH OF SURFACE 
AND I^BSOIL SAMPIES COLLECTED FROM WOODLAND AREAS 

ON THE CUMBmAND PLATEAU 

Sou miUegui'ralents* of Caticms Cation Ratios 
No. Horizons pH Ca Ma K GatMa E:Me 

1 Surface SoU 5.4 1.10 0.08 0.13 13.7 1.63 
Subsoil 5.0 0.87 0.19 0.13 4.5 0.68 

2 Surface SoU 4.8 0.63 0.08 7.80.14 1.75 
SubsoU 4.7 0.50 0.22 0.16 2.2 0.73 

3 Surface SoU 5.0 0.63 0.12 0.10 5.2 0.83 
SubsoU 4.6 0.38 0.25 0.06 1.5 0.24 

4 Surface SoU 5.2 0.95 0.10 0.12 1.209.5 
SubsoU 5.0 0.80 0.15 0.07 5.3 0.47 

5 Surface SoU 4.9 0.76 0.10 0.10 7.6 1.00 
SubsoU 4.7 0.42 0.19 0.08 2.2 0.42 

Nmiequiralents par 100 graas of aoilj 1.0 M.equivalent to 
AOO pounds of oaleiiat, 2A3 pounds of magnsslw, or 7B1 pounds of 
potasslua par two oilUon pounds of soil. 
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TABL5 II 

BCCHANQEABLE CATIONS, CATION RATIOS AND pH OF SURFACE 
SOIL SAMPLES COLLECTE» PROM THE CUMBERLAND PLATEAU 

Saapl* Milliequlv&lentB of Gatlong Cation Ratios 
No. Coimty riB Ga gg K_ 

1 Clalbome 5.5 2.2 0.39 0.15 5.6 0.38 
2 Cunberland 6.5 5.5 0.25 0.15 22.0 0.60 
3 N 7.2 5.5 0.16 0.07 34.3 0.44 
4 n 5.7 2.4 0.10 0.12 24.0 1.20 

5 If 6.3 4.5 0.12 0.12 37.5 1.00 
6 n 6.5 5.0 0.12 0.17 41.6 1.42 
7 R 6.3 5.0 0.12 0.19 41.6 1.58 
8 R 5.5 2.1 0.12 0.15 17.5 1.25 
9 R 5.3 2.1 0.19 0.15 11.0 0.79 
10 R 6.3 4.0 0.17 0.14 23.5 0.82 
U R 4.6 0.6 o.oa 0.18 7.8 2.25 
12 R 4.4 0.6 o.os 0.15 7.8 1.87 
13 R 4.1 0.5 0.08 0.13 6.2 1.63 
U R 6.0 3.0 0.21 0.22 U.2 1.05 
15 R 5.9 3.6 0.25 0.29 U.4 1.16 
16 R 5.6 3.2 0.19 0.29 16.8 1.52 
17 R 5.9 5.0 0.29 0.28 17.2 0.97 
IS R 5.2 1.5 o.u 0.22 10.7 1.57 
19 R 5.3 1.6 0.25 0.19 6.4 0.76 
20 R 5.4 2.2 0.45 0.23 4.8 0.62 
21 R 5.4 2.3 O.U 0.28 5.6 0.68 
22 R 5.5 2.2 0.19 0.28 11.5 1.47 
23 R 5.6 3.6 0.19 0.28 18.9 1.47 
24 R 5.4 3.2 0.27 O.U 11.8 0.52 
25 R 5.7 3.7 0.31 0.23 U.9 0.74 
26 R 5.5 1.7 0.16 0.28 10.6 1.75 
27 R 5.2 1.0 0.21 0.20 4.7 0.95 
2S R 6.0 2.6 0.10 0.17 26.0 1.70 
29 R 5.9 3.7 0.19 0.29 19.4 1.53 
30 n 5.5 3.1 0.12 0.22 25.8 1.83 
31 R 5.9 3.7 0.31 0.27 U.9 0.87 
32 Pantrass 6.7 5.2 0.06 0.12 86.6 2.00 

33 Orundp 6.0 2.5 0.53 0.27 4.7 0.51 
34 II 5.9 5.2 0.14 0.22 37.1 1.57 
35 Hamiltoa 5.2 3.0 0.27 0.13 U.l 0.48 
36 Hancock 5.6 0.9 0.05 0.11 17.4 2.20 

37 Marion 6.3 2.7 0.16 0.09 16.8 0.56 
3S Overton 6.9 5.2 o.u 0.20 12.6 0.49 
39 R 6.3 3.2 0.25 0.05 12.8 0.20 

40 R 6.7 7.5 0.12 0.15 62.5 1.25 
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TABLE II (eontinuAd) 

SICHANGEABLE CATIOMS, CATION BATIOS AND pH OF SURFACE 
son.SAKPLES COLLECTS) TBIM THE CUKBSRLAND PLATEAU 

Samplt Milllequlvalents of Cations Cation Ratios 
No. County oH Ca M* K CaiMa 

41 Ovorton 6.3 3.2 0.19 0.14 16.8 0.74 
42 N 7.2 7.5 0.19 0.12 39.4 0.63 
43 M 5.9 3.7 0.29 0.28 12.7 0.97 
44 N 6.4 3.7 0.23 0.15 16.0 0.65 
45 Piekatt 6,1 5.2 o.a 0.20 12.6 0.49 
46 Putnam 7.5 7.5 0.37 0.38 20.2 1.03 
47 n 6.4 3.8 0.25 0.28 15.2 1.12 

46 N 6.4 3.8 0.47 0,29 8.0 0.62 
»49 7.0 7.5 0.47 0.14 15.9 0.30 

50 H 7.4 5.5 0.14 0.09 39.2 0.64 
51 Rhoa 6.1 8.5 0.21 0.08 40.4 0.38 
52 Warron 5.6 5.5 0.29 0.20 18.9 0.69 
53 M 6.0 3.1 O.a 0.17 7.5 O.a 

«54 5.8 2.1 0.25 o.u 8.4 0.56 
55 • 6.5 5.2 0.35 0.27 14.8 0.77 
56 N 5.8 2.2 0.37 0.15 5.9 o.a 

«57 7.0 6.5 0.49 0.31 13.2 0.63 
«58 7.3 6.0 0.25 0.15 24.0 0.60 

59 • 6.6 4.0 0.08 0.10 50.0 1.25 
60 Mhlta 5.8 1.3 O.a 0.17 3.1 o.a 

»61 6.3 3.5 0.43 0.26 8.1 0.60 
62 N 5.9 2.2 0.31 0.13 7.1 0.42 
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voil «aa|>les trcm. fiftetn corn fields on ths Platsnu that 

•tewid Bftgnssiiai dsflclfln«gr ^fiq>tau* Fonrte«n of thss* soils eMtaimd 

loss than 0*3 no* of axchaageablo ■Agnositn. Soils frca two oom fiolda 

without deficionqr eynptosui c<mtainod 0.4 and 0.6 m» of oagnesiun, 

Baasloy also found that tho soils of six fields producing t obaoco with 

out dsfieioaagr hyi^ptom ecmtainod froa 0*49 to O.Sd no. of magnosiiaa, 

whereas, the soils of six fields hawing plants with defieisntqr sgmptons 

ocmtained fr<a 0*25 to 0.42 as. 

Ihe ealeulatsd cation ratios of the Plateau soils are included 

in Ikble II. Sie range of the CatMg ratios was fron 3«ltl to d6.6}l, 

with an awerage of 15.4:1. Fortjr-ssTen of the 62 saaples or 76 per oent 

had ratios greater than lOtl. The pH and ealciun lerels in aangr ef 

these soils indicate they had been lined with oalcite limestonei there 

fore, aanisr of the wide CatXg ratios are due to the relatiweV hl^ 

exchangeable oalciua content of the soils as well as to the low magnesias 

lerels. The KiKg ratios varied between 0.20 and 2.25, with a mean of 

0.79. Fiftj of the saaples had ratios greater than 1:2 or 0.5. 

Magnesium deficiency ayaptoas were observed in broccoli, sweet 

«om, dent com, and snap beans on the Ctmberland Plateau in 1950. 

Large areas of magnesium deficient plants were present in fields of 

normal plants. The broccoli and bean leaves of the affected plants 

were ohlorotic between the veins as the crops approached sMturltgr. nie 

com leaves showed the characteristic strlpeing between the veins in the 

early stages of growth. The sweet com continued to show this stripeing 

until aiaturity, whereas the younger leaves of the dent com worn norsal 

in color. All of the fields had received rather large amounts of 
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e&leitlo UiMstoM ftad alxad fertlllMr* Cflaposite BtmjUim of loavos 

frcsi boUi nomal and magaosltn deficient plants wers coUeeted for 

analjrBls, Sarfaeo soil sanplss wsro also takon frcn the arsM* 

Tabla 111 eontaina the cation valuea and ratios of these tissoe and 

soil samples. 

These data show that: (1) the aagnesiim was veiy low in all the 

soils, being sosMWhat lower in the soils producing magpeslm deficient 

plants except the soU producing abnomal broccoli} (2) the exchangeable 

calcium was hii^er in the soils producing magassium deficient plants 

except in the soil producing sweet com;(3) the GatMg and the KtMg 

ratios were wide in all the soils, howerer, thcgr were wider In the 

soils producing plants exhibiting magseeium deficicnogr flonnptoas; (4) 

although the son of the cations in the leaves of the abconaal plants 

was approxlnately the same as that in the noraal leaves, the magnesium 

in the plants with deficiencj sTaptCBu was lower than that in the normal 

leaves, idiile the calciiai and potassium content was higher;(5) the 

CatNg and KtMg ratios,therefore, wen wider In the magnesium-deficient 

leaves; and (6) the CatMg ratios in the leaves were narrower than the 

ratios in the soils, whereas, the KtMg ratios In the leaves were wider 

than those in the soils. 

