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SHUJI MORITA : Cation exchange capacity of root and nutrient uptake by plant

Es RO »F+BHAR (cation exchange capacity, CEC) B OESERICBFHEMED, Tl
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U, %7 CEC IclGdh 284 0RT, BFK, »F+ Va4 BER HiZpmFicoLTdi~g,

I £ & B &

RS F 4 v BT 2 6k & U <R 4 OB
INTE, 1F4VYEROB-BEBEIRGHF AV
HHICBITT3CEThb, CHICHL THiEYME
DY R BNT S > TRRANC RN B active trans-
port, JEREAEUCHE - THMANCEBE L TIT L passive
permeation MEZ LR TAA, COAMCHRETR
BF—oo4 FEDA 4 vBRE—DOERE LTH
FoN T3, Jenny?® (FEflENIE CO, DLSS
RO EEE U LB,  Mattson®® #5113
R R LED S A 4 v 2RSS @ &I D0 TRICE
H37 v K4 F (acidoid) (H-colloid) ODfFfEEHEZ
720

WD H 7 + v BIAAR (cation excpange capa-
city, UF CEC tMtitd3) #HIT5CE3, B
19164Eiz Devaux® hsgh~7z, $@ CEC (3E#3HE
YD EICHEELERAEE LTS O TIRED
LEbhiz, ULhLEEaad FicBid 32 O
MITRT, L OB DMK~ OF) i CEC
MBS 3 C BRI h, EYOBEMREBCEREY
HTBEEZZONTHRN, UL LEHRECLOIOD
RBEEIBH5TUH—HK L TIRWIEL, Epstein EXU
Legett'® | J 2 & CEC I & 2 /3 BFE I/ HEXO
BIBREE TIIEN E bR T 5,

I RO CEC ORE
1% TV 2RO EHAMBIORTIH*, OH % #td

BRI A BT, MTHOEZICHMFRT 203 L
L TEEOMENS B T D— 3RO EKRDORBHE
oL 2L OTHRTEDEN, 4— DMK
I 3 0 e D53 BT RCOOH THb I 5, acid
group DEHEOI-HICHROAT 3 AHEEZ A L,
Lundegardh®® {3 Z hi3##e D radical TH A5 &b
N7,
—RUCROETICH S group OYEIAZH DT,
RbEEcEoN s HY IEMIROKEICHY, CO
H* & 7 F 4 v & ORIICEEMRTbh 5, Devaux® {3
RERED =7 b — 2 hin F 4 v BIICHS UBR
hE LTHI EiR7z, Mattson®™® {3 x 5L v« T
— AR L, ROKGMICGEOERBRIC<7 7 VY YHED
$5CEAHSLMC LT, Keller 35 kU Deuel® (3

Table 1. C.E.C., pectin content, and respiration
of leek roots

. e~ | bous.  iRespiration
Distance C.E.C. Pectin
from apex e 71008 gle/lo()g g}lyoz/IOOE
(mm) dry rootsi{nf/ SQ. ni Ty roots wt/hour
0— 2.5 134 11.9 63 212
2.5— 5 120 10.1 £6 201
5— 10 57 5.8 53 152
10— 20 65 6.0 51 160
20— 40 39 3.6 50 130
40— 60 28 3.2 48 119
60— 80 26 3.4 48 116
80—100 30 4.1 45 110
100—120 33 5.1 40 94
120—140 46 7.3 36 80
Whole
" roots 26 5.0 36 —
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INE, PvEDaY, w2, s~z DB DT0—90% 1T
RIFUVMEDAN KL ENIC LB, BBILRT F
YDx 2T AfbpitEtr s CEC R3ETFE 3 &bz,
Crooke 5% (3 Table 1izRd L3512, ) —+ico
ECECRR/7 7 vy BABICERMITECEERHB U,
WOn 74+ v BRCERS ZORBBERT V2 —0
ThodEdmbh, 7273 /BTEA5 & bih
5N®, REROH LK+ L EE HF 4 v BRICK
VIisk%d 2, CEC U B A0 R% v AR A
FAYORE, fcbXiZEEang FHSEA Ca
BITT 2RICIEBICHE <,

m CEC © & % %

1. WElCk 3 hH:

Ro CEC 2WEd 2 50—& LT H-i A5 —E
D pH FTHELTRDE2HENS 2, H-IBZES
DITFERBNNC XD HTEEBUMICEE H ik & &
%,

(@) ERENTICL B35

—#l& LT Drake 5053 %5813, FiliEs
BRENCOGTHREEL, Chic NKCl 2nz<
Tuh ) THET 5. MEBRRONEDa 1 18
HOFEDO DM &N 328, HOBEEMD
Hpo 54T pH 7 L1058 THET 2.

(b) BERYLHEIC & 5515

CDFHEDHE LT Helmy, Elgably 211 ¢
i, CIRZERTIY, B3 ETAEL,
KCl gliz BaCl, ¥8¥% %, # 0.04N KOH iz

Ba(OH),; ZAWT—E® pH K3 E THES 3.
2. EBHF A THNTIHE
CHhiIRE—BEB Y 74 v THAILTkito » F

AV TEBRL, BRI/ HFAVELLRDEHE

THb5
AL S OHEIRE Ge: L — B2 EED

EFICHERIRHC OB 3, ChAEBTHRLKER

PH 7 OFEBEA Vv Y 2 2L, RICEBTHL Y D

LABBRUTCBBRARERD 3,

Ando 5V FHEMCHBICRATATORLA F 4
YERMOBZONRHLEEZ, H£TRE LiCl oS
TI0HHEEN 2T 7SR T Li 2% b7z,
CHRFBRAHTRDONAE Li EXFI32 12D T 3
%o IXIC T ORAE/KERRRMAIH LT Li 270,
CEC %3k 7z,

Bartlett®> {2 NaCl % fi>C CEC & anion exchan.
ge capacity & AJE Lco

UEZ, ZOfER7ICGEE LM, hdo
ABIU PR U THINEBIC & O B 42 OFTEMSTT
bhTns,

Iv CEC QAlFE#R

RO CEC BREAMRERBCELEEZI SN
%o WICHNMERICDOWLTEDY, BIb me/sqm 28
X,

CEC & Ca 0BE S LURINAEMMETHE L L UMK
MEBRICDITED L7 Smith ks Wallace
Table 2 O#EFRII C DBIRET S HITHEL T 3,

Table 2. Correlaion coefficients for root cation.exchange capacity expressed on an area
or weight basis with Ca adsorption and absortion of excised roots of citrus,

avocado, and other plant species in 2 minutes in 0,10 N Cad5 Cl,

c c Correlation Coefficients
ation-Exchange Capacity
Avocado
All plants and citrus

