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ABSTRACT

Fifteen burley tobacco (Nicotiana tabacum L.) genotypes were

transplanted into unlimed (pH 4.5) and limed (pH 5.3) soil blocks to

study Mn and Al toxicities over two years. The interactions of the

burley tobacco genotypes and the pH, Mn, and Al of the soil were

investigated for possible differential tolerance. Correlations were made

between the concentrations of Mn and Al in the soil with the amount of

these metals in the laminae of the tobacco.

In 1978 there was a highly significant reduction of Mn in the soil

accompanied by a highly significant reduction in the laminae from the

unlimed to the limed soil blocks. Correlation coefficients were high

indicating that correlation between soil and laminae Mn are reliable and

support the analyses of variance. No differential tolerance to toxic

levels were found, but it was concluded that liming is effective in

preventing Mn toxicity problems.

In 1979 the results of six genotypes transplanted into the same

soil conditions supported the previous years conclusions. When the pH

passed the critical point, Mn was not as available to the plant and the

correlations between the laminae and soil Mn were not as strong.

Aluminum in the laminae was reduced, nonsignificantly, by liming.

The correlation between Al in the soil and laminae was very weak.

There was no indication that Al in the laminae was of any value in

studying Al in the tobacco plant.
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CHAPTER I

INTRODUCTION

Manganese and aluminum toxicity in burley tobacco (Nicotiana

tabacum L.) is a production problem for many growers. The problem

stems from a low pH soil condition which allows Mn and Al to become

more available in the soil solution. High annual rates of acid forming

fertilizers, necessary for tobacco production, contribute to the acid

soil condition.

Manganese toxicity occurs at a soil pH of 5.5 or below. There is

a 95% decrease of exchangeable Mn when the soil pH increases from 4.6

to 6.5 (11). Manganese toxicity symptoms begin as chlorosis in the

tips of the leaves then spreading over the entire leaf. This chlorosis

between the small veins gives the leaves a mottled appearance; in more

severe cases the chlorosis advances to necrotic leasions, thus reduc

ing leaf quality. Very high concentrations of Mn are necessary for

reduced growth of the tobacco plant to be observed.

Aluminum toxicity usually occurs at a soil pH of 5.0 or below. In

soils of pH greater than 5.5 aluminum is not excessive in the soil

solution. The concentration of Al increases sharply as the pH drops

from 5.0 to 4.5 and below (32). Aluminum toxicity does not result in

clearly identifiable above ground plant symptoms as does Mn toxicity,

but it does reduce the growth of tobacco.

When tobacco is grown on low pH soils, Al and Mn toxicity both

affect the crop. Aluminum reduces growth and Mn reduces leaf quality



(15). Basically, this problem can be controlled by proper soil pH

management. However, a plant breeder can utilize the information on

the genetic variation associated with hurley tobacco cultivars and Mn

and A1 toxicities on low pH soils to incorporate tolerance in new

cultivars.

The objectives of this research were: (1) to study the inter

action between hurley tobacco genotypes and Mn and A1 toxicities on

low pH soils, and (2) to correlate Mn and A1 accumulation in the

laminae of the different genotypes with soil pH and measures of Mn

and A1 availability.



CHAPTER I I

LITERATURE REVIEW

Tobacco

Manganese toxicity was investigated a few years before aluminum

toxicity, perhaps because the above ground Mn toxicity symptoms are

more readily noticeable than is the reduced growth resulting from Al

toxicity. As early as 1929 Jacobson and Swanback (30) described an

abnormality in tobacco, mainly mottled chlorosis, and sought to confirm

the cause as Mn toxicity. They obtained identical symptoms by grow

ing tobacco in water culture containing 1 mg L ̂  of manganese sulfate,

and in sand culture with 80 mg L ̂  manganese sulfate. They contin

ued their investigations using several Connecticut soils. By 1932

Jacobson and Swanback (31) concluded that high amounts of active Mn

in the soil were toxic to tobacco. In addition they reported that

increased soil acidity greatly increased water-soluble Mn in the

leachates and was accompanied by increased uptake of Mn by tobacco

plants.

Similar work was done on Turkish tobacco by Bortner (4), in

1934. Using nutrient solutions and acid soils from Kentucky, he

investigated Mn and Al as causes for chlorotic mottling of the leaves.

Aluminum in water cultures and in soil cultures was found to produce

shorter, thicker roots than in control cultures. However, the damage

was less extensive in the soil cultures. Aluminum reduced top growth

but did not produce any chlorosis in the leaves. Manganese concen

trations of 15 mg L ̂  in nutrient solution produced chlorosis in the



leaves which increased in severity as the concentration of Mn

increased. These symptoms were concluded to be the same as those

observed in the fieid. The results of the soil cultures showed a

general correlation between the extent of the leaf injury, amount of

Mn in the plant and the amount of Mn in the soil leachates. Bortner

reported finding no toxicity symptoms on tobacco grown in the green

house using iimed Kentucky soils. However, he did find the addition

of phosphorus slightly reduced the chlorosis in the acid soil.

Anderson et al. (2) reported that growers in Connecticut had

problems with "black" shade leaf tobacco. This was a low quality,

dull, dark cured leaf that had a muddy colored ash. In a few fields,

spots of black tobacco were grown in the same field that produced

mostly light-colored leaves. Investigating the source of the probiem,

they sampled hands of black and light leaves of shade, Havana seed

and broadleaf cultivars and compared chemical constituents among these

samples. In addition they collected soil samples for analyses from the

same fields. All of the black tobacco analyzed had higher amounts of

Mn and Fe than did the light colored leaves. A gradation from light

to darker leaf color was accompanied by an increase of Mn and Fe.

The soils associated with black tobacco were acid and low in Ca and P.

Manganese toxicity in burley tobacco was investigated by Hiatt

and Ragiand (27) in 1963. They used nutrient solutions to grow

Burley 21 to determine the Mn concentration in the solution and

plant that resulted in the appearance of toxicity symptoms. They

also varied the Fe and Al concentrations in some of the soiutions to



determine their effect upon the expression of the toxicity symptoms in

tobacco. They found that symptoms of chlorosis and necrotic spotting

of the leaves were due to excess Mn alone. Aluminum was more injuri

ous to the plant growth but did not produce the chlorosis character

istic of Mn toxicity. They reported the tissue concentration of Mn

to be 3000 mg kg ^ before symptoms appeared and that as much as

5000 mg kg ^ of Mn in the tissue did not reduce plant growth. The

addition of Al and Fe to the solution decreased the amount of Mn in

the tobacco.

Link (36) in 1979 reported on the critical soil pH for expression

of Mn toxicity in burley tobacco. After surveying burley tobacco

fields in southwest Virginia, two farm locations were selected for

further study. The fields were limed using different rates from 0 to

9.0 mt ha \ Tobacco was grown in these fields for the next two suc

cessive seasons. Manganese toxicity symptoms on tobacco grown on

soils of 40 to 200 mg kg ^ Mn did not occur until the pH dropped

below 4.8. The addition of small amounts of lime reduced the visual

symptoms of Mn toxicity but did not reduce the tissue Mn levels.

Tobacco with visual toxicity symptoms had variable amounts of Mn in

the leaf tissue (1710 to 5410 mg kg ^). Some normal leaves contained

more Mn than chlorotic leaves from other years, which suggested an

environmental effect.

