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INTRODUCTION

The relationships that exist between soil and plant are very

used man's curiosity for centuries. Many

order to understand and clarify this relati

cation exchange

is in sone way responsible for diff

(ly;\)d) as the

of the roots was defined

root surface

be exchanged or re

milli-

conditions and is usually exg

equivalents per 100 grams (me/100 g) of dry roots. The CEC hypothesis

of cation uptake proposes that the uptake of cations from soil by plants

is in some extent controlled by the CEC of the plant roots and ti

therefore account for the

ence of the cations. The CEC may

nutrients from

taking up diffe

the same soil.

me type of M"adsorption"

The prese of a CEC is likely due to

compound or compounds in plant roots. As early as 192 2 reported

the nature of

1=
o
ot

that in a gelatinous materia

o

pectic acid which is found in the outer layer of all roots. It is now

known that colloids like cellulose, arabic acid, peptides, pc

ates and pectins in the roots cause electrical charges

to adsorb ions

1959, and

unds e charges and

might be responsible for the cation adsorption.

Because of this interest in CEC many investigations have been




a given sp

to snow that there is a correlation

t as nitrogen supg

the CEC of plant roots

only in solution with low ionic activity. Asher (1961) concluded fr

his work that the differences in CEC appeared to be a real characte
! 3

istic of the of nitrogen.

what

was the real effect of the

was made to study the effect of different

sources and levels nitrogen on the CEC of roots from different plant

species.




The fact that plant roots possess a CEC was first mentioned by

Deveaux in 1916. Jenny and Overstreet (1939) showed that roots possess

cation exchang No appreciable work, however, had been done
ntil the last decade : nd Coleman (1951) r
ant root surf
ey added

that the CEC was the same on live and ether-killed roots which indicated

that the CEC on the surface of the root is metabolically inactive.

Effect of plant age on CEC

The age of the plant was found to influence the CEC values (Graham,

1951; Helmy, 1958; and Haniuk, 1959,. This may be explained on the

change of the chemical composition of plant cell walls with age (Bonner,

AF

1950). He reports that pectic substances constitute about 50 percent of
the cell wall material in young tissues, but dec ses to only 0.5 to
1.5 percent as the tissue matures. in, pentosans, and

similar material increased accordingly. seem to be

inactive with respect to cation exchange properties.

Effect of the roc 5 ents on CEC

Mattson et al. (1949) found that the root surface and especially

ontent of active acidoids. Smith




tip. Haniuk (1959, found a great difference between the CEC values of

the first five cm, the second five cm, and the third

was highest closest to the root tip.

plant spe on the CEC

et al. (1951) stated that CEC of

icotyledonous plants was roughly double the values obtained from rc

monocotyledonous plants. He further reported tha

lity of plants to take up cations from

by the CEC of the plant roots and the va

emplasized the work done by Elgabaly (1949) and Gra

ct of plant nutrition on CEC

It was found Smith and Wallace (1956) ar

treatment increased the CEC of roots

) 3 s o
}a) suggested that the influence of
g8

be related to the formation of energy-rich phosphorylated nitrogen

compounds at the outer surface.

Crooke and Knight (1962) made an evaluation of the data of differ-

ent workers. They drew on inference that the CEC is positively

correlated with

nt of the tops of (a) total ca

ash, (c) the base, and (d) the total trace el

Methods and ning CEC

As different methods have been used for determini

root CEC it is

are the absolu

obtained by different




workers. The neral method has been to saturate the roots with a

anac

electrodialysis. Hydrogen saturated

solution of KCl in which the

al solution H

>r method which is 1sed by

H* as the saturating ion.

replacing it. Huffaker and Wallace (1959) used zinc radioisotope and

s ) "
estimated the CEC by dirsct counting of the Zn“” which was absorbed and

not removed by wash




EXPERINENTAL HETHODS

The two spe used in this study, corn (Zea mays) and beans

(Phaseolus vulzaris), are representative of the monocotyledonous and

dicotyledonous plants. They were chosen over others because much work

on the CEC

The corn was germinated by placing the seed on cheese cloth

covering a perforated plate; only one seed was placed in every pore.

The plate was in a four-liter enameled vassel which

filled with distilled water. To this water 1 ml o

solution was added to each gallon of water to enhance germination.

After eight days from starting germination, the plants

and were transplanted to gallon jars.

The beans were germinated in the same way as the

planted. This method of germination was used to avoid serious damage

the roots at transferring.

In transplanting only similar plants in size, color, and shape were

chosen. The plants were arranged in an aerated one~gallon

with standard nutrient solution used by Weissman (1950). The solution

same amount of nitrogen but varying in the ratio between

ammonium and nitrate. There were two levels, one~fifth level and com-

level. Ea

1,50 NO,;, and
3

was conducted in a completely randomized design with fo

replications. There were four plants in every jar and each jar was
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8
considered as a replicate. The mutrient solution in the gallon jars was
changed every three days and the pH was adjusted every day to 5.5 to 6.0
by addition of KOH or HZSOL' In order to maintain a constant culture
solution, 2.75 ppm of iron in a chelated form was supplied daily. The
plants were grown in the Utah State University greenhouses under a semi-
controlled environment. Temperature was around 85 F at day time and
about 75 F at night. Humidity was about 54 percent. The day length was
15 hours.