With adsorption:

me./sq. meter with me. Ca/sq. meter «.coccevrnerinvunnnnnn, 0.973** 0. 990**

me./sq. meter with me. Ca/100g. D.W-eeeeruerriieeccennenn. 0. 798%* 0. 998**

me./100g. D.W. with me. Ca/sq. meter ««ceeeeeerecnennnnn, —0. 084 0.618

me./100g. D.W. with me. Ca/100g. D.W..ccoeennvininennnen. 0.528 0.709
With absorption:

me./sq.meter with me. Ca/100g. D.W. «+teevvviiiienninnnnn, 0. 795%* 0. 981**

me./100g. D.W. with me. Ca/100g. D.W.ooeeeerreunirninnnns 0.576 0.735
With “total uptake” :

me./sq. meter with me. Ca/100g. D.W. o ceeeveeviinnninnnns 0.747* 0. 995%*

me./100g. D.W. with me. Ca/100g. D.W.oceevererrinisaannns 0. 546 0.721

* Significant at 0,05 level,

**+Significant at 0,01 level,
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UL UEBEBERBORNERIRMETH 21K, BE 3, KIF 5 HiFE 4 OIEMIC DWW TR filiz Table 4

BICDOWTHEDHY, b me/g B HTH5S,

i, TRMAE L OH A HIFE £ DRBRC DL TRl

Drake!? 23§ 4 OFEMNC DL THIE U 72 {4 Table Table 5 [T5&9,

Table 3. Cation-exchange capacity of plant roots.

“|CATION-EXCHA
NGE
PLANT ULTIMATE pH CAPACITY
_ L 1 me/100 gm*
Dicotyledons
Legumes ‘
Soybeans (Lincoln), GIycine S0j@--«-++++++ssssrsseveveeesssinaanns ‘ 3.96 1 58.9
Canadian fled peas, Pisum SQiivum Qrvemnse -« +c--+-:toeeeeeee 3.35 49.6
Red clover (medium), Trifolium pratense:-----r--++oareeererees 3.37 47.5
Hairy vetch, Vicia villoS@ «++-----++rrremeersrnmmsnnrseenssiniiiiannin : 3.41 44.1
Alfafa, Medicago sativa
ALlAntiC sreeerrrreetiriiiiiiiiii ittt it et ansaes 3.42 48. 0
KANSAS COIMITION  sreveerrornsorstraansoisosassciisssesssssassssssosssssnns 3.49 40.0
Ladino clover, Trifolium repens var -+« - ooeeeserurneeesarnnee i 3.43 | 43.4
|
Vegetables ; |
Irish potato, Solanum tuberosum ««----swseseevseeeessiumesnneens “ 3.62 38.1
Tomato, Lycopgysicum CSCULENEUI ++vvvvevrrrrrarenesrarscniiaiees | 3.67 34.6
Weeds |
Ragweed’ Ambrosia artemisiifoﬁa ................................. 3.27 58.9
Pigweed, Amaranthus yet;foflexus ................................. i 3.35 ‘ 42.3
Smartweed, Polygonum pensylyanicumy «--«-++----xecseeeeeenees 3.48 ‘ 41.1
Purslane, Portulaca oler@ce@ -+ +esrreresrreeeornennimniinccnn: 1 3.53 I 40.7
Lamb’s_quarters, Chemopodium album ........................... ‘ 3.94 ; 25.0
Monocotyledons
7 Grasses \‘
Reed canary, Phalaris arundinaceq «-:--:-cocccoooeeesmreere 3.80 30.8
Alta fescue, Festuca elatier arundin@ce@---«--++-«==:::=r2e+ 3.00 30.4
Orchard grass, Dactylis glomerata
L0 2T T IITTRITTTIIIRE 3.08 25.6
COMMETCIAl +orrrrerrnreteronrteiareritueiserittatesiansisusasessssasotiiinnee 3.72 24.9
Smooth brome, Bromus inermis
T LA 1=T s R TR TE LT L T PR CREITRITRRTESLELE 3.65 24.8
NOTEREI N ceeerevtrineeterierasrsaasrrsosasssossossssrssnssnssesessnsnsasccacns 3.72 24.4
Timothy, Phleum pratense ............................................. 3.78 22.6
Tall meadow oat grass, Arrhenatherum elatius ---«--+---++ 3.07 22.5
Canadian bluegrass’ Poa compressa ................................. 3.78 24.1
Kentucky bluegrass, Poa pratensis ««:.::-soeeeeeesrmreneneseseaenns 3.83 21.6
Redtop’ Ag7osti5 QLB +vveverersnrseresentiitiiiiiii et 3.92 17.3
Rhode Island or Colonial bentgrass, A grostis tenuis ----+---- 3.95 16.3
Cereals
Corn (Yellow Dent), Zea Mays indentat@ «--------e--c-eeeee 3.68 26.0
Sweet corn (Colden Cross), Zea Mays saccharata---------- 3.80 22.2
Spring oats, Avena SQITD@ +vvreerrreevnemsssorsassaseesnseitiesenanns 3.78 22.8
Rosen rye, Secale cere@le - -+ ivcererrrrririsiesiiioiiiiiiiiiiiiiiiee. 4.12 15.1
Barley, Hordeum vul@are ---evermeeeesommmnmmnmsnsnnnenicecenn: 4.25 12.3
Winter Wheat, Triticum vulgare .................................... 4.70 9.0
Weeds
Nutgrass, Cyperus CSCULCHIUS -+ +overrrrrrsrsrorniaetaniaasiaiiecaes 3.51 28.7
QUACKGTASS, A ZrOPYFON FEPENS-++-+vreeresrrrrssruessnseeessceses 3.78 19.8
Foxtail, Setaria glauca ................................................ 4.65 11.4

* Qven-dry weight,
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Table 4. fe¥OBOERBRAR

me/100g

- - i# ¥ me/100g

Ty Bz By
5 o494 | 2 F 29
o a4 1% Ed 54. 8
M 65.8 | 7 2.5 428
A 45.1 ./_:./'1"7 0.0
4 v v 53.4 L 63.6

‘ TEYY 55. 6

jfj—/vzr;& ggg k—Lvvwy 530
a - v 19.2 A 2.3
Brvs v 45.9 * ¥ 2.7
¥ h A4 50.2 |% fE #

® o P75 B
= vV F v 51.3 Y :l" '
x4 3 v 53.6 PRGN i
5 7 45 2TAE 3L
e s F 431 % roone
N T Y4 51.0

Table 5A. Cation exchange capacity of root
of fruit tree, preliminary.

Grape, Muscat 4 months nursery tree

Treatment pHu |pH KClJmeSIf(():O g
Electrodialysis, 5 hours 4.7 | 3.9 21.9
Electrodialysis, 10 hours 4.5| 4.2 23.1
0.02 N HCI, 20 minutes 4.4 3.8 21.9
0.1N HCI, 10 minutes 4.7| 3.5 27.0
0.02 N HCL, 1 hour 4.2 3.8 28.7
0.1N HCI, 1 hour 4.1| 3.6 28.6
0.1N HCl, 1 hour;
electrodialysis, 10 hours ‘ 4.3] 3.7 28.1

Peach
0.1 N HCl, 1 hour 3.7 5.4
0.1N HCI, 1 hour;
glectrodialsszs, 10 hours 3.7 6.0

Kaki (D. Kaki stock)

Electrodialysis, 5 hours 4.5 3.7 6.5

Alcohol; 0.1N HCI 1hour;
electrodialysis, 10 hours 3.2 37 .7

Table 5B. Cation exchange capacity of root
of fruit tree.