Nutrient solution soil drenches and growth chambers were used to

manipulate the Mn concentration and the environment to study their

effects on flue-cured tobacco by Rufty et al. (42). They found that



plants grown at higher temperatures expressed less severe toxicity

symptoms and less reduction in growth despite generally higher con

centrations of leaf Mn. In their studies, tolerance to high levels of

Mn increased as the temperature increased even though Mn concentra

tion in the leaf did not decrease. Sometimes the Mn toxicity symptoms

in the leaves diminished completely as the temperature increased and

as the leaves matured, but the concentration of Mn in the tissue was

unchanged. They also reported that an enhanced growth rate had the

effect of decreasing Mn toxicity sensitivity. Rufty et al. concluded

that the critical concentration of Mn can change with changes in the

environment, especially temperature.

Other Crops

Heritability of tolerance to Mn toxicity in alfalfa (Medicago sativa

L.) was reported by Dessureaux (12) in 1959. Selfed and crossed

progenies of four parents were evaluated for tolerance to high and low

levels of Mn applied as nutrient solution to sand media. Manganese

content and percent reduction of dry weight were two of the four cri

teria, for measuring the effects of Mn toxicity, that suggested high

heritability of Mn tolerance. The parent progeny regression coefficient

was close to one with a low standard deviation in the two cases indi

cating high heritability of tolerance to Mn toxicity.

Buss et al. (9) found essentially the same thing as Dessureaux in

the response of alfalfa to a high concentration of Al in the growing

media. Acid Tatum soil was used to find the significant interaction

between soil pH and clones. Layers of soil differing in pH were used



to approximate acid subsoil horizons. Alfalfa was concluded to have

sufficient genetic variation to acid soil high in Al to respond to

selection pressure. There was evidence that the tolerance was more

narrow than in other crops such as wheat (Triticum aestivum L.) and

barley (Hordeum vulgare L.). This study as well as an earlier one by

Dessureaux (13) were in agreement that dry weight was the best indi

cator of differential tolerance to Al in alfalfa seedlings.

Selection for tolerance to Al toxicity in alfalfa was done by

Devine et al. (14). Selections were made from six cultivars grown on

Al-toxic Bladen soil at a pH of 4.1 to 4.3. The tolerant and suscep

tible plants were intercrossed within each class to form two popula

tions. Each population was subjected to two cycles of recurrent

phenotypic selection. The strains were then planted in Al-toxic Tatum

soil and evaluated for top growth vigor and degree of root develop

ment. The top-growth vigor was strongly correlated with root scores.

They concluded that the heritable differences in alfalfa for tolerance to

Al toxicity could be used in a recurrent selection program to develop

tolerant strains.

Neenan (38) in 1960 reported on the differential response of

wheat and barley cultivars to excess Mn and Al, on the acid soils of

Ireland. He conducted a series of experiments to characterize the

effects of acid soils on cereals. The field experiments were grown

with different cultivars of wheat, barley and oats (Avena sativa L.)

under different pH levels and with several concentrations of added Mn

and Al. Sand culture was used to find differential responses of
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wheat, barley and oats to five concentrations of Ai and six of Mn in

the nutrient solutions. The oat cultivars showed no changes in most

of the tests. A general response was observed in the barley culti

vars, but they did not provide a differential response and four culti

vars of wheat were then taken into the greenhouse and grown in acid

soils using different rates of time. Among the wheat cultivars

selected, April Red was tolerant to both AI and Mn. Altae and Karn

were both sensitive to Mn and AI toxicities. Progress was tolerant of

high concentrations of Mn but was very sensitive to excess AI. An

interesting observation was that the plants grown at intermediate levels

of Mn contained different amounts of Mn and the plants grown at high

levels generally contained the same amount of Mn.

To find the range of AI tolerance available in wheat and barley

cultivars, Foy et al. (16) screened 27 wheat and 15 barley cultivars on

Al-toxic Bladen soil. The wheat was grown on unlimed soil only, while

the barley was grown both on soil receiving no lime and 375 mg kg ^

CaCO^. After screening the cultivars, six wheat and six barley culti

vars were selected to confirm the differential AI tolerance on Al-toxic

Tatum soil at different lime levels.

The wheat cultivars developed in Brazil had the greatest AI toler

ance, twentyfold that of the Al sensitive cultivars. Cultivars, in

general, from the southeastern U.S. were more tolerant to high Al in

the soils than cultivars from the plains and western states. The

range in barley cultivars was wide. The tolerant cultivars had about

a ninefold increase in yield over the Al sensitive cultivars. The



southeastern cultivars generally were more tolerant of excess Al than

the cultivars from the plains and western states.

The wheat cultivars. Atlas 66 and Monon were grown in nutrient

solutions and on acid Bladen soil by Foy et al. (18) to confirm their

differential tolerance to Al and to associate this tolerance with

plant-induced pH changes around the roots. The experiment to con

firm the differential Al tolerance was grown in the acid Bladen soil

involving a high and low lime application. Atlas 66 yields were not as

depressed on the low lime treatment as were Monon's yields. This

supported the original hypothesis that Atlas 66 was Al tolerant and

Monon was sensitive to high levels of Al in the soil. From additional

soil and nutrient solution experiments they concluded that the differ

ential Al tolerance was in part due to the pH changes produced in the

thin layer around the roots.

In 1967, Foy et al. (20) reported on a series of experiments

designed to characterize the differential Al tolerance between two

cultivars each of wheat and barley. An Al tolerant and an Al sensi

tive cultivar were selected for each species. The Al sensitive wheat

and barley cultivars both adjusted the pH of nutrient solutions to

lower levels than did the Al tolerant cultivars. The Al sensitive

cultivars had a higher root cation exchange capacity than did the Al

tolerant cultivars. These cultivars had a higher Al and P concentra

tion in the roots with less top growth and a lower concentration of Ca.

This occurred when the cultivars were grown in nutrient solutions with

sensitive and tolerant together and separately, suggesting that the



10

thin zone of pH change was still associated with the root or that the

sensitive cultivars accumulated more A! at the same pH. Differential

Al tolerance of cultivars was not closely related to the differences of

Al or P content of plant tops.

Evidence of genetic resistance to Al toxicity in wheat was

reported by Kerridge and Kronstad (33) in 1968. Two parental culti

vars, Druchamp Al tolerant and Brevor Al sensitive, were grown

together with the and Fj generations in nutrient solutions contain

ing two levels of Al. The parental cultivars were distinctly different

in their response to added Al, especially in root length. The F^

generation was uniform for root development. The F^ generation

segregated into two distinct visible groupings of short and long roots.

The ratio of tolerant to sensitive was 3:1, suggesting a single gene

model for resistance to Ai toxicity. This hypothesis was supported

when Reid (41) reported there was some genetic evidence pointing to

one major gene controlling Al tolerance in barley.

Tolerance to Al in a given genotype grown on an acid soil does

not necessarily mean tolerance to another toxic eiement. Foy et al.

