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ABSTRACT OF THESIS

THE UPTAKE OF CALCIUM. BY. ISO_.LINES..AND KENTUCKY
VARIETIES OF NICOTIANA TABACUM L.

Plant-to~-plant variations have been observed in the
uptake of calcium in several varieties of tobacco. Iso lines,
because of their homozygous condition were expected to exhibit
a minimum plant-to-plant variation. This study involved an
analysis of the uptake of calcium by Iso lines and normal
heterozygous lines of burley tobacco, It was found that the ‘
Iso lines exhibit the same degree of plant-to-plant variation
in calcium uptake as the Kentucky varieties,

’%Zi4a¢u¢;¢_ﬁ.;w/i{;aﬂb/

Fraycis J;.§géy

leley [ sPE%
72/ “Date

Vb



Accepted by the faculty of the School of Sciences and
Mathematics, Morehead State University, in partial fulfill-

ment of the requirements for the Master of Science degree.

™
/‘I‘ ”~
Director of Thegis

- =
Master's Committee:_ﬂg‘ha‘éw_, Chalrman

Mol J LZa

A
r

date

e



ACKNOWLEDGEMENTS

The wfiter wishes to express his sincere appreciation
to Dr. D.M. Brumagen under whose supervision and guidance
this study was conducted. His appreciation 1s extended to
Morehead State University for the asslstantshlp which

helped make thls study pessible.

111



TABLE OF CONTENTS

Page
........ - — R

LIST OF TABLES ......I...........-....-.....'.'I...Uu" v

LIST OF ILLUSTRATIONS }.}....,..............}l}}llllllf vi

INTROBUCTION .....II..I.....I.............GOU9.....0.0. 1

REVIEW OF LITERATUHE I.....IIII.III.UIOI....U..U.'..O.. 3

MATERTALS AND METHODS » s eooeesecsssessesasansasnscnsons v
I. Growth and Harvegt of Plants

Experiment .I
Experiment II

' IT, Determinatlon of Plant Calcium Uptake

EXPERIMENTAL RESULTS 8.0 80 6'0 8 0,0 28 00 208000 0 0P P RSO R O D 0DDN 11

Experimenb I
Experiment IT

DISCUSSION 28 089 5.00 0000 00400 deeddtdsseesDePesse 25

SUMMARY ol'lUl.l..'........‘.....0..’l’.-l_.“..-I.Ilcooll.,.al.-ﬂ 2?

LITERATURE CITED #5859 90 5.5 0.0 889 8500088880089 O08RSan 00O 0D 28

iv



LIST OF TABLES
Table , Page

1. Uptake of Calclum by Four Varletles . .
Of TObacco L O 3N BN BN BN BN RN BN BN BN BN BN BN BN BE BE BN BN BN OBE BE BN OB B N BB BN B BN O BN BN BN 12

2e Anelysis of Varlance of Calcium Uptake .
by Four Varietles of Tobacco sS40 SLS IR0 ORES S 14

3. Uptake of Calclum by Plants from Flve ., .. . ..
Dilfferent Pods of Is0 LlnNe 1 wceesvessossssesns 17

4, Analysils of Varilance of Calecium Uptake
by Plants from Five Different Pods.. , . e s
of Iso Line 1‘-oooooooot-oooo-.o-a-r--eoo-oonc 19



LIST OF ILLUSTRATIONS
Figure

1. Comparison of the Uptake of Calcium by, L
Four Varieties of TObaGCO es s o esacCas R SSEE B O

2, Comparison of the Uptake of Calcium by

Individual Plants from Five
Different Pods of Iso Line 1 ¢ 0S8 800 COR0800BD0C0

vi

Page

20

22



INTROBUCTION

For many years, quantitative variations have been
recognized in the uptake of the essential elements by

higher plants (16). Several varietles of burley tobacco

in their rate of uptake of calclum. However, it has been
found that within these varieties, lndividual plants
varied considerably in their rate of calcium uptake (3).

