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Chemical Fractions of Plant Potassium, 
Calcium, and Magnesium as Influenced 
by Soil Treatment 

ORIGINAL SOLVENT TREATMENT 
Figure 4. Total percentages of iron extracted by HEEDTA and EDDHA 
from chlorotic and nonchlorotic tomato leaf tissues harvested at three 
successive times afker planting 
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M I N E R A L  N U T R I T I O N  IN P L A N T S  I 

Total, water- and acid-soluble potassium, calcium, and magnesium have been studied in 
tomato stem and leaf tissue as a function of soil applications of potassium and magnesium. 
Total leaf potassium was highest as a result of potassium and magnesium applications. 
Highest amounts of water-soluble plant magnesium resulted from the high rates of pofas- 
sium and magnesium applications, Potassium applications did not inhibit plant uptake of 
magnesium. Approximately 95% of both stem and leaf potassium was water and acid 
soluble. How- 
ever, more than half of the stem and leaf calcium was not soluble in water or acid. Pro- 
portionately more plant magnesium was extracted with acid than with water. 

More stem and leaf calcium was acid soluble than was water soluble. 

s AS EFFORT to understand better I mineral nutrition of plants with 
regard to potassium, calcium, and mag- 
nesium, it would be helpful to obtain 
further information on the forms of these 
elements in certain plant parts. This 
approach is not only essential for the 
plant scientist, but information is no\v 
available indicating that plant forms of 
elements strongly influence animal utili- 
zation of the element ingested (5, 7 7 ) .  

The total amount of an element in a 
tissue is not a reliable criterion to evaluate 
its relation to growth and function. 
Elucidation of the active form (4) of the 
nutrient should be a continual goal. A 
prerequisite to research on the available 
or active forms of potassium, calcium, and 

magnesium in plants is predicated on a 
knowledge of the forms of occurrence of 
the element within selected tissues, and 
how that form changes as a function of 
environmental components. 

The purpose of this investigation was 
to contribute information on the total, 
Itater- and acid-soluble amounts of 
potassium, calcium, and magnesium in 
tomato stem and leaf tissue as a function 
of soil applications of potassium and 
magnesium. Previous data on total 
amounts of potassium, calcium, and mag- 
nesium in tomato plants have been com- 
piled ( 7 .  9 ) .  

Materials and Methods 
Materials. Laveen loam, 0 to 12 

inches, \\as obtained from the Mesa 
Experimental Farm, Mesa, Ariz. After 
collection, the soil was air-dried, crushed 
ui th  a wooden rolling pin, and sieved 
through a plastic screen with 10-mm. 
openings. 

The inside surfaces of So .  10 tin cans 
\\ere coated with asphalt emulsion. and 
each treatment described beloiv \$as 
replicated three times. The necessary 
amount of soil for each can was placed in 
a tuin-shell plastic blender, and the ap- 
propriate nutrients were added. The 
mixture was blended for 20 minutes and 
then was transferred to the respective 
container. 

Base Nutrient Applications. The 
base nutrient application for all treat- 
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Table 1. Soil Treatments 
Treatment 

Designofion 

.4 24 lbs. I</A,<' no magnesium 
added 

B 24 lbs. K/A and 15 lbs. 
Mg/.4 from Sul-Po-Magb 

c 80 lbs. K/A and 50 lbs. 
Mg/A from Sul-Po-Mag 

D 24 lbs. K/A,a 15 lbs. Mg/.\ 
from Granulesc 

E 80 lbs. K/A,a 50 lbs. Mg/A 
from Granules 

F 80 lbs. no magnesium 
added 

a From KzS.04. 
* h trade name for the double sulfate of 

potash-magnesia; contains about 4Orc 
K2S04 and 55YG MgSOI. Furnished by 
the International Minerals and Chemical 
Corp., Skokie, Ill. 

An inert carrier sprayed with mag- 
nesium sulfate and binding agent. Fur- 
nished by Minnesota Mining and Manufac- 
turing Co., St. Paul, Minn. 