It has been suggested that the more soluble forms of magnesium 

should be applied annually to acid-soil crops growing <m sandf^ lew 

exchange capacity soils or to crops growing on soile hi^ in calcium 

and potassium in magnesium-deficient areas. However, dolcmitic lime* 

stone is reecnmsnded for crops that are grown to best advantags en a 
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TABLE IV 

EXCHANGEABLE CATIONS, CATION RATIOS AND pH OF SURFACE SOIL SAMPLES 
COLLECTED FRCM PLOTS RBCEIVINO VARIOUS LIMING TREATMENTS 

ON THE CUMBERLAND PLATEAU EXPERIMENT STATION 

MilUttquivalemts 
of Cations Cation Ratioo 

Treatamt pH Ca Mk "T" Ca:Mic KtMg 

Nona 5.1 0.7a 0.26 0.29 3.0 1.12 

1 Ton Caloitio lijMstcMM 5.3 1.70 0.25 0.28 6.8 1.12 

2 Tbna Caleitlc LiaMstono 5.d 3.30 o.ia 0.24 18.3 1.33 

1 Ton Caleliai Silicata Slag 5.3 1.90 0.31 0.23 6.1 0.74 

2 T<Mia Galeitu Silicata Slag 5.5 3.20 0.25 0.24 12.8 0.96 

Z,5 Toaa Caloiua Silicata " 5.a 3.70 0.22 0.2a 16.8 1.27 

1 Ton Dolcaitic Liaaatc»ia 5.4 1.50 1.01 0.26 1.4 0.26 

2 Tana Doloaitie Llaastone 5.a 1.90 1.13 0.24 1.6 0.21 

2.5 Tons Dolaaitie Linaatona 5.9 i.ao 1.29 0.23 1.4 0.18 
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wvU-llBsd soil. Sines aost of the crope produced on the Cumbexw 

land Plateau, except for acom vegetable crops, are in the latter cate-

goxy, doloBiitic liaeetone should be preferable to the lowHsagnesiua 

lining natarials normalljr used in the area. Magnesium deficiency 

gjmptcsis have been observed in com on plots at the Cunberland Plateau 

Bbqwrinent Station receiving calcitio liaestone. Adjoining plots of 

com, treated with dolonitic liaeetone, did not show these deficiencgr 

sgnsptoms. Soil samples were taken flrcn the series of plots receiving 

various kinds and amounts of lining aaterials to detemine their pH 

and exchangeable cations. The samples wexu collected and analysed 

about two years after the plots were lined. The analyses are pre 

sented in Ihble IT. These data reveal that dolcsiltie limestone was 

an excellent source of available magnesium as well as calcium. The 

ealcitic liaestone and the calcitmt silicate slag, especially at the 

hig^st rates, increased the exchangeable calcium to such a high level 

that the CatMg ratios were much wider than those of the unlimed soils. 

Highland Bim 

The soils of this region were developed from cherty liaestone, 

with some shale and sandstcme parent material at the hi^»r elevations. 

They are generally considered to be higher in fertility than the aoile 

of the Cumberland Plateau. Relatively few cases of magnesium dsficiency 

eymptoms have been reported in this area. Beaelay (6) observed eight 

fields of com on the Highland Rim stxhibiting magnesium dsficiency 

soils contained from 0.29 to 0.78 ms. of magnesium, while 

the CaiNg ratios were from 7,5x1 to 20.6tl. 
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pH, «xohang9abl« oations, and eatloo ntiea of 91 aoil 

•amplea eoUeetad froai ooontlas in this aroa ara giann in ftiblo V. 

lha oxobangaablo nagnasiun varied froa 0.08 to 1.60 no., avazaging 

0.54 ao. Thie avexaga aaonnt of aagnaaiua is over twice that of the 

Flataatt saaplos. the parcantaga of the aoila tasting vaiy low, low, 

aadica, and high wars 6.6, 25.3, 53.8, and U.3 raapacUTaly. the 

Catlfg ratios varied froa 2,0il to 62.5tl. The average ratio for all 

saiqiles was 9.2tl. Forty-four, or 48 per oent, of the soils had ratios 

greatar than lOil} thirty of the soils had pH values greater than 6.0, 

The pH and the ealeiua levels of these soils indicate a prograa 

on the fields had been followed. The average amount of potaasitai in 

the soils of the Midland Bia was about the saae as that in the Platosa 

soils} however, the aean KiHg ratio was only 0.37 eoapared to 0.79 for 

the Plateau saaplas. 

Central Basin 

The soils of this regioB were derived for the aest part froa 

liaestones, and are considered to be aaong the aost fertile soils of the 

state. A few eases of defioienoyr djraptcas siailar to those caused by a 

aaffwsiua deficiency have been reported froa this area. Recent studies 

on erop respmse to sine, aagnesiua, and other aicro-eleasnts, however, 

indicate that aeny deficiency djr^ptass in com reported in this area auy 

have been caused by inadequate zinc rather than aagnesiua. 

Results of analyses of $3 soil saiqtles froa counties in the 

Central iasin are presented in Table TI, The exchangeable aagnesiw 
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TABUE 7 

KSCHANOEABLE CATIONS, CATION BAHOS, AND pH OF SURFACE 
SOIL SAMPLES COLLECTED FROH THE HIGHLAND BBf 

Saapl* HlUlequlvalonts of Cations Cation Ratios 
No. Countr dH Ca Ms K Ca:Ms KtMs 

1 Cannon 5.7 5.0 0.08 0.10 62.5 1.25 
2 H 5.9 7.5 0.72 0.24 10.4 0.33 
3 m 6.2 6.5 0.47 0.18 13.8 0.38 
4 M 5.7 6.0 0.49 0.14 12.2 0.29 
5 Cla7 5.6 6.2 1.27 0.18 4..8 o.u 
6 m 5.9 3.6 o.a 0.46 8.7 1.12 
7 Coffoa 6.1 3.5 0.12 0.09 29.1 0.75 
8 DaKalb 5.3 1.2 0.10 0.04 12.0 0.40 
9 M 6.8 6.2 0.62 0.09 10.0 0.15 
10 Diskson 7.0 8.2 0.43 0.22 19.0 0.51 
11 N 5.4 2.6 0.88 0.23 2.9 0.26 
12 N 6.2 2.8 0.35 0.17 8.0 0.49 
13 « 6.0 6.2 0.72 0.38 8.6 0.53 
14 Franklin 5.5 3.2 0.41 0.20 7.8 0.49 
15 Giles 6.5 6.2 0.53 0.28 11.7 0.53 
16 w 5.8 6.0 0.66 0.38 9.0 0.59 
17 N 5.7 4.7 0.49 0.04 9.5 0.08 
18 N 6.2 5.8 0.47 0.10 12.3 0.21 
19 Biekiaan 5.8 4.7 0.41 0.18 11.4 0.44 
20 H 5.9 5.8 0.53 0.10 10.9 0.19 
21 Rmi^regrs 6.1 2.8 0.43 0.13 6.5 0.30 
22 Jaekstm 5.7 5.8 0.51 0.20 11.3 0.39 
23 m 6.4 11.7 0.91 0.26 12.8 0.29 
24 Lavrene« 5.6 6.5 1.03 0.29 6.3 0.28 
25 N 6.5 7.2 0.72 0.59 10.0 0.82 
26 N 5.5 4.2 0.25 0.06 16.8 0.24 
27 N 6.3 4.5 0.31 0.13 U.5 0.42 
2d « 5.7 2.6 0.37 0.20 7.0 0.54 
29 M 6.0 2.3 0.12 0.09 19.1 0.75 
30 « 6.9 4.8 0.21 0.12 22.8 0.57 
31 « 5.2 2.0 0.29 0.13 6.9 0.45 
32 « 5.4 2.0 0.53 0.18 3.7 0.34 
33 • 6.4 4.7 0.83 0.27 5.6 0.33 
34 M 5.1 1.0 0.12 0.08 8.3 0.67 
35 M 5.2 2.5 0.39 0.18 6.4 0.46 
36 N 6.8 4.0 0.19 0.13 21.0 0.68 
37 « 5.6 5.0 0.78 0.26 6.4 0.33 
38 m 5.7 4.5 0.66 0.13 6.8 0.20 
39 Maeon 6.4 4.5 0.23 0.12 19.5 0.52 

¥? 6,7 7.Q o»4i 0,:^7 16.6 0.40 
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TABLB V (eontiauwl} 

EXCHANGEI^BLS CAHONS, CATION R4nOS« AND pH OF SURFACB 
son. SAMP1£S COUECTSD FROM THS HIGHLAND RIM 

Sanpl* 
No. County pH Ca Ml? K CatMft KtMa 

a Kaeon 6.3 3.8 0.29 0.27 13.1 0.93 
42 n 5.3 2.5 0.37 0.04 6.7 0.11 
43 Mdntgoaeiy 3.2 7.0 0.53 0.04 13.2 0.08 
44 » 6.5 4.7 0.58 0.20 8.1 0.34 
45 9 7.3 6.2 0.66 0.42 9.3 0.64 

