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INTRa:>UCTION 

The so- ca lled "lime-i nduced" chl oros i s has been recognized for 

many years as a pr obl em where pl ants a r e grown on calcareous sol l s. 

The characteristics assoc i ated wi t h lime-induced chloros is a re t he 

same as t hose associ ated wit h iron defi ciency chl orosis -- !nterveinal 

yel l owing of the leaves at the me ri s t emat!c re gion combined with 

reduced vi gor of the pl ant as a who le. Lime-i nduced chlo r os is is 

unique in that the iron content of both the chlorotic plant and 

the soil do not always show a deficiency in iron when chemically 

ana l yzed . This leads to the theory that iron is i nacti va ted i n bot h 

the soil and plant. 

Although no singl e factor has been found to adequately expl a in 

this phys iolog i cal disease , rr.any factors have been assoc i ated wit h it. 

Thorne, Wann, and Robinson (1950) observed that calcareous so ils 

charac t eri zed by fine texture, hi gh mo i sture content , poor aeration, 

and cool temperatures intensify the deve lopment of chl or osis in plants . 

In general i ncreased chlorosis has also been noted under conditions of 

high pH . The pH and phosphorus effects appear t o involve reduce d iron 

sol ub ility in the soil and within t he plant wh ile the exac t effects of 

the bica r bonate ion on chloros is have not been established . 

DeKock (1955) found tha t the iron content of the plant tissues 

depends on the oxygen supply and the bica rbonate ion concentration. 

Whether the b icarbonate i on has its effect upon t he adsorption of 

iron from the growth medium or within the plant is not known. 

DeKock (1955) states that the ratio of phosphorus to !ron in the 

pl ant tissues Is a crit ical factor In lime- induced ch l oros i s. Ha ll 



and DeKock (1955) state that chlorotic and green plants can be 

dis tinpuished from each other by their phosphon1s t o iron and ca lcium 

to potassium ratios . 
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Work done by Olsen (1935) indicates that l eaves of chlorotic plants 

invariably contain more phosphon1s than normal green plants . Olsen was 

of the opinion that iron in chlorotic plants was immo bilized as 

insoluble ferric phosphate. Wa n1ock (1952) also suggested that iron 

was immobilized within the plant . 

In the li ght of these observations, it would seem that additional 

work coul d profitably be done to determine the regions of mineral 

inactivation, and the effect that certa in chlorosis-causing factors 

have on inactivating some minerals with the plant . The object 

of this res earch was to study and compare the re gions of mineral 

in,.ctlvatl on in plants grmm on calcareous and non- calcareous sol ls 

and to observe the effects tha t various l eve ls and combi na tions of 

b i carbonate , phosphate, and iron i n t he root medium have on t he 

inactivation of minerals with the pl an t . 



LITERATURE REVIEW 

Soi 1 F;>ctors 
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There are many d ifferent soil factors which influence iron chlorosis 

or cause it to appear in p l an ts. In some acid soils the amount of iron 

is too low and an actual iron deficiency exists , In other acin soi ls 

the elem•mts manganese or copper nny interfere wi th the p l ant ' s use of 

iron, even when enough iron is in the soi l. Johnson (Ul7) found 

tf-Jat in Hawa ii , "'here soils a re h i gh in manganese , an iron chloros is 

occurs that can be overcome by tte add iti on of iron . He noted that the 

manc;anese to iron ratio, and not t:1e total arr.ount of either elenent 

present , was the i mportant tt.inG in causing chlorosis. 

A coruuon form of iron chlorosis occurs on calcareous soi l s 

where it is referred to us lime - induced chlorosis. Brown and Ho ln:es 

(1953 ) state that lime - induced ch lorosis in plants does not have a 

comnon causative factor . The problem is complex and the occurrence 

of chloros is is dependent upon the iron requirement of the plant species 

and the available iron supply i the sol 1. 

McCeoroe an-i Ereazeale ( 1956) faun~ that 1 ime- i nduced chlorosis 

exists in Arizona in the l eaves of some fntit trees, fie l d crops , 

and ornamPnta ls growinr, in alkal ine- ca lcareous soils wl ich contain 

3 t o 5 per cent iron in var ious chenical cornr inations . They conc luded 

t hnt there is no defi ciency of total iron in these soils an:i tt,t 

lime - inrluced chlorosis is ol::vi ous l y due e ither to a low avai hbi 11 ty 

of iron in the soil or to iron ~~~ol::llization in the plant. 