Table II. Dry Weights of Tomato 
Plant Tissue as Influenced by 

Treatments 

Treofment Stern Leaf Totol 
Meiins-Dry Wf. ,  Gramsa ____ 

A 5.37a 7.41a 12.78a 
B 5.73a 7.90ab 13.63ab c 5.94~1 8.86bc 14.80bc 
D 5.58a 7.48a 13.06~1 
E 5.79a 7.80a 13 59ab 
F 6.40a 9.16~ 15.56~ 

In comparison between weight of plant 
parts and total w3ight DS. treatments, 
means with like symbols do not differ 
significantly at the 5c7A level of probability. 

ments on a per acre basis consisted of: 
350 pounds of nitrogen as ammonium 
nitrate; 75 pounds of phosphorus as 
monocalcium phosphate; 20 pounds of 
iron as the ferric chelate of ethylenedi- 
amine di(o-hydroxyphenylacetic acid) 
(FeEDDHA) ; 12 pounds of manganese 
as the manganese chelate of ethylenedi- 
aminetetraacetic acid (MnEDTA) ; 9 
pounds of zinc as ZnEDTA; and 6 
pounds of copper as CuEDTA. The 
magnesium and potassium treatments 
are shown in Table I. .411 soils were 
held at  approximately 90% of the mois- 
ture equivalent (70). 

Eight seeds of tomato, Lycopersion 
esculentum, variety Early Pak were planted 
in each can in a glass greenhouse and, 
after emergence, were thinned to three 
plants per can. The plants were har- 
vested after 8 weeks of growth. .4t 
harvest, the plants were cut a t  the soil 
surface, and the aerial portion was di- 
vided into leaflets (referred to as leaves), 
and stems and petioles (referred to as 
stems). The harvested plant material 
was frozen immediately Tvith dry ice, 
lyophilized, and ground to pass a 60- 
mesh screen? and stored a t  -18' C., for 
subsequent chemical analysis. 

Tissue was analyzed for total? water- 
soluble and acid-sohble potassium, cal- 

Table 111. 

'Treatment 

A 
B 
C 
D 
E 
F 

A 
B 
c 
D 
E 
F 

&4 
B c 
D 
E 
F 

A 
B 
C 
D 
E 
F 

A 
B 
C 
D 
E 
F 

A 
B 
c 
D 
E 
F 

Concentration and Total Amount of Element Fractions in the 
Stems and leaves of Tomato Plants 

Total 

Mg.1  
grom 

10.0 
9.3 
8.7 
10.0 
8.8 
7.8 

38.0 
39.0 
36.8 
39.8 
38.7 
37.5 

12.3 
14.0 
9.7 
13.7 
11.2 
10.8 

24.7 
23.0 
21.7 
24.5 
23.0 
22.3 

6.2 
5.7 
6.2 
5.2 
5.5 
5.0 

7.2 
6.8 
6.5 
6.8 
7.2 
7.3 

Total mg. 

53. 2a 
53.2" 
51 .5' 
55.60 
51 . O n  
49. 6a 

281,8a 
307.6ab 
324.5bc 
297.9ab  
300.9ab 
343.5, 

65,5ab 
80.1~ 
57.2a 
76.lbc 
64.lab 
68.8abc 

181.4a 
181.2a 
191.8a 
182,9a 
178.8a 
203.9a 

33.la 
32.4a 
36.6a 
28.7a 
31.7a 
32. Oa 

52.7a 
54. l a  
57.6a 
51.4a 
55.8a 
66.9a 

H20 Soluble 

gram Total mg. 