• 6.7 4.7 0.56 0.23 8.3 o.a 
47 m 6.1 4.7 0.41 0.17 11.4 o.u 
43 6.4 6.0 1.19 0.19 5.0 0.16 
49 6.7 5.0 0.62 0.56 8.0 0.90 
50 M 5.9 3.7 0.45 0.20 8.2 0.44 
51 » 6.1 3.8 0.25 0.06 15.2 0.24 
52 K 5.1 2.7 0.68 0.13 3.9 0.19 
53 N 5.9 3.5 1.03 0.15 3.4 0.15 
54 Moore 6.3 6.8 0.53 0.13 12.8 0.25 
55 Robertson 5.6 5.5 0.29 0.10 18.9 0.34 
56 N 6.5 7.0 o.u 0.13 17.0 0.32 
57 n 7.0 5.2 0.37 0.10 13.6 0.26 
53 N 5.4 5.0 1.35 0.29 3.7 0.83 
59 N 5.9 5.2 0.56 0.24 9.2 0.43 
60 N 6.9 7.7 0.39 0.20 19.9 0.51 
61 It 5.7 1.5 0.29 0.17 6.0 0.59 
62 N 5.6 3.3 0.49 0.14 6.7 0.29 
63 R 6.0 3.7 0.45 0.20 7.5 O.U 
64 R 5.3 4.2 0.45 0.28 9.3 0.62 
65 « 5.3 4.7 0.56 0.13 8.3 0.23 
66 N 5.2 5.2 1.05 0.26 4.9 0.25 
67 6.2 5.2 0.74 0.29 7.0 0.39 
63 • 5.7 3.6 0.35 0.20 10.2 0.57 
69 m 6.6 5.5 0.45 0.18 12.2 0.40 
70 N 7.0 6.2 0.27 0.26 22.9 0.96 
71 R 5.9 4.2 0.29 0.10 14.4 0.34 
72 Stewart 6.4 4.7 0.82 0.24 5.7 0.29 
73 Suaner 6.8 5.5 0.33 0.12 16.6 0.36 
74 n 6.3 5.7 1.60 0.43 3.5 0.27 
75 R 6.7 4.2 0.70 0.31 6.0 0.44 
76 R 5.7 6.2 0.74 0.12 8.3 0.16 
77 R 6.3 8.5 0.60 0.18 U.l 0.30 
78 R 7.2 8.5 0.58 0.46 U.6 0.80 
79 R 6.0 5.7 0.82 0.19 6.9 0.23 
80 R 5i7 4t,5 0.55 0.22 o,4P 
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tABLB V (coneludMi} 

SKCHAIiGEABLB CATIONS, CATIOir RATIOS, AND pH OF SURFACE 
SOIL SAMPI£S GOLI£CTBD PBCM THE HIGHUND RIM 

Sample MlllleculvalontB of Catlona Cation Ratloa 

SI jftaanar 6.1 3.1 0.55 0.27 5.5 0.49 
S2 N 7.8 4.0 0.37 0.22 10.8 0.59 
S3 N 5.7 4.0 0.60 0.23 6.6 0.38 
84 N 6.2 6.1 0.47 0.09 12.9 0.19 
S5 6.9 7.5 0.49 0.09 15.3 0.18 
S6 a 6.9 7.0 0.33 0.06 21.3 0.18 
S7 « 7.0 7.0 0.31 0.05 22.5 0.16 
SS Marran 5.4 1.5 0.74 0.2S 2.0 0.38 
S9 Va/na 6.3 5.5 0.49 0.20 11.8 o.a 
90 N 5.2 3.3 0.37 0.12 8.9 0.32 
91 White 6.3 6.2 0.82 0.24 7.5 0.29 

S 
, > 

■i 

I-miAir^'iiifTiV'-'-* r ' r iii - -i- ■'rarA'g i"''i n^' . 

ii 
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TABLE ?X 

EXCHANGEABLE CATIONS, CAHON RATIOS AND pM OP SURFACE 
SOIL SAMPLES COLLECTED FRGK THE CENTRAL BASIN 

Sample MlUieaulyalents of Cations Cati(« Batlos 
Mo. County oh Ga Hx K CatHR Xtlu 

X Bedford 5.7 10.5 0.56 0.13 18.7 0.23 
2 Dayideon 5.6 2.2 0.58 0.20 3.7 0.34 
3 It 5.4 3.3 0.43 0.18 7.6 0.42 
4 R 6.4 6.5 0.78 0.20 8.3 0.26 
5 R 7.4 U.O 0.68 0.10 20.5 0.15 
6 7.4 11.0 1.09 0.51 10.1 0.47 
7 R 6.9 15.0 1.23 0.48 12.2 0.39 
B R 7.1 7.7 0.53 0.09 14.4 0.17 
9 R 6.1 8.2 0.99 0.24 8.2 0.24 
10 R 6.4 7.5 0.97 0.22 7.7 0,23 
11 R 5.1 3.2 0.47 0.12 6.8 0.26 
12 R 7.3 6.0 1.03 0.31 5.8 0.30 
13 R 6.1 7.5 0.A3 0.09 17.4 0.21 
14 R 5.9 5.5 0.51 0.20 10.7 0.39 
15 R 7.0 4.2 1.09 0.09 3.8 0.08 
16 R 5.4 5.2 0,74 0.22 7.0 0.30 
17 R 5.6 4.0 1.66 0.34 2.3 0.20 
Id R 7.1 11.0 1.19 0.70 9.2 0.59 
19 R 6.5 6.5 0.39 0.04 16.6 0.10 
20 R 6.2 6.5 0.62 0.27 10.4 0.44 
21 R 7.2 7.5 0.70 0.89 10.7 1.27 
22 R 5.9 2.1 0.37 0.14 5.6 0.38 
23 Lincoln 5.4 6.0 0.37 0.09 16.2 0.24 
24 R 6.2 4.2 0.28 0.08 15.0 0.29 
25 R 5.5 3.1 0.37 0.13 8.3 0.35 
26 R 6.0 2.6 0.51 0.26 5.1 0.51 
27 R 7.2 15.0 0.66 0.28 22.7 0.42 
28 R 6.6 10.0 1.20 0.13 8.3 O.U 
29 H 5.4 8.5 0.76 0.08 11.1 0.11 
30 7.3 3.8 0.08 0.04 47.5 0.50 
31 Beuiy 6.1 12.5 0.53 0.14 23.5 0.26 
32 R 6.1 5.3 0.62 0.15 8.5 0.24 
33 e 5.6 7.5 0.62 0.08 12.5 0.13 
34 R 6.8 13.5 0.62 0.17 21.7 0.27 
36 It 6.8 6.7 1.03 0.45 6.5 0.44 
36 II 6.5 4.7 0.62 0.12 7.5 0.19 
37 HmnhaH 6.4 6.2 0.53 0.23 11.7 0.43 
38 tt 5.2 5.2 0.47 0.20 11.0 0.43 
39 1$ 5.8 6.0 0.43 0.28 13.9 0.65 
AO Rutherford 5.9 U.5 0,72 0.29 ^5.9 0,40 
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TAHLB 71(oontlmwd) 

EXCHANQSABLE CATIOHS, CATION RATIOS AND pH OP SURFACB 
son. SAMPIES COLLECTED FROM THE CENTRAL BASIN 

NUlloQuitalanta of Cationa Cation Batios 

Mo. County »H Ca M« K Ca:M« Ktlte 

U Ruthox^ord 6.3 6.2 0.62 0.15 10.0 0.16 

42 II 6.7 6.0 0.45 0.22 17.7 0.49 
43 n 5.6 4.7 0.53 0.24 6.6 0.45 
44 N 7.1 7.5 0.56 0.46 12.9 0.79 
45 R 7.4 11.7 0.56 0.29 20.6 0.52 
46 R 5.3 4.7 0.53 0.20 6.6 0.36 
47 R 6.0 5.6 0.53 0.16 10.9 0.34 
46 aidth 6.0 7.0 0.41 0.12 17.0 0.29 
49 R 6.6 5.0 1.21 0.51 4.1 0.42 
50 R 7.4 5.7 1.05 0.51 5.4 0.49 
51 R 5.6 3.6 0.51 0.10 7.0 0.20 

52 R 5.9 6.2 0.45 0.06 13.7 0.13 
53 R 6.7 6.7 0.53 0.35 12.6 0.66 
54 R 5.4 3.0 0.60 0.16 3.7 0.23 
55 R 7.0 7.7 0.72 0.06 10.6 0.11 

56 R 6.4 7.5 0.99 0,42 7.5 0.42 

57 R 5.9 3.6 0.56 0.24 4.0 0.27 
56 R 5.8 5.2 0.37 0.10 9.2 0.18 

59 R 7.0 5.2 0.37 0.10 u.o 0.27 
60 R 6.5 5.7 0.66 0,56 6.3 0.65 
61 H 5.6 5.6 0.49 0.31 U.6 0.63 
62 R 6.1 4.7 0,31 0.20 15.1 0.65 
63 Trousdalo 7.0 11.0 0.49 0.22 22.3 0.45 
64 R 5.4 3.3 0.33 0,10 10.0 0.30 
65 Williaason 5.7 1.7 0.66 0.20 2.5 0.29 
66 R 5.7 4.0 0.43 0.10 9.3 0.23 
67 R 5.7 1.0 0.19 0.15 5.2 0.79 
68 R 7.0 U.7 0.45 0.12 26.0 0.27 
69 R 6.0 5.6 0.76 0.17 24.1 0.22 