(22) in 1973 used acid soils and nutrient solution culture to show that

Atlas 66, an Al tolerant wheat cultivar, was less tolerant to excess Mn

than Al sensitive Monon wheat. Al-toxic Bladen soii and Mn-toxic

Zanesviile soil produced opposite differential tolerances to acid soil

conditions in these two cultivars. The Mn tolerance of Monon was

apparently an internal tolerance to high amounts of Mn in the tops

and roots of the plant and not due to reduced Mn uptake. Atlas 66
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expressed more severe toxicity symptoms and reduced top and root

yield at a lower concentration of plant Mn than did Monon.

Monon wheat was developed in Indiana where Mn would be a

growth limiting factor; whereas Atlas 66 was developed in North

Carolina which would have A1 as a growth limiting factors. These

cultivars were probably unknowingly selected for the tolerance most

needed in their given acid soil toxicity.

In 1974, Foy et al. (24) continued to relate A1 tolerance to the

region of development. The studies were conducted with 27 cultivars

and 19 experimental lines from Ohio to Indiana. The wheat developed

in Indiana was generally more sensitive to Al than those developed

in Ohio. They concluded that the older cultivars from Ohio were

unknowingly selected for Al tolerance and the newer Ohio lines were

selected on soils that had been limed to a higher pH so that Al toxicity

was not a problem. The Indiana cultivars were selected on soil that

was low in Al.

Differential tolerance to Mn and Al toxicities have been reported

for soybean (Glycine max (L.) Merrill) cultivars. Armiger et al.

(3) in 1968 reported on the differential tolerance in 48 soybean

cultivars from 10 maturity groups to acid soil high in exchangeable Al.

All 48 cultivars were grown in the greenhouse on unlimed Al-toxic

Bladen subsoil (pH 4.8) for screening. Wide differences in the culti

vars were seen in the weight of the tops and roots.

Ten of these cultivars and five not screened were then tested on

Bladen surface soil at different CaCO^ levels to obtain a more precise
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ranking of A! tolerance. The differential response in this experiment

agreed with the ranking of the first screening. Two factors led to the

conclusion that the cuitivars differed in their tolerance to Ai: (1) the

cuitivar differences were minimized and often eliminated by liming the

soil to a pH of 5.5, and (2) acid Bladen soil contains a high level of

KCI extractable AI.

Variation in response to Mn toxicity by soybean genotypes was

reported by Carter et al. (10) in 1975. Thirty soybean genotypes

were grown in nutrient solutions containing six treatments from 0.1 mg

L ^ to 20 mg L ̂  Mn. The visual ratings of leaf wrinkle, chlorosis
and necrosis indicated a wide range in tolerance among genotypes. All

of the cuitivars grown in 0.1 mg L ̂  of Mn were normal. The plants

showed a varied response in the 20 mg L ̂  added Mn from a normal

appearance in Lee to extreme leaf curl in Bragg.

Similar results were reported by Heenan and Carter (26) in 1976

involving four of these cuitivars. in addition, the scions of each

cuitivar Lee and Bragg were grafted onto their own rootstocks and the

rootstocks of the other cuitivar. it was concluded that the expression

of Mn toxicity symptoms was dependent on the plant tops and was not

affected by the rootstock. The Mn tolerance appeared to be the abil

ity of the plant top to tolerant toxic levels of internal Mn.

In a study by Brown and Jones (5) 1977, ten soybean cuitivars

were grown on several different soils with varying nutritional problems

associated with each soil. They concluded that for acid soils, Mn

toxicity varied more than Ai toxicity. This study with soils agreed
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with the nutrient solution experiment which found Lee to be Mn toler

ant and Forrest and Bragg Mn intolerant. None of the ten cultivars

showed any Al toxicity symptoms on acid Bladen soil high in Al.

Another report by Brown and Jones (8) 1977 used Mn tolerant. Lee

and T203, and Mn intolerant Forrest and Bragg soybean combinations

with approach grafts of all of these cultivars. Manganese tolerance

was concluded to be controlled by the top of the soybean. When the

grafted plants were exposed to excess Mn, plants in the culture solu

tion having Forrest and Bragg scions developed Mn toxicity symptoms

regardless of the rootstock. The amount of Mn was about the same in

all plant tops regardless of the rootstock which supported the theory

that Mn tolerance is the ability of a genotype to tolerate high levels of

internal Mn in the plant top.

Ohki et al. (40) 1980 did some work with differential responses

of soybean cultivars to Mn toxicity and deficiency. Seven different

cultivars were grown in nutrient solution to induce Mn toxicity or defi

ciency. There were differential responses in both cases. The culti

vars that were the most sensitive to severe Mn deficiency were Davis,

Lee 74 and Bragg. Davis and Lee 74 were the most sensitive to sever

Mn toxicity. Lee was reported earlier as being Mn tolerant. Although

Lee 74 was a selection out of Lee, the two genotypes are slightly

different. The authors of this study concluded that in the develop

ment of Lee 74 the Mn tolerance was lost implying a genetic base for

Mn tolerance in soybeans.

Differential tolerance of cotton (Cossypium hirsutum L.) cultivars

to Al and Mn toxicities was reported by Foy et al. (19), (17) and
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Brown and Jones (6). Foy et al. (17) 1967 took 14 cultivars of cotton

and grew then on Al-toxic, acid Bladen soil treated with different

amounts of CaCo^. The cultivars differed greatiy in their toierance to

the Al-toxic Bladen soil. The addition of iime to the soil increasing

pH to 5.4 eliminated most of the yieid differences of the sensitive and

tolerant cultivars. The tolerance or susceptibility of certain cuitivars

did not follow specific patterns of origin as did wheat. The most

tolerant cultivars were western in origin and adaptation, Pima S-2,

Acaia 4-42 and Acala 44-10. The cultivars originating in the south

east, where soil was high in Ai, would be expected to be more Al

tolerant. The sensitive cultivars were developed in the easter, delta

and western regions. The most sensitive cuitivar was Coker lOOA

developed in South Carolina's coastal plains. The coastal plains

soils are expected to be low in soluble Al. Foy et al. (19) 1969

reported that cotton cultivars differed significantly in their toler

ance to excess Mn when grown in nutrient solutions. The most toler

ant cultivars included Rex Smooth Leaf, Acala 1517D and Gregg from

the western region. Acaia 4-42 and Coker lOOA from the western and

eastern regions, respectively, were the least tolerant cultivars tested.

Acala 4-42 was tolerant to high levels of Al but sensitive to excess Mn

which points out that tolerance to one acid soil characteristic does not

mean tolerance to another. Coker lOOA on the other hand, is very

sensitive to both Al and Mn levels.

Brown and Jones (6) 1977 grew 15 cotton cultivars on seven soils

with different nutrition problems including toxic levels of Al and Mn.
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The growth on the Richland soil high in Mn had the best yields over

all soils. None of the cultivars showed any deficiencies or toxicities in

this soil. The cotton cultivars differed in response to the unlimed

Bladen soil; although the yield was the lowest in this soil, two culti

vars were significantly lower in yield. This was concluded to be a

differential tolerance to Al toxicity.

Differential tolerance to Mn and Al toxicity has been reported for

ryegrass (Lolium perenne L. and multiflorum Lam.) (44) and inves

tigated for sorghum (Sorghum bicolor (L.) Moench) (7).