B CEC
pHu |pH KCIme/lOOg

Sanbokan (trifoliate
orange stock) | 40| 3.4| 17.0

Unshu (trifoliate
orange stock)

4.5 3.4 15.7

Grape 4.1 3.5 11.7
Kaki (D. Kaki stock) 4.2 3.7 7.7
Kaki (D. Lotus stock) 4.5 3.7 6.9
Pear 4.6 3.6 7.6

Peach 4.7 3.7 6.0

Table 5C. Analytical result of root on
Ca, K and N

| CEC | Ca m"mK*
me/100g %

Cat+K A | N
% | o |CUK| 4

oy 15.7 | 1.48 | 0.052 1.532128 2.13
Grape | 117 |0.31|0.0%6 0.366 5.3 | 0.91
Kaki 7.7/0.04  0.061| 0.101] 0.69| 1.53
Pear 7.60.42 | 0.012 0.432 35 | 0.36
Peach | 6.0 |0.22 | 0.036 0.356 6.2 0.82

CDESIC—BICHFEFE DI U FEEI LD b K
&\ CEC £7RL, RFEMYOTTH < » BHEHIL
K& S HFEEYDTE A & Y BHEIII N D, 2
TRIA YPRELETEMWNIVA, XSICEEICK
BEDEDBHAK, PHICLEIEROLMRKE D,

BIRD &5 KROBHRAR I E & B URE-T
#F A ORESHT, Mouat, Walker’® (3 BK BT
L7799 v by ZHEMKARET 2 B2 T,
Fig. 1ICRT &5 1T % B W HIERRE U Th & TIAHE

K Sorbed

20
/_—E

time (min)
0 60 120

Fig. 1. Time course of K serption (me/100g
dry wight) by browntop roots.

%5, ABIIWEZ, BCRRBEELTRTNM, ABL
B C &R ETORMNS L DIZ K ORSHEE) At
UicledThH 2. BRMEZDICITHRO © HBhs
MdHb. HD CEC (3 A BMUEMICIS - KOHETSH
%o WEIMBASRNSRCR 5508 CEC LEZ oh
%o

FRHDH v F v FEHBIC DT CEC ERRE 0l
RERD AR (RRE) & Fig. 2 1©R$@EY T,
05 FTRE|WLEBMNOBAREBL LTH L,

I 5T Mouat 5% D#kEA Table 6 1273, (a)
53R DHS, () (ZIREHERE 2 I AL 7248
By (O HHED S RDIMENRINTH B, Rl
ZRDZOELE5HMTHITH B,
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Table 6. Cation-exchange capacity (me%) of plant roots by different readings.

Standard error given in parentheses

Method

Plant roots

(2) 5-min. (b) Regression { (e) Pt. of
reading of adsorption inflection
White clover i Old roots 16.0( .96) 39.1( .92) 35.4( .63)
Young roots 22.2(1.1) 43.01.1) 41.8( .80)
S.R. ryegrass 0Old roots 15.7( .20) 34.7( .64) 32.3( .81)
Young roots 9.9( .55) 23.1(1.0) 20.2( .10)
Cockfoot Old roots 14.4( .94) 29.8(1.3) 28.7( .89)
Young roots 14.3( .25) 24.6( .70) 23.0( .47)
Browntop Old roots 10.1( .50) 17.5( .53) 15.8( .50)
Young roots 7.6( .18) 15.2( . 07) 14.0( .15)
S
3
3
o
S 3
< [\
:
8
9 Ity
18] 0 5
] D
N
g paaell o\o\o
10 20 30 40 50 60
MINUTES § °
Fig. 2. Time course of CEC determination .§ -gean
by citrus roots é
Qo
< Q :
10 20

Iv #RoO#EE CEC

fiizk Mattson?® (3MRD acidoid D bIEHDELD
DI ERIGENBACH A EEPLMIC U, £/
Table 1 Itz T > —+iT CEC ORLBLOD
i 0~2.5mm D5 Th B, Smith 5 4L v F
I DD TCRIBRIS R ER o

ey o QEEEAHE S & CEC @A g 28l L L
TR O REE L TEL 125 EREICHRIc )7
F v, SKREOEMBABICEST ZREND L
DEROEAMED LiclcdTHA D, L i
Hi OSSR R ETTH, CEC OFLD
Bohickz bl #RlEhb, 774 v OB
purs A ¢, Willilams Kk Coleman'® [C kB & b Y
zoavBlU4 v v= i Cs* Cl Z%beTH
AR -7 & 2 A, Figo 30X5 KEKHD 2mm (3
HDOEH LD S KTHoTce TOTERFHFA vEH
E A4 A v OEREFERCRESHINRRTHEC L
%R o

DISTANCE FROM TIF, MM

Fig. 3. Lateral distribution of adsorbed Cs*
on root surfaces.

V BE&E CEC

Mane 5 3BT¥EEME LT v ER 2y, RF
WM E LTA v 7 v = A 2B, REHSRAMIC
CEC oZfbAWiE L. PveEwavDis, CEC
12 Table 7 R EDIC15 BHETRENREKR T 2
b5, 9~30H OB —ETUREED Ui, 1 ¥
5 v = » T3 CEC 34 OR 0 5 BATEDIR YD ICE
2 TORIEML, BETEL S AHOHIZ—EL,
BT Uiz

FEH 5 13 Table 5A, 5B {T/RTLHICT FYiC
DT D CEC iZAD CEC X R&EWHT E
AEEL, FEESAEREL Smith Xk Wallace™ (3
TrEY, ALY FLOOTETS,

Helmy, Elgabaly!® | & %5 & NaCN, NaNj;, NasA,
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Table 7. Dry matter, cation content of tops and root.cation oxchange capacity
of maize (Hy-Canga.101) as infiuenccd by age.

147

age bH of |CEC Dry matter g per pot Contents (gr}t'o?nsa?txeerper 100g
(days) root-KCl ime /100 g Total Total ¢, e
system |(dry roots| Tops Roots dry Cat+ Mgt K* (Ca+ :

matter Mg+K) ratio

3 5.6 | 11.55| 0.265 | 0.179 0.44 | 30.8 50.9 240 1057 1.28

6 5.6 | 11.55 | 0.414 | 0.222 0.63 | 35.1 55.1 39.4. 129.6 0.89

9 5.5 12.10 | 0.966 | 0.283 1.25 | 37.8 54.1 53.6 145.5  0.70

12 5.5, 12,10 | 1.012 | 0.435 1.44| 41.0 41.4 37.4 119.8 1.09
15 5.4 13.20 | 1.487 | 1.007 2.49| 46.8 33.4 36.5 116.7 1.28
30 5.5 | 12.10 | 5.330 | 4.340 9.67 | 50.5 27.5 30.9 108.9 1.63
45 5.6 | 10.86 | 8.030 | 4.558 | 12.58 | 44.7 24.9 29.3 102.1 1.63
60 5.7 9.76 | 12,740 | 6.265 | 19.00 | 45.2 23.3 28.6 97.1 1.57
75 5.7 9.23 | 21.480 | 10.080 | 31.56 | 45.7 22.2 27.0 94.9 1.69
90 5.8 8.20 | 21.572 | 10.315 | 31.88 | 43.1 20.6 21.7 85.4 1.98
105 5.8 8.05 | 23.100 | 10.330 | 33.43| 41.0 19.6 20.9 81.5 1.9