R70 6.5 6.2 0.33 0.22 16.7 0.67 
71 R 7.0 10.5 0.21 0.09 50.0 0.43 
72 R 6.7 4.5 0.35 0.06 12.6 0.17 
73 R 6.7 6.2 0.45 0.16 16.6 0.40 
74 R 7.2 13.5 0.35 0.05 36.6 o.u 
75 R 7.0 10.5 0.25 0.14 42.0 0.56 
76 Wils<m 5.6 6.7 0.56 0.09 11.5 0.16 
77 R 5.6 7.5 0.91 0.16 8.2 0.20 

78 R 6.2 6.2 0.62 0.09 9.1 0.13 
79 H 6.2 7.5 0.56 0.26 12.9 0.45 
60 8,2 0.29 OMR .6.2 . 9t70 «»7 
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TABLE VI (ooncltid«d) 

EXCHANGEABLE CATIONS, CATION RAUOS AND pH OP SUEFACS 
SOIL SAMPLES COLLECTED PRGM THE CENTRAL BASIN 

Saapl* Milliequivalenta of Cations Cation Ratios 
Mo. County oH Ca Me K 

81 Wilson 6.2 7.7 0.60 0.20 12.8 0.33 
82 M 5.0 5.2 0.93 0.32 5.5 0.34 
83 N 5.6 8.5 0.56 0.06 15.1 0.11 
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varied fra« 0.08 to 1,66 m. The average aacmat for these soils was 

0.63 ae.f which is aore than two and one-half times greater than the 

average for the Conberland Plateau and slightly than the average 

Bagneeivna content of the Highland Rim soils. The percentage of the 

samples testing ve>y low, low, medium, aai high were 2.4# 16.9> 62.7, 

and 18.0 respectively. The CaiMg ratios ranged between 2.3jl and 50il 

averaging 10.9tl for the area. Pmrty-nine or 60 per cent of the samples 

had ratios greater than 10:1. Thirty-two of the latter soils had pH 

values greater than 6.0. Only thirteen of the 83 samples had KtMg 

ratios greater than 1}2. 

Beaslsy (6) found eight com fields in this area showing nAat 

he ocmsidered to be magneeitaa deficiency sjnsptcme. The magtMsiiB in 

these soils varied from 0.5 to 0.95 ne., and the Ca:Mg ratios varied 

from 9*2:1 to 18.1:1. Seven of the fields had received oalcitic lime 

stone} five of these had a pH greater than 7.0, while the other two had 

pa values of 6.1 and 6.9. Thn com fields in this area without deficiency 

Syaptcms had from 0.62 to 1.52 me. of nagaesima and CaiMg ratios of 

4.8:1 to 10.4)1. The KiMg ratios were relatively narrow in all the soils. 

Bast TemMSsee Tallcy 

The soils of the Bast Temieesee Valley were derived from dolomite, 

dolomitic limestone, calcitic limestme, calcareous shale, and sandstone) 

the great majority is derived from the limestones. The agrioulttiral 

lime used in this area ie largely from high-magnesium limestone, there 

fore, limed soils regardless of their parent material would be expected 
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to b« rather hi^ In magneeiun. 

Ihe pH,cation le-fela and cation ratios of 125 soil sanpleo fron 

this aroa are xrecordsd in Table Til* The exchangeable laagiaeelMi 

ranged tram 0.10 to 1*93 ^average for the area was 0*93 

Forty per cent of the sanples tested high« Uh*9 per cent aediuHii 12.6 

per cent low, and only 2.4 per e«at tested vezy low. The CatMg ratios 

of the sanples vazdsd between 2.0il and 22.4tl, wi^ a oean of 5.d:l. 

Only 13 per cent of the 125 saaqfOei had CatMg ratios greater than 10tl. 

Thirteen of these 19 samples bad values greater than 6.0. The 

average amount of potassiun in 'Wiie soils of this region was souwhat 

higher than the other areas; however, only 30 of the soils had KtMg 

ratios greater than 1:2. 

Vest TManeeeee 

This region of the state includes soils derived froai loess, 

mmrixM deposits of sand and clay, and alluviun deposited by ̂ e 

Tennessee and Mississippi fiivers. Ths soils arc younger than nost of 

the soils in other regions of the state. Belatively few known eases of 

magnesium deficiency sys4>tocM have been reported from this region. 

One hundred and thirty saaqjles from this area were analysed. 

The results are shown in Table Till. The magnesium ranged between 0.12 

and 2.63 with an average of 1,12 me. Over ©as-half of the samples 

contained more than 1.0 me. of exchangeable magnesium. The percentage 

of the samples testing very low, low, medium and hi^ were 0.8, 5*4, 

23.8 and 70.0 respectively. These data reveal that most of the soils 
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of this Togimi are nueh higher In magnesium than the other regions of 

the state. The CaiMg ratios of the soils were from 0.3}1 to 20*5il 

with an average of Onlj 12 of the saai>le8 had ratios greater 

than 10:1; seven of these had pH values greater than 6»0» The mag 

nesium was hi^ enough In 123 of the 130 soils to give K:Mg iratlos 

less than 1:2. 

Kagneslum deficiency symptams were seen In com fields in Plardln 

County In 1950. Soil samples from five fields with Mgnesitai deficiency 

symptoms and frcsa one field of normal com were ana!]yxed. The results 

are presented In Table IX. It will he noted that the exohangeable 

magnesium In the soil on which normal com was growing is much greater 

than in the soils producing deficient plants. Differences in the pH 

values and the CarMg ratios are of some Interest. Fields five and six 

had received six tons of ealolum ailleate slag In 1945> while the adjoin^ 

Ing field, one, received only 4.5 tons of slag. Fields two and three 

received moderate appllcatlona of coarsely-ground limestone, while field 

two was not limed. The exchangeable nagneelum In these soils is less 

than that found in the average We&t Tmrnneesee soil. Thsy are terrace 

soils in the Tennessee Mver alluvlan areas, whereas, most of the 

samples reported in Table VIII were from the loess area. 

Ttw data presented in Tables II, V, VI, VII and VIII have been 

•vmsarised. The range and mean values for the exchangeable cations la 

the soils of each region aim given in Table X. Hie per cent of the 

soils in each reglrni testing veiy low, low, medium, and higher Is 

presented in Table XI. The range and mean Ca:Mg and KtMg ratios of 

the five regions are given in Table XII. 
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TABLE Vn 

EXCHANQEABLB CATIONS, GAnON BATIOS AND pH OP 3UBFACB 
SOIL SAMPLES COLLSCTSD PRCM THE EAST TENNSSSSB VALLET 

Cation Ratios 
Ho. County pH Ca Ma K CajM« KtMa 

1 Bladaoo 6.3 4.7 0.62 0.35 7.6 0.56 
2 Blount 5.5 4.7 0.95 0.20 4.9 0.21 

3 5.8 4.7 0.51 0.08 9.2 0.16 
4 N 7.5 4.2 1.09 0.15 3.8 0.14 
5 Bradl«gr 5.5 7.5 0.99 0.28 7.5 0.28 
6 M 6.1 7.5 0.56 0.12 13.3 0.21 

7 H 5.3 2.2 0.43 0.15 5.1 0.35 
8 6.6 4.0 1.44 0.18 2.7 0.13 
9 M 5.4 5.2 0.64 0.17 8.1 0.27 
10 5.5 2.7 o.u 0.29 6.5 0.71 
n Cartor 6.0 3.5 1.35 O.U 2.5 0.08 
12 6.4 5.5 1.85 0.18 2.9 0.10 

13 H 6.3 4.5 0.49 O.U 9.1 0.22 

14 M 7.2 4.5 1.15 0.12 3.9 0.10 
15 11 5.8 3.7 1.01 0.19 3.6 0.10 
16 H 5.5 2.7 0.56 0.38 4.8 0.68 
17 II 6.2 3.1 0.76 0.36 4.0 0.47 
18 N 6.1 5.2 0.66 0.24 7.8 0.36 
19 Cartar 7.4 6.7 1.89 0.38 3.5 0.20 
20 • 7.1 5.7 1.68 0.33 3.3 0.20 
21 H 5.6 2.1 0.49 0.18 4.2 0.37 
22 II 6.8 7.2 1.68 0.20 4.2 0.12 

23 6.3 4.2 0.64 0.28 6.5 0.44 
24 R 5.9 3.1 0.43 0.28 7.2 0.65 
25 . R 6.1 6.0 0.97 0.28 6.1 0.29 
26 R 6.8 6.5 1.68 0.27 3.8 0.16 
27 Goeka 6.1 4.5 0.58 0.08 7.7 0.14 
28 R 7.0 4.5 0.99 0.44 4.5 0.44 
29 Gralngar 5.8 4.0 0.35 0.17 U.4 0.49 
30 R 5.7 7.0 0.78 0.28 8.9 0.36 
31 R 5.9 3.2 0.47 0.27 6.8 0.57 
32 Graana 5.2 2.2 0.33 0.10 6.6 0.30 
33 R 5.5 8.0 0.91 0.20 8.7 0.22 

34 R 6.5 4.0 1.35 0.23 2.9 0.17 
35 R 5.3 2.5 0.19 0.06 13.1 0.32 
36 R 5.3 1.5 0.33 0.23 4.5 0.70 
37 R 6.3 2.5 0.66 O.U 3.7 0.17 
38 R 5.8 1.7 0.33 0.18 5.1 0.55 
39 R 6.5 3.7 0.49 0.13 7.5 0.06 
40 R 5,8 5,2 0.66 0.12 7,2 0,17 
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TABLE m (continued) 