POTASSIUM 
Stems 

Mg.1 

9.2 48.7a 
8.7 49.4" 
7.8 46.5" 
9.2 51.1a 
8.0 46,2a 
7 . 5  48.1" 

Leaves 
36.0 267.6a 
36.5 287.9a 
35.3 312.8ab 
37.3 279.1a 
36.3 283.0a 
36.5 334.4b 

C.ALC1CM 
Stems 

2.2 11.4c 
1.2 6.7ab 
1.7 9.8bc 
1.3 7.4ab 
2 0  5 7 a  
1.0 5.4a 

Leaves 
6.0 43.5 
5.8 46.4 
5.0 44.1 
5.5 41.1 
4.2 32.8 
5.8 52.7 

MAGNESIUM 
Stems 

2.3 12.5 
3.0 17.3 
3.3 19.8 
3.5 19.7 
2.5 14.3 
3.5 22.4 

Leaves 
5.5 40.7~1 
5.2 40.8a 
5.7 50,lb 
5.3 40.0a 
5.8 45.3ab 
5.0 45.8ab 

Acid Soluble 

Mg.1  
gram 

9.3 
9.3 
8.2 
9.5 
8.8 
8.0 

37.3 
36.8 
36.3 
39.0 
38.0 
36.3 

4.5 
4.7 
3.5 
3.7 
4.0 
4.3 

12.7 
12.7 
10.7 
12.5 
11.7 
12.5 

5.0 
5.0 
5 . 7  
4.7 
4.7 
4.3 

6.2 
6.7 
6.0 
6.5 
7.0 
6.3 

Toto1 mg. 

49. 6a 
53.3n 
48. 6a 
52. 9a 
51 .O' 
51 .2a 

276.8a 
290.6ab 
321.5bc 
291.8ab 
296,2ab 
332. IC 

23.9a 
26.7a 
20.8a 
20.4a 
23.la 
27.2a 

93.9 
100.6 
94.2 
93.5 
91.5 
114.5 

26.7 
28.4 
33.6 
26.1 
26.9 
27.2 

45.2 
52.3 
53.1 
48.8 
54.6 
57.2 

% Toto1 
Exfracfed with 
H z 0  Acid 

91.7 
92.9 
90.3 
91.9 
90.6 
97.0 

95.0 
93.6 
96.4 
93.7 
94.1 
97.4 

17.4 
8.4 
17.1 
9.7 
8.9 
9.3 

24.0 
25.6 
23.0 
22.5 
18.3 
25.8 

37.7 
53.4 
54.1 
68.6 
45.1 
70.0 

77.2 
75.4 
87.0 
77.8 
81.2 
69.1 

93,4 
100.0 
94.4 
95.1 
100.0 
100.0 

98.2 
94.5 
99.1 
98.0 
98.4 
96.7 

36.5 
33.3 
36.4 
28.8 
36.0 
39.5 

51.8 
55.5 
49.1 
51.1 
51.2 
56.2 

80.7 
87.7 
91.8 
91 .O 
84.9 
85.0 

85.8 
96.7 
92.2 
94.9 
97.8 
86.3 

I n  comparison between treatments and a particular form of element, means with like 
symbols do not differ significantly at the 5Tc level of probability. 

cium, and magnesium. Potassium \\as 
determined by a flame photometer 
method (4)  and calcium and magnesium 
by a chelometric titration (2. 3) .  

Acid-Soluble Extraction. A 200-mg. 
sample of tissue was allowed to soak for 
one hour a t  6OC.. in 50 ml. of a 3YG 
acetic acid solution. The mixture \\-as 
transferred to a homogenizing flask and 
homogenized for 2 minutes in a high 
speed Vir-Tis homogenizer. The re- 
sultant slurry \vas filtered through il'hat- 
man No. 42 paper, and the residue \\-as 
\vashed t$ith 374 acetic acid. To  the 
filtrate, 15 ml. of concentrated perchloric 
acid (60 to 627,) and 15 ml. of concen- 
trated nitric acid were added, and the 
entire mixture was evaporated to dry- 
ness. To the oxidized \$ hite residue, 10 
ml. of O.Ol*V nitric acid was added to 
solubilize the residue. 

