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Abstract approved

Cucumber, pea, bean, and corn excised roots were used to
assess species differences in metabolic uptake of calcium It was
found that Ca was mostly taken up by these root systems by non-
metabolic processes. The apparent free space ranged from 26 to 28
percent of the total root volume and beyond that no large accumulation
of Ca was observed. Although a small rate of increase was observed
during the 12 hour experimental period, this was attributed to either
an increase in the total non-metabolic component or to a manifesta-
tion of the small percentage of younger vacuolated segments of the
roots. These results pointed out that the physiological maturity of
the roots may be the controlling factor in Ca absorption and that
mature root cells are relatively impermeable to Ca.

Excised roots and intact plants of six-week-old tomato were
compared to evaluate the influence of the top in the uptake of calcium.

On a per unit of root basis, the uptake of calcium was 5.5 times



faster for intact plants than for the most rapid sustained phase of
absorption for excised roots. Intact plants absorbed calcium almost
39 times faster than the slower rate observed for the excised roots.
Several hypotheses were advanced to explain these observations.

Mass flow in the transpirational stream or migration along charged
surfaces would represent non-metabolic processes. Another possi-
bility is an indirect enhancement of metabolic uptake by transpiration
due to a stimulation of bleeding in the root. A third possibility is the
operation of a uni-directional transport of ions across the endodermis
in intact plants which goes undetected in excised root systems because

the stele is opened to the external solution,
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NATURE OF CALCIUM UPTAKE BY PLANTS

"There is considerable evidence that the absorption mechanisms of a
root system behaves much like the absorption mechanisms of indivi-
dual cells"!

Kramer, Physiologia Plantarum 6:633. 1953

INTRODUCTION

Several workers in dealing with calcium absorption have con-
cluded that much of it occurs in plants as a non-metabolic process.
The majority of studies have been conducted with tissue segments or
excised roots. The observations resulting from their experiments
have been assumed to hold also for intact plants, without regard to
the complication that the transpiration stream and the presence of
the shoot may introduce.

Of the voluminous literature on ion absorption and transloca-
tion, little actually deals specifically with calcium uptake. Other
ions are known to be absorbed metabolically by plants while the
available information on calcium would seem to indicate that this ion
may behave differently. In addition, species differences are known
to occur in the uptake of many ions and data on this point is sorely
lacking for calcium uptake. In this study, cucumber, corn, pea,
and bean excised roots were used to assess any species differences
which may occur in metabolic calcium uptake. These species

represent a broad range of calcium requirements when these plants



are grown under normal conditions,

Opinions with regard to the role of the transpiration process on
ion uptake have been strongly divergent. Whereas, some like Hyvlmo
(24) contend that it plays a direct effect on ion uptake, there are
others, like Brouwer (4, 5, 6) who take an opposite view of the pro-
blem, stating that transpiration plays an indirect influence. On the
other hand, Russel and Shorrocks (36), state that transpiration
influences the removal of ions already accumulated, thus influencing
the bleeding. In a later paper, Pettersson (35), took transpiration
process as having dual influence, acting on ion transport by mass
flow and at the same time acting as a bleeding-stimulant as well. In
an attempt to evaluate the effect of transpiration and the influence of
the top on Ca uptake, excised roots and intact plants of tomato were

compared in this study.



LITERATURE REVIEW

The entrance of ions into plant roots has been considered to
consist of different components, which are divided into active and
passive ones. Accumulation and bleeding are considered to be active
components supposedly requiring energy from metabolic processes.
Ion uptake components dependent on strictly physical processes, such
as diffusion, adsorption and mass flow, are classed among the
passive ones. The size and the importance of these different com-
ponents, however, is a subject of strong controversies among the
investigators.

Although, no proposed mechanism for ion uptake is entirely
accepted, there are a few processes that are thought to occur in
plants:

1) A passive, rapidly completed, initial phase, consisting of

a) diffusion into the free space (AFS) of the root.

b) Adsorption to electrically charged points in the plasma
surface of the root cells. The considerable differ-
ences in the adsorption of cations and anions is in
agreement with the plasma colloids being predomi-
nantly negative charged.

2) A slower accurnulation in the root cells. This process pro-

ceeds at a constant rate, provided that the ion concentration



is kept practically constant in the surrounding media and
that the plant roots maintain a constant metabolic activity.

3) A transport of ions which is dependent on metabolic activi-

ties in the roots principally due to root pressure, a pheno-
menon known as ''bleeding'.