In a reecent review of mineral nutrition: Gerloff has
stéted that a great deal of caution must be used 1lh evalua-
ting data on the quantitative diffierences in the nutritional
requirements of organisms; due to the individual variation
within varieties and strains: He also states that compari-
sons of thils nature should involve tissues of nearly the
same age, protoplasmic and non-protoplasmic content (16)i
.?heoretically; if orgenlsms of the same genotype could be
ﬁsed the problem of -an adequate control would be surmounted:

Stokes recently developed complete homozygotes of
tobacco by using colchiciqe to double the chromosome number
of haploid plants: These double haplold plants were then
;elfed to -develop homozygous diplold varletles called Iso
lines: Stokes hypotheslzed that these Iso lines would be

extremely useful in any study that demanded a constant

genotype; or one in which plant-to=-plant variation must



be limited to micro-~envirommental response (31).

This study was undertaken to determine if plants
of an Tso line will take up calcium from nutrient solu-
tion at a more consistent rate than plaﬁts of the dipleoid

varieties,



REVIEW OF LITERATURE

Nicotlana tabacum was first described by Linnaeus

in 1754, According to Goodspeed, Nicotiana tabacum (N=24)

is a natural amphidiploid of Nicotiana sylvestris (N=12)

and either Nicotiana tomentosoformis (N=12) or Nicotiana

-otophora (N=12) (19). Goodspeed, Cameron and Clausen stated

that Nicotiana tabacum may be thought of as a normal diploid

from a cytogenetic point of view (19, 8).
In 1922, Blakeslee et ai, noted the occurrence of

haploids in Jimsonweed (Patura stramonium) (1). Shortly

thereafter haploids were reported to occur in cotton,
tobacco, primrose, malze, wheat, rice, tomato, pepper: and
potato (21, 6, 15, 29, 14, 28, 25, 7, 23). In 1950,
Maheswarl reported that haploid-diploid btwins occurred in
nine genera and ten speciles, one of which was Nicotians
tabacum (26),.In the same year, Kehr published an extensive

study on the produotioh of haploids in Nicotiana repanda,

Nicotiana glutinosa, and Nicotiana tabacum (24},

According to Eames, haploid=-diploid twins may arise
in several ways (10). The diploid may come from the integu=-
ment, nucellus, or zygote, while the haploid may come from
the synerglds, antipodals, sperm, or an unfertilized egg?
Campos and Morgan found androgenic haploids developed from

sperm nuclei (4), Because of the amphidiplold origin of
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Nicotilana tabacum, one might expect the haploid to survive.

In 1960, de Nettancourt and Stokes found haplold-diploid
twins occur in tobacco seedlings at a rate of 1210;000 (9);
Two years later Burk reported a method for isolating
haploids by using genetic markers.(2), In 1967, a more
rapid technique for the isolation of haploids based on
stomatal size was developed by Flowers and Stokes°(13):

In 1949, Chase suggested that if corn haploids were
treated with colchicine and then selfed, the resulting
progeny should be homozygous diploid in nature (5):.Ih 1963,
Stokes used thls technique to develop complete homozygotes
of tobacco. These homozygous diplold lines of haploid
origin were called Iso lines, Stokes developed three Iso
lines; Iso line "One" was derived from a Kentucky 16 haploid;,
Iso line "Three" was derived from a Burley 37 haploidi and
Iso line "Four" from a Kentucky 151 haploid (31)., Burk
developed Iso line "Two!" from a Hicks haploid (2): Stokes
has hypothesized that these Iso lines could be useful in
experlmentation in which plant-to=-plant variation must be
limited to micro-environmentalvresponse (31).

In 1963, Rao and Stokes observed that calcium
deficlency symptoms were found mere fregquently in some var-
ieties than 1in others. .They demonstrated that this condition

is in some way associated with the H chromosomes which



carry the mosaiclresistance factor. It was glso shown that
the mosalc resistance factor, per se, was not the cause of
calcium deficiency symptoms, and that some mosaic resls-
tant varieties did not’ show deficiéney symptoms (30).

Recently, Brumagen and Hiatt found no consistent
differences in the rate of calcium uptake between calcium
deficient and non-calcium deficient varietles of tobacco.
However, they did find that individual plants of the same
variety variled considerably in thelr rate of calcium up=-
take (2).