Os &5 RENMELEREAST 2 bORMEREICE
WTHRERD CEC 2@ AH Uiz, 2.4D L5173
IRRRERERETIIAERD CEC £28inx¥7:
M ZBRALUETRBL OBEAMRZ 72,

8, Tra—-rBIBz—FATUBLTEN%
BLOELDI AW 80 3KkEHRD CEC o%h%
Helmy 5 852872~ C % Table 8 Dk 5iCind
NOAERRMBENIFE CEC BEA LT,

Table 8. Effect of immersion in alcohol and ether
for different times on CEC of barley
roots. me/100g

Time of immersion CEC

(minutes) Alcohol Ether

0 8.03 8.03

1 7.84 7.55

5 7.83 6. 07

15 7.68 5.85

30 7.65 5.38

60 6.78 4.35

120 5.09 4.32

UL UEETHEHE, FEAKBICDOWLT Smith 3
& U Wallace,*® Williams & & ¢¥ Coleman'® {7 -
7R3, Table 9 WORT LS ICF EEMAMNIID -
7o

COZERHH - HARCHEBR U, B CEC (3
WOEFICHERITNET I EBEE L, ThoOE
ZIoNB @374 vBEHMERBOEXTHIE
OERSICBREMSS D, S { REMMO/NEE & A
bdEEDbhZ, MURICL 21 4~ OERIIRBIE

Table 9. Exchange properties of living
and dead root.
"~ Rough lemon |
_ (3-cm. sections) N
Alive at 26°C 49 me/100%®
Alive at 0°C 51
Dead at 26°C (soaked in

ether for 1 hour) 0.263 me/100g

living fresh weight!®
Tomato {killed (ether) 0.318

50

liivng 0.257
Tobacco [killed (ether) 0.259
living 0.470
Peanut [killed (ether) 0.484

B LTRSS B M, LI RO + v BRI,
14 Y OEHEBRICEOTHI2REEHEZ2 DTS
%,

VI RO CEC &FEFEHR

#A suspension effect ZRL 2EBEAET B &
i3 Williams 5 X Coleman'® #syh-~<, Mattson #
KU Larson®” 3Rz a2 v 4 FEMEAH UKL T
MICH 74 v O’ % 1T 5 & i<, Mattson®®,
Wiklander 543 ¥ v+ YSEEAF LT H 7 4 VB
AL o

FYFYRTEY CEC 2532204 Fid 2164
A& Uli4 A 7LD SHBHIREOKAT Fr£—
TRES B, FYF YRTREIBEHEOH 7 A v 537
3, WABBO N 74 ¥ OEBEC LD FE I KD
E W AVASR

MY _J (M
(MY, VM),
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HLMY; BNBHEO 7 F 4 v OFEHE, (MY

NGEWDH 7 4 v DIEBE,

By VAT & B EAREOBIMBUISAKDHBUC
ko, ik b 2{fi14 4 v OBREHET,

B Kt _JCat);
Ko+ J(Ca’™),

CORT Ko* XU Ca?* OIEHEH 0.01, Ki*
OEGEH0.1755 Cai®* OEHFER 1 L7150, WK
Tz Ca/K=10/1 &7 %, ThEMRLT Ko™ B&
UCa,?t DIESHEDS 0.0001, KitDiESBHEHS 0.01 &
1733 & Cai?* OIFEHFHER 1 &7, Ca/K=100/1 &
13o COLS ICHEREISEIKLD S Ca 8% L4
EHEIN 5,

ICIEIEBIE 7 = 4 v OFAEARE X B &, KC R
TDA & v HTHE

XciXk=Yc1(Yx+Zk)

X AWhEECHE T A Y,
T =4 v OEEHE

Y WHETOZhEhOEHE

7 FEHREMET = A4 v EHEMO
B F A v OIEEEE

&y
Xet = YRHZE v )
Yo Xk

CaCl, R TiL
Xc12+Xca=Yc1?* (Yca+Zca)
Xer Ycat+Zca
1), @Xk0
Yx+Zk  VYcat Zca
Xk  ¥Xca
Mattson®® (3BT & F4 FEEEFEIEEHE T =4 v

...(2)

TH5ELT CEC BChICERT 2LEBX . 7Y

K4 FOIMEOEEENA A VIBET2{i14 A D
FHiE L B’bh 3, BNIh5 24, 1H4 4~ DM
TR BREEICLOXRS O, FHER
i3 & 515, HTHRIL 724Ric CaCl,, KCl %5l 4
Nz Thkbhie Ca, K 2Rkpice s Ca>K T
Hoto

TR R R R

M4

—ODR 4 DRTIMNELEE, HAWNALBLT
WD H F 4 ¥ BHE L ORHZIR DKL Do
Yxi+Zka _ (YE&JLZ 9&1) 2
YK2+ZK2 YCaz‘I’ ZCaz
CORTYDfEIcHYT 3K, CaodBXTZICD
SROREZHT 2, £D—3 213 CEC IKHELLL
L, #zo=i3 CEC 3EMank K, Ca itig~s &
BNV ETH B, BT LR SRPIINCE)

BRSNS,
CECI — Kl — Cal_ ; ..................
== ®
CORIIHA A ¥ OBEWIC DO TSI ALY
5o

F MBS, 5 E 2T, Smith & kU Wallace'”
BEMHEENS LGS LU 241 4 ¥ ORECBIRD S
B 155 IRADIKALT B LiliNTo

CEC, _(Ca;\? _
-CEC{—('Céz") -

L L Huffaker 3 X ¥ Wallace? (3 Ca OBHD
HROFMNELLE L, ThidE L OBAESTOK
B o ORI Ich, 2OVERSERLS
LIPHRIC K B H B &R,

Mattson?®, Elgabaly # X ¥ Wiklander'®’, Lunde-
gardh®™® & 3F0R0 &5 1KiRD CEC OF i 1
CH LT 2Mfi4 & ¥ %% BD &k, EHEICE
CEC,/CEC, i3 Ca,/Ca, BXU K,/Ki OH¥TH
2. KIZXLTEG) XD bER2EHI N5, 6
MR OBAIC LSS TRES, Ll L, 2ff
A F A VHIET B EERERLETR

CEC, _ K, _ (,CEL:tMg;_)%
CEC, K, Ca,+Mg,

WFEkEm OO CEC 3 FEEH OO CEC O
WoETH Do CDTEINTEMDPIC2{MH F A
YABROENT AT 5, BMTIEEYERET
%5 Ca, Mg »4<, KOERBEINFEMDLO S
£, BUC~ A R E ERE ARET S L, BRI
CEC 2vh&\n7cwd = » FHE & 0 & LEOK ZEIX
32, TEHOKMAD0EEEL ~ A BiEY & KB
&L, < ARESONEICEET 5,