Porter and Thorne ( 195!:.) found that hi£h moisture, low ten:perature, 

hi ch lime content, and hi£n concentration of bicarbonate i on are soil 

factors which e ither contrib•te to or are assoc iated with lime-incuced 
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chlorosis . DeKock (1955) found thrl.t the oxygen supply to the roots 

affects the translocation of iron to the leaves. Burtch et al, (1948) 

reports that high soil moisture tope ther with low soil tempe rature a re 

conditions most conducive to the deve l opment of lime - induced chlorosis. 

Brown et ~· (1959) found that lime - induced chlorosis has frequently 

occurred where gr een and barnyard manures have been plowed into the 

soils fo llowed with irrigation and in areas of soil compaction and 

poor draina9e . These conditions tend to increase bicarbonate , 

phosphorus, calcium, and manganese concentrat i ons of t he soil solution . 

They concluded that the development of chlorosis appears more related 

to the solul:'l e phosphorus and calc i urn concentration in solution and the 

amount absorbed by the plant than to the bicarbonate ion concentration 

bathing the roots . 

Effect of Phosphorus 

~1any workers feel tha t the effect of phosphorus in causing 

lime- induced chlor osis is in precipitatin8 the iron in the root medium 

and in the concuctive tissues of the pl ants . Br own et al, (1959) 

state that phosphorus can re conducive lo iron chlorosis in some 

plant species or vari eties . They found that phosphorus can accumulate 

inside the plant i n such proportions as to i nac t iva te i ron. 

Doney et al. (1960) found that increased pH in the external 

solut ion pene rally decreased the amount of iron absorbed by the pl ant . 

Chand l er and Scarseth (1941) found that as the phosphorus content 

of the soil was increased there re su lted an increase in cr l orosis and 

a rP.rluction in the iron content of peanut and alfalfa plants . In 

nutr i ent experiments us! n~ 1 l ant Industry- 54619- 5- 1 (PI) and Ha\lkeye (HA) 

soybeans , Erown rl.nd Tiffin (1960) found that by increasin~ the 



phosphorus concentratl on in the nutrient sol uti on the absorption of 

iron was greatly decreased and the phosphorus concentration in the 

exudate increased . Sideris et a l. (1943) reported that an increased 

supply of phosphorus increased the amount of iron precipitated by the 

plant roots . 

Doney et al. ( 1960) sur9ests that the total uptake of iron from 

the growt h medium is influenced by the phosphorus concentration. He 

fcund that pl :mts gro'oJn in nutrient solutl ons with low phosphorus 

contained rare iron than plants from the high phosj:horus solution . 

5 

Aiyar (1946) found that increasing concentrations of phosphorus 

caused an increase in the phcsphon1s content of t he roots, but a 

decrease In the nitrogen and iron content . Biddul ph and Woodr i d9e 

(1952) observed that as the phosphorus content of the nutrient medium 

is increased, roots , stems , and co rdate l eaves continue to build up in 

phosphorus content even after trifoliate leaves are being adequately 

suppli ed . They conclude that the excess phosphorus i n the plant may be 

responsible for i~obilizing iron and other ions . 

DeKock (1955) noted that as the oxygen supply to the roots increased 

from one to 20 per cent there was an i ncrPase in the phosphorus content 

of the leaves and the stems. 

The pH of t he root medium has an effect upon the absorption and 

form of phosphorus . Arnon et a l. (1942) showed that the arr.rn1nt of 

phosphate absorbed by a pl ant varied both with the p l ant and the pH 

of the nutrient solution . Bi dulph and Woodbr i dge ( 1952) state that 

the pH effects the permeobi lity of the absorbing cell membrane . They 

found that there exists a cha racteristic uptake of phosrhorus for each 

pH level of the nutr ient medium . The ir r esults ind ica t ed that movement 
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of the phosphorus from stems and petioles to leaf bl ades is impaired at 

pH 7 and higher . The resultant accumulation of phosphorus in stems and 

petioles at this pH constitutes a medium rich in phosphorus through 

which other ions being transported to the leaf blades 11l.lst pass . Under 

condi tions of high pH and with accumu l ation of phosphorus , some 

difficu lty in the successful passage of ions to the leaf blades nas 

been found . 

