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INTRODUCTION 

The relationships that exist between soil and plant are very 

complicated and have aroused man ' s curiosity for centuries. Many 

studie s have been done in order to understand and clarify this IBlation. 

Amon,; these is the hypot.'lesis that plant roots exhibit cation exchange 

capacity (CEC) and that this is in sone way responsible for differential 

cation :~ptake . The CEC of t.'le roots was defined by Helmy (l958a) as the 

total cations v1hich can be exchanged or replaced from the root surface 

under a given set of conditions and is usually expressed as milli

equivalents per l uO grams (me/100 g) of dry r oots. 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 r oots and the 

valence of the cations. The CEC may therefore account for the differ

ences bet·11een species in takint; up diffe r ent amounts of nutrients from 

the same soil. 

The presence of a CEC is likely due to some type of "adsorption 11 

compound or compounds in plant roo ts . As early as 1921 Howe reported 

that in plant roots there is a gelatinous material of the nature of 

pectic acid Hhich is found in the outer l ayer of all roots. It is now 

known that coll.~ids like cellulose , arabic acid, peptides , polypros

phates and especially pectins in the roots cause electrical charges 

which give the roots the ability to adsorb i ons (Haniuk, 1959, and 

~:iller, 1~62) . Most of these compounds exhibit negative charges and 

might be responsible for the cation adsorption . 

Because of this int.erest i n CEC many investigati ons have been 
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conducted during the last ten years in an attempt to study the factors 

which may cause difference in CEC between different species or ,,i thin 

a given species. 

Evidence has been presented to show that there is a correlation 

between tbe CEC and nutrient treatment. Smith and ·.'/allace (1956) stated 

that nitrogen fertilization increased the CEC of at least some plant 

species. This was supported by tl e work of !.:cLean (1~56) who reported 

that as nitrogen supply VIas increased not only did the percentage of 

nitrogen in the plant increase but this ·Nas accompanied by an increase 

in the CEC of L~e plant roots. Helmy (l958b) found that the nitrogen 

status of a plant infl enced the CEC of the roots. Dunham et al. (1956) 

suggested that the nutrient treatment effected the CEC of plant roots 

only in solution with low ionic activity . sher (1961) concluded from 

his work that t he differences in CEC appeared to be a real character

istic of the pl ant and not greatly affected by the l evel of nitrogen. 

These different studies, however , are open to question as to >~hat 

was t he real effect of the nutrient treatments and especially the 

effect of nitrogen on CEC. 

This investigation was made to study the effect of different 

sources a nd levels of nitrogen on the CEC of roots from different plant 

species . 
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R.to."IEW OF U T'.O:RA TtJRE 

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

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

cation exchange properties. llo appreciable work, however, had been done 

until the last decade '"/hen Williams and Coleman (1951) reported that 

plant root surfaces possess cation exchange capacities which may be 

measured by the adsorption and release of various cations. They 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 . 

Effe c t 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 ooy be explained on the 

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

1950) . He reports that pectic substances constitute about 50 percent of 

the cell wall material in young tissues, but decreases t o only 0.5 to 

1.5 percent as the tissue matures . Cellulose , lignin, pentosans, and 

similar material increased accordingl y . These materials seem to be 

inactive with respect to cation exchange properties . 

Effect of the root segments on CEC 

l.!attson et al. (1949) found t.IJat the roo t surface and e specially 

the growing tip pcssess a very high content of active acidoids. Smith 

and :fallace (1956) found that. tl.e la•ge roots had about half the CEC of 

the sooll roots from the same plant species when expressed on a weight 

basis . 



The root length or seg!!lents also affect the CEC . Some of the 

•'IOrkers used t he whole roots (Dmke, 1951) while others (SmiU, 1 955, 

and Bell, 1957) used segments th t were a certain leng t h from the root 

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

the first five em, the second five em, a nd the third five em . The CEC 

was tighest closest to the r cot tip . 

Effect of the plant species on the CEC 

4 

Drake e t al. (1951) stated t ha t CEC of the roots of many of the 

dicotyledonous plants was rough l y do uble t he values obtained from roots 

of monocot yl edonous pl a nts . He furthe r reported that differe nces in the 

ability of plants t o take up cations from the soil are largely controDed 

by the CEC of the plant r oots and the valence of the cation . That study 

emplas ized the work done by El gabal y (1949 ) and Graham (1951) . 

