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INTRODUCTION AND RFVIEW OF LIT

A yellowing which develops in some plants growing on naturally
calcareous soils is called lime-induced chlorosis, The problem is
complex, as indicated by Brown and Holmes (1956) and Porter and Thorne
(1955). Species and varieties of plants differ in their iron require-
ments, susceptibility to lime-induced chlorosis, and interacting soil
factors which affect iron supply (Thorne et al. 1950). Chlorosis of
plants does not appear, therefore, to stem from 2 common causative
factor. At least a part of this difference has been found to be as-
sociated with the plant roots, Thus, through the use of a resistant
root stock Wann (1941) was able to produce non-chlorotic grapes.
These grapes grown under similar conditions without the resistant root
stock would have been highly chlorotic. Certain citrus root stocks
have also been used on calcarecus soils because they give citrus trees
resistance to chlorosis,

The physiological property or properties of plant roots that pro-
duce this difference is little understood, It is suggested that the

dominant. metal enzyme of the terminal oxidase could give this differ-

ence (Frown and Hendricks, 1952, and Frown, 1953). It has been found
that plants known to be susceptible to lime-induced chlorosis had pre-
dominately an iron-containing enzyme as a terminal oxidase, whereas
plants that failed to go chlorotic in high-lime soils had a copper-
containing enzyme. Since iron is not at the deficiency level in the

soils producing this chlorosis (Thorne and Peterson, 1954), 2 root




property other than the dominant oxidase enzyme must be operating.
Colloids, particularly pectins (Keller and Deuel, 1957), present
in plant roots possess electrical charges, usually negative, which
rive them the ability to adsorb cations. It has been found that roots
not only have a definite measurable capacity to adsorb cations, but

that the values vary with species (Drake et al. 1950, Graham and Baker,

1951, williams and Coleman, 1950, Marcour, 1954, and Smith, 1955), with

environmental temperature (Williams and Coleman, 1950), and with nutri-

1959), This cation exchange oaparitya is

tion (Huffaker and
a definite property of the external portions of root surfaces since
cation exchange is exhibited even in the absence of plant metabolism,
v111iams and Coleman (1950) obtained data that are nearly identical
regardless of the condition of the roots. It seems likely that the
nezative charge possessed by the root surface is associated with non=
living portions, or compounds which undergo no immediate change on the
diminution or cessation of metabolism. It has been determined that
roots ether killed (Williams and Coleman, 1950) or roots that are
dried (Marcour, 1954) have the same CEC as live roots. Evidence pre-
sented by most of the workers previously cited strongly indicates that
a surface phenomenon is under investigation. This is substantiated by
the rapidity of the exchange reaction between plant roots and salt
solutions, and the large amount of ions involved in the exchange,

The initial step of transferring nutrients from the growth medium
to the root xylem involves an exchange of hydrogen, hydroxyl, or bi-
carbonate ions on the surfsce of the root for nutrient ions of the

substrate (Overstreet and Dean, 1951, and Overstreet and Jacobson,

a Hereafter referred to as CEC.




1952) . An understanding of how and why plant species

orb nutrient ions from @ given growth medium may lead

better understanding of ion adsorption by plants,

to examine the differences in CEC of

The purpose of this study w
various plant roots in order to extend the knowledge of iron adsorption

sorption by plants. The answers to the following specific ques-
F Yy P f

tions were sought:

5 § Is the CEC of plant roots a constant?

2. Is the section or region of a root showing the gre
uptake of 2 cation such as iron relat
of the highest CEC?




SECTICON I
INFLUENCE OF AGE ON CEC OF PLANT ROOTS

Introduction and review of literature

A considerable amount of work has been done on the determination
of root CEC (Drake et al. 1951, Graham and Baker, 1951, and McLean et
al. 1956). From CEC values reported by these workers and others, it
is concluded that the CEC of monocotyledonous plant roots is generally
lower than that of dicotyledonous plants.

Even though these generalities are made, a study of the CEC values
reported in the literature shows considerable variation between workers
for a given plant species. Some of this variation may be explained by
such factors as differences in the methods used in determining the CEC,
differences in nutritional status (Wander and Sites, 1956, McLean et
al. 1957, and Huffaker and Wallace, 1959), and environmental conditions
such as temperature (Williams and Coleman, 1950).

Also, it may be due to differences in the root samples used in
determining CEC. Drake et al. (1951) used complete root systems where-
as Smith (1955) and Bell (1957) used small sections obtained near the
root tip.

The ages of the plants used by the various workers differed. This
would undoubtedly cause variation in the CEC values obtained. Although
no'work to determine this effect has been carried out, there is some
indication that the root CEC might change with age (Smith, 1955, and
Bell, 1957).

It was felt that this aspect of variance in CEC would be worthy

of more critical study. In addition some measure of the variation




introduced by changes in the location of the apportioned amount of root

sampled for CEC determinations should be obtained.

Experimental methods

Various methods are used for determining root CEC. In most cases
the root is first saturated with a cation, then immersed in a replacing
solution and the replaced ion determined analytically. Williams and
Coleman (1950) saturated the roots with Ba'' or VHQ+ ions. The amounts
of these ions removed by the replacing solution were determined chemi-
cally. Some workers saturated the roots with H+ ions either by immer-
sion in COZ—saturated water or by electrodialysis (Drake et al. 1950,
Smith, 1955, and Bell, 1957). The H' ion removed by the replacing
solution was titrated with a base to the original pH of the replacing

4 solution. Huffaker and Wallace (1959) used a method whereby they
saturated the roots with a radioisotope of zinc and determined the
amount of adsorbed zinc using a scaling unit. The CEC values obtained

! by Huffaker and Wallace (1959) using the zinc radioisotope method are
lower than those of other workers (Smith, 1955, and Bell, 1957) using
the electrodialysis method.

In order not to handle radioisotopes more than necessary and
since more information in the past was obtained using the electrodialy-
sis-titrating method, the latter was chosen as the one to be used in
this study.