EXCHANGEABLE CAnONS, CATION RATIOS AND pH OP SUBPACS 
SOIL SAMPLES CQLLECTSD FROM IHE EAST TENNESSEE VALLBT 

Sample MilUecmiyalents of Cations Cation Ratios 

No. County dH Ca Mr K Ca:MiE K:M« 

U Greene 5.0 4.7 0.68 0.14 6.9 0.21 

42 It 8.0 11.7 0.29 0.26 40.3 0.90 

43 Haablen 6.3 6.7 0.78 0.24 8.5 0.31 

44 If 5.8 2.5 0.31 0.10 8.0 0.32 

45 » 6.7 4.7 0.78 0.17 6.0 0.22 

46 It 5.6 4.0 0.47 0.27 8.5 0.57 

47 N 6.4 3.7 0.62 0.08 5.9 0.13 

4S Hancock 6.0 7.0 1.07 0.63 6.5 0.59 
49 ft 6.3 5.0 0.58 0.33 8.6 0.57 

50 It 5.9 5.2 0Jlt5 0.26 11.5 0.58 

51 Haidcine 6.6 6.2 1.60 0.18 3.8 0.11 

52 n 5.4 4.7 0.51 0.20 9.1 0.39 

53 n 7.3 8.2 0.45 0.32 18.2 0.71 

54 M 6.4 5.2 0.58 0.28 8.9 0.48 

55 Joffersm 6.0 6.7 0.74 0.20 9.0 0.27 
56 6.8 6.7 1.93 0.28 3.4 0.15 

57 R 5.8 3.6 0.78 0.23 4.6 0.29 
58 KaoK 5.4 2.2 0.88 0.20 2.5 0.23 
59 N 5.4 7.2 0.92 o.u 7.8 0.15 
60 It 5.8 6.5 0.56 0.22 11.7 0.39 
61 It 7.9 6.2 1.72 0.27 3.6 0.16 
62 tt 5.4 3.6 0.53 0.23 6.5 0.43 
63 N 5.8 2.7 0.99 O.U 2.7 O.U 

64 tt 5.2 2.5 0.62 0.27 4.0 0.44 
65 M 6.5 4.7 0.21 0.09 22.3 0.43 
66 It 7.2 2.8 1.03 0.18 2.7 0.17 

67 Johnson 7.4 6.2 1.81 0.11 3.4 0.06 
68 R 5.5 1.2 0.33 0.20 3.6 0.61 

69 R 6.2 4.5 1.03 0.22 4.3 0.21 

70 Louden 6.7 7.0 0.91 0,35 7.7 0.38 

71 « 5.3 3.2 1.35 0.26 2.3 0.19 i 
72 R 6.9 5.5 1.93 0.29 2.8 0.15 1 
73 R 6.5 8.5 1.60 0.28 5.3 0.18[ 

74 McHlnn 6.1 4.0 1.45 0.26 2.7 0.18 

75 n 7.2 5.0 1.09 0.20 4.5 0.18 

76 ft 6.8 6.1 0.31 0.13 19.6 0.42 

77 R 6.7 3.6 0.97 0.22 3.7 0.23 
78 Meigs 6.0 3.6 0.31 0.15 11.6 0.48 

79 Monroe 6.5 5.5 1.03 0.23 5.3 0.22 

80 n 6.7 6.2 1.35 0,26 0,19 
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TABLE VII (eontlnu«d) 

EXCHAHOBABLB CATIONS, CATION RATIOS AND pH OP SURFACHS 
SOIL SAMPLES COLLECTED PROK TOE EAST TENNESSEE VALLBT 

Sample MilUequivalents of Cations Cation Ratios 

No. County oH Ca Mr K CatHx KiMg 

SI Monroe 5.4 3.5 0.33 0.51 10.6 1.55 
62 N 6.8 6.5 1,81 0.44 3.5 0.24 

83 N 8.0 7.7 0.74 0.36 10.4 0.49 

84 II 5.6 2.2 0.27 O.U 8.1 0.52 

85 m 5.8 4.1 0.82 0.47 5.0 0.57 
86 N 7.2 4.0 1.05 0.20 3.8 0.19 

87 R 6.2 5.0 0.60 0.53 8.3 0.88 

88 R 5.8 3.3 0.45 0.26 7.3 0.58 

89 R 5.7 3.6 0.76 0.31 4.7 0.41 
90 R 6.3 5.0 1.03 0.51 4.8 0.50 

91 Rttea 6.4 3.7 0.62 0.23 5.9 0.37 
92 H 6.7 9.5 1.35 0.28 7.0 0.21 

93 Roaa« 5.1 3.0 1.23 0.23 2.4 0.19 

94 n 5.2 5.8 0.66 0.15 8.7 0.23 

95 Smrimr 5.5 5.5 0.56 0.13 9.8 0.23 
96 R 6.8 3.5 1.68 0.27 2.0 0.16 

97 SttlliTan 7.1 6.5 0.29 0.20 22.4 0.70 

98 n 7.0 6,2 0.66 0.22 9.3 0.33 
99 R 5.5 4.0 0.31 o.ao 12.9 0.65 
100 R 6.3 2.8 0.74 0.15 3.7 0.20 

101 R 6.5 12.5 1.23 0.20 10.1 0.16 
102 5.6 3.5 0,53 0.29 6.6 0.55 
103 R 5.9 8.5 1.48 0.26 6.6 0.18 

104 R 5.7 2.2 0.53 0.09 4.1 0.17 

105 R 6.5 3.5 1.19 0.15 2.9 0.13 

106 M 5.6 3.5 0.76 0.34 4.6 0.45 

107 R 5.4 1.6 0.16 0.18 10.0 1.13 
108 R 6.4 4.1 0.41 0.50 10.0 1.22 

109 R 5.7 3.1 0.62 0.28 5.0 0.45 
110 R 5.3 1.8 0.23 0.19 7.8 0.83 
111 R 6.1 3.3 0.66 0.20 5.0 0.30 

112 R 6.5 4.0 0.91 0.24 4.4 0.26 

113 R 5.5 2.8 0,33 0.17 8.4 0.52 

114 R 7.1 5.5 1.48 0.13 3.7 0.09 
115 Union 6.9 6.0 1.64 0.10 3.6 0.06 

116 Washington 6.3 2.6 0.72 0.37 3.6 0.51 

117 If 6.6 5.0 0.45 0.09 11.1 0.20 

118 II 7.2 10.7 0.58 0.23 18.4 0.40 

119 0 5.3 5.2 0.99 0.15 5.3 0.15 
120 n 6t3 0.58 0.72 lf24,. 
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TABLE VII (eoncludsd) 

SICUANGSABLS CATIONS, CATION RATIOS AIR) pH OP SURFAGB 
SOIL SAMPLE C0LLECTB3} PROM THE EAST TENNESSEE VALLBT 

Cation Ratios 
Mo. County dH Ca Kk K CasMK KjMk 

121 Vashington 7.9 10.5 0.10 0.06 10.2 0.60 
122 N 7.0 5.0 0.43 0.55 11.6 1.30 
123 M 6.1 4.1 0.60 0.38 6.8 0.63 
124 • 6.1 3.6 0.86 0.23 4.1 0.27 
125 tt 5.3 5.2 0.99 0.15 5.2 0.15 
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TABLE VIII 

SCCHMC^ABLS CATIONS^ CATION RATIOS, ABfD pH OF SURPAOS 
SOIL SAMPLES COLLECTED FROM WEST TENNfiSSKB 

Saiapls MllHeoulvalents of Cations Cation Ratios 
No. Coynty t>H Ca K CatKf^ Ktim 

1 Benton 5.5 2,5 0.74 0.14 3.4 0.19 
2 Carroll 5.3 2.1 0.76 0.20 2.8 0.26 
3 n 5.2 1.5 1.81 0.24 0.8 0.46 

s4 5.4 1.1 0.66 0.14 1.6 0.21 
5 s 6.5 6.7 1.60 0.28 4.1 0.18 

s6 5.3 1.6 0.72 0.17 2.2 0.24 
7 tt 5.4 4.C 1.15 0.28 3.4 0.24 
8 Crockstt 6.0 4.5 0.91 0.26 4.9 0.29 
9 a 5.2 4.2 1.92 0.28 2.1 0.15 
10 « 5.1 2.5 1.C7 0.09 2.3 0.08 
u • 5.0 2.1 2.06 0.15 1.0 Q^QT! 
12 n 5.7 4.7 1.23 0.09 3.8 0.07 