Effect of plant nutrition on CEC 

It "as found by Smit h and Wallace (1956; and UcLean (1956) that 

nitrogen treatment inc r eased the CEC of roots of some ~lant species. 

Helmy (1958a ) suggested that the infl1.;ence of nitrogen salt on CEC may 

be relate d to the forma tion of energy-rich phosphoryla ted nitrogen 

compounds at t he outer surface. 

Crooke and Knight (1962) made an evalua tion of the data of differ

ent '1orkers. They drew on inference that the CEC is positively 

corre la ted with the content of the tops of (a) total cations, (b) the 

ash, (c) the excess base, and (d ) the tota l trace e l ements . 

lt.ethods and procedures for determining CEC 

As di f ferent methods have been used f or determining r oo t CEC it is 

somewhat diffi cult t o c Om?fl re the al::solute r esults obtai ned by different 
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workers . The general method has been to saturate the roots with a 

given cation and then replace this cation with another . The CEC is 

expressed as t he millequivalent of exchanged cation (Helmy, l 958a ) . 

Drake et al. (1950), Smith (1955), Bell (1957), and Haniuk (1959) 

saturated the roots with rr + by electrodialysis . Hydrogen saturated 

roots were then placed in a concentrated solu tion of KCl in which the 

K+ replace d the H+. The H+ was titrated t o the original solution til 

with KOH . Another method which is related to this one was used by 

Ifilliams and Colerr.an (1950} in whic!. they used Ba ++ or NH4 + instead of 

rr + as the sa turating ion . Then they determined the Ba++ or NH4 + after 

replacing it , Huffaker and wallace (1959) used zinc radioisotope and 

estimated the CEC by dir~ct counting of the zn65 which was absorbed and 

not removed by washing . 

5 



EXPE!IT ;ENTAL UETHODS 

The two species used in this study, com (Zea mays) and beans 

( Phaseolus vulgaris ), are r epresenta tive of the monoc otyl edonous and 

dicotyledonous plants . They were chosen over othe rs because much work 

has been reported O!'l the CEC of these two plants . 

The corn was germinated by placing the seed on cheese cloth 

covering a pe r :orated plate; only one seed was placed in every pore . 

The plate was in a four-liter enameled vassel which was two-thirds 

fille d with distilled water . To this water 1 ml of saturated CaSOU 

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

After eight days from startinG ge r mination, the plants were about 5 em 

high and were transplanted to .:;allan jars . 

6 

The beans were germin ted in the same way as the corn except it 

took only six days before the plants were about 5 em and could be trans

pl anted . This method of germination was used t o avoid serious damage of 

t he roots at transferring . 

In t ransplanting only similar plants in size , color, and shape were 

chosen . The plants were arranged in an aerated one-gallon jar supplied 

with standard nutrien t solution used by 7/eissrnan (19 50 ). The solution 

~ad the same amount of nitrogen but varyi!'lg in the ratio between 

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

plete level. Each l evel contained three treatnents , viz . , 0 NH4 :100 t103 , 

50 NH4:SO NOy and 100 NH4 :0 N03 • This made six treatment combinations . 

The experiment was conducted in a completely ran domized design with four 

replications . There were four plants in every jar and each jar was 



Table l. Co mpositi on of nutrient s oluti,ms 

Full strength 

NH4 N03 
Nli4Cl KN03 

% of % of 
0 .01 );; 0 . 01 M 

0 100 

50 50 

100 0 

All solutions contained : 

Fe 
B 
Zn 

2. 75 ppm 
0 . 2 ppn 
0 .1 ppm 

0 :100 

50:50 

100 :0 

0 . 004 M 

MgC126HzO 0 .002 M 

Mn 0 , 50 ppm 
Mo 0 . 02 ppm 
Cu 0 . 01 ppm 

In case of one - fifth strength , these compositions were 
diluted 1 :5. 
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considered as a replicate. The llUtrient solution in the gallon jars was 

changed every three days and the fil was adjusted every day to 5 . 5 to 6 .0 

by addition of KOH or H2S04 . In order to maintain a constant culture 

solution, 2 . 75 ppm of i ron in a chelated f orm was supplied daily. TI1e 

plants were grovm in t he Utah State University greenhouses under a semi

controlled environment . Temperature was around 85 F at day time and 

about "rS F at night . Humidity was about 54 percent . The day l ength was 

15 hours . 