The CEC of a large number of plant species has been determined,
and included in these are varieties which are resistant or susceptible

{ to chlorosis. Corn and barley were chosen to represent the resistant
species and beans the susceptible species. A factor aiding in the
selection was that the majority of the CEC work reported in the

literature is on these plants,.
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after which they were sampled every 3 days for 12 days and the remain-

ing 4 samples were a week apart. If possible the plants were sampled
in the morning.

The plants were grown tn the age required, then removed from the
nutrient solution and placed in a large pan of distilled water in
order to facilitate obtaining the desired root sections. Only roots
that were healthy, white in color, of equal size, and same type (that
is without lateral roots) were taken. The root sections consisting of

successive 5 cm.

lengths were cut after the tip cm. was excised and
discarded. Figure 1 shows the location of the various 5 cm. sections
of root obtained. Five cm. root sections taken from the same portion
of the root were bunched and loosely tied. Ten to 15 root segments
were included in each bundle. These bundles of 5 cm. root sections
were rinsed in distilled water and placed in a Bradfield-type electro-
dialysis cell.

The voltage of the dialysis cell was maintained at 120 volts and
the current from 50 to 100 milliamperes. During dialysis an increase
in ions in the end cells of the dialysis cell was accompanied by an in-
crease in conductance or inversely by a decrease in resistance. From
the basic ?e]ationship of resistance to current, a decrease in resist-
ance gives an increased amperage. Any increase in amperage, however,
was accompanied by an increase in cell temperature. Since it is not
known what the effect of dialysis cell temperature has on the CEC of
the root sections, care was taken to maintain the current below 100
milliamperes so that the temperature could be kept low and nearly
constant. This was accomplished by flushing the end cells whenever

the current reached 100 milliamperes. By keeping the current below
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intervals are shown in Figure 2. The number of me. of KOH used to
titrate the ;oot—KCI solution in ezch S5-minute interval was always
greater than the number of me. of KOH used in the subsequent S-min-
This phenomenon is not peculiar to this study, but

ute interval.
has been found by Smith (1955) and Rell (1957); nor is it common

only to the H' ion, for it has been found with other ions (Coleman

and Williams, 1950). It can be speculated that this phenomenon occurs
as a result of the large amount of H* ions occupying sites at or near
the surface of the root that are immediately available for exchange,
Other B* ions would be slowly available as the sites they occupy are
more to the interior of the root and greater lengths of time would

be reguired for the x* exchanging ions to get to them.

When the roots were added to the 1.0 N KCl solution a large change
in pH occurred. This change of 2 to 4 pH units changed the pH of the
original 1.0 N KCl solution from pH 7 to pH 5 or pH 3., The size of
the pH change depended on the type of plant, section of the root, and
the number of segments used. Bean root segments always caused a larger
drop than did the same segments of corn or barley roots.

Ail the titrations were carried out using a microburette in which
1 drop was eqjual to 1/100 of a ml, A small over-titration of a drop
or 2 did not appear to affect the CFC obtained for that root sample.
Although the titrations were obtained at S-minute intervals over a
period of 15 minutes, only the values for the first S5-minute interval
were used in the study. This procedure wes followed in order that a
comparison with the results of other workers could be made as many of
them used only a single S-minute titrating interval,

Changes in the CEC of various 5 em. sections of corn roots with
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rose to a peak of 43 me. /100 g. at the 10 to

dropped to 23 me./100 g. The data after 5 weeks
the values of CEC obtained. These were not plotted for the same
reason that was given for disregarding the rise in the 1 to 6 cm.
root section's CEC. The final CEC value of the 6 to 11 cm. section

of corn roots will be considered as 23 me./100 g.

The 11 to 16 cm. section of corn roots started with lower
(15 me./100 g.) than that of the previous 2 sections, but developed

a CEC higher than that of the 6 to 11 em. section of corn roots at
approximately 2 weeks after germination. The CEC of the 11 to 16 cm.
section of corn roots could not be obtained at 5 days as it had not
formed yet. Therefore, the first determination of CEC on this root
section was at 1 week. At an age of 1 week the CEC of the 11 to 16
cm. section was 15 me./100 g. At the 2-week age the 11 to 16 cm., sec-
tion had a CEC of 46 me./100 g., after which the CEC dropped off slowly
to a2 low value a2t 23 days of 20 me./100 g. A rise in CEC of this sec-
tion after 5 weeks can be disregarded for the reason given for the 1
to 6 em. root section.

The next 5 cm. section of corn roots studied was that part first
formed nearest the seed. This section's CEC was studied only after
the root was long enough to produce the other 3 sections required.

At a plant age of 9 days the CEC of the first formed 5 cm. was
16 me./100 g. There was a slow rise of the CEC to 24 me./100 g. at
an age of 15 days after which it gradually fell to 13 me./100 g. at
22 days.
Changes in the CEC of barley roots with age are shown in Figure 4,

The 1 to 6 cm. section at 5 days had 2 C%C of 52 me./100 g. This sec-
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17
tion's CEC rose slowly to a peak (64 me,/100 g.) after which it
gradually fell to a value of 29 me./100 g. As in corn, the 6 to 11
em. section started out lower than that of the 1 to 6 cm., proceeded
to rise to a peak at 10 days and then slowly dropped off to a value
of 19 me./100 g. A much lower starting value than that of the 1 to 6
em. or 6 to 11 cm. sections was obtained (28 me./100 g.), which with
age rose very little and then gradually drooped off to a value of 16
me./100 g. The first 5 cm. of root formed started with a CEC of 15
me./100 g., rose 2 me. and then dropped off to a value of 14 me./100 g.

The variations with age in the CEC of beans are shown in Figure
5. All the sections followed a pattern quite different from that of
corn or barley in that they started out lower than either of these
and rose gradually to a value of 88 me./100 g. at 6 weeks without
reaching the peak at 10 to 12 days.