The plants! roots were sampled when they reached the required
length. For the corn it was a week from transplanting and in the case
of the beans it was six days. The corn and bean roots were sampled
every two days for the first five samples. Then the last three samples

were taken every four days. For sampling the plants were removed from

the nutrient solution and placed in a large pan of distilled water. Only

the white and healthy roots without lateral roots were chosen. The size
also was considered in that an attempt was made to obtain roots of uni-

form size. From each root two successive portions of 5 cm length were

cut after discarding the first cm from the tip. The root tip was
discarded because of the high meristamatic activity which was felt would

yield a misleading CEC for the first segment (Haniuk, 1959, and Bell,

1957). The same 5-cm portions of the root were put together in a bundle
so that there were about 10 root segments per each bundle for dialyzing.
The samples were placed in a Bradfield-type electrodialysis cell

for 90 minutes and a few drops of concentrated HC1l were added in the

center cell (with the roots) in order to hasten the dialysis. The

voltage of the dialysis cell was at 120 volts; the current was from 50

to 100 milliamperes. Whenever the temperature of the end cells reached




s, the root portions were plac

for 30 seconds in

in a

that

was

taken as an index for

would cause an error in the CEC obtained. The

trated with 0.01 N KOH using a microburet.

using a Bec atic

CEC was calculated as me/100 g

were t

H meter over a S-minute interval.,

were washed with distilled water and dried at 65 C for two d

paper

pre-

The




JSS10N

was taken from the corn seven days af

planting or 1°

om the day they were put to

no appeardar

ientieth day from transplanting.

The pH of the nutrient solution in which corn plants were

owing

decreased as much as 1 to 1.5 pH units towards the acid side when only

onium nitrogen was present and increased about 1 pH unit when only

nitrate

present. The pH of the trea

d nitrate nitrogen did

Also, it was observed tt dilute solution

in the full strer same
ioned before, the pH of the >luti
adj every day to 5.5 to 6.
In selecting t roots for sampling, it was noticed that the roots

of the treatment 100 M), :0 NO} were somewhat short and stubby and never

r than 3 me/100 g of dry weight. By the time the

\ it
) no furtk

(20 days from transplantin

y
=3

were taken. The
corn roots was unexpected because it was assumed that corn can utilize

ammonium salt as readily as nitrate (Miller, 1938).




nple (27 days} was 12 me/100 g

values are presented in the

two valu CEC to a high
alue of 2( 100 g at 11 This alue agreed with the CEC
value obtained for corn t et al. (1951} where i got 22 me/100 ¢
t 10 days. A 1 al X lose to S lues ot ed 1

indicate that the uitable nutrient

‘or treatment (

days, t

CEC with NO; as its

combined.

3

full

When the nutrient concentrati
strength, the differences between the three treatments decreased. The
ammonium to nitrate ratio was reduced (Table 1 and Figure 2)}. But it

was clear that the 50 Eth:SO K4 was better 10 1'103 and

in this reduced nutrient level were

In case of the 100 percent
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solution.

It can be seen from Figures 1 and 2 that most of the treatments did

not yield the

pling. This may have
occurred as a result of some disturbance in the composition of the plant

during transplanting, e gh Haniuk (1959) observed the same phenomena.

®

Following thes

e CEC decreased again which may be due

to the effect of the

plants

als in the

ot composition se (Bonner, 1950).

cm) had lawer values tlan the firs

The second segment sam
segment although they hac the sume pattern (Table 3 and Figure 3).
Haniuk (1959) also reported that the 1 to 6-cm root sections had higher
CEC values than the 6 to 1ll-cm sections.

The CEC value for 50 Nﬂhgij‘u ;503 treatment rose to 12 me/100 g at
the age of 11 days and went down to 7 me/100 g at 23 days. The O NH), 2
100 T‘.‘O3 came next. It started at a high value of 11 me/100 g and

ended at 6 me/100 g. Thus the CEC values for the second root segment

sampled followed the sa pattern as was found for the first 5-cm

segment.

Concerning the second segments in one-fifth strength solution, the
values of CEC were close but lower than that in full strength. This is
the same pattern as was found with the first segments. Treatment
S0 1H), :50 NO3 had 8 me at 11 days, while the same segment in full

strength sol

ion had 12 me at the same age. Figure L presents graph-

ically the data for second segments in one-fifth strength solution.