The plants 1 roots were sampled when they reached the r equi "'El<i 

length . For the corn it was a week fro ; trans plantin5 and in the case 

of the beans it nas six days . The corn and bean r oots were sampled 

every two days for the first five sample s . 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 l ate r al roots were chosen . The size 

also was considered in that a n attempt was ~Bde to obtain r oots of uni

form size . From each root ~.o successive portions of 5 em l ength were 

cut after discarding the first em from the tip . The r oo t ti p was 

discarded because of the high rneristamatic activity wh ich was felt would 

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

1957) . The same 5-cm portions of the root were pu t together in a bundle 

so that there were about 10 roo t 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 HCl 1·1ere added in the 

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

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

to 100 milliamperes . i'{henever the temperature of the end cells rea ched 



30 C the water was flushed and che end cells ·:1ere refilled "!lith dis

tilled water . This ''las because the effect of the high tempGrature 

during dialysis on CEC is not known . 

9 

After the dialysis , the root port ions were placed on filter paper 

for 30 seconds in orde r to remove the excess water. The roots were then 

placed in a 400 ml beaker containing 50 ml l.O I! KCl at pH 7 . In pre

paring that KCl solution, the pH was adjusted to 7 daily with 0 .01 N 

KOH or 0 , 01 N HCl. The ;ii was adjusted very carefully again before 

placing the roots in t:Oe so l ution . That was because the fil changes were 

taken as an index for the CEC so any change in the initial j:l-1 value 

would cause an error in the CEC obtained . The root portions in KCl were 

t itrated with 0 .01 I! KOH using a microbur et . The pH was followed by 

using a Beckman zeromatic pH meter over a 5-minute interval . The roots 

were washed with distilled water and dr i ed at 65 C for two days . The 

CEC was calcul ated as me/100 g dried material . 



RESULTS AIJD DISCUSSION 

Corn 

The first sam;Jle "!las taken from the corn seven days after trans

plantinG or lS days from the day they were put to germina te . 'lhere 

10 

Jere ")parent ci fferences in the growth of t he plants du2 to the treat

ments . The treatc,ent made u of 50 !H4:SO N03 (full strene;th) had the 

rr.ost grm•1th, '.'lhile the tre:::tr..ent consistin.:; of 100 NH4:0 N03 (full 

strength ) had the least growth, althou ;;h no appearance of chlorosis was 

obser'ted until the twentieth day from transplanting . 

The pll of the nutrient solution in which corn plants were gr owing 

decrease d as much as l to 1.5 pH units towards the acid side when only 

ammonium nitrogen was pr esent and increase d about l pH unit when only 

nitrate nitrogen was present . The pH of the treatment containing equal 

amounts of ammonium and nitrate nitrogen did change sligl tly but in no 

consistent manner . Also , it ·11as observed that pH in tte dilute solution 

was less changeable than in t!1e f ull str ength solu tio:o for the sane 

t rea tr..ent. As was mentioned before , t.':le pll of the nutrient solution was 

adjusted every day to pH 5 . 5 t o 6 . 

In selecting the roots for sampl ing , it , ·~as noticed that the r oots 

of the treatnent 100 NH4 :0 N03 were somewhat short and stubby and never 

gave CEC val ues higher t han 3 me/100 g of dry weight . By the time t he 

pl ants became chlorotic (20 days f rom t r ansplanting) no further samples 

were t.a ken . The effect of t his treatment on the behav i or of the CEC of 

corn roots was unexpected because it was assumed t ha t corn can utilize 

ammo:-~iurn salt as readily as nitrate (!.!iller, 1938}. 
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There was so:ne correlation between the growth of the plant and rCJot 

CEC . he treatl'lent consisting of So llll1
1 
: SO N03 (full stren;sth) had the 

nighesc CEC ana the LOst Growth . fr,e CEC for the first sa.l,Jle was 1.4 

me /100 g of dried root and for the last sample ( 27 days} was 12 I'le/100 g 

(Figure l and Table 1) . Tne individual values are presenteJ in the 

ap,,endix . Between these two values the CEC of the roots rose to a high 

value of 20 me/lOG g at 11 days . This highest value agreed with the CEC 

value obtained for corn by Drake et al. (1951 } where they got 22 me/100 g 

at 10 days . Also the value Has very close to the values obtained by 

Bell (1957) for co rn reported to be 14 days old •11here he got 23 re/100 g . 