A 3-week comparison of the CEC of corn, bean and barley root sec-
tions is shown in Figure 6. Only the 1 to 6 cm. root sections were
compared in this figure. This was done to examine the CEC of the root
section that is considered by many workers to be the most important
segment in the uptake of nutrients.

As pointed out previously in the discussion, the CEC of the 1 to
6 cm. section of corn roots started at 50 me./100 g. at the 5-day age,
rose sharply to a high of 91 me./100 g. at the 10 to 12 day age, and
then it dropped off to a value of 30 me./100 g. At 5 days the 1 to 6
cm. barley root section had a CEC of 52 me./100 g. Quite similarly
to that of corn roots, the CEC of the 1 to 6 cm. section of barley
roots rose to a peak (64 me/100 g.) after which it fell and leveled

off at 3 weeks (29 me./100 g.). Barley root sections appeared to have
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20
a more gradual rise and fall in CEC around the peak than did corn roots.
The CEC peak in barley root sections, however, appeared at the same age
as it did in corn roots,
A lower starting CEC was measured on the bean roots than on barley
or corn roots (42 me./100 g.). A CEC peak did not show itself in the

bean roots as it did in barley and corn. Rather a drop in the CEC of
bean roots occurred after which it slowly rose day by day until it
surpassed that of barley and corn at approximately 15 days. At 10
weeks the bean roots had a CEC of 88 me./100 g.

A drop occurred in the CEC curve for corn, barley and beans just
after the plants were placed in the nutrient solution. This could be
due to a certain amount of setback as a result of some slight damage
they may have received in the transplanting operation. The corn and
barley did not have as large a drop as did beans. This could be ex-
pected since the corn and barley were grown on a perforated plate and
little or no disturbance of the roots occurred when they were moved to
the l-gallon jars. Beans on the other hand were grown in coarse sand
and even though great care was exerted in removing the plants from their
germinating media to the l-gallon jars, a certain amount of root damage
resulted. This slight increase in the amount of damage to the beans
may be the reason for the larger drop in the CEC after transplanting.

It is indicated by the data presented in Figure 6 that in order
to compare plant mineral composition on a CEC basis, care must be taken
to insure that all plants are of ejual age. At an early age corn and
barley had a higher CEC than did beans. At later ages, however, there
was a reversal of plant CEC. If the mineral composition of corn plants

2 weeks old or younger were compared to bean plants of equal age, it




woulcd be difficult to explain species composition differences on the

basis of measured root CEC. On the other hand in comparing the mineral

composition of plants 3 weeks old or older, no difficulty should be

using the above procedure.

At this point 2 comparison of the data obtained in this study with
that in the literature might be in order. A summary of the root CEC

iven by a number of workers, is pre-

shows that the CEC of dicotyledonous plants

her than that of monocotyledonous plants.

The values reported in Table 1 differ from worker to worker.

This is not too unusual they used different varieties, plants of

different ages, different root samples, different methods of saturat-
ing the roots with hydrogen or other cations, varied methods and times
of titration, and replacement of adsorbed ions. Therefore, the rela-

tive CEC valt for plant species given by various workers should be

considered rather than the absolute values of the root CEC.

A comparison of the CEC values of barley, bean and corn roots
found in this study and that for the same plants as reported by other
workers is presented in Table 2, A first glance at the table appears
to give an indication of a marked discrepancy between the CEC values
found in this study and throse reported in the literature. This, how=-
ever, is not the case. The CE” values of corn roots presented by Bell

(1957) are at an age of 9 and 14 days. This agrees well with the pre-

sent study, for the 9-day values would be on the rising part of the
CEC peak or on the falling side depending on when the age of corn was

determined by Bell (1957). If the age of corn was determined from the

beginning of germination the 9-day CEC values would be on the rising
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side of the peak. Five to 6 days after germination are required to
obtain plants of sufficient size to place into nutrient solution.
Hzd the 2re of the corn plants been decided as 9 days after setting
the plants into nutrient solution, they would have been 14 or 15 days
old 2nd consequently the revorted CEC would be on the declining side
of the curve. In either case the smaller value of 23 me./100 g. given
at 14 days agrees with the lower value of corn in the present study at
the same age. Drake et al. (1951) probably started to count the age
of corn plants from the time of setting plants into nutrient solution
and, as such, the reported value of 22 me./100 g. at 10 days would be
closer to 15 or 16 days and would agree with the data in the present
study. The values obtained by McLean et al. (1956) compare with the
values obtained in this study and with those reported by Bell (1957)
and Drake et al. (1951). The values given by Graham and Baker (1951)
and Smith (1955) agree with the values obtained for barley at the 3 to
8 week age. The o4 me./100 g. listed from the present study is the
peak value for barley in Figure 6, but the CEC of the barley roots con-
tinued to fall and at the end of 4 weeks had a value of 29 me. /100 g.
The latter CEC value agrees with those reported.

The value given for beans at the 12-day age by Smith (1955) is
12 days after placing into solution and not 12 days after first start-
ing to germinate. In this study the ages are given for days after
beginning of germineation, thus the ages for the beans revorted by Smith
(1955) would be approximately 1 week older and the values would agree
with those in this study at the end of 20 days (Figure 6). The CEC of

bean roots in this study started at 30 me./100 g. and continued to rise

until at 6 weeks it attained a value of 88 me./100 g,
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Care should be taken in interpreting the values obtained for the

root CEC. The roots sampled would not always be of the same metabolic
age, which may be the reason for the scattering of points in Figures
1 and 2.

The changes with age in the heights of aerial portlons and the
lengths of roots of plants used in this study are presented in Table 3.
This table is included not 2s a means for critical comparison, but
to show the relative changes with age of the root and aerial portions
of these plants.

Summary

Changes in the CEC of excised root sections were studied. Sec=-
tions of plant roots were electrodialyzed in order to saturate all
exchange sites with hydrogen ions. Immersion in a salt solution re-
placed the exchangeable hydrogen which was subsejuently titrated.