Chasson (12) found that when DNP* was added with radioactive
calcium, the uptake of the latter by potato slices was increased over
that of the control. The respiration and accumulation in the vacuole
was increased. This effect was found to be null below a critical
concentration of DNP, and have a different behaviour when applied
over a maximum critical concentration. For instance, at a con-
centration of 5.9 x 10’5M, DNP increased the Ca absorption by
potato slices and greatly inhibited the uptake of radioactive Rb by the
same tissue. When carrot slices were substituted for potato, there
was a depressing effect for both Ca and Rb, indicating that the stimu-
lation of Ca uptake appeared to be specific with respect to the ion
and the tissue. By measuring the uptake of Ca at reduced metabolic
level (low temperature and by lowering the pH from 6 to 4), they
found that DNP increased the uptake into the cell and that at the same
time, metabolic accumulation was inhibited.

Moore, e_ti_l (33) working with excised barley roots at pH 5,
found no influences whatsoever of DNP upon the radioactive and inert

uptake of Ca. This indicates that the isotopic exchange and the Ca

* DNP, as used hereafter in this thesis, refers to dinitrophenol.
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FIGURE 2

The uptake of calcium by excised pea roots as a function of time
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FIGURE 3

The uptake of calcium by excised bean roots as a function of time
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FIGURE 4

The uptake of calcium by excised corn roots as a function of time
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The values of AFS are calculated according to the equation
given by Pettersson (35), which is:

umol initial uptake/g fresh weight
ambient concentration (mM)

100 .

The error in estimating the AFS in this way is very small because

of the extremely slow steady-state uptake. Even for corn, where
the metabolic absorption rate may be significant, the error is pro-
bably less than 1/10 of the AFS value. The AFS values found for
cucumber, pea, bean, and corn excised roots were 26, 28, 27 and
28% respectively. Of particular interest is the fact that all of thé
plants tested showed an essentially constant AFS value. These
results are in agreement with the ones found by Jacobson, _?_Efli (26)
who gave values of this magnitude for several cations and with Butler
(9) and Epstein (13) who found AFS values ranging from 24 to 33%.
Kylin and Hylmo (30), Hope and Stevens (23), and Levitt (31) found
values close to 10%.

The net uptake and the respective rates of uptake for the initial
phase (AFS), for the period from 30 minutes to 3 hours, and from 3
hours up to 12 hours are presented in Table 1.

Cucumber excised roots (Figure 1 and Table 1) showed a net
uptake of 1. 39 meq Ca per kilogram of roots (fresh weight) during
the 12 hour experimental period. Almost 95% of the total uptake was

already in the plant root at 30 minutes occupying the so-called outer



TABLE I

Net uptakes and rates of uptake of calcium for excised roots systems.

SPECIES NET UPTAKE RATE OF UPTAKE RATE OF UPTAKE RATE OF UPTAKE
0-12 hours FOR AFS 30 min to 3 hours 3 hours to 12 hours

(meq Ca/kg) (meq Ca;Kg;hour) (meq Ca/Kg/hour) (meq Ca/Kg/hour)

Cucumber 1. 39 2. 64 0. 001 0. 001
Pea 1,78 2.90 0.010 0.022
Bean 1.58 2.76 0. 040 0. 001
Corn 2. 65 2. 86 0.310 0. 075

¥
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or free space. With pea excised rocts, 80% of the total net uptake
should be credited to AFS. (Figure 2). Bean excised root (Figure
3) in turn, showed that almost 90% of the total net uptake was already
in the plant root at 30 minutes. These results indicate that the total
uptake is largely non-metabolic in these systems and that no appre-
ciable accumulation of Ca was obtained. . These results are in agree-
ment with the ones found by Moore, et al, (33) working with excised
barley roots. However. they are in disagreement with Chasson (12)
who found Ca being accumulated in significant amounts by potato
tissue slices. The results of Chasson may be open to argument
since he determined uptake using Cca?® and appreciable isotopic ex-
change may have occurred (33).

Figure 4 shows the Ca uptake by corn excised roots. It appears
here that the time curve can be divided easily in three sections. The
rapid initial uptake of Ca completed at 30 minutes was responsible
for 54% of the total net uptake during the 12 hour period. Following
this, the period between 30 minutes and 3 hours is an indication that
Ca was being accumulated by these roots. This part of the time
curve is in agreement with the results of Handley and Overstreet
(20) who found Ca was accumulated by younger sections of corn roots.
It is interesting to note that after the uptake due to AFS was deducted,
this period of accumulation was responsible for 87% of the remaining

uptake. After 3 hours the time curve has clearly leveled off to
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become almost parallel to the time exis. indicating that a very slow
rate of increase was occurring similsr to the other species.

There are two posceibilities by which the emall positive slope of
Ca up‘také can be explained.

1) Since growth may have occurred during the 12 hour experi-
mental period, an increase in the total non-metabolic uptake com-
ponent could have also occurred. The positive slope of the time
curves would then indicate an increase of this component, rather than
showing a metabolic accumulation. This point was supported by
Moore, ¢t al. (33) who found that Ca was mostly taken up by non-
metabolic processes in working with excised barley rocts.