The solution was filtered through 
Whatman No. 42 paper into a 100-ml. 
volumetric flask and aliquots of 10 ml. 
each were treated to remove interfering 
phosphate (2) .  The \\'ater extraction 
was conducted in the same manner ex- 
cept that deionized water was used in 
place of acetic acid. Since these ivere 
separate extractions, the data presented 
herein reflect some overlapping. -e.g. 
some water-soluble forms are extracted 
with the acid-soluble extraction. 

Results and Discussion 

The leaf tissue of tomato comprised the 
largest proportion of the total dry vegeta- 
tive weight produced above ground 
(Table 11). Soil treatment had no sig- 
nificant effect on the amount of stem 
tissue produced, but did influence the 
amount of leaf tissue produced. The 
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Table IV. Total Uptake of Potas- 
sium, Calcium, and Magnesium by 

Tomato Plants" 

Treofment K CQ M g  

Plant Mg./Pot 

A 334.9a 246 .9a  8 5 . 9 a  
B 360.8ab 261 3a 86.5, 
C 376 Obc 249 Oa 94 2a 
D 3 5 3  5ab 259 Oa 80 l a  
E 351 9ah 242 9a 87 5a 
F 393 I C  272 'a 98 4a 

Total nutrient in stem and leaf portions. ' In comparison of an individual nutrient 
with treatments, means with like symbols do 
not differ significantly at the 5'5& level of 
probability. 

largest amount of leaf tissue was asso- 
ciated with the highest application of 
potassium. There was no raduction in 
plant growth as a function of the high 
potassium application. Reports of 
potassium inhibiting magnesium uptake 
and, hence, restricting growth are numer- 
oils (7, 8, 74). 

The concentration and amounts of 
potassium fractions in tomato stems and 
leaves are shown in Table 111. The 
values for total potassium agreed \\,ith 
those previously reported ( 7 ,  9 ) .  Stem 
potassium \vas not affected significantly 
by soil treatment. Approximately 95% 
of the total stem potassium \vas extracted 
with water and 3% acetic acid. 

The largest total amount of leaf potas- 
sium resulted from the high rate of treat- 
ments of Sul-Po-Mag and potassium 
alone. A high rate of potassium with 
magnesium in the granule form resulted 
in a depression of leaf potassium when 
compared with potassium applied alone. 
Approximately the same proportion of 
leaf potassium \vas extracted with water 
and acid as was found for stem potassium. 

Leaf tissue contained a higher concen- 
tration of potassium than did the stem 
tissue. This is in agreement with what 
has been reported for the potassium dis- 
tribution in timothy and bromegrass ( 6 ) .  

The largest amount of total stem cal- 
cium resulted from the low rate of mag- 
nesium application (Table 111). The 
high rate of magnesium and/or potas- 
sium applied reduced the amount of 
stem calcium. There was little effect of 
soil treatment on water- and acid-soluble 
stem calcium. Approximately 23% of 
the total stem calcium was extracted lvith 
water and acid as compared with four 
times more potassium extracted with the 

same solvents. Acid extracted about 
three times more stem calcium than did 
the water extraction. Approximatelv 
60% of the calcium in the stems \I as in a 
chemical form(s) not soluble in acid 
There were no significant differences in 
total, uater- and acid-soluble leaf cal- 
cium as a consequence of treatment. 
More leaf calcium was extracted \\ith 
\\ater and acid than \\as stem calcium; 
however, about 507, of the leaf calcium 
\$as not soluble in either water or acid. 
More of the leaf calcium was acid soluble 
than was stem calcium. The hiqher 
concentration of calcium in tomato 
leaves is in agreement with the accumula- 
tion of calcium in the leaves of certain 
grasses ( 6 ) .  

The total amounts of calcium in stems 
and leaves compared favorably with that 
reported earlier for tomato (7 .  9 ) .  