The milliequivalents of base used to titrate the hydrogen for a 5-
minute interval was considered to be equivalent to the root CEC,

Corn and barley root CEC started off low, rose to & peak at 10
to 12 days and then fell to a level below that at which it started.
The CEC of root sections excised from plants 3 weeks old or older
remained low,

Bean root CEC on the other hand started off lower than that of
corn and barley, but proceeded to slowly rise until at approximately
3 weeks it surpassed that of corn and barley and continued to rise until
it reached a level of 88 me./100 g. at a 5-week age.

The 1 to 6 ecm. root sections had the highest CEC of all sections

studied in all plants used.
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ATTON SXCHAD APACTTY OF ¢ 1 oT NT
In order to obtain a more detailed picture of the change in CEC

of plzant roots, portions of the root smaller than 5 cm. in length
should be studied. Fro literature (Bell, 1957) and from consult-

rartment s Jtah State

ation with mem

Iniversity, it was decided that 1 cm. sections of the roots would be

the most feasible units to study. It also decided to use the 1

tip. This sec

sections of the root cont

surements for it

discarded by previous workers prior to mak

d meristematic activity of the growing root

2t the incre

t have some effect on the CEC measurement.

Exrneriment:

used in the previous portion of the study cou
be used for the 1 cm. root sections, so dialysis cells which would
handle the ler root sections were designed and built (Figure 7).

Five di is cells were constructed so that the first five l-cm, sec-

tions of plant rqots could be studied at one time. These cells were

je from plexiglass tubing with an outside diameter of 5 /8 inch and

an inside diameter of 1/4 inch. To insure better dialysis the ameter

of the end cells was widened to accommodate an electrode as r|

the inside diameter of the center cell. The larger dizalysis
in Section I had cooling coils which enabled the maintenznce of 2 low

cell temperature despite increases in amperage. owever, tl

cells were too small to provide space for cnnling eonils,




U > holding ilass tube sealed to

Subber tukr

i
ells together electrode lead in wires

Platinum cathode

Copper anode Opening
" AU
e Sea \ ; ;Z-“—j o 61 L
_ A = %Z

rodialysis cells used for expe ents with 1 em. root




vide a swifter means

was used in

the amperage and voltage in one

1¢
T h

used in this study: KXings

They were

. There were

is resistant (Hawkeye) wit
induced chlorosis.

As in Section I, a ra
employed.,

of sampling were used so t

fore and after the 15-day

Plants were crown in

reading

a switch

the curr

ent
2Nt

was constructed

cell

plants with t

crost

and
and,

h one

(K¥Y?7) corn (Zea

in addi

that 1

ndomized block

hat

compar

period when cr

he

desi

Sampling dates were considered the

0 &

monocotyledonous

3 weeks an

full

strength

as given

exce

son could

LT

tre

in the dia

Great

cells

employed

rat
eratu

pro-

ion of barley were

than
hich enabled reading

thout disrupting the dialyzing

re was

Northern

replicates was

atments.

el

utri
nutrient

be made in

v

Three dates

ages

alues of

Soam
oamp

ction.

be=

ling

solu-

At




30

3 P PO Tact e Crom. PR salution the
sy d i sl Am 1led water, nd then the first 5§ em. from the
root t were cut into 1 em. sections and placed in the small

s. Ten to 15 segments were i . The lo-
catior sections in relation to the entire plant

s shown in 8. The excised root sections were dialyzed for 90
at 120 volts and at a current ranging from 50 to 100 milliam-
res. After dialysis the root sections were removed, b

titrating with 0.01 N KOH for S5-minute intervals over a period of 15
minutes, The me. of KOH used to titrate the root-KCl system for the

first 5-minute intervzl was considered to be equivalent to the CEC of

]

the particular root sections ed as me./100 g. of dried root

material,

A magnetic stirrer was used to mix the root-KCl system during

The magnetic stirrer used to mix the root-KCl system during the
titration had the tendency to crush or shred the 1 cm. root sections,
This crushing tendency was especially manifest on the 1 cm. sections
of younger roots of dicotyledonous plants. For this reason the CEC

and of soybeans at

1 cm. root section of beans at 10 to 12

10 to 12 days and 3-week ages was not obtained,
he CEC of the 1 cm. sections of various plant roots studied in

that

this section is shown in Table 4. The average CEC is presented

iparison can be made with the 1 to 6 em. root sections used in




s em. section

1 cm. 1 to 2 cm. section

ure farram > the location of the excised root segments
us IT and III




CEC of plant roots as related to age of plant and section of root sampled

species and age of plant

KY?7 corn Great Northern Soybeans
beans Hawk-
eye
5
wks,

to

to 2

to
3 to b
4 to 5

Average




Section I. Inall cases the average CEC of the 1 cm. root sections

for a species at a given age is higher than the corresponding 1 to 6

cm, section for the same plant and age in the previous section. This

may be due to several factors. The O to 1 cm. root section was ex-
cluded from the 5 cm. root lengths used in Section I, and since the
/

0 to 1 cm. length has a higher CEC than the 5 to 6 cm. it would tend

CEC. Difficulty encountered in stirring the root-

to raise the average
KC1 system caused some crushing of the roots. Any loss of root material
included in the 1 cm. root samples would have made a larger CEC than

a2 similar loss with 5 cm. lengths where a larger total root weight was
used. There could also be a quicker and better replacement of Kk for

H' in the 1 cm. root sections which could give a higher CEC as well,
Bell (1957) showed that the cut ends of the root segments had no effect
on the CEC values obtained for corn. Since the number of root segments
used in this study is far greater than that used by Bell, the effect

of cut ends may be of some importance. An increase in cut ends may

have given an increased CEC by making the interior of the root more
accessible for replacement or exchange of ions.