Beans
The pH changes that had been noted for corn plants growing in the

different nutrient solutions were also noted for beans. The bean plants




Table 3. The CEC of the second 5 cm of corn roots 1 grown in
full strength and one-fifth strength nutrient solution
in which the ammonium to nitrate ratio varies (me/100 g)

Days from transplanting

[ 9 L. 13 15 19 23 27
Full strength
50250 8 10 12 10 9 6] 7 (i

0:100 11 8 1 8 8 T (i 6

One~fifth strength

10030 ) 7 [ € 6 g n -
£0:50 6 7 8 7 6 5 7 5

0:100 7 g d 5 5 6 L in 3
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were allc

the roots for their CEC.

plants we

&

The growth of the

fair. There was no distingui

difference in a bet

the treatments. In general the CEC

values obtained frc

the bean roots were much higher those obtained

from the corn. found by others. Also it was stated

CEC of roots of dicot

onous plants in

the value

nous plants.

es obtained with corn (

CEC of the bean roo

one exception, started at the highest value

with age (Figures 5 to 8 and Tables L and 5). The

and then decreasec

decrease was most in >se roots from the plants grown in 100 erh:o NO4
v

(full strength). In this treatment the roots were

d unhealthy

as had been found with corn.

parison should be made with the values obtained for

One other co

corn. The CEC for bean roots in the full strength solution (Figure 5)

was always h

t with the O NH) :100 1503. This was also true for the

second segment sampled (Figure 7). When the solution concentration was

reduced to one-fifth strength (Figures 6 and 8) the treatment of

50 :"~.’Hh:51) !‘IU3 gave initial values that were much higher. In the latter

case, however, the CEC values dropped rapidly with age until for the

last samplings the CEC values were below those obtained in O mh:luo 1:03.

In the case of beans treatment of O NH) :100 1203 was highest at the

iritial sampling for three (Figures 5, 6, and 8) out of the four (Figure

5) instances but dropped very soon. At the same time, in the treatment

consisting of 50 MH) $50 I-EOB, there was the early rise followed by the

decrease in CEC with age noted by Haniuk (1959) for corn.
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first 5 cm of bean roots
one~-fifth strength nutrient
to nitrate ratio varies (me/100




sth nutrient s

il 1
varies (me/100 g)

to nitrate

5 32 i1 3 32 2 2 2l
52 W i 33 32 33 2 23

N
=

+100 ( 3( 28 2L 23 21

(O




CEC

and

] age when and's nutri This
approximately wh this age (Table

The full strength solution should
g

(Fi

for 50 IEH), ¢50 , When the
re compared. nutrient solution
F

of C NH),:

Yow er ~
TICB, however, thers

when the solution dilute. At

in the CEC for the initial sampling

narrowed to only 30 percent.

the end of the sampling the differen

is means that if the nutrient solution contains nitrate and ammonium

of the roots of bean plants

n in about

al quantities

ether the nutri

full strength,. solution contains the

1, the root CEC will be much less if the

solution contains only ammonium nitr

lowest.

Table 6 shows the CEC values obtai

species corn and beans in comparison from the

first segment in this experiment.




capacity

Plant species

Corn

Worker CEC
me /100

ial value 1 7 68 6

Bell (1957) L6-23 9-1l

ik (1959)

He

No)
f
|
o
O
-
n
e
w
i
™~

Drake et al. (1951)

ean et al. (1956)

Smith (1955) 53 1(
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SUMMARY

This experiment was conducted to study the effect of different
sources and levels of nitrogen on the CEC of roots for two plant
species--corn (Zea mays) and beans (Phaseolus vulgaris).

The CEC of the roots was found by titrating dialyzed roots with
standard base and relating to the dry weight.

1. The corn roots showed a tendency to possess higher CEC with

1103 as its source of nitrogen than with IH),» The highest values,
however, were cbtained when NH) and N0y were combined.

2. The CEC of the corn at full strength was higher than in the
dilute solution, though both had the same pattern.

3. The CEC values obtained for bean roots were much higher than
those obtained from the corn.

L. The CEC of the bean roots followed essentially the same
pattern with age for the 50 I\.Hh:SO 1503 when the two growth media are
compared. This means that if the nutrient solution contains nitrate and
ammonium nitrogen in about equal quantities the CEC of the bean roots
will be about the same whether the nutrient concentration is dilute or
full strength.

5. If the solution contains the nitrogen in the nitrate form, the
CEC of bean roots will be much less when the solution is diluted.

6. The first 5 cm in both corn and beans had higher CEC than in
the second 5 cm.

As was shown by the data presented in this experiment, the differ-

ent sources of the nmutrient element and its level affected the CEC of
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idual CEC values
full stren

The ind
when grow
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(me/100 g)
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first 5 cm of the bean roots
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ich the ammonium to nitrate ratio varies

Days from transplanting

NH), :N05 Rep ) 8 10 19 1 18 22 26
Full strength

10020 1 L7 Lo L5 30 21 - - -
2 50 39 36 28 17 - - =

3 L5 36 3L 25 19 - - -

L 53 L2 Lo 3L i = - -
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3 53 56 L6 50 Lo 39 32 17
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L 6l 7k sh 58 L6 Ll 39 39
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