No significant differences in plant 
magnesium fractions in tomato stem5 
resulted from the soil treatments (Table 
111). Approximatelv 70% of the stem 
magnesium was extracted with water 
and acid. This was about twice the 
amount of stem calcium extracted liith 
water and acid. No significant differ- 
ences were observed for total and acid- 
soluble leaf magnesium as a result of the 
treatments. The largest amounts of 
water-soluble leaf magnesium occurred 
with the high rates of potassium and 
magnesium applications. Application 
of potassium to the soil did not reduce 
significantly the content of magnesium 
in the stems and leaves of tomato plants. 
In  general, more leaf magnesium was 
soluble in acid and water than was stem 
magnesium. A greater proportion of 
the leaf magnesium was extracted with 
acid as compared with water nhich was 
similar to the extraction pattern for cal- 
cium. Over half of the stem and leaf 
magnesium \\as water soluble which 
agrees with previous work (72, 73) for 
grasses and clovers. 

The total content of magnesium in 
tomato stem and leaf tissue was within 
the range previously reported ( 7 ,  9 ) .  

These results show that. particularly for 
calcium and magnesium, these elements 
existed in different chemical forms as a 
function of anatomical tissue. -4 better 
understanding of specific chemical forms 
of nutrients within certain plant parts 
lvould aid in interpreting soil-plant- 
animal relationships. Todd ( 7 7 )  has 
focused attention on the importance of 
chemically characterizing plant magne- 

Lium with respect to animal ingestion 
dnd utilization of the plant magnesium. 
The same can be expresstzd for potassium 
and calcium. 

Slight differences in total potassium 
uptake itere observed as a result of treat- 
ment (Table IV). however, there \\ere no 
significant differences in the total plant 
uptake of calcium and maynesium. 
Application of potas,iTJm did not rediice 
magnesium uptake. 

Acknowledgment 

The authors express their appreciation 
to N. S. McSutt for his aid in the chemi- 
cal analyses. This research was sup- 
ported in part by a grant-in-aid from 
the International Mineral and Chemical 
Corp., Skokie, Ill., and by 1Vestern 
Regional Research Fundi. LV-67. 

Literature Cited 

(1) Altman. P. L.. Dittmer. D. S., 
"Biology Data Book." Federation 
Amer. Societies Exptl. Biology, VVash- 
ington. D. C., 1964. 

(2) Bullock, J. S.? Johnson, G. L7., 
Maier, R .  H., Fuller, 1%'. H., Soil Sci. 
Suc. Am.  Proc. 25 ,  515 (1961). 

(3) Cbeng, K.  L., Bray, R. H., Soil Sci. 
72, 449 (1951). 

(4) Jackson, hl .  L.! "Soil Chemical 
Analysis:" Prentice-Hall, Englewood 
Cliffs, N. J., 1958. 

(5) Mills, C. F.! Soil Sci. 85, 100 (1958). 
(6) Pritchard: G. I., Pigden, W. J., 

Folkins: L. P.! C a n .  J .  P l a n t  Sci. 44, 
318 (1964). 

(7) Reuther. W.: ed., "Plant Analysis 
and Fertilizer Problems," American 
Institute Biological Sciences, Washing- 
ton. D. C.. 1961. 

(8) Russell, E. J., "Soil Conditions and 
Plant Growth," 9th ed.: Longmans, 
Green 8: Co.. London. 1961. 

(9) Spector, \V.  S.. ed., "Handbook of 
Biological Data," \%'. B. Saunders Co., 
Philadelphia, Pa., 1956. 

(10) Stanberry, C. 0.: Cooper, L. R.: 
Maier, R .  H., Wilson? J. P., Proc. .4m. 
Sac. Hort. Sci. 85,  672 (1964). 

(11) Todd: J. R.! J .  Agr.  Sci. 56, 411 
(1961). 

(12) Zbid., 5 7 ,  35 (1961). 
(13) Zbid., 58 ,  277 (1962). 
(14) LYallace? 4.: "Solute Lptake by 

Intact Plants,'' A. i\'allace: Los 
Angeles, Calif., 1963. 

Receiced for reciew June 24, 1965. Accepted 
January 26, 1966. Published wi th  the ap- 
procal of the Director of the Agricultural Ex- 
pcriment Station as Tpchnical Puper .Vo. 1015. 

270 J. A G R .  F O O D  C H E M .  