Table 10. Ratios calculated from data found in the literature

. Source of CEC K K, Ca, +Mg,; \}

Species e e | ok | o @)
corn/snapdragon 12 0.73 1.45 0.69 0.71
chrysanthemum/corn 12 1.48 0.97 1.03 1.30
stock/corn 12 1.53 0.89 1.13 1.63
larkspur/snapdragon 12 2.09(?)| 1.45 0.69 0.83
corn (high N/low N) @5 1.27 0.74 1.34 1.20
soybean (high N/low N) (23] 1.11 1.18 0.55 1.12
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CEC &&#& Ukchs, 20—if% Tablel0 it5Rd,

—DOPAERNT (2R ZHWEREL BN
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EDOEHELTIhS DHEREKRDZ L, CEC & Ca
LT Fy/eeEAC@ORN, +v/20l
BIEAMATIIEY, CEC L KiIoTiE 7 K/
EEDHAEOXMEAIN B, ThsTidch
SDHNUIM T E 57505 72, Table 1iTR7d, F7-
COET Smith I Xk Wallace’® p38[fH U 7o fliasR
ENTHb, ThERD E—-RITEORBHLTIEE 208
California D413 Ca 1B LR LAGRDHs
& {@A&N B, California ffi s Florida dffi& 2
BoFTUb—H LKLY, ChiBSPRIEDERIC L
A5DTHAH5,

Table 11. Comparison of the ratios of root cation.exchange capacitics of some citrus
species with the square of the ratios of the Ca content and the reciprocal
ratios of the K content of the leaves of Valencia orange on the various

rootstocks %> (Smith and Wallace)

CEC California Florida
Plant Spccies Compared C.LE.;C.“;_ “(;Cilﬁ)z*(gé&) i K, ,C?_L)z (Cax K?
Ca, Ca, K. (Ca, Ca, KT
_rough lemon 1.30 0.90 | 0.97 | 1.30 J 1.28 | 1.06 | 1.16
sweet orange t
_rough lemon 1.42 | 0.90 | 0.97 | 1.42 | 1.34 | 1.07 | 1.32
grapefruit
_rough lemon 1.24 0.72 | 0.92 | 1.04 | 1.17 | 1.04 | 1.06
sour orange
_Sweet orange 0.92 0.81 0.94 | 0.79 | 0.92 | 0.97 0.94
sour orange
sweet orange L11 | 100 | .00 | 1.09 | 1.04 | 101 | 1.14
grapefruit
__ grapefruit _ 0.84 | 0.81 | 0.94 | 0.73 | 0.86 | 0.96 | 0.81
sSour orange

Ratios of CEC, Ca and K contents of fruit tree roots*>(Mo

CEC, (Cﬁ}_‘)z (gca,a)% K | K,
CECz Caz Caz Kz K1
grapﬁ 1.95 1.98 | 1.19 .56 | 0.64
peac]
_beach 1.28 0.03 | 0.43  1.69 | 0.59
pear

Table 12. Comparison of the ratios of K contents in three plant species
with the ratios of their root cation exchange capacities

Plant species compared %{%—8—2— X f— %%Em(l)?%}%m(%
Ladino clover 2.70 2.59 1.53 1.55
Bentgrass
Ke;i‘ig%ﬁ):gass 2.04 1.86 1.43 1.14
Kentﬁilrz; gbli?lzi;rass 0.76 0.72 0.93 0.73

(1) +K,0 120 Ibs/A

(2)

+K.0 300 lbs/A

rita and Aoki)
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Gray 5 35 F/ vuan—, v yF—7w—
752, Bid~v 77 22 KRNI EIRINTRE
LB AaicBd 2 A DOK 3BE KD, EHIRO
CEC LZhoKBBEDHFRERAS N/ L T 5,
Table 12 |CTRIBEREE .

KARMUIZOEBREORICEI BKEGNT 5 E4
BHUBOLBAMELTRS,

DT EiFX 5 Table 13 TR LD, 7=L
F52E5F 7 un—LEKERBDEN S D(group
10), RO @ (group 1), Exd D (group 6) &
THS 2 &, BOLOTRIYHBEENRATIIE 5.
TR nasFREVy ¥ ax— L Tadfkgroup2)

B ALK RE RE

H245

OBFICBIREMERT 2 C MR LN, KEEMNE L
group 7 TIIAEEIAHL, KEBEBEL—E O HEY
(group 7, 8, 9) Tid CEC l& K difith & OHBIE
L (Smith 3 & Wallace™),

Wic k5 Ca, K OEIUCET 3 4 7 4 ViIRE,
o CEC 0¥ &ic LT, Smith 53 Ca BdK
DOREAEITERET 7o Ca GEMNY v VF
B HES 75 513 Ca AU Ca BEFBIIEBEOFH
BICRES W& ThHb. K&, KETERLILETS,
Ca EEED1/10DHAICH LT Ca EHOBA L 1/4%
51/5BETH-T, 1/I00FHE1/3.1L0 YR AN
WEBETH S,

Table 13. Comparison of the reciprocal ratio of K contents of legumes and grasses,
When grown in assoc1at10n, Wlth the ratio of thexr respectwe root C.E.C.

Plant species comparedx Root C.E.C. g%—g‘ K contents| K./K;
N VR )
- me./100g. | per cent | T
~ bromegrass 24 0.£6 2.54 0.45
‘ladino clover 43 1.13
_bromegrass 24 0.50 2.54 0.49
red clover 48 1.25
ladino clover 43 0.90 1.13 111
red clover 48 1.25
4 bromegrass 24 0.54 2.46 0.60
) alfalfa 44 1.46
5 ladino clover 43 0.98 1.50 0.97
) alfalfa 44 1.46
. . Dbromegrass 24 0.56 2.46 0.61
*  ladino clover 43 1.50
7 _bromegrass 24 0.50 3.62 0.76
) red clover 48 2.75
8 alfalfa 44 0.92 2.50 1.10
* " red clovel 48 2.75
9 bromegrass 24 0.54 3.62 0.69
’ alfalfa 44 2.50
10, . bromegrass 24 0.£6 0.83 0.51
* "Tadino clover§ 43 0.42

# Species grown in association were groups: (1,2,3);(4,5,61; (7,8,9]; and (103

§ Legume showed K deficiency.

Table 14A. Uptake of Ca by beans and barley when grown for 12 hours in
Ca*s Cl, as influenced by concentration and presence of K ions.

Concentration Beans/Barley
Ca K Top(average) Root(av.) “Whole plant (av.)
normality ratio
0.1 0~1.0 0.49 1.64 0.84
0.01 0~0.1 0.32 1.67 0.57
0.001 0~1 0.67 1.99 0.62
mean 0.49 - 1.77 7770 66 -
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Table 14B. Absorption of K,, by beans and barley by low and high salt plants when
grown for 12 hours in K,;,Cl as influenced by K concentration and Ca ions.