2) The continued uptake of Ca might be a reflection of the
accumulatory power of the younger segments of the root system.

This may be especially true for the part of the time curve between

30 minutes and 3 hours for corn excised roots. This is supported by
the results of Handley and Overstreet (20) who found a rapid meta-
bolic absorption of Ca by the young portion of excised corn roots.

The net metabolic absorption for the whele root systerm might, there-
fore, be a reflection of the active uptake of a small portion of the
roots. These considerations would lead to the conclusion that the
mature root cells are relatively impermeakble to Ca. This point is in
agreement with the results found by Florel (15, 16) and Burstrom (8)

who found that Ca was accumulated by the mitochondria of the
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younger root segments which are known to be actively metabolizing
as compared with the older sections or more vacuolated cells ot the
root system.

At any rate comparing the two components, namely AFS and
accumulation, the AFS was the larger of the two even if all of the
uptake after 30 minutes was assumed to be metabolic accumulation,
The conditions for these experiments were purposely chosen to
enhance metabolic Ca absorption. It should be recalled that these
roots were grown in a dilute solution o that the experimental ma-
terial would be in a "low salt" condition. The initial Ca contents of
these roots were low and it is unlikely that the cells were already
saturated with Ca. The initial contents of Ca were 14.51, 15, 80,
26. 32, and 25. 75 meq per kilogram of roots for cucumber, pea, bean
and corn respectively. It is interesting to note that corn actually
had a higher initial content than did cucumber and pea, yet showed
considerable more evidence for a metabolic component. Ions such
as Cs, Rb, Na, K, Li and Mg, which are known to be absorbed meta-
bolically, are readily taken up by systems such as the ones used
here (27, 28, 34). Their rates of absorption are many times larger
than those observed for Ca on a whole root basis. It would appear
that Ca absorption is at least quantitatively different from the other
cations. The results of Handley and Overstreet (20) suggest that the

physiological maturity of the cells mzy be the controlling factor in
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Ca absorption.

Excised Root vs Intact Plant

Figures 5 and 6 record the calcium uptake by 6 weeks old
excised tomato rosts and radiocalcium uptake by intact tomato plants
of the same age. Just as with the younger materials, tomazto plants
were reared in dilute solutions, with the difference that five days
before the experiment started, the plants were placed in distilled
water in order to further increase the "low salt' condition. Hylmo
(24) showed that plants growing in a suboptimal calcium condition,
took up considerable more calcium than those which had been well
supplied with Ca.

The time curve for the excised roots can be separated into
three portions (Figure 5). First, there is the characteristic rapid
initial equilibration in the first 30 minutes. A larger AFS (35%) than
with the younger excised roots was observed which may be due
either to a species difference or to a greater proportion of mature
cells as a consequence of a longer growing period (6 weeks as com-
pared with 8 days). The segment between 30 minutes and 3 hours
shows a rate of increase of about 0. 17 meq per kilogram per hour.
This is about 7 times faster than the 0. 024 meq/hr obéerved for the
3 to 48 hour period.

Figure 6 shows the uptake of Ca by the intact tomato plants.
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Regression equation =
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APPENDIX

1. - Cucumber

0 time

30 minutes
1 hour

2
3

[sSERNe RN e

2. - Pea

0 time

30 minutes
1 hour

2
3

NSO O

2

1

3. - Bean

0 time

30 minutes
1 hour

2
3

N O O

"

14.

15,
15.
15.
15.
15.
15.
.90

15

15.

17.
17.
17.
17.
17.
17.
17.

26.

27.
27.
27.
27.
27.
27.
27.

51 milliequivalent of Ca per kilogram of fresh
roots.
83
88
83
83
88
88

80 milliequivalent of Ca per kilogram of fresh
roots.
25
31
28
31
39
35
58

32 milliequivalent of Ca per kilogram of fresh
roots.
70
88
83
83
88
88
90
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4. - Corn
0 time 25. 75 millequivalent of Ca per kilogram of fresh
roots.

30 minutes 27.18
1 hour 27.50
2 " 28.00
3" 28. 25
6 28. 30
9 " 28. 35

12 " 28. 40

5. - Tomato Excised Roots
0 time 12. 62 milliequivalent of Ca per kilogram of fresh
roots,

30 minutes 14. 41
1 hour 14. 40
2 " 14. 68
3 o 14.91
6 " 15. 04
9 " 15.17

12 " 15.52

24 " 15.56

36 " 15.94

48 16.00

6. - Tomato Intact Plants

0 time It was not calculated due to isotopic exchsnge.

10 hours 7.55 milliequivalent of Ca in tops per kilogram of
fresh roots.

20 " 9.75

30 " 22.74

40 " 34.23