1:cLean (1957} a lso got 25 me/lCO g for corn at 15 days old . That may 

indicate that t he plants having suitable nutrient status give a maximum 

definite value of CEC . The CEC for treatment 0 NH4:100 1103 started at 

ll me/lCJO g and rose to 14 1'18 at 9 days, then went gradually to 9 me at 

the end of sampling . That showed the tendency of the corn to possess 

highe1· CEC with N03 a s its source of nitrogen than vlith NH4 +, The 

highest values, however, were obtained when NH4 and ~x:J 3 were combined . 

·1rnen the nutrient concentration was reduced to o-ne--fifth full 

strength, ti,e d ifferences between the three t r eatments decreased . The 

ammonium to nitrate ratio \'laS reduced ( Table 1 and Figur e 2). But it 

was clear that t he 50 NH4 :50 1:03 was better than the 100 NH1
1 
:0 N03 and 

0 NH4 :100 N03 . All the CEC values in this reduced nutrient level were 

less than ttose obtalned in the full strength nutrients except for the 

t r eatment lL-0 lnl4 :0 N03 . In case of the 100 rercent l\H!
1 

treatment (one

fifth strength) the effect of a~oniun nitr ogen source and/or the 

inabi l i t y t o waintain a constant control of the acjdity of the solution 

('.'lande r and Site, 1 956) Vlere le s s than that in the full strength 
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Table 2 . The CEC of the first 5 em of corn r oots when grown in f ull 
strength and one-fifth strength nutrient solution in which 
the a1!1J11onium to nitrate ratio varies (me/100 g), 

Days from transplanting 

NH4 :1!03 9 11 13 15 19 23 27 

Full strength 

50 :50 14 17 20 17 17 12 13 12 

0 :100 11 14 12 12 11 11 9 8 

One-fifth strength 

100 :0 9 8 6 5 5 

50 : 50 8 9 10 11 10 6 

O: l CO 10 10 8 8 8 6 6 6 
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solution. 

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

not yield the highest CEC values for the first sampling . This may have 

occurred as a result of some dis turbance in the composition of the plant 

during transplantin6, although Haniuk (1959 ) observed the saDe phenomena . 

Following these highest values t he CEC decreased again wh ich may be due 

to the effect of the age . As the plants become old the chemicals in the 

r oo t composition which affect the CEC apparently decrease (Bonner, 1950). 

The second segment sar.:pled (5 em} had l ower values tt.an the first 

segment a lthough they hac the sar1e pattern (Table 3 and Figure 3) . 

Haniuk (1959) also reported that the 1 t o 6-cm root sections b~d higher 

CEC values than tile 6 to 11-cm sections . 

The CEC value for 50 NH4 : 50 N03 treatment rose to 12 me/100 gat 

the age of 11 days and went down to 7 me/100 g at 23 days . The 0 NH4: 

100 N03 came next. It started at a high value of 11 me/100 g and 

ended at 6 me/100 g . Thus t he CEC values for the second r oot segment 

sampled followed the sar.te 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 l ower than that in full stre ngth . This is 

the sane p1 ttern as was found ·:1i th the first segments . Treatment 

50 NH4 :50 N03 had 8 me at 11 days, while the same segment in full 

strength solution had 12 me at the same age . Figure 4 presents gra}il

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

The Pi changes that had been noted for corn pl ants growing in the 

different nutrient solutions were also noted for beans. The bean plants 
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Table 3. The CEC of the second 5 em of corn roots when grown in 
f ull strength and one-fifth strength nutrient solution 
in which t he amr.1onium to nitrate ratio varies (me/100 g) 

Days from transplanting 

NH4 : N03 9 11 13 15 19 23 27 

Full strength 

50 : 50 8 10 12 10 9 8 7 7 

0 :100 11 8 7 8 8 7 6 

One-fifth s treng t h 

100 :0 7 5 6 6 5 l+ 

50 : 50 6 7 8 6 5 5 

0 :100 7 5 5 6 4 4 3 
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were a l lowed to grow for six days after t ransplanting before sa mples ''?! ' 

the roots were checke d for their CEC . 