«13 5.6 2.2 1.11 0.12 1.9 0.11 
14 a 5.5 2.8 1.11 0.12 2.5 0.11 

a15 5.6 3.5 1.11 0.15 3.1 0.U 
n16 5.2 2.3 1.07 0.17 2.1 0.16 

17 n 5.9 4.8 1.07 0.10 4.4 0.09 
a18 5.3 1.7 1.19 0.14 1.4 0.12 

19 tt 5.6 2.5 0.91 0.08 2.7 0.09 
20 n 5.9 4.2 0.76 0.12 5.5 0.16 
21 « 5.8 3.0 0.95 0.17 3.1 0.18 
22 « 7.3 6.2 0.66 0.08 9.3 0.12 

n23 6.2 2.8 0.84 0.04 3.3 0.05 
24 tr 5.3 4.0 1.03 0.15 3.8 0.15 
25 n 5.7 4.7 0.98 0,27 4.7 0.28 
26 Barer 5.8 6.2 0.74 0.19 8.3 0.26 
27 N 6.8 5.0 1.68 0.23 2.9 0.U 
28 N 5.2 3.7 l.Sl 0.08 2.0 0.04 
29 N 4.9 4.5 2.06 0.18 2.1 0.09 
30 N 5.0 3.5 2.38 0.08 1.4 0.03 
31 « 5.8 3.7 0.70 0.15 5.2 0.21 
32 • 5.4 3.2 0.93 0.06 3.4 0.06 
33 » 5.9 4.0 1.07 0.14 3.7 0.13 
34 « 5.8 3.1 0.60 0.06 5.2 0.10 
35 W 5.6 3.1 1.09 0.19 2.8 0.17 
36 5.3 4.0 0,91 0.22 4.4 0.24 
37 Fagrette 5.2 2.0 1.93 0.18 1.0 0.09 
38 M 5.2 4.2 1.72 0.18 2.4 0.10 
39 H 5.0 2.0 l.Cl 0.20 1.1 0.11 
40 7.4 8.5 1.35 0.32 6.3 0.24 
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TABLE mi(eontlBiMd) 

EXCHAW^BLS CATIONS, CATI(W RATIOS, AND pH OP SURFACE 
SOIL SAKPLES COLLECTED PROM WEST TENNESSEE 

Saapl* Milli<qulTal«nt« of Catl<ms Cation Ratios 

a Pagrotto 7.5 7.7 1.03 0.20 7.4 0.19 
A2 M 5.7 3.1 0.76 0.15 4.0 0.20 
U3 N 7.7 8.2 0.62 0.29 13.2 0.47 
hk N 5.4 2.0 0.91 0.10 2.2 0.11 
45 Glbaon 5.4 3.2 1.85 0.04 1.7 0.02 

« 2.27.7 1.19 o.u 1.8 0.12 
47 « 6.5 4.7 1.09 0.28 4.3 0.26 
UA M 7.3 7.0 0.88 0.20 7.9 0.23 
49 N 5.3 4.0 1.97 0.26 2.0 0.13 
50 N 7.2 2.2 0.88 0.08 2.5 0.09 
51 * 6.6 6.2 1.52 0.09 4.0 0.06 
52 N 5.8 3.0 1.07 0.27 2.8 0.25 
53 « 5.7 1.7 1.19 0.15 1.4 0.13 
54 R 4.9 3.1 1.19 0.20 2.6 0.17 
55 R 7.7 7.2 0.62 0,29 11.6 0.46 
56 Hardeman 5.5 5.7 2.09 0.23 2.7 O.U 
57 R 5.1 0.7 1.89 0.22 0.3 0.12 
5« H 7.0 6.7 1.68 0.13 3.9 0.08 
59 R 6.5 5.2 1.35 0.35 3.8 0.26 
60 R 5.6 1.3 0.31 0.13 4.1 0.41 
61 R 5.4 1.5 0.86 0.05 1.7 0.06 
62 Hardla 5.1 2.6 1.19 0.18 2.1 0.15 
63 R 4.9 1.5 1.19 0.17 1.2 O.U 

R 5.6 2.1 0.64 O.U 3.2 0.22 
65 R 5.4 1.7 0.37 0.08 4.5 0.22 
66 R 4.8 1.7 1.52 0.17 1.1 O.U 
67 R 5.3 1.7 1.31 0.22 1.3 0.17 
66 R 4.9 0.7 0.27 0.08 2.7 0.30 
69 R 6.0 7.7 1.05 0.19 7.3 0.09 
70 R 6.9 8.0 0.39 0.22 20.5 0.56 
71 R 5.3 2.8 0.25 0.08 11.2 0.32 
72 R 6.2 3.3 0.51 O.U 6.4 0.27 
73 R 5.5 1.0 0.12 0.12 8.3 1.00 
74 H^rnood 6.0 10.5 1.92 0.28 5.3 O.U 
75 R 7.1 7.5 0.51 0.13 U.7 0.25 
76 R 5.9 5.7 1.52 0.13 3.7 0.09 
77 R 5.2 2.5 1.01 0.12 2.4 0.12 
76 R 5.4 1.3 0.53 0.29 2.4 0.55 
79 R 5.7 4.7 1.13 0.26 4.1 0.23 
80 Henderson 6.1 12.5 0.53 0.12 23.5 0.23 
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TABLE 7III (contlimed) 

EXCHANGEABLE CATIONS, CATIOM RATIOS, AND pH OP SURFACE 
30IL SAMPLES COLLBCtBD FBOM NEST TENNSSSEB 

Saqpic Milllsqalvalctnts of Cations Cation Ratios 
Wo. County dH Ca K« K Ca:Ma KtMs 

81 Hendsrson 5,8 6.8 0.45 0.03 15.1 0.18 
82 H 5.1 2.2 0.86 0.20 2.5 0.23 
83 H 5.3 1.8 0.33 0.23 5.4 0.70 
84 H 5.3 2.7 0.97 0.27 2.7 0.28 
85 N 5.4 2.3 0.56 0.09 4.1 0.16 
86 Hsnry 5.3 2.2 0.100.91 2.4 0.11 
87 Laudsrdals 6.4 1.725.7 0.15 3.3 0.09 
88 5.7 3.0 1.52 0.15 1.9 0.10 
89 H 7.3 15.0 2.63 0.48 5.7 0.18 
90 6.26.7 1.60 0.20 3.8 0.13 
91 H 5.4 3.2 1.39 0.23 2.3 0.17 
92 H 5.8 3.7 0.70 0.15 5.2 0.21 
93 » 7.9 5.0 2.06 0.15 2.4 0.07 
94 N 5.2 5.5 1.07 0.24 5.1 0.22 
95 N 5.6 2.8 1.11 0.14 2.5 0.13 
96 • 5.3 2.5 0,64 0.10 3.9 0.16 
97 ileNaix7 5.5 10.29.5 0.93 0.29 0.31 

«98 5.2 5.8 0.53 0.13 10.9 0.34 
99 Madison 6.4 7.0 0.78 0.76 9.0 0.97 
100 • 7.0 7.5 1.11 0.27 6.7 0.24 
101 6.1m 3.2 0.58 0.26 5.5 0.45 
102 Obion 5.6 7.5 0.66 0.23 U.3 0.35 
103 It 6.2 5.2 1.68 0.06 3.1 0.04 
104 N 5.1 2.7 1.93 0.12 1.4 0.06 
105 m 5.2 5.2 1.89 0.18 2.7 0.10 
106 N 5.2 5.5 2.63 0.27 2.0 0.10 
107 M 6.3 7.7 1.93 0.10 3.9 0.05 
108 • 6.8 10.7 2.38 0.20 4.5 0.08 
109 N 6.3 3.8 0.78 0.18 4.8 0.23 
110 H 6.9 5.7 o.a 0.20 13.9 0.49 

«111 6.5 4.2 0.95 0.20 4.4 0.21 
112 Shslby 6.1 7.5 0.62 0.20 12.0 0.32 
113 « 5.8 6.0 1.39 0.29 4.3 0.21 
114 • 5.3 4.5 1.89 0.20 2.3 0.11 
115 « 5.1 2.5 2.38 0.29 1.0 0.12 
U6 B 5.1 5.0 2.18 0.19 2.2 0.09 
117 tt 5.5 2.3 0.70 0.13 3.2 0.19 

«118 5.5 4.0 1.13 0.15 3.5 0.13 
U9 « 5.2 3.3 0.33 0.26 10.0 0.79 
120 N 3i6 0.175t4 Ot97 3.7 ..QtAi. 
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TABLE VIII (conoludad) 

EXCHAJSGEABLE CATIONS, CATION RATIOS, AMD pH OP SURFACE 
SOIL SAMPLES COLLECTED FROM VEST TENNESSEE 

Sample Milliecmlvalaits of Cationa Cation Ratloe 
Mo. 

121 Shellagr 5.6 5.0 1.48 0.14 3.3 0.09 
122 Tlpton 7.7 6.0 0.72 O.U 8.3 0.19 
123 R 5.2 2.2 1.64 0.20 1.3 0.12 
124 N 6.3 6.0 1.93 0.15 3.1 0.08 
125 M 5.3 2.2 1.23 0.18 1.7 0.15 
126 N 6.1 3.5 1.09 0.20 3.2 0.18 
127 VMkl«7 5.0 1.7 1.81 O.U 0.080.9 
128 N 5.3 3.6 0.70 0.13 5.1 0.16 
129 R 6.1 4.7 1.07 0.76 4.3 0.71 
130 R 5.6 4.1 0.84 0.09 4.8 0.11 