Effects of Eic>rbonate 

Results ind icate that >:ith certain plant spec i es increased carbon 

dioxide concentrations with the accompanyin~ bicarbonate in the growth 

medium has a depre ssing e'fect on the> growth (Stohdjk and Thimann , 1957) , 

respiration (Miller and Thome , 1956) , mineral nutr i ent absorption 

(Jackson and Coleman , 1959) , nutrient translocation within the plant 

(Reel! ske and 9i ddulph , 1953 ) , and the rates of several enzymatl c 

reactions ( Mille r and Evans , 1956) . 

In studying the inhirition of lhe plant cytochrome oxidase system 

by the b icarbonate ion, l·;fller and Evans (1956) found that the activity 

of cytochrome oxidase decreased as the ti carbonate concentration in 

the root medium increased . In an earlier experiment, ~iller (195~) 

indicates that the bicarbonate ion inhibited the respiration in the 

roots of plants conta i ning a dominant iron terminal oxidase more than 

those containing a dominant copper terminal oxidase . Bonner (1950) and 

Pendall et al . (1958) observed that the succinic ox i dase system was 

sensitive to the bi carbonate- carbon dioxide concentration . Baxter and 

Be l cher (1955) suggest that accurrulation of bicarbonate ion around roots 

unfavorably affects carbon d iox ide excretion an<' internal pll and is the 

main factor in the netaboli c disturbances l eading to iron deficiency . 
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Another effect of thP t!ca r l-onate i on a ppea rs to re In decreas i np 

the absorption of mineral nutrients hy the roots . :adl eic'l awl lro>m 

(1952) fe lt tha t bica r lxlna te ion induced chlorosis throu,h its a ction 

on ent r y and activity of iron and that othe r arran~ements i n the 

chemical status of pl ants were l a r ge l y concomitan t with the effect of 

iron absorption and act i vity . Ma rcour (1952) Ind ica ted that the 

presence of b ica r bonat e in the nutr i ent so l ution a l rrost compl et ely 

prevented the uptake of rad ioactive iron . C:oss (1957) foun1 t h~ t 

J:i carborate oi m i f icantly dec reased t he up t ake an~ tran~ loca li on of 

a mmber of rri neral e l ements . 

Poney ( 1959) fo und that Inc rea sed bica r bonate leve l s t ended to 

dec rease the a~ount of phos1honts absorbed by bean pl ants , however, 

It seemed to increase t he pe rcenta re of phosphorus in the stems and 

prifl'ary leaves over tha t of the control even thou ::>h the total phos~horus 

In the plant was lo .. er . 

Brown!:.!:~ · (1959) found that more solution phos phorus ar· ea red 

in the !c ica rbonate than in non-b i carbon te tr e;;, tments , tu t the reverse 

wa s t rue i n t he p l an t ma t eri a l . This suggests a compet itive effect 

of the b i carbonate ion on phosphate absorpti on or that phosphate may 

exist in s olution in a form wh ich is l ess availabl e i n the b ica r bonate 

treatment . 

Wallihan (1961) and Marc~tr ( 1952) observed tha t the iron 

concentration in the rcot s of sod i um bica r bonate tre;;,ted pl ants wa s 

lower than i n sodiufl' sulfate or sod ium chl or i de trea t ed p l ants . 

Marcour (1952) states, "Iron upt ake seems to be slowed down by the 

presence of bicarbonat e i ons a t the surface of the roots and the iron 

already present I n t he ce ll i s ~ore or less irr~otili zed by organ ic 

acids or by bicarbonate anct ca r bonate i ons . " 



Heller ~ al. (1940) fotmd that sodium bicarbonate treatments 

reduced the calcium content in tomato plants very markedly . Olsen 
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et al . (1949) states that the bicarbonate ion in calcareous soils appears 

to decrease the calcium content ~hich, in turn, increases the solubility 

of phosphorus . The hi ghe r phosphorus and lo~er calcium could be 

responsible for the resultant chlorotl c pl ant. 

Brown and Wad l eigh (1955) suggest that a possible sequence of 

events resulting f r om the presence of bicar bonate ion in the medium 

may be sumrr.arized as fo ll~s: The bicarbonate ion induces greater 

accunulation of monovalent ions in the leaves . This increase in the 

r~tio of monovalent to divalent ions may affect the activity of iron, 

possibly through the precipitation of iron phosphate , which, in turn, 

reduces the chlorophyll concentration and thus brings about chlorosis . 