The growth of the plants was fair . There was no distinguishable 

differ ence in appearance between the treatments . In general t he CEC 

values obtained fr om the bean r oots were much higher than th ose obtained 

from t he corn . This h~s been f ound by othe r s . Also it was stated by 

Drake et al . (1951) that the CEC of roots of dicotyledonous plant s in 

general were roughly double the value for monocotyledonous plants . 

I n contrast b the values obtained with corn (Figures 1 to 4), the 

CEC of the bean roots, r1ith one exception, started at the hi ghest value 

and the!'l decreased with age (Figures 5 t o 8 and Tables 4 and 5) . The 

decrease was most in those r oots from the plants grown in 100 NH4 :0 N03 

(full stre ngth}. In this treatment the r oo ts were short and unhealthy 

as had been found with corn. 

One othe r comparison should be made with the values obta ined for 

corn . The CEC f or bean r oo t s in the full strength solution (Figure 5} 

was a lways highest with the 0 NH4 :100 N03 • This was also true f or the 

sec ond segment sam;:>led (Figure 7) . i'/hen the solution concentration was 

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

50 NH4 :50 N03 ga ve initial values that were much higher. In the latte r 

case, howeve r, the CEC values dropped rapidly with age until for the 

last samplings the CEC values were below those obtained in 0 NH4 :100 N03 . 

In t he case of beans the treatment of 0 NH4 :100 NOJ was highest at the 

initial sa~pling f or three (Figures 5, 6, and 8 ) ou t of the four (Figure 

5) instance s but dropped very soon . At the same t ime , in the treatment 

consisting of So NH4 sSO N0
3

, there was the early rise followed by the 

decrease in CEC Hith age noted by Haniuk (1959 } f or corn . 
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Tabl e 4 . The CEC of the first 5 em of bean roots when grown in full 
strength and one-fifth strength nutrient solution in which 
the ammonium to nitrate rati o varie s (me/100 g) 

Days from t ransplanting 

llH1..'N03 6 8 10 12 14 18 22 26 

Full strength 

100 :0 49 39 39 29 18 

50 :50 56 55 52 48 44 38 32 31 

0 :100 68 61 54 53 46 43 36 31 

One-fifth strength 

100 :0 35 35 27 24 17 

50 :50 59 53 47 43 38 37 21 14 

0 :100 39 36 32 34 31 27 23 22 
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Table 5. The CEC of the second 5 cr1 of bean roots when ~;rown in full 
strength and one-fifth strength nutrient solution in which 
the ammonium to nitrate ratio varies (me/100 g ) 

Days from transpl anting 

NH 4 : No3 6 8 10 12 14 18 22 26 

Full strength 

50 : 50 32 41 39 32 28 26 24 19 

O:lCO 41 44 41 33 32 33 28 23 

One-fifth strength 

100:0 27 23 25 19 1.4 

5o : ~o 35 33 30 31 24 19 16 12 

0 :100 30 30 28 24 23 21 20 18 
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The CEO values for bean roots at 10 r:ays i n the 0 1{1-!4 :100 K03 (full 

s trength) and 50 ]'{!-!4 :50 N03 (full strength) were 54 anc 52 !!!e/100 g . 

These were sin:ilar to the value obtained by Srr.i th (1955) f or beans at 

the same age when grown in Hoagland 1s nutrient solution . This also was 

approximately what Haniuk (1959) reporte d for beans of this age (Table 

6) . 

The full strength solution should be co:1pared with the dilute 

solution for beans (Figures 5 and 6) . The CEO of the r oots follov1ed 

essentially the same pat tern vii th age for the 50 :1-'[~ :50 NOJ when the 

two growth media are conpared . In the case of the nutrient solution 

consisting of 8 m'4 :100 No3 , I owever, there was a 43 percent decrease 

in the CEC for the initi al sar.1pling when the solution was dilute . At 

the end of the sampling t he difference had narrowed to only 30 percent. 