Concentration ’ Bean/Barley
Ca K [ Top(average) Root (av.) |Whole plant (av.)
Low salt plants
normality ratio

0.01 0~0.1 1.17 6.39 2.40
0.001 0~0.01 ’ 1.07 4,92 1.95
mean { 1.12 5. 66 2.16

High salt plants
0.01 0~0.1 3.96 6.15 4.10
0.001 0~0.01 3.67 20. 51 4.72
mean | 3.82 16.66 4.47

CEC oBafrER 2 &, XU TIE 2.47me/m?,
RETIZ 0.77me/m? T, ZOHII3.21TH 3. D
fE& Table 14A DL % H#3d 2 L. o Ca g
1.7 TCOEHIE3.13 £ 120, CEC Hugi3iz® L
M5, Moo Ca Kz CEC &3 A% L,
KA Table 14B 0 k3 ICAEMIKIC DOILNT
BEEAEORIE K bean/K barley 2.16, HES

HTI34.47, BEBRERSTHIE3.29T, #13,
REBEBI£ICBEL TS CEC W& MHBIRITIZE S
B oleo TOTEDHMAE L THEKH DK DA
[i20.001N TH2h, ChidT, KEMNKOEBIE
HHBIRICBO TR X #2303 HHCTENETIE
8o FIMED LS 158 7 4 v ERENSEEICT
WCEHS—HFETH 3,

Table 15. Ratios of root CEC for the N and K levels, and ratios of cation content,

~CEC low N (Cat Mg)LN (K+NaLN
CEC high N~ (Ca+Mg)h N~ (K+ Na)h N
Cucumber Fescue Cucumber  Fescue Cucumber Fescue
LK 0.79 1.04 0.62 0.92 0.76 1.00
HK 0.82 1.01 0.82 1.06 0.72 0.98

LK refers to Low K, HK to High K

Table 16. K and Ca contents of leaves of 22-year-old Valencia orange trees
maintained at two different N levels for 10 years before the

analyses were made and cation ralios for the two N levels*

Potassium Calcium K, Ca, Ca, 2

Age of Leaves NoN | 4N "NoN | 4N | K, l’ Ca, [’Cé;‘]
months % % % % ralio ! ralio ratio

6 1.49 1.24 5.04 5.30 .20 | 1.05 1.10

13 1.12 0.88 5.58 6.14 127 | 1.10 1.21

15 1.10 0.83 5.90 6.58 1.32 1.11 1.23

18 1.01 0.81 = 6.45 6.97 124 | 1.08 1.17
Means ++veeveeeee } 118 | 0.94 5.74 6.24 126 1 © | 119

N Root C.E.C. 4N _ 25.0me./100g.
Root C.E.C. ON  19. 7me./100g.

to trees receiving 4 Ibs. N per tree per year.

=1.27. No N refers to trees not receiving N and 4N refers
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X 3¢ Smith kU Wallace'® {JEHRMIE, &Y
#alE e CEC & OBIREBIK Lo DR % Table
151253, ¢ OEai3eRLy & CEC,/CEC,=Ca,/
Ca,=K,/K, 234 Ti3 % 3, bi)%%ﬁ%%ﬁﬁﬂﬁ%ﬁ
SRSV Y YT AV Y FCHTRAEONTF A VE
B lee#E Lt ORI Table 16 ITRTEY T, BRO
Bick v CEC ic5& % AL, CEC (0 N) 19.7 me/
100g, CEC (4N) 25.0me/100g TZ O3 1.27 T
»%. Kotz 1.26, Ca DOFEFHiZ1.19TZ 6

DEFHALPLTLT CEC,/CEC,=(Ca,/Ca;)?=
K./K: OBERRIZERSLT %o

Huffaker £k Wallace!® Jb v Ema, # ¥
£v, KEIKOEH#H, LHTNOREEAICEAT
H2Ea 7z & &5 Table 17, 18 D X3 1SR %R0
chd o2 EHEBEEREDES I EbN S BERICE
WTRERTH S, PHOBEAI CEC i 2ffin 7
* v OHRIEESED, FdbdiEAid CEC th
2 Ko/Ky k04 Ki/Kp ik SHIET %o

Table 17. Cation-exchange capacity and cation ratios.

Sand

Soil
Combination CEC, K, K, (,Caxﬂg;,)fpﬁcx, Ko K (CaiMg, )
CEC, K, K, \Ca,+Mg, CEC, K, K, \Ca,+Mg,/
Citrus/soybean 0.97 0.96 1.05 1.07 0.27 1.19 0. 84 1.24
Citrus/corn 2.21 0.53 1.88 1.45 ‘ 2.36 0.59 1.67 2.69
Soybean/Corn 1.28 0.56 1.79 1.36 \ 3.28 0.50 2.00 2.15

N in solution varies from 1 ppm to 224 ppm. The data show the mean values,

Table 18. Correlation coefficients of the different sets of ratios obtained.

Ratios correlated N Silgl;?l‘i]feilcacilfc e
Plants grown in soil
CEC,/CEC, xK./K, . +0.875 0.99
CEC,/CEC, x (Ca, + Mg, /Ca,+Mg,)? +0.638 0.95
CEC,/CEC; x (Ca, + Mg, /Ca,+Mg:)* +0.414 0.75
Plants grown in sand
CEC,/CEC, xK./K, +0.746 0.99
CEC, /CEC, X (Ca; + Mg, /Ca, +Mg:)? +0.395 0.75
CEC,/CEC, x (Ca, + Mg, /Ca,+Mg,)? +0.033 0.50

T TEZ 5N 3 DIIYER process T 5REI
YR L 2BINOTHBETHEC L ThHb, T
BASERICEERS 20T LT, EYUROA
TR BESERD RN I G 2{fi4 A4 &, L4
* v & OMRIEA AT 5 L L EBKRT 5, RO
CEC |3 free space A% 2ffis LU 11fi1 A » O
WHE A AT 2, COBATHOXMHEAT &
RS0, # v+ Y/ KETRERBETIE 2

oWt o CEC icxtd 3 Lfi& 2{fin 7 4 ¥
DOBEMEY Fbhichs, ChiIBECL->TE 5,
AU 2EsoEm T, BHoBaic KK Bl
Ki/K, 2EAd 2082 OEHIRYS 5k, o CEC
CEBT 2RTAMNETACER, BEEAFA YD
ENLEZ D LICEBOWTKRITH S,

LI kRo CEC & EFmzhRICHET 2~ OERH
AR tehs, —ookEm® CEC & CaK SEOMIC
O T E S HOHEBE L TROIHENEZL SN

55
( +EEho Cagiuz K, iz Ca, KiliE OB &
T, BOLRBILERT
b HEHEO—ESRAFCIhT s, EHD
AT L O RS DT RIED o
(©) MBS OEBIESREU TR, KB K
wilick v, Ca, KOGEMNED,
@ FvF rEERES UBOREEICEEO N F A
Y MFEET o
(6) BBOBAIERHOEE,
() BEMTREENEOFH—PEELCOIZRED
HMENBELIRCEET 5,
© +EEho, Mg, NaxbanT, #5414 v0H
BhkERICHEERIZT,
(h) CEC o3z, ZOfhdERRE,
Fre A FA VI TRINCEATRIZNTHBEN
#3 & _EEOHLERIE Ch S QBRI ORI EI S &R L
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18, CEC o F 4 v & OBRIZEHPIE L BT
BIASTL, FELECEOT—EOREAME S
ha,