A classical study of Mn and Al toxicity using ryegrass was

reported by Vose and Randall (44). Ryegrass cultivars had a wide

variation in resistance to Al toxicity. Some individual plants that

showed an unusual resistance to Al were selected for increase resis

tance. After the fourth generation of selection, a higher concentration

of Al in the nutrient solution was needed to induce toxicity symptoms.

Among the ryegrass cultivars grown some, were resistant and others

were susceptible to Mn toxicity. They concluded that ryegrass culti

vars resistant to both Al and Mn toxicities had low cation-exchange

capacity roots.

Fifteen sorghum cultivars were tested on seven different soils

for nutritional tolerances by Brown and Jones (7) in 1977. Sorghum

cultivars responded differentiy to Al toxicity on Bladen soil. Five

cultivars contained a higher concentration of Al and lower Fe and P

concentrations. None of the sorghum cultivars developed persistent

Mn toxicity symptoms when grown on Richland soil.
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Aluminum sensitivity has been the subject of inquiry for the

species snapbeans (Phaseolus vulgaris L.) (21), rice (Oryza sativa

L.) (28), sugarbeet (Beta vulgaris L.) (34), fescue (Festuca rubra

L.) (39), tomato (Lycopersicon esculentum Mill) (23), sunflowers

(Helianthus annuus L.) (25), and pea (Pisum sativum L.) (35).

In a nutrient solution study with two snapbean cultivars, Foy

et al. (21) demonstrated the Bladen soil tolerant Dade cultivar was

more tolerant to Al than Bladen sensitive Romano. The tolerance was

not related to a differential change in the pH of the nutrient solution

or to Al concentrations of plant tops or roots. Reduced Ca uptake

does provide a good indicator of possible Al sensitivity to Al toxicity

in snapbean.

Foy et al. (23) found similar results in tomato cultivars. Alumi

num tolerant and sensitive cultivars were screened on Bladen soil and

confirmed by using nutrient solutions containing varying amounts of

Al. The tomato cultivars that showed the greatest tolerance to Al in

the soil tended to contain less Al, Ca, and P in the tops of the plant.

In nutrient solutions the Al, Ca, and P in the tops were similar in all

cultivars. However, the roots of the Al tolerant cultivars tended to

contain less of these three elements.

Sunflowers, Foy et al. (25), were also grown on Bladen soil and

in nutrient solutions with different Al concentrations. Sunflower geno

types did exhibit a differential Al tolerance in both growing media and

no differences were detected in the chemical constituents of the tops

or roots.
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Howeler and Cadavid (28) developed a screening technique for AI

toxicity in rice cultivars. The upland rice cuitivars have been noted

for their tolerance to AI in soils with low pH compared to the semi-

dwarf cultivars. Many rice cultivars were screened for tolerance to A!

toxicity in nutrient solutions with high and low A! concentrations.

The differential AI tolerance showed up well using relative root lengths

of the high and low AI concentration solutions. The relative root

lengths correlated with the yield data taken in the field screening for

differential AI tolerance.

Klimashevskii and Berczovskii (35) reported differential tolerance

to AI in pea. An experiment was conducted in nutrient solution with

rates ranging from 0-10 mg L ̂  of AI at a pH of 4.5. The two culti

vars of pea had a differential tolerance to toxic AI. They concluded

that the difference was attributed to the unequal cation and anion-

exchange capacities and to the increased pH in the solution by the

roots of the resistant cultivar.

Sugarbeets were investigated for tolerance to low pH and high

levels of soluble AI. Kesser et al. (34) used accumulated aluminum

phosphate and growth patterns in the meristematic zones of primary

and lateral roots as criteria for tolerance. All cultivars grown in

the nutrient solution with no AI added showed normal anatomical and

morphological development. The nutrient solution with 4 mg L ̂  of

added AI, pH 4.8, showed some cultivars had accumulated large

amounts of aluminum phosphate. There were variations for aluminum

phosphate both among and within cultivars. The examination of the
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root meristematic regions also showed the same type among and within

cuitivar variation. They concluded that there is differential tolerance

at an early stage to Al under low pH conditions in sugarbeet cultivars

and variation within most cultivars.

An effort was made by Nittler and Kenny (39) to use differential

Al tolerance of fescue cultivars to test for cuitivar purity. The

differential Al tolerance was great enought to distinguish contrasting

cultivars. This tolerance would not allow classification of cultivars but

can be used to certify cuitivar purity when compared to a sample of

known purity.

Burley tobacco as well as other crops do respond to high levels

of Mn and Al. Toxicities to both of these metals have been observed

for many of these crops. Differential response has been reported for

some crops but not for burley tobacco.
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CHAPTER III

MATERIALS AND METHODS

1978

In 1978 an experiment was designed to determine the accumulation

of Al and Mn in the laminae of hurley tobacco grown on limed and

unlimed soil. The 15 genotypes used and their agronomic character

istics are shown in Table 1.

The experiment was located at The University of Tennessee,

Plateau Experiment Station, Crossville, Tennessee. In April, 1976, a

low pH (pH 4.5) field was selected with a soil classification of a

Muskingum rocky fine sandy loam with 5-12% slope. Eight blocks were

established in a randomized complete block design with four of the

blocks limed to increase the pH. Liming was to increase the pH to 5.5

in order to decrease the availability of Mn and Al. In 1978 the dif

ferent blocks were still well defined by soil pH.

The 15 hurley tobacco genotypes were arranged in a split-block

design. Each genotype was assigned a single row in a randomized

complete block design to form strips across the two blocks. One

subplot of each genotype appeared in a limed block and one subplot

appeared in an unlimed block for each of four replications.

Plant beds were sown at the Plateau Experiment Station in March,

1978. Prior to transplanting, 2,240 kg ha ^ of 5-10-15 fertilizer was

applied to the field. In early June the tobacco was transplanted in

rows of 26 plants per subplot spaced 107 cm between rows and 41 cm
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Table 1. Tobacco genotypes and their characteristics used in the 1978
study.

Disease Reaction

Yield Black Black
Genotype Maturity Potential Quality Shank Root Rot

Ky 10 medium good high S R
Ky 14 medium good high S R
Ky 15 medium good high S R
Ky 17 medium low good R-0,1 R
Bu 21 medium good high S S
Bu 49 medium low good R-0,1 R
Bu 64 late low good R-0,1 R
VA 509 medium good good R-0,1 S
Ms Ky 14 X LB early high high R-0 R
Ms Bu 37 X LB early good good R-0 MR-1 R
Ms Bu 21 X LB early good high R-0 R
Ms Bu 21 X Ky 10 medium high high R-0 LR
Or 96A medium good good R-0,1 R
Gr 97A medium good good R-0,1 R
Gr 102A medium good good R-0,1 R

g

S—susceptible races 0 and 1; R—resistant race following;
MR—moderate resistance race following.

S—susceptible; LR—low resistance; R—resistant.
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within rows using a mechanical transplanter. Sidedress fertilization

consisted of 336 kg ha ^ of NH^^NO^ applied with the first cultivation
after transplanting. Recommended cultural practices were followed

throughout the growing season.