This means that if the nutrient solution contains nitrate and ammonium 

nitroge n in abou t equal qua nti ties the CEC of the roots of bean plants 

will be about the same whether the nutrient concentration is dilute or 

f ull strength . If t he s olution contains the nitrogen in the nitrate 

form, the root CEC will be much l ess if the solution is dilute . If t he 

sol ution contains only anunonium nitrogen the root CEC will be the 

l owest . 

Table 6 shows the CEC values obtained by other studies for the two 

species cor n and beans in comparison with the values obtained from the 

first segment in this experiment . 
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Table 6 . Cation exchange capacity of corn and bean roots reported by 
various st dies 

Plant species 

Corn Beans 
Worker CEC Age CEC Age 

me/100 g days 
Present study (1962) 

me/100 g days 

Highest value 20 11 68 6 

LoVIest value 12 27 31 26 

Initial value 14 68 6 

Bell (1957) 46-23 9-14 

Haniuk (1959) 91- 26 10-21 30-88 10-42 

Drake et a1 . (1951) 22 10 

l.lcLean et al. (1956) 25 15 

Smith (1955) 53 10 



SUMMARY 

This experiment was conducted to study the effect of diffe r ent 

sources and levels of nitrogen on the CEC of roots for two plant 

species--corn (Zea mays} and beans (Fhaseolus vulgaris) . 

The CEC of the roots was found by titrating dialyzed roots with 

standard base and relating to the dry weic;h t . 

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

N03 as its source of nitrogen than with NH4 . The h ighest values , 

however, were obta ined when NH4 and N0 3 were combined . 

2 . The CEC of the corn at full strength was higher than in the 

dilute solution, though both had the same pattern . 

28 

3 . The CEC values obtained for bean roots were much higher than 

those obtained from the corn . 

4. 'l'he CEC of the bean roots foll owed essentially the same 

pattern with age for the 50 lill4 : 50 N03 when the two growth media are 

compared . This ID3ans that if the nutrient solution contains nitrate and 

ammonium nitrogen in about equal quantities the CEC of the bean r oots 

will be about the same whether the nutrient concentra t ion is dilute or 

full strength . 

5. If the sol ution contains the nitrogen in the nitrate fo rm, the 

CEC of bean roots will be much less when the solution is diluted . 

6. The first 5 ern in both corn and beans had higher CEC than in 

the second 5 ern . 

As was shown by the data pr esented i n this experiment, the differ

ent sources of the nutrient element and its level affected the CEC of 



both corn a nd beans . This may have an important effect on a number of 

phases . It is considere d t hat ion absorption process is an exchange 

process (Overstree t , 1952 ) . So it would depend to a l a r ge extent on 

the CEC values of the roots . 

This experiment also emphasizes the eff ect of the species , age, 

and segment of the root on the values of the CEC . So, for a prope r 

comparison between two species, these factors should be in mind . 
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Table 7 . The individual CEC vaLles of the first 5 co of corn roots 
grown in full strength and one-fifth strengU. nc~trient solu-
tion in which the arunoniun to nitrate ratio varies (me/100 g) 

Days f ro10 transplanting 

NH4 : N0 3 Rep 9 ll 13 15 19 23 27 

Full strength 

50 :50 l 17 15 20 16 15 16 10 13 
2 12 19 l ~ 17 17 ll 17 14 
3 13 13 22 20 20 8 12 10 
4 13 20 20 16 16 12 13 9 

0 :100 l 9 15 11 11 8 14 11 7 
2 ll 12 15 8 ll 9 8 10 
3 11 17 13 8 11 10 8 9 
4 13 13 12 19 13 ll 8 7 

One-fif t h strength 

100 :0 l 8 8 7 6 8 5 4 
2 7 6 6 8 7 5 6 
3 10 7 9 10 5 6 I~ 
4 11 6 5 6 5 5 

50 :50 1 8 ll 13 9 9 11 6 7 
2 7 10 6 13 10 6 7 6 
3 10 7 9 ll 12 8 7 9 
4 9 8 10 11 9 6 5 