• t .■ 

'iS'ii&lt'i ^ r i 
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TABLB U 

SZCHAIR^BLB CATIOHS, CATION RATIOS, AND pH OF SURFACE SOIL 
SANPLBS FROM CORN FIELDS IN HABDIN CO., WEST lENNESSEB 

Tlald KagMsiuB Cation Ratios 
No. Dofieimegr pH Ca Mg K Ca:Mg K:Hg 

I Nona 6.9 5.3 0.76 0.22 6.9 0.29 

2 Kodorate 6.7 0.10 10.24.2 o.u 0.24 

Moderato3 6.0 4.7 0.39 0.11 12.2 0.28 

4 Modorato 5.2 3.8 0.40 0.08 9.5 0.16 

r
y Savera 8.2 7.5 0.31 0.17 24.1 0.55 

6 Sarara 7.8 21.17.5 0.35 0.19 0.54 

.J 
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TABLE XI 

nSE CENT DISTRIBUTION OF BXCHAJfC^BGLB MAGNESIUM LEVELS H 
SURFACE SOIL SAMPLES FNOIf DIFFERENT REGIONS IN TENNESSEE 

Pero<mtag« of »ampl«» te«t>dt 
R«gi(m Low® 

Cumberland Plateau 43.5 37.1 19.4 0.0 

Hi^iland Rim 6.6 25.3 53.® U.3 

Central Baaln 2.4 16.9 62.7 18.0 

East Tenneeaee 2.4 12.d u.s 40.0 

Vest T«iiiessee 0.E 5.4 23.8 70.0 

V«iy low 0,04 to 0.21 B.e. (10 to 50 lbs. per acre)
Low 0.21 to 0,41 Bi.e, (50 to 100 lbs, per aore) 
Medium 0.41 to 0.S2 m.e. (100 to 200 Iba. per acre) 
High 0.S2 B.e. and abore (200 lbs, and abore per aore) 

aimA-a'Li iTi' 
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TABLE HI 

RANGE AND MEAN VALUES FOR EXCHANGEABLE CATION RATIOS 
FOR SOIL SAMPLES FBGM DIFFERENT REGIONS OF TENNESSEE 

Region 

Highland Rla 

Cmtral Baain 

last Tannasaaa 

Vallqr 

Vast Tnmessea 

S 

1 

1 

1 

CatMi; Ratios 
Ranjte Mean 

3.1->86.6 15.4 

2.0-62,5 9.2 

2.3-50,0 10.9 

2.0—22.4 5.« 

0.3-20.5 3.8 

KtHa Ratios 
Ranee Mean 

0.20-2.25 0.79 

0.08-1.25 0.37 
o 
• 

o0.10-1.27 0.33 

80.06-1.55 0.29 

0.17 

Ca/KiKe RaUos 
Ranee Mean 

3.51-88.60 16.19 

2.38-63.75 9.57 

2,50-50.43 11.23 

2.16-41.20 6.09 

0.42-23.72 3.97 

https://0.42-23.72
https://2.16-41.20
https://2,50-50.43
https://2.38-63.75
https://3.51-88.60
https://0.06-1.550.29
https://0.10-1.27
https://0.08-1.25
https://0.20-2.25


CHAPTER V 

DISCUSSION AND CONCUJSIGNS 

Th« aaoimt of exchangeabl# mgneelvai in soils Is one factor 

influencing the absorption of the elesents bj plants. Bear et al (5) 

suggest that nagnesiun deficiency sTttptoms are likely to occur when 

the percentage of the exchange coaplsx occupied by nagnesluM is less 

than six. They further point out that approxi*ately ten per cent of 

the sKohange canplex of the "ideal soil" should be occupied by naghssiun. 

nie uptake of nagnesiun by plants is psrhaps Bore closely related to the 

STailable supplies of the element at lover fertility levels than at 

high fertility levels. 

The relative aaounts of other cations^ especially calciun and 

potassiuBf present in the exohange complex also influence the plant up 

take of magnesium. Calcium, magnbsium and potassium perform certain 

specific functions in plants* Any factor *diich interferes with these 

funoticms means a reduction in quality and quantity of plant growth. 

In spite of these specific functions attributed to each cation, there 

are many ii^slological functions performed in ecmmon by aiy of the 

t^ree elmasnts. IBie interchangeability of the basic eati<ms in perform 

ing these functions probably would have little effect on the yield and 

quality of crops. However, any extreme lack of balance between calcium, 

magnesium and potassium is not desirable because the specific functions 

of these elements is not interchangeable. High ratios of calcium aw^or 

potassium to the magnesium in soils have been considered to be limiting 
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factora In magneaitai absorption by plants (4«5>13>17f22j29«3d), Whils 

dsfinits ratios have not been vorked out for all conditions, it has 

been foimd that naqf plants are unable to absoz4> sufficient suignesluM 

when the soil OatKg ratio is greater than 10:1 or the KtMg ratio is 

greater than 1:2 (5)* Magnesiun absorpticm will no doubt be inadequate 

if the eonbixied CatHg and KtMg ratios are hi^ •rmx if each ratio is 

not exoessiveijr wide* 

Upon eKamination of the data presented it is iomediateljr apparmt 

that the aaotoit of exchangeable nagnesiun in the soils of Tenneesee is 

quite variable* Ihe calcium and potassium levels also varied over a 

wide range* "Sieee variations in caleiun and potassiun were due, not on3j 

to differences in nat5.ve feirtility-, but to differwices in crop rmsoval, 

liming and fertilisation frcu soil to soil* Ihe variation in smgnesium 

is not affected as much bgr tlwne practices since little magnesium has 

been added to most of the soils of the state and crops, in general, 

emtain less magnesiiu than calcium or potassium* Althood^ the amount 

of the exchangeable catims and tlMir ratios in the soile vaxy within 

regions as well ae between regions,certain conclusions can be made 

concerning the magnesium status of each region and differenoee between 

regions. 

The analjrses of eoil samples frcm the Cimtberland Plateau reveal 

that the virgin soils of the area axm low in axchangeable magnesixim 

(see Table I}* The data in Tables II, III, Z and ZI indicate that most 

of the cultivated soils are also low in the element, in fact, maiqr art 

much lower in magneeioi than the suggested critical six per cent 

saturation even though exchange capacities are low* Since approximatelj' 
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81 per eent of the soils tested low or Terjr low (see Table ZI) o«at-> 

pared to the 32 per eent for ̂ e Highland Hia soils, 19 per oent for 

the Central Basin soils, 15 per cent for the last Tenneesee Valley soils 

and 6 per eent for the Vest Tennessee soils, the asflaesiua in most of 

the soils of the Plateau is euoh loner Uian the naghesiiai in the soils 

of the other regions of the state. 

Many of the Platean soils had CaiMg ratios greater than lOtl 

(see Ihble II). The pH and caloitaa levels of aasor of these soils show 

that the wide ratios were caused by oalcitio linestone additioas as 

well as the low ■agnesiasi levels. Ihe data in Table IV suggest that 

doloaitio linestcne would be preferred to other lining aaterials to 

naintain favorable CajMg ratios. The KtMg ratios of nost of ^e soils 

of the Plateau were wider than lt2. The exchangeable potassiun in the 

soils was not particularly hi^, the wide ratios being largely the result 

of low exchani^able nagnesiiei. 

Althotti^ CaiMg ratios greater than lOtl and KtMg ratios greater 

than li2 are considered to be unfavorable for nagnesim absorption, the 

data in Table III indicate that sone e rope can tolerate the low nagnesiun 

and wide CatMg or KtMg ratios in the Plateau soils without showing 

nagnesiun deficiency sywptons. Bxtremely wide ratios, however, favored 

increases in calciim and potassiun absorption, decreases in nagnesiun 

uptake and nagnesiua deficiency (Qmptcns. The tendency toward cation 

constancy of each species supports the finding of Bear (5)« Lucas et al. 

(25) and others. The wide KtMg ratios in the leaves conpared to toose 

in the soils Indicate the ease of potassitsi absorption conpared to other 

cations. More liberal applications of potash fertilizers to the soils 
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of this nould pn^b]7 result in hi^ier potasslun "luzuxy ooo^ 

sunptlon" and decreased mag^esius absorption. 

The data on the Highland Rin soils (see Table V) and en the 

Cmtral Basin soils (see Table VI) and the sosBaries in Tables Z and 

ZX indicate that scm of the soils of these regions are low enoui^ in 

exchangeable aetgnesiusi to eaqfiect sosm nutritional probleas. HoweTer« 

it would seen that nost of the soils hare adequate supplies of 

magnesina unless the use of calcitic llawstone and potash as a part 

of soil ImproreDent progmas widens the CatKg ratios to the point idiere 

adequate nagaesiuii absorption is prerented. Most of the na^wsion 

deficient crops ehserred bjr Beaslojr (6)in these regime were growing 

on soils with wide oatim ratios. 

The cation ratio problem would probably be nost critical on the 

shallow soils in these regions. Soils with parent z^}ck or pans near 

the surface would limit root extension and prevent the roots from growing 

into the subsoils idiich would normally have more favorable Ca:Mg and KtMg 

ratios. 

The data in Tables ¥11^ Z^ and ZI reveal that most of the soils 

of ths Sast Tennessee Vall^ contain sufficient mapiesiiaa for normal 

plant growth unless large amounts of calcium and potassium are applied. 

This is to be expected since many of the soils were developed from high* 

magnesium limestone and the liming material used is xutually dolomitic 

limestone. A few soils are sufficiently low in magnesiua or have wide 

CatMg or KiMg ratios to expect some magnesium problmas. The soils 

developed from sandstone will probably be lower la magnesiiai than those 
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davwloiMid tram.lijMstmws. 

1h« ratults of th« analjMt of tho Moot llniBMioo ooils (••• 

Toblos TUXt 1 and ZI} roroaX that aeat of tha soils at this aroa are 

aaturaUjr high in axohangsabla aagBosiw. A dsfieiencj in plants 

would be expected wsly in eases of extrsas lack of balance between 

aagnesiun and other cations. A eoaparatiwe test of calcitic and 

dolonitie linestones, applied evez^ fi-re years to a rotation of cotton, 

com, scgrbeans, wheat, clover and grass, was conducted over a period of 

seventeen years at the West Tennessee SxperiaMnt Station. thipublislMd 

data^ show no significant differences between the yields of the 

various crops treated with the two naterlals. 

lbs data in Table IZ indicate that the soils of the Tennessee 

River AUuviun stm of West Tennessee nay be lower in nagnesion than 

nost of the soils derived frcn loess panmt naterial, and high calcitic 

lining naterials nay widmi the CaiMg ratios in these soils to the point 

that nagnesiun deficiency synptons nay occur. 