Fina lly , the degree of chlorosis is highly correlated with the depression 

in growt h. 

Ion Distributi on 

The ion distribution within the plant has been used as a rr.easure 

of chlorosis . DeKock (1955) maintains tt•.t. it is poss i bl e to distinguish 

between chlorotic and non-chlorotic plants by the phosphorus to iron 

ratio, with chlorotic pl ants hav ing a larger ratio than non- chlorotic 

plants . In add ition to the phosphorus to iron ratio, the ratio of 

monovalent ions to diva lent ions in the pl ant tissue is used as a 

measuring device . 

Baxter and Belcher (1955) and Warnock (1952) are of the opinion 

that immotillzation of i ron within the plant is not the d irect cause of 

the observed chlorotic condition. Thorne ~ al. (1950) be lieve that 

the disturbance in the monovalent to divalent ion ratio is a r esult of 

chlorosis rather than a cause of it . 
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Oserkowsky (1932) states that In some plants it has been observed 

that cr.lorotic symptoms apparently attributable to iron def! c I ency 

were not always accompanied ~ a shortage of i r on i n affected tissues. 

DeKock (1955) noted t ha t chlorotic ~lants had an accumu lation of !ron 

a long t he veins and tt~t normal healthy plants had an accumulation 

of !ron In the lnterveinal tissue and a very li mited amount of iron in 

t he veins. This is in agreement with the results of Biddu l ~h (1951) 

which Indica te that !ron and phosphorus accumul ate In the roots and 

conductive tissues of plants suffering fr om ch lorosis. 

Olsen (1935) and Biddul ph (1951) both su ggest that when iron is 

taken up from neutral or a lkaline solutions it can be prec i r ita ted as 

ferric phosphate in the vascu l ar bundles a long t he veins of a l eaf . 

Brown et al. (1959) noted that !ron was Inactivated internally In 

PI soybeans, pr inci pa lly by the combined efforts of phosphorus and 

calcium. In contrast, !ron was absorbed and remained mobile in HA 

soybeans under the same condit ions of growth and element compos ition. 

They concluded tr~t suscepti bility to !ron chlorosis thus appears to 

be rel ative In scope and depends on the capacity of a plant to absorb 

and hold !ron i n a solub le mobi l e form. 

Lindner and Harley (1944) were able to show that In lime-i nduced 

chlorosis there existed a definite ratio between the calcium and 

potassium content of the leaves. Healthy green leaves have higher 

ratios while in chlorotic l eaves the r a tio was Invariably low. 

They sugoested that the high potassium level Induced chlorosis ~ 

replacing the Iron on the enzyme respons i ble for chlorophyll formation , 

thereby inactivating the enzyme . Wadlei gh and Brown (1952) and DeKock 

(1955) observed that pot ass ium content was hi gher in chlorotic leaves 



both in the sap and in the dry tissue . Howeve r, they found no 

rl !f ference in the ca lcium cont ent of chlorotic and £reen leaves. 

Summary 
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Li me - induced chlorosis i s a comr.on form of iron chlorosis found on 

ca l careous sol l s . The r e are di ffe r ences of op! n i on as to the exact 

cause of lime-induced chlorosis, however , there are some common 

chara cteristics associ a ted with the p lru1ts suffering from the d isease. 

Plants d iffer in t he ir suscept!t!l! ty to li me- induced cLloros!s. 

We iss (1943) f ound a reces sive gene t o be the contributing fac tor t o 

the differe nce in chloroti c susceptible (PI) and non- suscept i bl e (HA ) 

soybeans . ~ille r (1954) fotmd that plants conta ini ng a dominant iron 

terminal oxidase a re more suscepti b l e to ch l orosis than pl ants containing 

a dominant copper terminal ox i dase . 

A number of soil conditi ons have been associ a ted wit h li me - i nduced 

ch lorosis . Some of these so il condit ions a re high mo isture, poor 

aeration, low temperatures, h i gh pH , l a r ge amounts of ava i labl e phosj·horus , 

an imbalance of macroelement s 3nd rn ic roeler-ents , h i gh lime, and hi gh 

bi car bonate content of the soi 1. Chloros is can a;;pa r ently be caused by 

any one of these condi tions but an interaction t:.etwezn any or a ll of 

them seems to be the case in most so il s . 