At the 3-week age the CEC of the 0 to 1, 3 to 4 and 4 to 5 cm.
sections of corn roots was higher than at the 10 to 1? days or 5 weeks.
This change with age is different from that of the 5 cm. root sections
given in Section I. The CEC of the 1 to 2 and the 2 to 3 cm. segments
is the same as that given in the previous portion of the study, in that
it decreases with age from s high at 10 to 12 days to 2 low at 5 weeks.
The 1 em. root segments with low CEC values are the ones with the great-

est deviation from the set CEC pattern. While individual segments ap-

peared to differ from the CEC pattern for corn, the overall average
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pattern was the same. The largest change was in the 1 to 2 and 2 to

3 cm. segments.

Except for the 2 to 3 cm. segment all the bean root segments
followed the pattern set by larger sections in the first part of this
study, in that the CEC incressed with age. The largest increase was
found in the 0 to 1 cm. section. As with corn, the discrepancy of
individual 1 cm. sections from the CEC pattern set in Section I was
in the segments with lower CEC values. The average values agree with
the previously established CEC pattern.

1though discrepancy exists in the CEC values given for soybeans
in the literature, the values presented by Drake et al. (1951) and
McLean et al. (1956) would lead one to believe that soybeans have a
slightly higher CEC than do beans. The average values presented in
Tzble 3 for both PI and Hawkeye soybeans are in line with this
expected trend. The individual 1 em. soybean root sections differed
from thet of beans and differed between the two soybean varieties
studied. Hawkeye soybeans had a much lower CEC for the 0Otol, 1to
2 and 4 to 5 cm. sections than did PI soybeans. The other two sections
of Hawkeye soybeans (2 to 3 and 3 to 4 cm.) had CEC values higher than
those obtained for the PI variety. The 1 to 2 cm. section of the PY
variety showed much larger CEC than the same root section of the Hawk-
eye soybeans.
Summary

Root sections 1 cm. long were studied in order to obtain a more
detailed picture of the change in CEC with age. These root sections
were electrodialyzed in order to fill all exchange sites with hydrogen

ions. The hydrogen ions on the exchange sites were removed by immersion




1 ¢ solution and subsequently titrate N
ed in the titration ronsidered to he e the CE(
expressed as me. /100 iri root m al,
f s and PI an

of 1 cm. segments o

although

soybeans were obtained. Average values of the 1 cm. segments,

higher, were in agreement with those obtained for the 5 cm. root sec=-

studied.

The CEC values of the cm. corn root sections

same segments of beans rose

ywybeans t the 5-v age had ¥ :
+} al e ohtained her o o that at
he values ¢ ained here and ection at
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C values thq ould t d vo 1 ovbean root sSections,




ECTION II

CATION EXCHANGE CAPACITY OF PI D0 B KE OF
ntroduction
Tt ¥ long been felt that the uptake of nutrient cation: by the

plant root is first of 21l an exchange reaction. Overstreet anc

Jacobson (1952) shown that an exct reaction actually takes
place the transfer of nutrient f the
the root. This is acc 11shed by exchange of hydrogen, hydroxyl,

root surface for nutrient ions of the

idered an ex

have an e

root surface and subsequently absorbed by the root.
i ;

Smith (1955) and Wiebe (1953) pointed out that the unt of

nutrient lons adsorbed and absorbed by plant roots could be determined

t. Root sec-

using radioisotor

tions are immersed in radioactive solutions and with wn after a

lacement solution and then re-

prescribed length of time.

+

the replacing adsorbed

while the amount remaining on or in the roots is considered that

a
absorbed.

used as an

isorption

and sorption of iron by the root., 4 solution of FeCl, having an
- - 3

1 AN

Fe concentration of 1

added an alijuot

a Henceforth absorbed referred to as sorbed.
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f Fe?” solution. The specific activity

of of this solution was then

a pH of 4,0,

obtained. FeCly stock solution (1,000 ppm. iron) h

s carried out to decide the length of

A preliminary experiment

time that excised root sections should remain in the 1,000 ppm. Fe*

solution and the replacing 0.01 N KCL solution. This experiment we
a 3 X § factorial with 3 replications. Five lengths of time in the
Fe* solution were combined with 3 lengths of time in the 0.01 N KCl
replacing solution. The most suitable immersion time is that beyond
adsorbed or

which little or no change occurs in the amount of Fe* a

sorbed by root sections.

Bunch 0 to 15 sections of corn root 1 cm. long were

in the solutions at the various time combinations. The Fe* removed

salt solution and that which remained on the root were deter-

scaler.

mined in a well counter using a
The amount of Fe* adsorbed and sorbed by the corn root sections

s

under varying times in Fe* and KCl solutions is

amount of sorbed Fe* inc sed 2s the length of time

%
=}
=
o+
~ 7
(v}
o
x
o

tion was increased. However, beyond a 2-minute immers
very little change in the amount of sorbed Fe*. Therefore, the 2-

> length of time in the re-

minute immersion time was ch

d, the amount of adsorbed Fe* increased.

placing KC1 solution was increa
Immersion times longer than 1/2 minute in the KCl solution gave very
little change in the amount of Fe* zdsorbed. Therefore, the 1/2 minute

minutes in the Fe* solution

o
-

time was chosen. An immersion time

in the 0,05 N KC1 solution gave results

followed by a 1/2 minute dip

that parallel very closely those of longer duration.