Additional studies are needed to evaluate the aaffiesiun-supplying 

powers Of Tennessee soils. Magoesiun fertilisaticm studies are needed, 

especially cn the (Mberland Plateau soils, to determine the yield 

response of various crops and to evaluate the various ccamMrcial sources 

of 

^Personal cwwnmication. 0. H. Long, Associate Agrcnonist, Ihe 
University of Tennessee, Sqwrinent Station. 
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CHAPm VI 

SUMHART 

Magnesiua deficlenqr in plants Is usually due to either a low 

amount of exchangeable magnesium in the soil or an unbalanced condition 

existing between magnesium, calcium and potassiua. 

A ehemical stu<l^ was Mde of selected soil samples from fiws 

l^siograi^oal regions of Tennessee, The analyses included the 

detexnination of exchangeable magnesium, calcixm and potassium; and 

soil reaction (pH), The CatKg and KtMg ratios of the soils were 

calculated, Ihe cation content of noraal and magnesium-^defieioat plant 

tissue samples from certain crops were also determined. Results of the 

analyses and some of the inferences drawn concerning the magnesium 

status of tile soils of ̂ e state are briefly summarized below. 

Most of the soils of the Cumberland Plateau ccmtained less 

exchangeable magnesium and had wider CaiHg and KiHg ratios than the 

amount of magnesiua and ratios generally considered to be faYorable 

for adequate magnesium absorption and optimum yields, 

A high per cent of the soils of the East Tennessee Valley and 

West Tennessee tested medium to high in magnesium. The magnesium content 

of most of these soils is probably suffioient for nonuzl plant growth 

unless the amounts of calcium and potassium are greatly increased by 

ccsitinued use of ealcitio limestone and high-potassium fertilisers, 

A majority of the Hi^iland Rim and Central Basin soils was also 

medium or hi|^ in magnesium; howerer, a number of the soils ccmtained 

less maipesium or had wider cation ratios than the mggssted optimum. 
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Certain crops ars apparsntly abl« to tolerate wide CatMg and 

KtMg ratios In soils without showing ma^sesiuoi deficienoor STsptass; 

howsver, it was found that extreiaeljr wide ratios farored increase in 

calciun and potassiun absorption, decreased in sugnesiui absorption 

and nagnesium deficienogr ajnaptoss. 
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APPEHDIZ 

Bxtraotion of Eacehangeablo Basot 

Sxtnoting Solution> DIssoIto S2.09 grass of sodlus acetato in wator 

and diluto to 1 liter. Adjust the pH of the solution to 7 with acetic 

acid or sodiua hjrdroKide. 

Proceduret To $ grams of soil (air dried and screened through a 20 mesh 

sieve) add 25 al. of extracting solution and shake for 30 minutes In 

a mechuiical shaker. Filter ̂ le suspension. Filtrates of soils low 

in organic matter will usualjj be clear. Approximateljr 0,25 grams 

of activated carbon should be added to soils high in organic matter 

before extracti<m. Soils with a high level of exchangeable bases 

should be leached with 50 ml. of extracting solution. 

Detendnatiou of Magnesim 

Beagentsi 

1. Standard Magnesium soluti<m (25 p*p.m. Kg.)i Dissolve 0.2205 

grams of magnesita acetate tetrahgrdrate in 1 liter of the ex-> 

tracting soluticoi. 

2. ^drcaqrlamine hfdrochloride solution i5%)t Dissolve 25 grams of 

tagrdroxFlasdne hgrdroohloride in water and dilute to 500 ml. 

3. Starch solution {2%)t Make a paste of 2 grams of c.p. soluble 

starch with water and dissolve in 100 ml. of boiling water^ 

stirring with a glass rod. A few drops of fomaldehgrde will pre 

serve the solution for several days. 
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4* CoBptnsatlng solutlont DIssoIt* 4*4 grams of calcium acetate 

and 0.37 grams of aluminum sulfate in 500 ml. of umter; mix to 

dissolTe the salts. Dilute to 1 liter. 

5. Starch reagentt Prepare this rsagsnt daily as needed by mixing 

equal parts of starch solution and compensating solution. 

6. Sodium hydroxide (3N)t Dissolve 120 grams of sodium lydrcacide 

in water and dilute to 1 liter. Store in a lyrex glass bottle. 

7. ntan yellow (0.2Jt)» Dissolve 0.2 grams of titan yellow and 15 

grams of sucrose in 100 ml. of water. Add a few drops of 

chlorofom to preserve the solution. Stoie in a brown or amber 

glass bottle. 

Procedure} Pipette 3 ml. of the filtered soil extract into a vial, add 

0.5 al. of hydroxylasdne hydrochloride solution and 1 ad. of the 

stareh reagent; mix, add 0.5 al. of titan yellow solution and mix 

again; then add 1 ml. of sodiaa hydroxide solution and mix 

thoroughly. Allow to stand for 5 minutes and measure in a photo* 

loaeter, using the green filter. Exchangeable magnesiia in the 

soil is calculated by ocnparing photolometer readings of the 

soil extract solutions with standard magnesiiai soluticms treated 

in the same way. Ihe p.p.m. of magnesium in the soil extract 

aultipUed by 10 (or by 20 when 50 ml. of extracting solution is 

used) equals pounds of magnesium per acre (2,000,000 pounds of 

soil). 
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Detomination of Calelua 

Boagsntat 

1. Standard ealeiua aolution (200 p.p.a.)* Dlsaolva 0.879 grama of 

ealeliai aeetate imolQnlrata in 1 lltar of tha aKtracting aolution. 

Praaarva thia aolution b]r tha addition of 1 aOL. of ohloroform par 

litar of aolution. 

2. Soap aolutionI Diaaolva 0.6 grama of racxyataliaad ataario aeid 

(Eaatoan raagant Bo. 402 or aimilar quaUtT*} and 7.5 nl. of olaie 

aoid (U.S.P.) in 3^ ml. of aathanol bgr haating on a hot plata. 

Add 16 grama of ammonium eaxiMmata diaaolvad in 80 ml. of hot aatar 

and boil for about 10 minutaa. Cool, add 300 ml. of mathanol^ 40 

ml. of water, and 1.6 ml. of ooneantratad aanonivm ligrdroxida. 

Filter after 24 houra and atora in a I^rox glaaa~atepparad bottle. 

3. Ammoniaeal aitratat Diaaolaa 3.15 grama of eitrie acid in water, 

add 14 ml. of concentrated ammonium hydroadda, and dilute to 1 

litar with water. 

Procedure: Pipette 0.5 ml. of tha aeil extract into a photolometar rial, 

add 2ml. of tha aamenium citrate aolution, adz, than add 1,5 ml. 

of the aoap aolution carafuU/ domn tha aide of tha rial ao aa to 

fom a layer on top of tha aolution. Mix rapidly and imiformly 

after tha addition of tha aoap aolution to all tha vlala. After 

30 minutaa maaaura in tha photolometar, uaing tha blue filter. 

Sat tha photdonatar on 100 with tha extracting aolution. Calcitmi 

larala in tim aoil ara oalcuXated fay ocmparing with raadinga for 

mtandard calcium aolutiona treated in tha aama way. Tha p.p.m. 
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can be converted to pounds per acre in the manner described 

under the magnesias procedure, (This test sliould not be 

attempted at temperature above 26® C. The temperature can be 

controlled by keeping one of ̂ e reagents in a refrigerator at 

4 to 6® C.) 

Detenaination of Potassium 

Beagcntet 

1, Standard potassium solution (40 p,p.m,)» Dissolve 0,0763 grams 

of potassium chloride in 1 liter of extracting solution. Preserve 

this solution by adding a few drops of chloroform, 

2, Sodium cobaltinitrite solution* Dissolve 6,25 grams cobaltous 

nitrate and 75 grmss of sodium nitrite in about 175 ml. water in 

a 250 ml, volumetric flask} add 5 ml, of 99.5 per cent glacial 

acetic acid, mix genUy to prevent foaming, cover, and let stand 

overnight to permit the escape of nitrogen dioxide. Dilute to 

250 ml, and mix well. Filter and store in a brown bottle in a 

refrigerator. 

3. Methanol-isopropyl alcohol mixture (1*1), 

4. Formaldehyde, C, P, 40 per cent. 

Procedure* Pipette 2 ml, of the soil extract into a photolcmeter vial, 

add 6 drops of formaldehyde} let stand for 5 adnutes. Add 1 ad., 

of sodium cobaltinitrite solution, mix well} then add 2 ml, of 

the alcohol down the side of the vial so as to form a layer on 

the top of the soluti<xi in the vial. After the last addition of 
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th« alcohol to the eactracts^ mix the eolutlons rapidly and 

unlforaljr. Let stand for 5 alnutes and then road in the i^oto«> 

loaeter with extraotlng solution set at 100 using the red filter. 

PotassixDi levels in the soil are determined bgr oos^axdng ̂ e 

photoloaeter readings with those for standard potassium solutions 

treated in the same way. Pounds per acre can be calculated from 

p.p.nt. by the method given in the magnesiiai procedure. Since 

temperature is important in this detenainationf keep one or more 

of the regents in a refrigerator at 4 to 6^ C. 
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