Soil samples, 15 to 20 cm in depth, were taken on July 5 and

kept in a freezer (-18°C) until pH, water soluble Mn (w-Mn),

exchangeable Mn (e-Mn), easily reducible Mn (r-Mn), and exchange

able A1 (e-Al) were determined. The soil samples were passed through

a 10 mesh screen prior to analyses to eliminate large particles. Soil

pH was determined by the method used by the Tennessee soil testing

laboratory, 10 ml of deionized H^O was added to 10 g of soil and

allowed to stand for 30 minutes (43). The pH was measured using a

potentiometer with glass electrodes. Manganese extraction was done

in three phases: (1) the w-Mn was extracted with deionized H^O,

(2) e-Mn was extracted with neutral normal ammonium acetate, and

(3) r-Mn, a measure of total Mn in the soil, was extracted with neutral

normal ammonium acetate with 0.2% hydroquinone as a reducing agent

(1). Aluminum was extracted by leaching the soil with IN KCl solution

(37). The only modification of these extraction procedures was to use

field moist soil and then adjust the results for soil moisture. The

same 10 g of soil was used for w-Mn and e-Mn. Available Mn was cal

culated by adding w-Mn and e-Mn for each sample.

Manganese and A1 were analyzed by atomic absorption spectro-

photometry (Perkin and Elmer models 372 and 5000). Manganese atom-

ization was accomplished with an air-acetylene flame and A1 electro

thermal atomization was accomplished with a heated graphite furnace.



22

Five plants for each subplot were stripped of all the laminae at

harvest time. The laminae were dried in a forced air oven at 40°C for

48 hours before being weighed and ground in a Wiiey Mill to pass

through a 100 mesh screen.

Chemical analyses of the laminae were done by ashing a 0.5 g

ground sample and using HCI to bring the Mn and Al into solution

(29). The color of the ash was noted when the HCI was added to the

porcelain crucibles. Aluminum and Mn analyses were done with flame

atomic absorption spectrophotometry.

Analyses of variance for a randomized complete block were cal

culated on the soil determination for pH, w-Mn, e-Mn, a-Mn, r-Mn,

and e-AI. Analyses of variance for a split-block design were calcu

lated on Mn and Al laminae determinations. When differences were

indicated by an F test at the 5% level of probability, means were

subjected to Duncan's New Multiple Range Tests using a 5% probability

level.

Correlations were calculated to examine the relationship between

the plant Mn and Al and soil pH, w-Mn, e-Mn, a-Mn, r-Mn, and e-AI.

1979

In 1979 three field studies were conducted. The first experiment

was in the same field as the previous experiment at The University of

Tennessee, Plateau Experiment Station, Crossville, Tennessee. Six

burley tobacco genotypes were laid out as the strip treatments in a

split-block design. One subplot of each genotype appeared in a limed
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block and one subplot appeared in an uniimed block for each replica

tion. Due to the extremely wet spring in 1979 only three replications

were harvestable.

The hurley tobacco genotypes planted were Bu 64, Ky 17, Va 509

and hybrids male sterile (Ms) Ky 14 x L8, and Ms Bu 37 x L8.

The plant beds were sown on the Plateau Experiment Station in mid-

March. The field had a pretransplant application of 2,240 kg ha ^ of

5-10-15 fertilizer. Plants were set using a mechanical transplanter.

Due to the wet weather, cultivation of this field was made impossible

for more than a month after transplanting and the planned amonium

nitrate sidedressing was not applied. Recommended cultural practices

were followed for the remainder of the growing season.

At harvest time, soil samples were taken from each of the six

blocks, 15 to 20 cm in depth and kept in a freezer (-18°C) until

extraction.

Five plants from each subplot were cut, speared on sticks and

hung in a hurley barn for air curing. After curing, the leaves were

stripped from the five stalks per subplot, bundled up and saved for

chemical analyses.

The same six hurley tobacco genotypes were treatments in two

other locations in 1979. These survey sample locations were chosen to

give additional information over a wider range of pH and soil Mn and

Al concentrations.

One field was located on The University of Tennessee, Plateau

Experiment Station, Crossville, Tennessee. The test was conducted on

a soil originally mapped as a Hartsells loam with a 2-5% slope.
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The other field was located at The University of Tennessee Middle

Tennessee Experiment Station, Spring Hill, Tennessee. The test was

conducted on Maury silt loam soil. Both locations were laid out in a

randomized complete block design with three replications each.

Plant beds were sown at each location in March, 1979. Prior to

transplanting, 2,240 kg ha ^ of 5-10-15 fertilizer was applied to each

field. In early June the six tobacco genotypes were transplanted

with a mechanical transplanter in rows of 35 plants per plot spaced

107 cm between rows and 41 cm within rows. Sidedress fertilizer con

sisted of 336 kg ha ^ of NH^NO^ applied with the first cultivation.
Recommended cultural practices were followed throughout the growing

season.

Soil samples were taken to the depth of 15 to 20 cm at harvest

time and kept in a freezer (-18°C) until extraction. Soil samples from

all three tests were analyzed together.

The soil was analyzed for pH, a-Mn, and e-AI. The pH was

determined in water with a glass potentiometer and Al determina

tions were made as previously described. The w-Mn and e-Mn were

extracted together in one neutral normal ammonium acetate extraction

for a-Mn. Manganese and Al were analyzed by atomic absorption

spectrophotometry (Perkin and Elmer models 372 and 5000). Manganese

atomization was accomplished with an air-acetylene flame and Al

electrothermal atomization was accomplished with a heated graphite

furnace.

Five plants from each subplot were cut, speared on sticks and

hung in a burley barn for air curing. After curing, the leaves were
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stripped from the five stalks per plot, bundled up and saved for

chemical analyses. The leaves were cleansed of soil and debris by

dipping them in distilled water. The laminae were separated from the

stem, dried in a forced air drier at 40°C for 48 hours, and ground in

a Wiley Mill to pass through a 100 mesh screen. Chemical analyses of

the laminae were done by ashing a 0.5 g ground sample and using HCI

to bring the Mn and Al into solution as described earlier. The color

of the ash was noted when the HCI was added to the porcelain cru

cibles. Aluminum and Mn were analyzed by flame atomic absorption

spectrophotometry.

Analyses of variance for a randomized complete block were cal

culated on the soil determination for pH, a-Mn, and e-AI. Analyses of

variance for a split-block design were calculated on Mn and Al laminae

determinations. When differences were indicated by an F test at the

5% level of probability, means were subjected to Duncan's New Multiple

Range Tests using a 5% probability level.

Correlations were calculated to examine the relationship between

the plant Mn and Al and soil pH, a-Mn, and e-AI.
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CHAPTER IV

RESULTS AND DISCUSSION

Sol! Properties 1978

The establishment of the soil pH blocks was necessary to create

the proper environments for growing the different hurley tobacco

genotypes. Increasing the soil pH to about 5.5, to decrease the avail

ability of Mn and Al, on four of the eight blocks was the goal of

liming. Means for the 1978 soil determinations are given in Table 2.

The mean hydrogen ion activity of the unlimed blocks was 29.9 x 10

(pH 4.5), close to the original hydrogen ion activity before cultiva

tion. The decrease in hydrogen ion activity in the limed blocks was

highly significant. The mean hydrogen ion activity of the limed blocks

was 4.5 X 10 ^ (pH 5.3). The means in Table 2 show that there were

significant or highly significant differences in the limed and unlimed

biocks for w-Mn, e-Mn, a-Mn and e-Al.