Epsteln and Leggett found that calcium uptake in
barley roots occurred by both exchange absorption (non-meta-
bolic) and active transport (metabolic) modes of uptake (11).
Epsteln has also suggested that the mechanism of metabolic
uﬁtake is similar to enzymatic reactions (12). In 1960,
Moore, Jaccbson, and Ovérstreet, found calcium uptake to
be largely non-metabolic in excised barley Toots, They
postulated that since calcium actively influenceg the
absorption of other cations, it is localized on the cell
surface of the roots (27). Jacobson et al., found that
caloiuq drastically altered the ratio of absorptlon of
sodium and potassium., This controlling behavior of calcium
was found in six different species (27). Handley and

Overstreet, found that the uptake of calcium in the meri-
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stematlc portion of corn root tips was non-metabolic, how=
ever calclium upteke 1n vacuolated portions of the root was
strongly temperature dependent and, thus largely metabolilc

(20),



MATERTALS AND METHODS

I. Growth and Harvest of Plants

Experiment T

Seeds of Ky 16, Ky 12, Iso 1, and Iso 3, were
planted in vermiculite filled plant-growth tubes. Each tube
had a hole in the 5ottom to allow the entry of water and
nutrient solﬁtion; Two foot square plywood boards with 49
one-and-one~half inch holes were used to support the plant
growth tubes, A collar at the top of the growth tubes pre-
vented them from passing completely through the plywood
flats. The flats were constructed to fit into growth chambers
which contained a florescent light source. The flats were
easily removed from the growth chamber for watering purposesﬁ

Three to five seeds were planted in each growth tube,
After germination the plants were thinned to one plant per
tube, The plants were randomized by variety on each flat,
The plants werelirrigated for twenty minutes each day with
Hoaglands solution No. ta (22).

1. Throughout this thesis the following.abbreviations
will be used for the varieties of tobaceco used: Ky 16 ]
(Kéntucky 16), Ky 12 (Kentucky 12), Iso 1 (Iso line 1, plant
14, Kentucky 16), Iso 3 (Iso line 3, plant C-1, Burley 37).



Plants were grown in this manner until they were
about four inches tall. At this time they were removed
from the growth tubes, and the vermiculite was carefully
washed from the roots. Ten plants of each variety were
assigned random positions on another flat (18). The flat
was covered with saran wrap, and small holes were made in
the saran wrap to allpw the roots of the plants to hang
completely immersed in the nutrient solution., The plants
placed on this flat were allowed to egqullibrate in
Hoagland's solution for one week. Two aquarium pumps and
an electric stirrer were used to aerate the nutrient
solution.,

After equilibrating the flat of plants was placed
on another watering box oontaining 32‘11ters of nutrient
solution, .This solution was modified by the addition of
0,448 mg of Ca4501 with a specific activity of 4,680 mc/gm
of Ca45,.The isotope dilution factor was 14,680 Ca40 atoms
to 1 Ca45 atom, .After twenty-four hours, the plants were
removed from the experimental solution for analysls of

calcium uptake,

JExperliment IT

In experiment II, seeds of Iso 1 Iso 1

P-14° P-15"
, were grown in the same

Iso 1 . Iso 1 sI80 1

P-16 P-17 P-18



manner as the plants of experiment I, Eight plants of each

varliety were used in this experiment.
II. Determination of Plant Calcium Uptake

The procedure to determine the uptake of calcium
was the same for experiments I and ITI.

The harvested plants were placed in paper bags and
were humbered to correspond to thelr positioﬁs 6n-thq flat.
The bags containing the samples were placed in a dr&ing
oven and dried at 100° to 110° C for twenty=-four hours. i
The samples were then placed in numbered crucibles and
ashed in a muffle furnace at 600° C for twenty-four hours.
The ash weight of the plants was then determined to the
nearést 0, 0lmgs,