* Indicates radioisotope Feo? added to label the Fe solution,




Table 5. The amount of Fe* adsorbed and sorbed on excised corn root sections
under varying times in Fe* and KCl solutions

Time 4in Type of Fe* Time in Fe* solution
0.05 N KC1 associated (minutes)
solution with the root 1/2 ol 2 5 10
(minutes) cpm/g. dried root material
1/4 Adsorbed 233 310 315 321 321
Sorbed 453 696 770 771 1076
1/2 Adsorbed 442 45k ués 475 489
Sorbed Lsh 648 928 948 977
2 Adsorbed 455 459 b76 478 478

Sorbed L88 792 916 940 976




andomized block design with 4 replicates was utilized in this

study. The treatments consisted of 2 dates of sampling: 10 to 12 days

¥inegscrost (KY?) corn and Great

and 4 weeks. Two species were

Northern beans.

corn and beans were prown in full strength Hoagland's #2

nutrient solution (Hoagland and Arnon, 1950). At the age required by

the nutrient solution, the

the experiment the plants were removed from

and cut into 1 em. sections. The

roots washed in distilled w
similar 1 ecm. root sections were bunched, loosely tied with fine wire,

Ten to

rinsed in distilled water and then blotted on
15 root segments were included in each bunch. The root bundles were
then placed in 5 ml. of radioactive iron solution, removed after 2

minutes, rinsed 3 times in distilled water, and placed in 5 ml. 0.05

N KCl solution. After 1/2 minute in the 0,05 N KC1l solution the roots

were removed, rinsed in distilled water, and placed on a rack to dry.
The distilled water rinse that followed the KCl solution dip was
added to the KC1 solution. The bundles of roots were continually
agitated manually durine the time immersed in each solution. The
amount of Fe* removed by the KCl solution was considered as that
adsorbed by the mot while the amount remaining with the root was
considered that sorbed.

The dried roots and KCl snlutions were counted in a well counter

using a2 Nuclear 183 scaler.

Results and discussion

The amount of Fe* adsorbed and sorbed by corn root sections is
presented in Table 6. It can be seen that the 1 cm. sections of young

corn roots (10 to 12 days) both adsorbed and sorbed more Fe* than the
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Table 6. Iron adsorbed and sorbed by root sections of corn at various ages

Fe* adsorbed Fe* sorbed
Root
Section 10 to 12 days 4 weeks 10 to 12 days

cpm/g. dried root material

50

479 3542

L21 2597

See text, page 39, for description of adsorbed and sorbed.




sections.

is very similar to that exhibited by thé CEC of the 1 cm.

root sections. The sorption did not follow a pattern similer to that

of adsorption. The Fe* sorbed by the root sections of both young and

old plants seemed to be highest in the 3 to 4 No cor-
re between the amount of Fe* sorbed and the CEC of
the

The amount of Fe* adsorbed and sorbed by bean root sections

presented in
As in corn root sections, no correlation can be seen between the

of bean root sections. There was,

sorbed and the C

amount of
however, one trend in the Fe* sorption pattern that appeared to be

The 0 to 1 cm. root section had the

similar in both corn and bean

studied. In

corn the highest amount of

the 4 week age. In beans, however,

at both the 10 to 12 day a
there appeared to be a slight change. In the 12 to 14 dav old bean
roots the 2 to 3 cm. section had the greatest sorption while in the
5-week old beans the 4 to 5 em. section had the highest sorption of
Fe*.

Beans differed from corn in the effect of age on the changes in
amounts of Fe* sorbed by the roots. Although the pattern of sorption

me in corn and bean roots, the amount of Fe* sorbed did not

it did in corn.

ith age in beans

The adsorotion of Fe* by bean root sections varied from that
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Table 7. Iron adsorbed and sorbed by root sections of beans at various ages

Fe* adsorbed Fe* sorbed
Root s
Section 1? to 14 days 5 weeks 12 to 14 days 5 weeks
cpm/g. dried root material
0 to 1 cm. 605 532 6400 5728
1 to 2 em, 268 325 7525 5991
2 to 3 cm. 237 263 7996 6238
3 to 4 cm, 273 283 7315 6553
4 to 5 cm. 24 271 7776 6973

a See text, page 39, for description of adsorbed and sorbed.

5




shown by corn. The 0 to 1 cm. section of bean roots had the highest
adsorption of Fe*, whereas this was true of the 1 to 2 cm. section in
corn. Except for the Oto 1 cm. section, the adsorption of Fe* by

bean root sections appeared to follow the pattern of the CEC by sec-
tions and age. The O to 1 cm. sections had a lower CEC than the 1 to
> em. sections, yet the amount of Fe* adsorbed was higher. The reason
for this was not apparent. With the exception of the 0 to 1 cm. root
section, the increase in CEC of bean roots with age was shown in an
increzse in the Fe* adsorbed.

Summary

The radioisotope of Fe* was used to study the pattern of adsorp-
tion and sorption by excised root sections of beans and corn.

With the exception of the 0 to 1 cm. section of bean roots, the
amount of adsorption of Fe* followed the CEC pattern. The root sec=-
tion with the highest CEC had the highest amount of Fe* adsorbed.

Sorption of Fe* was not correlated with root CEC.

Less Fe* was sorbed and adsorbed by corn roots at the 4 week
than at the 10 to 12 day age.

More Fe* was adsorbed by bean roots at 5 weeks than at the 10 to
12 day age, The amount of Fe* sorbed at 5 weeks was less than that

sorbed at the earlier age,




; assumptions exist about the chemical constituents of roots

inge ions. Pectin of the plant roots had been suspected

of importence in the uptske of nutrients. Relationship of

other root material h as amino acids and proteins in the outer

1a membrane or phenolic hydroxyl groups of lignin to ion exchange
had also been suspected.

Keller and

Deuel (1957) undertook a study to determine whether
there is a relationship between CEC and the pectin content of plant
roots. The results of their study showed that graminaceous roots (corn
and wheat) had less pectin and fewer free carboxyl groups of pectin
than did dicotyledonous plants (beans, tobacco and tomatoes). Accord-

ing to their experiments, 70 to 90 percent of the CEC of wheat, corn,

bean, tobacco and tomato roots is attrib yle to the free carboxyl
groups of pectic substances in plants. The CEC is directly propor-

tional to the pectin content of roots and inversely proportional to

the degree of esterification of root pectin.

Huffaker and Wallace (1959) indicated that the root CEC was de-
creased approximately one-half when pectates were dissolved from the
root. They did not say what portion of the pectate was removed. Their
study is another indication that the pectates are the most important
single contributor to the CEC of plant roots.