Easily reducible Mn is somewhat, a measure of how much total Mn

is in the soil. There was not a significant difference in the concen

tration of Mn in either the high or low hydrogen ion activity blocks.

Means for these blocks were 2,281 and 2,125 pmol kg~\ respectively.

Table 2. Easily reducible Mn was not considered to be available to the

plants.

The water soluble and e-Mn together are better than r-Mn as a

measurement of the Mn concentration that may be taken up and accum

ulated by the plant. The w-Mn, which is the most mobile and
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available fraction of Mn had the greatest comparative difference in con

centration with a mean of 7 ymo! kg ^ for the limed plots of 68 ymol

kg ^ for the unlimed plots. The e-Mn had concentrations of 88 ymol

kg ^ for the limed block and 204 ymol kg ^ for the unlimed soil block.

The a-Mn, exchangeable plus water soluble, had a 65% decrease in Mn

concentration in the soil from the unlimed blocks. Values of 272 ymol

-1 -1kg for the unlimed blocks as compared to a mean of 95 ymol kg Mn

in the limed blocks. The means for e-AI in the soil blocks were mark-

-1 _i
ediy different with 485 ymol kg for the limed and 5,236 ymol kg for

the unlimed, a 91% decrease in A! concentration.

The analyses showed that there were measurable and significant

differences created by the increase in soil pH or the decrease in

hydrogen ion activity. The availability of Mn and A! decreased with

the addition of lime and associated the decrease in hydrogen ion

activity. Liming did not change the total amount of Mn in the soil.

Easily reducible Mn was not different between the limed and unlimed

soil blocks.

Leaf Determinations 1978

The color of the ash from the laminae of the leaf was observed

when the HCl was added to the crucibles to bring the Mn and Al into

solution. Samples that came from the unlimed blocks where the hydro

gen ion activity was still high had a dull, brown, muddy color. This

agrees with Anderson et al. from the studies done in Connecticut on

the black shade leaf tobacco in 1941 (2). None of the laminae samples

from the limed blocks produced a muddy colored ash.
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Analyses of variance were calculated for Mn, AI and yield. Mean

squares and error mean squares are shown in Table 3. For the vari

ables yield and AI, there were no significant differences for geno

types, soil pH or their interaction. There was not a significant

difference among genotypes and genotypes x pH interaction for Mn.

There was a highly significant difference between soil pH blocks for

Mn. Means were 11 mmol kg ^ for the unlimed blocks as compared to

the 3 mmol kg ^ of laminae for the limed blocks. Table 4. The

decrease of Mn in the laminae of the genotypes on the limed blocks

was a result of the decreased Mn availability when the hydrogen ion

activity was decreased in the soil solution. Manganese toxicity

symptoms appeared in the leaves; this was was where Mn was expected

to accumulate.

There was not a significant decrease for AI concentrations in the

laminae. Values were 37 mmol kg ^ and 28 mmol kg ^ for the unlimed

blocks and limed blocks, respectively. There was a 91% decrease in

the availability of AI from the unlimed to the limed blocks in the soil

extract but this did not result in a difference in the AI in the laminae.

Aluminum toxicity symptoms are expressed in the roots of the tobacco

plant (4). If roots are the site of accumulation of excess AI as the

symptoms would suggest, then the nonsignificant differences in the

laminae would be explained.

The mean increase of yield from 37 to 44 g plant ^ in the limed

over the unlimed blocks is probably a function of the greater avail

ability of most of the essential nutrients. The plants on the unlimed
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Table 3. Mean squares for genotype, soil pH, genotype x sail pH,
and errors fo_r, Mn and A! in the laminae (mmoi kg ) and
yield (g plant )—1978.

Mean Squares

Source Mn Al Yield

Genotypes (G) 8 NS 297 NS 256 NS
Error 6 236 223

Soil pH (pH) 1652 ** 2345 NS 1372 NS
Error 19 548 783

G X pH 3 NS 134 NS 74 NS
Error 2 140 61

**F-test for differences betweeen soil pH blocks is significant at
the 0.01 level of probability.

NS—F-test for differences is not significant at the 0.05 level of
probability.

Table 4. Laminae means of 15 genotypes for Mn, Ai concentrations and
yield—1978.

Soil Blocks Mn Al Yield

mmoi kg ^ g plant ^
Unlimed 11 ** 37 NS 37 NS

Limed 3 28 44

**F-test for differences between soil blocks is significant at the
0.01 level of probability.

NS—F-test for differences is not significant at the 0.05 level of
probability.
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soil were observed to be smaller. There were no notable differences

in the Mn toxicity symptoms across these replications other than size

of plants which may be attributed to A! toxicity although the Al con

centration in the leaves was not significantly different.

Correlation coefficients between Mn, Al and yield of laminae using

the mean of all 15 genotypes with hydrogen ion activity, w-Mn, e-Mn,

a-Mn, and e-AI in the soil are given in Table 5. Hydrogen ion activ

ity was highly significantly correlated, .99, with Mn in the laminae.

Aluminum and yield of the laminae correlations with hydrogen ion

activity were nonsignificant. These were expected from the analyses

of variance and means. Manganese was highly significant for soil pH

blocks and correlated well with hydrogen ion activity indicating

that the Mn In the laminae does change as the hydrogen ion activity

Increases. Aluminum or yield was not significant In either analyses

of variance or correlations. Aluminum was positively and yield was

negatively correlated with hydrogen Ion activity.

Water soluble Mn and a-Mn were highly significantly and e-Mn

significantly correlated with Mn In the laminae with coefficients of .96,

.88, and .80, respectively. This agrees with the analyses of variance

and correlations can be made between the Mn In the soil with Mn In

the laminae.

The r-Mn In the soil was not significantly correlated with Mn In

the plant. This was expected because all of the Mn In the soil Is not

available to the plant.

Aluminum In the laminae was not significantly correlated with

hydrogen ion activity or with e-AI and was not significant In the
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analyses of variance indicating the laminae is not the appropriate plant

part for studying Al.

Yield was negatively correlated with Mn and Al in the laminae of

the leaf. These correlation coefficients were -.62 and -.74, respec

tively. Although, the correlation between yield and Al was signifi

cant, the analysis of variance was not. The associations between yield

with Mn and Al in the laminae are too weak to predict genotype sensi

tivity to Mn and Al.

Soil Properties 1979

Three fields were sampled in 1979. The same field as the one

used in 1978 was again used for the pH test. A production field at

the Plateau Experiment Station (PES) and another production field

at the Middle Tennessee Experiment Station (MTES), Spring Hill,

Tennessee were also sampled. Means for hydrogen ion activity, a-Mn,

and e-Al determinations and mean separations are given in Table 6.

Hydrogen ion activity was 19.0 x 10~^ (pH 4.7) for the unlimed which

was significantly different from the limed soil treatment's hydrogen ion

""6activity of 2.8 x 10 (pH 5.6). This was a reduction in hydrogen ion

activity from the previous year in both limed and unlimed soil blocks.