Twenty ml of 0,1 N HCl was added to each crucible
to dissolve the ash. Four one ml samples were then taken
from each crucible and placed on & correspendlingly number-
ed planchet, The planchets were then dried under a heat

lamp. The Cal*S

activity of each sample was counted by a
Nuclear Chicage two pi gas flow partition counter; The
four samples from each crucible were used to determine
an average activity per ml for each plant, The average

activity per ml for each plant was then multiplied by 20

to determine the total Ca45 uptake for each plant, The
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total uptake of calcium for each plant was then determined
by the isotope dilution method. The results were expressed

in mg Ce/g ash wt, x 103,



EXPERIMENTAL RESULTS

gxperimeﬁﬁrl

This experiment was conducted to determine if there
is less plant-to-plant variation in the total calcium up-
take in Iso lines than there i1s in Ky varieties of tobacco.
In this study, experiment I was repeated four times. The
results (Table I, page 12) indicate that the Iso lines
exhibit as much variability in total calcium uptake as the
Ky varieties of tobacco.

An analysls of wvariance for each repetition of the
experiment, (Table II, page 14) revealed no significant
differences in total calcium uptake between the Iso lines
and Ky varieties used.

Flgure 1 (page, 20) illustrates the plant-to-plant
variation in total calcium uptake that was found in
experiments I-A thru I-D, Figﬁre 1 also illustrates that
the reason there is no significant difference between the
Iso lines and Ky varieties is due to the lndividual plant-

to=plant variation within these lines.

Experiment II

Experiment II was conducted to determine if there
is less plant-to-plant variation in total calcium uptake

in the Iso lines when plants from the same seed pod are.
/



TABLE T

UPTAKE OF CALCIUM BY FOUR VARIETIES OF TOBACCO

12

Experiment. “la

Iso 1 Iso 3 Ky 12 _ Ky 16
(mg. Ca/g. ash wt, x 103)

66,0 100.1 84,0 84,0
100,56 71.2 108,2 76.3
102.0 114,0 92,8 90,8

62.8 120.0 107,.0 1060

77.6 74.0 115,0 87,2

82.8 92,0 102,0 95,6

6566 80.8 96,8 80,4

96..0 83.5 65.0 67 .0
~53.0 46,7 7320 _51.3
105.6 53,2 62,5 78,5

Av.=81l.2 Av.= 83.5 Av,=90,6 Ave.= 81,7
. - Experiment. 1lb.
Iso 1 Iso 3 Ky 12 Ky 16
(mg. Ca/g. ash wt. x 103)

102, 0 47,6 74 b 49,2
86.8 137.0 90,0 96,4
51.2 82.4 71,2 704
90,8 57 .2 oL ,8 81,2
71,2 724 86,0 86.4
82,4 87.2 78,0 7362
76,8 67 .6 98.8 109,0
79.,2 82.0 72,4 52,9

102,0 L6,0. 116,0 104.,0

114.5 62,6 129,0 . 95,0

—85.7 A.vo— ?@02 .A.Vo=9100 .A.V'o= 8108




TABLE I (continued)
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Experiment lc

Ky 12

Iso 1 _TIso 3 _ Ky 16
(ng. Ca/g. ash wt. x 103)
87,6 116.,0 5708 80,0
107°.6 77 b 954 OLe2
66'9'? 48 o_o ?6 o O 53‘0_0
7847 54,1 110.2 76 o7
1034 351 82.1 78,1
83,1 84.1 79,1 57,0
7243 94,6 87.5 59,0
524 107,0 1083 107.3
Qb5 68.1 - 98.0 88,6
2ol 58;3 100,6 _ 86.§
A’V";: 8308 AVQ=8003 AV, = 89.5 AV'o =780-O
- Experiment_1d- ¢
Iso 1 Iso 3 Ky 12 Ky 1
(mg, Ca/g. ash wt. x 107)
6,1 82,2 109, 3 84,7
96446 5642 99.0 99 0.0
109,8 5746 6043 48,7
5446 1090 118.1 79 .8
743 47,8 84,9 72,1
771 7hy,1 78.6 98,1
90,4 98,7 87.2 . 9643
101,9 73,0 624 89,2
_86,7 101,8 93k 636k
-81.5 - 9% 5 104,7 . 83,5
Av.= 834 AV, =79 .4 Ave =89.8 Av, = 81,4