Since Keller

Deuel (1957) worked with older roots their find-

ings serve to substantiate the findings of the present study, as beans




and ¢ re found to have higher CEC values than did corn or
barley.
Since root hair o) 't coating (Howe, 1921),

the root hair zone would be expected to have a higher CEC on the

of the findin of Keller and Deuel (1957). The lengths of 1/2 to 2

em, from the root apex of the root is considered the region with the
highest amount of root hairs (Wiebe, 1953). Higher CEC values for

root se >nts in the root hair zone were found in this study, although

root hair density was not studied. In the 1 to & cm. section 2/3 of

this root hair

included aleng with portions of the root

without root hairs. The 1 to 2 cm. section was wholly a region of root
hairs, whereas the O to 1 cm. section had only half as much, and the

other 1 cm, segments perh a few root hairs or none at all. 1In all

cases the CEC of root segments that included root hairs w higher
than that of segments without them, The 1 to 2 cm. section which was

entire

region of root hairs had a verv high CEC and w

consistently

higher than all other segments studied.

A number of studies (We

s, 1956, McLean et al. 1956, and

Huffaker and Wallace, 1959) point out the effect of variation in nutri-

tional particularly nitrogen & phosphorus on the CEC of
roots, Huffaker and Wallace (1959) note that the factors causing
changes in root CEC also influenced the total organic acid content in

plants. Keller and Deuel (1957) feel that orga acids do contribute

roots, but to a lesser extent than does pectin,

doubtedly the mineral composition of the nutrient solutions

varied from time of mixing to time of changing. Chang

nitrogen status of the nutrient solution were prot

bly greater than
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for any other component of the nutrient solution. From the data pre-

sented by McLean et al. (1956) and Huffaker and Wallace (1959), it is

possible that the CEC of the plants had some cyclic changes introduced

1

due to cycles in ons=-

o+

he nutritional status, This may have been resy

and high

ation in CEC values obtained at pz

ned when the rest of the values were following

fferent

wghout this study showed that the

entirelv differen t CEC values., However,

as pointed out this may be due to an effect of pectin con-

tent

between plant species. The CEC

but the different species had individuval CEC.

When the CEC pattern obtained for corn and barley (monocotyledonous

plants) is superimposed on that obtained for beans a tyledonous

ure 4, it was seen that at an early age the CEC

shown

of the monocotyledonous plants was higher than that of the dicotyledo-
nous plant. This difference widened as the curve for the monocotyledons

tever, the gap between the monocotyledon CFC values and

those of the dicotyledon quickly closed as the monocotylaedon curve

dropped sharply and reached a fairly constant low value. At the same

time th rose slowly and became larger

than that of the monocotvyledonous plants at an age of approximately 15

Thic change in CEC edons and dicotyledons

it necessary to sti

the general accepted premise that monocotyledonous plants have a

lower root do dicotyledonous plants,

an effect on the

values obtained.
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4

vali , tained in close proximity to t
rere nstantly higher tt for segments further from the ti This
- be due to several re ns. here i n absence of root he in
the re further from the root tip. e the root hairs have a
hi ectin , lack of tt uld cause a2 lower CEC., Older
sectione of roots become wondier and suberized and would have less
pectin, and con lower .

iebe (1953) found that absorption of i es occurred é

the entire length of barley roots. Althouch absorption occurred over

entire 1 as in the terminal 3 to 4 cm.

portion of tt y reduced in

portions of the root The region of highest zbsorption presented by

3) and Kramer and Wiebe (1952) coincides with the region of

CEC obtained for barley roots in the present study. The de-

g absorption in the older portic the root correlates well

C found in older porti

with the decrease in
this study.
sxperiments as carried out in the present

Short

olic processes and,

f adsorption with root CE(

uld give good
Root segments with high CEC had high adsorption and sorption of Fe*.
!

Although the adsorption and sorption times in the present study were

the results

shorter duration than those used by Wie

both studies

An exception in the present study of correlation of adsorption

of Fe* w root was found in the by the tip cm. seg-
bean segment, Lough it ossess the
highest CE( 5t rption of Fe* A ilar peak in




found iso0t b iebe ( " re Y r

1 o " o ntion of Fe*
sent results of adsorpt n tion Fe
relzte rell ith root RC.
H not known during dial he the

the effect




SUMMARY AND CONCLUSIONS

The CEC of excised roots of corn, barley, bean and soybean plants

at various ages were studied,

ained in this study it was concluded that the CEC

From the ds

This conclusion is based on a number

of plant roots age.

for various excised

of separate findings. First, the CEC

changed with age. This pattern was obtained

of corn r

orn root sections studied. The CEC of 211 the 5 cm. sections

with all
of corn roots &t an early age (5 to 7 days) started off low, rose to a
peak at an age of 10 to 12 days, after which it fell to a value lower
than that at which it had started and remained there. The 1 to 6 cm,
section had the highest CEC at all times during the study, with the

ex of the

“C of each subsequent 5 cm. section cut further from the

root lower than that of the previous one. At selected ages along the

CEC pattern established for 5 cm. sections, the CEC values for smaller

sections (1 cm.) of corn roots were similar in magnitude to that obtained

Py

for the 5 cm. sections. In the smaller segments the 1 to 2 cm. >tion

had the highest CEC values,

Second, when the experiment was repeated using excised sections
of barley roots, the CEC pattern developed by corn was repeated in that
the CEC of all barley root sections started off low, rose to a peak at
10 to 12 days and dropped to a constant low value smaller than that of
the starting values. As in corn the 1 to 6 cm. section of barley roots

d the highest CEC value. The subsequent sections obtained further




section

i i jui 7 risine to a peak and then dronpines to

the rose slowl; 1 8 val at 3 week ioF han that
£ enarn and b v Once the CEC values of beans ’ that of
corn and higher The 1 to om ection had the

highest values followed by decressingly lower GEG valuss for ths

beans and corn,

A study of adsorption and sorption of iron by excised corn root

Q

g
sections performed with the aid of the radioisotope Fe

It found ir sorbed alonz th entire
length of t studie SoFn oot sactions the

greatest s t of iron was adsc in the 1 cm. sections with the
highest . th the eption of the ti to cm. section. the
ther bean root with the hi + OB
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APPENDIX