There are two possible explanations for this reduction. The ammonium

nitrate sidedressing was not applied in 1979. This is an acid forming

fertilizer and probably increased the hydrogen ion activity in 1978 and

did not in 1979. Secondly, the sidedressing was applied in June 1978

shortly before the field was sampled in early July and the effects of

the fertilizer were high. In 1979 the soil sampling was not done until
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Table 6. Means and coefficients of variation for activity, available
Mn, and exchangeable Al for four pH environments—1979.

pH Environment a-Mn e-AI

—— ymol kg ^ —-
Unlimed pH test 19.0 X 10 ® a

a 300
a
a 2934

a
a

Limed pH test 2.8 X 10"^ b 2 b 539 b

o
<

o\o

a

22.0 27.2 16.3

MTES sample 1.7 X 10"® b 34 b 71 c

PES sample 0.7 X 10~® b 14 b 21 c

CV 2 29.9 30.5 24.9

g

Numbers followed by the same letter are not significantly differ
ent at the 0.05 level of probability using Duncan's New Multiple Range
Test.

CV 1, based on the unlimed and limed treatments for the 1979
soil pH test. CV 2, based on all four pH environments.
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September; this gave the soil more time to equilibrate after the appii-

cation of the fertilizer and to decrease the hydrogen ion activity.

Production fields had mean hydrogen ion activity, above the criti

cal pH 5.5, of 1.7 X 10"^ (pH 5.8) and 0.7 x lO"® (pH 6.2) for MTES

and RES, respectively. These were significantly different from the

unlimed soil blocks, but not the limed soil blocks in the pH test or

each other.

Available Mn, in the pH test, was decreased significantly from

300 ymol kg ^ for the unlimed soil to 2 ymol kg ^ for the limed

treatment. This was a 99% drop in a-Mn. Apparently the decrease

in hydrogen ion activity was enough to shift most of the Mn to the

unavailable state. The MTES and FES fields had a-Mn means of

34 ymol kg ^ and 14 ymol kg \ respectively. These levels were not

significantly different from each other or from the limed treatment in

the pH test, but were significantly different from the unlimed soil

blocks. Although a-Mn means were higher in the production test than

they were in the limed soil treatment in the pH test, the hydrogen ion

activity was lower. A decrease or close to the same level in a-Mn was

expected. The soil types were different which could account for the

small nonsignificant differences or the application of sidedress fertilizer

to the production tests could have affected the availability of soil Mn.

Exchangeable Al means were significantly different in the pH test.

The unlimed soil blocks had a mean of 2,934 ymol kg~^ and the limed

blocks had a mean of 539 ymol kg \ this represents an 82% decrease

in e-AI. A significant decrease in e-AI was calculated between the
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limed soil blocks in the pH test and both production tests. Means for

MTES and PES were not significantly different from each other with

values of 71 pmol kg ^ and 21 pmol kg \ respectively. The reduction

in hydrogen ion activity was enough to cause a significant reduction in

e-AI from the unlimed soil blocks to the limed soil blocks in the pH

test, a reduction for MTES and further to a nonsignificant reduction

for PES.

Leaf Determinations 1979

Analyses of variance were calculated for Mn and Al in the laminae

for the six genotypes in the pH test. Table 7 shows the mean squares

for genotypes, soil pH, their interactions, and errors. Soil pH blocks

for laminae Mn was the only source of variation that was significant.

This difference was expected because, with the addition of HCI to the

crucibles to dissolve the Mn and Al a dull brown, muddy colored ash

for all of the samples from the unlimed soil blocks was observed. The

means for laminae Mn concentration are in Table 8. The unlimed or

the high hydrogen ion activity soil blocks produced laminae with

16 mmol kg \ the highest Mn concentration in all of the environments

tests in 1979. Where liming reduced the hydrogen ion activity, Mn in

the laminae was reduced significantly to 3 mmol kg~^ in the laminae.

This large significant difference indicates that when the hydrogen ion

activity decreased from 19.0 x 10~® to 2.8 x 10"® it passed the critical

hydrogen ion activity for the availability of Mn and the plant did not

take up and accumulate as much Mn in the laminae.
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Table 7. Mean squares for genotype, soli pH, genotype x soil pH,
and Al in the laminae (mmol kg )—1979.and errors for Mn

Mean Squares

Source Mn Al

Genotypes (C) 21 NS 6 NS
Error 18 5

Soil pH (pH) 1643 * 87 NS
Error 30 33

G X pH 17 NS 3 NS
Error 17 4

*F-test for differences between soil pH blocks is significant at the
0.05 level of probability.

NS~F-test for differences is not significant at the 0.05 level of
probability.

Table 8. Mean laminae Mn and Al concentrations by environment—
1979.

Environment Mn Al

mmol kg r—

Unlimed 16 a^ 7 b®
Limed 3 b 4 b

MTES 3 b 13 a

PES 2b 7b

g

Means followed by the same letter are not significantly different
at the 0.05 level of probability using Duncan's New Multiple Range
Test.
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Analyses of variance were calculated for Mn and A! In the laminae

using all four environments in 1979; their levels of significance are

indicated in Table 8. The two production fields also had concentra

tions of Mn in the laminae close to and were not significantly different

from that of the limed soil blocks of the pH test. Mean concentrations
_1 _i

of 3 mmol kg and 2 mmol kg were determined for the MTES and

PES experiments, respectively.

The laminae Mn concentration agreed with the soil Mn concentra

tion and the hydrogen ion activity in the soil. Soil blocks with the

— figreatest hydrogen ion activity (19.0 x 10~ ) had the most a-Mn in the

soil with levels of 300 ymol kg ^. This soil treatment was significantly

different from the limed, MTES and PES soil samples for hydrogen ion

activity and a-Mn; the three treatments were not significantly different

from each other for hydrogen ion activity or a-Mn. Manganese in the

laminae reflected these soil trends and did indicate when the criti

cal pH was passed (11). The highest laminae Mn determined was the

16 mmol kg ^ on the unlimed portion of the pH test; in the other envi

ronments, the limed, MTES and PES had 3 or 2 mmol kg~\ The 2.8 x

10 ® hydrogen ion activity (pH 5.6} is just over the critical point for
a-Mn in the soil. Manganese in the soil becomes more available to

plants as the hydrogen ion concentration increases above this point

and is taken up and accumulated in the laminae. Below this critical

point there is no further significant reduction of a-Mn in the soil and

Mn is not accumulated in the laminae as well.

Mean squares in Table 7 indicated that there were no significant

differences for the Al in the laminae of the leaf in the pH test in 1979.
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Means for AI concentration in the laminae over all of the environments

showed a different response than the Mn in 1979. Table 8 shows the

mean separations for laminae AI for all four environments. The

unlimed, limed and PES environments were not significantly different

from each other for AI concentrations which were 7 mmol kg~^, 4 mmol

kg \ and 7 mmol kg \ respectively. These three means were signifi
cantly different from MTES which had a value of 13 mmol kg~^ of AI

in the laminae. As noted earlier in Table 6 the unlimed and limed

environments in the pH test were significantly higher in e-AI in the

soil than was MTES. The PES test had 21 ymol kg ^ of e-AI in the

soil which was not significantly different from that of MTES. How

ever, there was a significant increase in laminae AI at the MTES

location shown in Table 8, (13 mmol kg~^). There was much less e-AI

in the soil at MTES than in the pH test and slightly more than the PES

location.