TABLE IT

ANATYSIS OF VARIANCE OF CALCIUM UPTAKE
BY FOUR VARIETIES OF BURLEY TOBACCO

14

‘ Experiment la
Source Degrees Sum Mean F
of of Sguare. -Value.
Freedom Sguares
Between 3 569 .47
Varietles
Iso vee Ky 1 144,02 144.02 0038 N.S.%*
Iso 1 vse Iso 3 1 27567 27 .62 0.07 N.S.
Ky 12 vs, Ky 16 1 397.83 39783 1.05 N.S.
Within _. 36 13,607.55 377.99
‘Varieties
Total.. . 39 14 ,177.02. .-
Experiment 1b
Source Degrees Sum Mean F
of of.. Sgunare. Nalue.
__Freedom __Sguares
Between 3 1,510,23
Varieties
Iso vs: Ky 1 418.60  418.60 0,93 N.S.
Iso 1 vsw Iso 3 1 660,10 660,10 1.46 N.S.
Ky 12 ves Ky 16 1 131553 431,53 0.96 N.S.
Within .36 16,231.:25 450,87
Varieties .
Total. 39 17,741 ,48

F,05 (1,36) = %.13

# This F value 18 not significant



TABLE IY (continued)

15

Experiment ic

Sourcse Degrees Sum Mean F
of of . . Sguare . Value
Freedom _Squares ‘
Between 3 751.75
Varietles
Iso vs. Ky 1 29,07 29,07 0,08 N.S,
Iso 1 vee Iso 3 1 63,73 63.73 0,18 N.S.
Ky 12 VSe Ky 16 1 658'95 658.95 1.90 NSSI
Within. .. . 36 12,482.98 346,75
Varieties .
Total - 59 13,234,73 .
Experiment 1d
Source Degrees Sum Mean F
of of . Bauare Yalue
Freedom Sguares '
Between 3 605,40
Varieties
Iso vs. Ky 1 178,50 178.50 0052 N.S.
Iso 1 vs. Iso 3 1 8L.61 81s61 0,24 N.S.
Ky 12 vey Ky 16 1 345528 345,28 1,00 N.S.
Within 36 12,398507. . 344,39
Varletles
Total. 39 13,003.47.

F.O5 (lr'36) . =VL":-013--
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used. -This experiment was repeated three times. The results
(Table IIT, page 17) indicate that the plant-to-plant varla-
tion is just as extreme in plants from the same seed pod as it
is when random plants of an Iso line are used.

A statistical analysis (Table IV, page 19) for each
repetition of the experiment, revealed no significant 4iff-
erences between the plants from different pods:.Figure 2
{page, 22) illustrates the planteto=plant varlation in

samples from the same seed pods



TABLE ITI

UPTAKE OF CALCIUM BY PLANTS FROM FIVE
DIFFERENT PODS OF ISO LINE 1

17

Experiment IT &

Is0 lP,,,:‘L,L_,, Iso '1P-15' Iso. 1PH1'6 Iso -lful-? .IE.Q.HJ.P.__..l.a.
(ng. Ca/g. ash wte x 103) ,
5809 6845 83,3 88,2 53.2
119.6 117,.5 84,1 60,6 100,8
9348 79.1 62,2 8243 7203
7648 82,5 86,8 106, 5 83,1
12,6 7545 72¢2 56,8 60.8
6746 63!? N o4 ,8 75,2
90,9 _8L;5 _82.0 Bk 71,8
7749 83,0  108,6 103, . _75.4
Av,= 88.7. .Avi=82/6.  Av.=Bl.?  Av.=82.h . Av.=7h.0.
Experiment IL
Iso lpogl Iso. lP-l5 . Iso.lp.ig. JIsn "lP-ﬂ:? Iso lp.ig
(mg., Ca/g. ash wt. x 107) _
111,0 61,2 63,8 7645 116,.0
120,0 7748 744 0 89%9 277
7443 70,6 7542 88,7 B5.7
6847 89u9 88,5 66,8 615
5946 11150 86,8 112,0 86,1
7630 7043 107.0 6749 797
73l 9642 76..0 50l 80,8
92,2 80,1 1073 0 . 96,4 . _68.5
Av.= 8432  Avi=82,1 Avy= 81,9  Av.= 79.5

Av,=84,2




TABLE III (continued)