Some common charac t er istics of p l ants suffering from li me - i nduced 

ch lorosis are a decrease in pl ant growth, an increase in monovalent and 

a dec r ease in di va l ent ion absorption . 
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SOIL EXPERIMENT 

Methods a nd Procedure 

Pl a nts and Soi ls 

Red Ki dney beans (chloros is suscepti b le) , and tomatoes (Ors en 

Cannon Hybr i d) , and Hawkeye soybeans (soybeans and tomatoes being non­

suscepll l: l e to ch l oros is ) were gr own in a calca reou s soi l from 

Lo san , Utah , and in a non- calcar eous soi l f r om Farmington, Ut ah. 

The so il s were trea ted wit h NH4 H2 P04 a t 100 pounds of r2o5 per 

ac re fur row s lice . The sol I was pttt In two- quart, plastic f r eezer 

cartons . The seeds were ge r minated and t he pl ants were grown in 

these ca rtons . 

The pl ants were grown in a pl ant gr ow th cabinet with both t empera ­

tu re and li ght ch1ration cont roll ed . The pl an t s were subjected to 18 

hours of day li ght "'i th an average li ght i ntensi t y of 1600 foo t cand l es 

and a t en.pe rature of 29° C. and ( hou r s of da rkness at 18° C. 

futa l y\. !cal ~ethods 

Each bean and each soybean treatment ~onsisted of four pl ants 

gro,.,ing in a pot , and each tomato treatment. consisted of two plants 

in a po t. . Each pot was ana l yzed as a sing l e un it . All trea tments were 

r ep ll cated four ti roes and the va lues ave ra ged . 

The pl an ts were harvested after they had been in the trea tment 

for three we eks. In harvestino , the plant s were cut off just above 

the so il, d i pped in d isti l le d water a nd shaken , and separated into 

l eaves , uppe r stems, and lo;.er stems . The uppe r stems and l ot.e r stems 

we re divided ;;here the pet.i ole of the first trifoli a te l eaf attaches 

to the stem . 
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The plant sections were placed in paper bags and dried for 

24 hours in a forced a ir dryer at 70° C. A.fter dryinb the plant 

material ;;as grcnnd •llh a mortar and pestle . The plant mat .~ rlal was 

ana l yzed by fo llcwinCJ the procedures su ,gested by Ulri ch et ~· (1959) 

and \vi lde and Voigt (195~) . Iron , phosphorus, calcium, and potassium 

were determ:ned from the plant material on a dry weight basis using the 

orthophenanthrol ine methoc', the ammonium mo lybdate method , the E.D. T. A. 

method, and the flame photorr.ete r respect! ve ly. 

Resu lts and Discuss ion 

The soybeans and ki dney beans deve loped chlorosis when prawn 

on the calcareous soi l, bu t the tomatoes did not. On the avera!_le , 

the plants grown on U.e non-calcareous soil were larger tilan those 

plants 9rown on the calcareous soil; none of the pl ants rrown on 

the non-calcareous soil sho~o•ed si pns of chl orosis . 

Chemical an~lysls 

The chemical analysis of the plants are recorded In table 1. 

Each value consists of an average of fou r replicati ons . 

The uptake cf phosphon1s was reduced In all plants grown on the 

calcareous soil . This is in ag reement with some of the work of 

Arnon (1942 ) In which it was shown that the amount of phosphorus 

absorbed was dependent upon the plant and pH of the system . 

With the exception of some ve ry smal l differences, there was 

an increase In pot ass !urn absorptl on when the plants were gro~o~n on 

the calcareous soi l. Lindner and Harley (1944) found the concentration 

of monovalent Ions , potassium I n particu l a r , Increased In p l ants 

sufferinp from li me - induced chlorosis . 1he results of i>amock (1952) 

and DeKock (1955) a lso s'.o• :.n increase in potass ium In chloroti c plants . 



Table 1. Chemical analysis of plants grown on a calcareous (C) and a non-calcareous 
(NC) soil. 