Vi CEC [ZPafR#» 3 HRF

1. # K

AR X3 2 EFEDHBIC DD TIRBRIC R~
7e 3, wERMET L CEC Hiid-c &3 Helmy 1k
U Elgabaly®®, Crooke % %78 Knight® hsiR~, 2 7-
Mc Lean % & ¢ Franklin'® {3+ Nz - NOBE %
W3 & CEC e 3 &ib~7z, CoMbE LT3
REPDT 3/ grouplC k2 L% 12, X5 ICHaRE
CBNTESZ X7 7 vHOBEMP, HEOHM, I
DIIRDFES ZDFRD— T 2, White 5404 N
SNV ERY LI KERD CEC 53509 L1 1 #
g LN,

Mc Lean 53 fliD 4% # 48D CEC & offlic
BBAMRAH B & LT, 20EEORMIC D X #HON-CEC
DHEBARE A RD 2 & C Ar=0. 84415 B FEE 21877,
CEC 2% b3 Diz BAIR T B ETHRTRIZL
7255, COMWEREBIRETEH 2, HEZR
LILEHWVLTH A, Fig. 4 TIHIEREOIEMIC O &R
CEC-N @ BIREER L THRIERIWRINTEH 3,
R=0.868, r=0.819 TH. o3 X5 IcHEL> MEELE
S, ERECHEATNLURAAEEZ NS EL
CEC :B{&i2,lowN i CEC i3 high N oo
WHUTNTH -7,

Smith XU Wallace™iz L 2 &, & 2EEOEY
TEERMERIC XL 0BD CEC pimL 7z, 8o CEC
ICX 9 2 EFROEEL, EOED CEC 2532340
(B, v~/ 47y fescue) ILENOTELD o7 &
N3 HF A VBBROBFRNANICERDOL 2METH S
CEAERT, v VR CEC MIERICKEL NOR
B o7,

Franklin' (3fE#ic & O N &4 L #8D CEC oY
MERITEDEH 2, BMIBLLDOHH 3 EBN
Teo B4 D REHRO N&BREHD CEC, 4 Vo
CECL%E, HONRE D ML kD HH & OEE

Table 19. Correlation coefficients between CEC and
mineral constituents of fruit tree roots.

Interaction r
CECxCa +0. 851
xK +0. 530
X (Ca+K) +0. 838
XN -+0.693

r value significant at 59 level is 0, 878

@ INDICATES DATA FOR SPECIES GROWN IN
. MEDIA OF CONSTANT NITROGEN LEVEL.
* » INDICATES DATA FOR SPECIES GROWN IN
MEDIA OF VARIABLE NITRODEN LEVELS

L Iy S M

% NITROGEN IN ROOTS

CATION EXCHANGE CAPACITY OF ROOTS {me /100 gms. DRY ROOTS)

Fig. 4. The relationship between cation exchange
capacities of roots and their percentages
of nitrogen for 41 crops some of which
were grown in media of variable nitrogen
content.

9 (Table 19, 21)% CEC-N OIS &1 1h
-7

HIRD &5 IR CEC #s#d-& 2ffin 7 + v 448
REBLENELLD, 2MHinF4 B Wbh 2
& Uiz 54 v DBebh B DAL 155 & 3RO
WO ThHb, BRELIMHULBC Y Y 22 HL
B NRTE SIS OEEMH 2, EHRICLVIED CEC
BEBEZT Z0T, ThIEWHEEMO Ca, Mg,
K, PItd 2800, ChoBEFRoWEYE HERO
BB S %o

2. WFXFVER

RO CEC LM R E IBENE 2 ETbhT
V5, Crooke 175 Knight® (3 BEic 5 X 1 7= s
Do CEC & & s OBfEAEZEL, © NEEN
U THEBAREUE Sk b 7o #5512 Table 20 D@V TH 5,

HIBHE % OEHOER I LIy 5 4+~ 3B EHD
CEC & (3 1ERABAR A5 0, CEC (2% DMl excess base

Table 20. Correlation coefficients derived from

Beeson and Wohlbier et al.
i | meew | Wohlbier and

Interaction

| Kirchgessner
CEC i
X total cations 0.766>** | 0. 875%xx
X total anions 0.100 0. 406>
X excess base 0.715%>> 0. 823**x
X Fe+Mn 0.638 . —
X ash — 0. 511>

Significance : X =5 per cent level; x x =1 per
cent level; and ***=0.1 per cent level.
Beeson, K.C. U.S.D.A. Miscel. Publ. (1941)
No. 369
Waohlbier, W., and Kirchgessner, M. (1957) :
Landw, Forsch. 10, 249,
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(=total cation—total anion) & [ZEEDEEZENH O,

F7- Fe+Mn & & B{%Mhi% %, CEC 13JK4) & KA
b5, KOFEAEEGE, -7 it EON
BAH D, KM E 2AOHEND S, % O
@ CEC /1D & KAEFICKEF3- 5 & carbonaceous

PRE (S NE Sl

24

type #»5 protenaceous plant ~DEIE KT %o

BABLURMO BRAFEELRTS 7 v+ VL
B v Y BRe DL TS iR oo CEC &
FixOnF 4 v {3 & OHMMERZ R 7 ffid Table
2L TH B

Table 21. Correlation coefficients between root CEC and mineral

constituents of abnormal and normal citrus tree.

Interaction T Interaction r
Normal orchard ‘ Abnormal defoliaiion orchard
Root CEC X leaf N 0.208 = Root CEC X leaf N 0.157
% » Ca+Mg  0.155 | % # Ca+tMg —0.050
X K 0.106 x » K 0. 052
x # Fe+Mn  0.376% ‘ x # Fe+Mn —0.004
x root N —0.187 | X root N —0.102
x # CatMg  0.097 | X # Cat+Mg  0.133
X # K —0.415% | x # K —0.214
X # FetMn —0.033 | X # Fe+Mn  0.039

Significance: x =5 per cent level

ChAERB SN S 3 O LR CEC L3
® Fe+Mn :ORICE, ##4# CEC & K O
WCADBRMR S 5 DHT, LD E ORICIIBIFEAS
RiEIheho7,

Mane 5O L3Ity Enav vy
2 2D &AM CEC &M AIE LB, P
THFAVEEREZLER LU, TO&RAL Table 22
WWRd e REIESEMLICDODNTEZLSRE, Py EDR
avTiEo CEC tih Roxtsa, K Ca/K &
BAOHBENBY, &5 F 4 v G EOHBBERES
Sfce AV YT ATIMERD L F 4 v FRECEC
ERHBEMSIED 5 ce CDE A Mattson 50D ¥
v v AR R DI, COMHEE LTIRO T &M
ELoNhb,
Table 22. Relationship between root-cation exch-
ange capacity and cation content of
tops of maize and french bean as
influenced by age (r-values)

| Maize-Hy-

“French

| [Interaction | Ganga.101 bean-Waghys
Root CEC
X dry matter —0., 927%* 0.419
xCa*tt —0.060 0.222
X Mgt —0. 207 0.677
xK* 0. 690* —0.165
xCa/K — 0. 752%* 0.237
X Total cations‘ 0. 801%x* 0.328
Significance: * =5 per cent level
*k=1 per cent level

fEon4 rEtEang Ko FA vBERIE
HH&THD, COBEEINAF A4 Y 3HEYOD L
WABITT 5 E BRSO, £ OIS 2RI
T AR, BEME TR F 4 vBRICLO TR
72 HF A VIR ED DI EIE TRITT 5. €O
F#p CEC L LD » 7 A4 » FRCHEMR T &
3o HoEEHM®IC CEC M4 503, oM
BEDOEIMBHLH S ULDRIROMENIL - 7272 Th
596