The reason for the increased AI concentration in the laminae for

MTES could be that although the soils from the limed and unlimed

treatments of the pH test had higher amounts of e-AI, their hydrogen

ion activity was high enough for the AI to be toxic to the roots. With

the slightly lower hydrogen ion activity, 1.7 x 10~®, (pH 5.8), the

critical pH was passed where AI is no longer toxic to the roots.

Above this hydrogen ion activity AI is toxic to the roots and accumu

lation in the laminae is affected. Below that hydrogen ion activity AI

is taken up and accumulated in the laminae more efficiently than when

it is toxic to the roots. When the hydrogen ion activity was lowered
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further, a nonsignificant decrease in e-AI at the PES resulted in a

corresponding decrease in laminae Al. As Al became less available and

it was accumulated less in the laminae.

Correlations were calculated between the soil hydrogen ion activ

ity/ a-Mn, and e-AI and the laminae Mn and Al for the six genotypes

used in common in the 1978 pH test, the 1979 pH test, and the 1979

MTES and PES production tests. Correlation coefficients are shown in

Table 9. A highly significant correlation coefficient of .87 and .99, in

the 1978 and 1979 pH tests, between a-Mn and laminae Mn indicated

that the difference between the hydrogen ion activity of limed and

unlimed soil treatments had a significant effect on the accumulation of

Mn.

The production fields in 1979 had a much lower correlation

between a-Mn in the soil and Mn accumulated in the laminae. Both of

these locations had pH's above the critical point and the a-Mn in the

soil was low. They did not show any indication of observable Mn

toxicity symptoms.

Hydrogen ion activity correlated well with laminae Mn in all

environments. This indicates that the pH does have an affect upon

accumulation of Mn in the laminae. Analyses of variance for laminae

Mn support this finding.

Table 9 also shows the laminae Al correlations with soil hydrogen

ion activity and e-AI. The correlation coefficients for genotypic means

were not high until hydrogen ion activity decreased passed the critical

point. The 1979 sample had a significant correlation coefficient of .85
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for hydrogen ion activity and .91 for e-AI, it was above that critical

point. There was still no clear-cut correlation between Al accumulated

in the leaf and e-AI.

Combined Analyses—pH Test

Analyses of variance were calculated for the 1978 and 1979 pH

tests for all measured variables. Caution must be used in the inter

pretations of the combined analyses because of several different factors

in these two years. The 1978 soil samples were taken early in the

growing season, the first week in July, and shortly after the side-

dressed application of the ammonium nitrate. In 1979 the sidedressing

was not applied and the soil was sampled in September at harvest time.

In 1979 there were 3 replications compared to 4 in 1978. Two blocks

of tobacco drowned and were not usable, so the limed block of one

replication was combined with the unlimed block of another replication

to create the third replication in 1979. The errors associated with

1978 and 1979 were not homogeneous when Hartley's test for hetero

geneity was calculated. Because of the lack of homogeneity and the

differences in cultural practices for the two years it seemed appro

priate not to use the combined analyses.

Further Research

Two separate studies would be appropriate in order to get an

indication on whether there are differential tolerances to Mn and Al

in bur ley tobacco genotypes. Each metal should be studied indepen

dently, Foy et al. (22) found that tolerance to one metal did not

mean tolerance to another. Environmental control would play a very
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important part in either study. Rufty et ai. (42) has shown that

temperature and moisture may change the expression of Mn toxicity

symptom at the same level of Mn concentration. Environmental factors

may also change the critical pH point at which the toxicity symptoms

appear. Precise control of the pH levels would be very important.

The soil should have a pH range of approximately 5.0 to 6.5 with a

minimum of four levels. This should guarantee that we pass the criti

cal point at which Mn is no longer available in toxic amounts. Toxicity

symptoms on the leaves should be rated and used as an indicator of

the degree of Mn toxicity to the plant. The expression of Mn toxicity

is dependent on the top and not the root (8, 19, 26). Using ten

genotypes and four replications should be sufficient to assure adequate

degrees of freedom to analyze for each source of variation in the data

analyses.

A similar experimental design for AI toxicity could be utilized.

Because data from the present study indicated that AI may be toxic at

a higher pH than Mn and the range of pH should be adjusted. Alumi

num toxicity symptoms on the roots should be rated and used as an

indicator of differential tolerance to higher e-AI in the soil. Foy

et al. (23) concluded that plant tops were not the place to study AI

toxicity; Kesser et al. (41) found that roots were useful in AI toxicity

studies. Correlating root Al with hydrogen ion activity and e-AI in

the soil may indicate differential tolerance to Al in the soil, or may

indicate that liming will take care of toxicity problems. Results from

these studies should indicate if there is differential tolerance in burley

genotypes to toxic levels of Mn and Al.



44

CHAPTER V

SUMMARY AND CONCLUSIONS

Bur ley tobacco genotypes were grown for two years, 1978 and

1979, on soils that were approximately pH 4.5 and 5.5 in an effort to

correlate hydrogen ion activity, Mn, and A1 in the soil with Mn and A1

in the laminae of the tobacco in an attempt to determine if a differ

ential genotypic tolerance exists to high levels of Mn and Al. Results

for 1978 were inconclusive. Aluminum in the plant did not correlate

well with hydrogen ion activity or e-AI in the soil. The correlation

coefficients were small and when the Al in the laminae was analyzed

there were no significant differences in genotypes or genotype x soil

pH interaction. Correlation coefficients for Al did increase consider

ably in 1979 but they never became strong enough, until the pH went

above the critical point, to place much confidence in them. This

supports the hypothesis that to obtain an indication of toxicity

symptoms Al should not be measured in the laminae of the leaf, but

the roots may be a better indicator of Al toxicity.

Correlations between Mn in the laminae and hydrogen ion activity

and Mn in the soil were stronger than those of Al. Analysis of vari

ance calculated on the Mn in the laminae indicated there were no

differences among genotypes or interaction between genotypes and the

different pH soils.

In 1979, fewer genotypes were used on soil blocks of different pH

levels to evaluate for differential tolerance to Mn and Al toxicity. The
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results for Mn were similar to those obtained in 1978. Hydrogen ion

activity and available Mn in the soil did correlate with Mn in the

laminae. In the production fields where the pH was well above the

point where Mn was not toxic to the plants, correlation coefficients

were lower. Because of the differences in cultural practices and

heterogeneous errors the data from the two years could not be com

bined for analyses. Correlations and analyses of variance did point

out that increasing the pH does affect the accumulation of Mn in the

laminae. Liming would be an effective way to prevent Mn toxicity

problems. There was not any indication, from the studies described

here, as to whether or not there is differential tolerance to Mn

toxicity.

Environmental control plays a very important part in assessment

of Mn toxicity. A study with four pH levels, beginning at approxi

mately 5.0 and ending at approximately 6.5, and ten genotypes using

toxicity symptoms as an indicator might afford an indication of differ

ential tolerance to Mn toxicity.

Hydrogen ion activity and e-AI in the soil did not correlate well

with Al in the laminae in either year. This would indicate that further

studies should use the roots of the plant to determine Al toxicity

levels. A study set up similarly to that described for the Mn could

be utilized using Al toxicity symptoms in the roots as the indicator.

There was not any indication, from the studies described here, as to

whether or not there is differential tolerance to Al toxicity.
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