18

"Experiment IIc

Iso lpoay Iso.lp.] 5 Iso lp.ié Iso lp.iy Jdg0 lpoag
(ngy Ca/g. ash wt? X 103) _

90k ok .6 110.,.0 83.4 70.2

972 9745 63.8 711 68.6

61,3 75,0 88,4 88,7 72 .9
113.0 85,8 7348 79.9 87..0
97¢2 104.°0 95,2 ol .7 113,0

79.8 8548 80,6 1070 8343

6h3 . 83, 74,7 86.4 Zhes

o 71.h - 60,9 5542 68,9 79,1
Av, = 84,3. . . Avi=85.8 Avyo=80,2  Av.=82.5  .Av.=.8Ll.1




TABLE IV

19

ANALYSTS OF VARTANCE OF CALCIUM UPTAKE BY PLANTS

FROM FIVE DIFFERENT PODS OF ISO LINE 1

Exﬁefimént ITa

Source Degrees Sum Mean F
of of Square Value
Freedon Squares a
Between 4 872,44 218,11 0,70 N.S.
Pods
Within 35 10,831.,58 309 47
Pods .
Total 39 11,708,028 -
Experiment 11D )
Source Degrees Sum Mean F
. .of. of. Sgquare. Value.
Freedom Squares _
Between b 158,01 39.50 0.12 N.S.
Pods
Within. 35 11,187.48. 319,64
Pods _ :
Total _39. 11,305.50
Fxperiment TTc
Source Degrees Sum Mean F
, of of. ..Square. Yalue.
Freedon Sauares
Between 4 170,10 42,53 0.18 N.S.
Pods
Within 35 8,227..52. 235,07
Podg .
Total 39 8,397.62

-FO.O.S

(4,35) = 2365
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DISCUSSION

Studies dealing with the mineral nutrition of plants
have been greatly hindered by the individual variations found
in strains and species (16)., These plant-to-plant variations
have been observed on many occasions, .It has been suggested
that these differences could be diminished by using organlsms
of closer genetlc composition, The Iso lines are homozygous
diplolds derived from a single plant and thus 1t was thought
that they presented an organism in which planteto=plant variae
Tions in the uptake of nutrient elements would be minimal,

In thils study a statistical analysis, Table II', of the
uptake of calcium revealed no significant differences between
the Iso lines and heterozygous Kentucky varietiesy It was also
found that even when plants from the same seed pod were used,
plant=to=plant varlations still existed. Therefore these obser=
vations indicate that the Iso lines, even though they are
genetically allkel, are no more conslstent in calcilum uptake
than heterozygous varieties,

Buring this study indirect measurements on the rate of
calcium uptake for twenty=four and fourty-eight hour periods
were conductedi, The results indicated that during the first
twenty~four hours there is a high rate of uptake which greatly
decreases during the second twenty~four hours. . .This 1s in agree~

ment with the observations of Epstein. Epstein indicates that

.
—
——
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the initial uptake of calcium is largely non-metabolic/, and
as the concentration of the ion decreases the uptake becoumes
metabolic (11).

Rao and Stokes found that ¢calcium uptake was in some
way associated with the H chromosome; howeveri attempts to
identify a single factor failed (30)% In view of thisi the
variations in the homozygous Iso lines may be due to quantie=
tative genetic factors}y If the calcium uptake were controlled
directly or indirectly by a series of genes, then slight
differences in the micro-environment of the individual plantsi
during growth would then cause observable differences in the
uptake ef calciumi The plants used 1n this gstudy were not grown
in an environment in which the temperature and humidity were
controlledy Since two plants can not occupy the same position
in time and spacey the micro-environment may differi, and thus
Ithis would probably account for'a large degree of the differw
ences observed in both the Iso lines and the heterozygous

varietiegs of tobaccoy



SUMMARY

Iso lines and Kentucky varieties of tobacco were
analyzed for total calcium uptake. The results indicate
the following}

1, Stetistical analysis revealed no significant
differences in the uptake of calcium in Iso
lines and Kentucky varietiesy

2% Plants from the same seed pod of an Iso line
exhibit as much variation in calcium uptake

as random plants of an Iso line.
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