Table 8, Summary of CEC values obtained for 5 cm. root sections of KY7 corn in the age study (Section I

Root

Sectior Replicate 5 i Q 10 11 12 13 14 16 17 20 22 25 2

_(em, o L B )

1 to 6 1 52 53 L7 66 102 66 6] 57 39 2y 36 29 30 -
2 57 51 49 60 96 6+ 67 5S4 o 29 39 30 33 .-
3 L8 L6 54 56 8¢ A5 61 5 Ly 33 Lo 26 37 -
L 47 50 46 62 78 v 6 62 37 15 Sl R e

6 to 11 1 21 24 27 +0 Ly 36 36 47 41 33 28 25
2 27 25 42 41 3 3L 8 37 36 2L
3 19 22 2 ¥7 LE 19 17 L1 31 22 31
L 21 2" 23 39 W 56 37 48 : 30




mmary of CEC values obtained for 5 em. root sections of Atlzas barley
Section I)

Section Replicate 5 9 11 14 16 2] 28

6 to 11 1 =2 L u7 17 L5 279

2
Z = ) 49 11 Lé ., 23 >0
3 - 46 L3 L 29 26 19
L e 30 37 Ll 3] 31 Lo 18

11 to 16 1 i e

2 - - 23 21 17
b} - - 27 20 6
L - - 2Q 20 12

First 5 cm.
formed




Table 10. CEC values obtained for § cm., root sections of
beans in the age study (Section I)

1l to 6 1 52 L€ Q7
2 L€ 87
a 37 88
L S 80

2 - 2 47 65
3 -- ’ 30 3] L7
b - , 36 78

11 to 16 1 — e 26
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Summary of CEC values obtained for 1 cm. root sections of

Table 11,
KY7? corn, Great Northern beans, Hawkeye and PI soybeans
(Section II)
Corn Beans Soybeans
Hawk- PI
Root eye
section  Replicate Aze (davs) Age (days) Age (days)
(cm.) 10 to12 21 35 21 35 35 35
0 tol 1 L6 6l L7 46 127 89 119
2 L 67 L5 Ly 121 90 108
5 51 68 41 41 126 77 1
L 39 61 51 57 114 96 102
Lk to 2 1 Z07 119 109 2b 139 1 166
2 221 171 11 121 140 7 167
5| 227 17 107 124 132 131 151
L 2u7 95 85 123 14 137 172
2 to 1 139 89 56 91 79 140 109
2 141 81 53 20 72 131 L7
3 129 92 5% 76 71 126 101
L 147 86 56 99 o 127 109
3 to &4 1 7 80 52 67 86 120 82
2 71 71 54 62 87 109 86
3 7 71 59 59 81 106 92
4 72 90 79 6l 86 105 96
b to 5 1 30 36 n bo 65 57 97
2 29 37 36 L1 66 58 88
3 31 41 34 39 71 656 86
L 3 34 29 32 54 55 97




n
O

Table 12. Summarv of Fe* adsorbed and sorbed by various root sections
of KY? corn at various ages (Section III)

kge (days) Age (days)
Root J0 to 32 139 10 to 12 35
Section Replicate
(em.) Fe* adsorbed Fe* sorbed
) cpm

0 tol d! 428 L7 752 £22
2 L9 42 761 611
3 Lol 71 773 658
L 426 4o 754 661

1l to 2 1 509 51 2683 1376
2 547 52 2441 1384
3 541 L7 2611 1298
A 547 62 2625 1466

2 to 3 X 442 90 3581 1407
2 439 61 3453 1486
3 411 53 3401 1592
L L0 76 3373 1483

3 tols 1 80 58 3492 1631
2 487 51 3497 1647
3 481 Lo 3560 1634
4 468 63 3619 1636

4 to 5 i 401 71 2560 1381
2 L2k 54 2593 1397
3 Ls9 L8 2618 1380
L 400 51 2617 1386




Table 13. Summary of Fe* adsorbed and sorbed by various root sections

of Great Northern beans at various ages (Section III)

Ape (days) Age (days)
Root 12 to 14 35 12 to 14 35
Section Replicate
(em.) Fe* adsorbed Fe* sorbed
cpm
0 tol 3 6lds 53 6396 5721
2 601 547 6382 5727
3 597 541 6471 5764
L 578 509 6351 5700
1 %o 2 il 290 314 7527 5990
2 231 301 7523 5989
3 257 316 7581 5978
i 294 369 7469 6007
2 to 3 1 231 260 7982 6242
2 236 279 7890 6109
3 257 266 7997 6251
N 22U u7 8115 350
3 to 4 1 277 281 7301
2 27 294 342 6551
3 242 277 7311 6558
L 30?2 280 7306 6541
4 to 5 1 2u6 286 7778 6974
2 247 285 7772 6901
3 201 270 7789 6967
4 270 243 7765 7050




Table 14. Summary of Fe* adsorbed and sorbed on excised KY? corn root
sections under varying times in Fe* and KCl solutions

Time in Time in Fe* solution

0.05 N KC1 (minutes)
Solution 1/2 1 2 5 10
(minutes) cpm

1/4 Adsorbed 237 307 317 327 340
241 309 342 303 301

221 314 286 333 322

1/4 Sorbed L2 691 761 76k 1071
463 702 752 771 1060

L5l 695 797 778 1097

1/2 Adsorbed Lug 457 L72 472 497
L2 426 406 u77 481

43 479 3 L76 489

1/2 Sorbed 439 663 967 1001 966
451 640 901 916 979

u72 641 916 927 986

2 Adsorbed L66 L68 Lus 451 440

L3 457 L92 490 501

us6 452 Lol 493 493

2 Sorbed L98 797 931 add 1014

Lgo 797 901 937 960

476 782 016 936 954
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