Ca, Mg, K ofi#icxtd 2EBEEIZ R U T
Ve MICEBRERLI%IC CEC BB U s &, HiLk
WOAHFAVERME VF VSRS ERRS L,
F RS R HEER TRAEDTH - T, IR
+TRBESOH F A YEERE L TRHESREE N
Tile —MCHE O H F A v BB EBO CEC LD
BMRICIZAHABL T v+ Y RN YTIEE S
Vs, EEOEELHIRMCEERAZIN S,

3. 44 vOREE s BRIEN

4 A4 v OEEIC K 2 BERNOIFFICKT 5 REERE
U TiE15ty, Williams 3 k¢ Colemant'® (3 & v afR
woxTaRY, TYAVEEBRBEROTERLYE
o, HLEFEORBATIE » F 4 v OEHINIIRDIE
FRITRES Ealiz,

H+*>Ba?*>Ca?*>Mg?*>Cs*>

Rb*>NH,*>K*>Na*>Li*

Chidh F A4 vBBERICEBOTA A VEFBCEL
T#Z 5N 5 lyotropic order Th 3, i Wiklan-
der*®> |3 combined series [T BT 5 1{HEBLU 214
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AV ONEIERAOWE S XUHKBRICEVES
Lib~7z, Helmy i 2 ¢85 Elgabaly'™ &[5 U i
4 A VICB L TIZ lyotropic series A 5L X4, Hic
2ffi4 A i3 1fi4 A v LD S BRAMKET VL%
Hls7zo

BBHFAVICEHELTT A0 Y B CREAYE Na
MEZ AT sodium tolerance index (T EA25091C
WA U DE g Na OF %) 2480 CEC o
WHDIBE L, CEC Db DIZENT &% Bajwa
¥ & Bhumbla® |34 7,

4 FEBORE

Vose B &¢f Randallt (3 4 20+ v 54 75 2T
Al Mn iZIEHMHOKRE DS DS S OERY, Al
TAUHMTHERRE Lo T a, BHMOAIL

Table 23. Cation-exchange capacity of plant roots
under condltlons of heavy-metal toxicity

Metal* Oat 1Tomatolsunﬁroe r! Pea | Bean
me/100g. dry roots

Control 15.6 | 33.8| 47.240.5 36.4
(C.E.C) (22.8) (34.6)) (—) ((35.0){(37.2)
+ Ni 121.0 ) 34.6 | 51.6 | 40.7 | 42.2
+Co 214 | 31.2| 51.9|40.7 | 39.6
+Cu £ 18.0 | 28.8 49.032.933.9
+Zn 21.9 | 32,4 36.8|42.4 | 41.6
+Mn 13.1, 29.8 | 42.7 | 36.3 | 38.9

* In each case these are means of duplicate
determinations carried out on each replicate pot.
Controls are therefore means of 8 determinations,
the others of 4 determinations.

Obtained by electrodialysis.

bDRMRD CEC BRE B UL EHE L1,
Crooke™ (3 5 EEIOEMIC Ni, Co, Cu, Zn, Mn
ZBFNCINZTRO CEC IC K23 BA- -~ Ni,
Co, Zn THUEMNEN L EH4 CEC 2L, Mn T
39 Ui, Table 23 (2R3 8D TH B, Cu i3 h 5
2Z46F, =7 )Tk CEC o#ins,
Fo, 45y TRELERL, ChoELBT
CEC MZMALUTHLHMAD 11, 2{rF4+ 0B
ICR—EDOEMANRR NS 572, ELIBIC L BCEC
DOEMARINSCELBIC L ->TH10 INZWHOE
HZED . 72X T NI BEES Tk 5 2 4 FRZ~
7 F v O¥EINBRAD Sh, CECofmzchicksd
DEEZBND, BUCHYIEBROVIRICIIERS, 51
Dta% IXMEEPHTL THET 2 C EMBETH S,

4. Wit & oBR

Fi 28 & DB EWC D & Elgabaly # X ¢ Wiklan-

bbb, =¥
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Table 24. Adsorption of calcium and potassium
by roots of orange and peach

o
. apsorpe
ek | s
!’ Ca K
B e TR il W
Ca 50 0.220
Orange | Ca 25, K 25 | 0.109 0.022
Kaolin K 50 0. 064
Ca 50 0. 069
Peach | Ca 25 K 25 |0.033 0.011
| | K 50 0.025
Ca 50 0.243
Orange | Ca 25, K 25 |0.141 0.017
Ben. K 50 0.048
tonite Ca 50 0. 074
Peach | Ca 25 K 25 | 0.039 0.007
K 50 0.020
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Diagram of the experiment. A. Toplayer of
sand. B. Compartment filled with sand
mixed with an anion-loaded exchange
resin. C. Compatment filled with sand mixed
with a cation.loaded exchange resin.
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Table 25. Comparison of the C.E.C. (expressed as me per 100g dry root weight) of

two parts of split root systems of a single plant in two different media.

Plant species

Root medium

cation mixture

Amberlite + Amberlite +

anion mixture

Wheat (Triticum vulQare) ----s---sseseres
Bean (Phaseolus vulgaris) ««-«---ssvvereeveeees
Pea (Pisum SQEUUM) +wveesessssssessessnnesns
Cress (Lepidium S@iiumn) ----co--oeeereeeeees
Broad bean (Vicia fab@) - --+--w+wesemssessees

Broad bean (Vicia faba) ........................
Tomato (Solanum lycopersicum) «+---+-----

2.2 2.0
7.6 5.4
10.4 8.8
20.3 16.2
7.3 ! 10.4
Amberlite4-Catt Amberlite + HZPO.,“*N
9.2 9.7
4.7 4.5
~ Amberlite+ Mg*+ Amberlite + SO,~~

Turnip (Brassica 7/apa) ........................

10.7 10.2
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Summary

Cation exchange capacity (CEC) of root is an
important property for nutrient uptake by plant.
CEC of plant root is measured by means of repla-
cement and titration. The CEC values are much
higher for dicotyledons than for monocotyledons.
The Donnan principle explains the differential

adsorption of monovalent and divalent cations by

roots of high and low CEC. The highest CEC was
found at the growing tip. Root CEC of young plant
is higher than old one. CEC of root has some rela-
tion with nitrogen and cation content, and varies
with amount and/or kind of heavy metal and clay

mineral.