0 :100 1 7 7 6 4 5 5 l 
2 6 8 6 5 6 4 2 4 
3 8 6 5 6 7 4 4 3 
4 6 6 5 4 3 4 5 
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Table 8 . The indivi dua l CEC values of the sec:md 5 en of the corn roots 
when gro·.m in f ull str-r:;;th and one -fif tt-. strength nutrient 
s0l1J.tion in w~icl"! the d.:f.!'10niu:'l to nitra t e 
g} 

r a tio varies (rr.e/100 

Days fro m trans planting 

l1H 4 : 1!03 Rep 9 11 13 15 19 23 27 

Full streneth 

50 :50 1 8 ') lJ 13 10 8 7 7 
2 ll B 17 9 9 9 8 5 
3 7 l4 10 9 9 9 6 8 
4 7 ll 13 9 8 7 8 7 

0 :100 1 5 8 8 8 8 6 7 
2 16 9 6 7 8 8 7 5 
3 15 9 7 8 10 6 7 7 
4 7 6 7 6 9 6 3 

One-fifth strength 

100 :0 l 7 7 6 G 6 5 5 
2 7 8 5 4 5 4 3 
3 6 6 5 5 6 5 3 
4 8 5 5 5 5 

50 :50 1 7 7 8 6 6 6 4 6 
2 7 6 9 7 7 4 5 5 
3 3 9 9 9 5 5 6 4 
4 6 7 6 12 6 

0 :100 1 7 7 6 4 5 5 1 
2 6 8 6 5 6 4 2 4 
3 8 6 5 6 7 4 4 3 
4 6 6 5 ~~ 3 4 5 
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Tabl e 9. The individual CEC val ues of the first S em of the bean r oots 
when gr own i n f ull strength and one-fifth strength nutrient 
solution in which t he ammonium to nitrate ra tic varies 
(me/100 g} 

Days from transplanting 

NH4 :N03 Re p 6 8 10 12 14 18 22 26 

Full strength 

100 :0 1 47 40 45 30 21 
2 so 39 36 28 17 
3 45 36 34 25 19 
4 53 42 40 34 14 

So :So l ss ss 53 48 45 38 29 22 
2 59 53 52 so 44 46 26 21 
3 53 56 46 so 40 39 32 17 
4 56 56 46 48 29 40 24 

0 :100 1 69 57 53 52 49 46 25 28 
2 74 58 so 52 38 47 35 25 
3 67 54 60 51 51 35 44 32 
4 64 74 54 58 46 44 39 39 

One-fifth strength 

100 :0 l 40 34 30 24 17 
2 36 36 29 27 18 
3 33 37 27 26 14 
4 32 32 2l 19 20 

50 :50 1 62 57 48 44 38 32 23 
2 60 58 43 42 43 27 21 14 
3 65 41 47 40 36 so 17 11 
4 49 57 51 46 34 31 22 17 

0 :100 1 38 37 38 42 32 32 25 20 
2 39 38 35 35 33 28 24 16 
3 44 32 22 30 28 26 20 22 
4 34 36 31 29 32 23 31 
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Table 10 . T~e individual CEC values of the second 5 em of bean roots 
when gr own in full strength and one -fifth strength nutrient 
solution in w~ ich the a ."!nonium to nitrate ratio varies 
(me/100 g) 

Days from transplanting 

NH4 :N03 Rep 6 8 10 12 14 18 22 26 

Full strength 

50:50 l 35 41 37 27 24 40 26 17 
2 32 38 41 32 29 22 23 18 
3 2l 34 34 40 35 24 19 17 
4 39 52 44 30 23 17 27 24 

0 :100 l 40 44 41 24 30 28 31 23 
2 44 51 45 41 34 42 29 33 
3 32 42 36 34 38 32 27 20 
4 48 40 32 28 29 29 21 

100 :0 1 26 25 23 20 13 
2 29 21 26 16 15 
3 24 20 20 23 18 
4 29 27 31 17 11 

50:50 l 42 30 33 30 20 23 18 
2 40 38 42 38 31 20 17 14 
3 37 43 18 25 21 18 16 15 
4 20 20 16 22 15 11 20 

0 :100 l 27 28 25 23 2l 24 28 20 
2 25 38 26 29 27 20 16 22 
3 31 21 29 25 22 26 20 16 
4 35 33 32 21 13 17 13 
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