Treatment1 Tonatoes Hawkeye Soybeans Red Kidney Beans 
LS2 us2 L2 LS us L LS us L 

mg P/g of dry plant tissue 

NC 3 . 03 3 . 60 5. 41 4 . 46 4 . 92 5 . 53 4 . 60 4 . 34 4. 67 
c 2 . 29 3 . 37 3. 76 3 . 01 3. 97 4 . 29 3 . 39 3 . 47 3.41 

NC/C 1.31 1.06 1. 44 1 . 46 1. 24 1.29 1.37 1. 25 1.43 

ug Fe/g of dry plant tissue 

NC 56 . 9 31.0 130 41.6 56 . 5 106.2 39 . 2 55 . 6 96.1 
c 45.6 26.9 114.5 30 . 6 36 . 3 63 . 0 41. 9 41 . 9 109 .1 

NC/ C 1.25 1.15 1. 14 1. 34 1.56 1. 71 0 . 935 1. 33 0 . 900 

per cent K of dry plant tissue 

NC 7 . 69 11. 62 6 . 43 7.25 9 . 97 5 . 63 9 .17 10 . 96 5. 33 
c 8 . 58 13.25 6. 25 7.35 9 . 62 5 . 65 12.79 12 . 62 6.48 

NC/C 0 . 920 0 . 879 1.029 0 . 986 1.03 0.996 0 .717 0 . 870 0 . 822 

per cent Ca of dry pl ant tissue 

NC 2 . 36 1. 72 3 . 20 1.92 1.97 1.93 2 . 30 1.26 3 . 35 
c 2 . 77 2.12 3 . 96 2 . 30 2.16 2.23 2 . 08 1. 36 3 . 03 

NC/ C 0.852 0.811 0.608 0 . 830 0 .912 0 . 865 1.105 0 . 926 1.105 ..... 
"' 



Table 1. Continued 

Tr eatment 
Tomatoes Ha~keye Soybeans Red Ki dney Beans 

LS us L LS us L LS us L 

P/fe Ratio 

NC/ NC 52 . 8 116 .1 41. 6 107 , 2 81.0 51.2 117 77 ,7 49 , 6 
C/C 50,2 125 , 2 32,8 97,7 109,3 68,0 80 , 9 82 . 8 31,3 

K/Ca Ra tio 

N%NC 3, 34 6, 76 2,01 3 . 78 5 , 06 2.92 3 , 99 8. 71 1, 59 
c c 3.10 6 .24 1.58 3 ,15 4 . 45 2 , 53 6 . 14 9 , 20 2 .14 

Ca/fe Ratio 

NC/NC 415 555 246 462 349 178 587 226 341 
C/C 607 788 346 752 595 354 496 325 278 

1 Average of fou r replications. 

2 LS means lo,.er stern; US means upper stern; L means l eaves. 



When 9rown on the calcareous soil, the soybeans and tomatoes 

contained less iron and more calciurr than when they were grown on 

the non- ca lca reous soil . The kidney beans had an i ncrease of iron 

in the lower stems and leaves b.tt a decrease of iron in the upper 

stems when grown on the calcareous soi 1. This sugrests that iron 

mirht be inac tivated in the lo~'er stems of the chlorosis-stt sceptabl e 

beans (T ,oney et a l . , 1960) . 

Diffe rences in the accunulatlon of iron in the leaves of the 

pl ants 9rown on the two soils are not as large as the d ifferences 

obse rved by other >Jorke rs (Warnock, 1952; ~arch and Sh ive, 1925 ; 

Brown and Holmes, 1955). A possible explana tion f or t his is that in 

this expPri ment the primary leaves were ana l yzed along with the 

trifoliate leaves . The primary leaves were large and green i n both 

chlorotic and non- chlorotic pl ants , and in the case of lhe chlor otic 

pl ants containe1 as !1'\tch or rro re material than all the tri fo li a t e 

leaves comrined . In contrast , in the 9reen pl ants the total amount 

c f M?ter i al from the lrifoli,te leaves was rllch l a r ge r than that 

frorr. the primry l eaves . TL!s rehtionship between the size of the 

primary leaves and the trifoli 3te leaves undouttedly had its 

influence upon the results . 

Ratios of various e l emen ts 

There was no orv!ous correl1tion betwer-!1 the phosphorus to iron 

ratio and chloros i s . A possible reason fo r thi s coul d be that the 

pr imary and trifoliate l eaves were ana l yzed toGether which masked 

the low iron of the ct.lorolic l eaves . However , not all plants with 

iron deficiency have a shortage of iron in the affected tissues 

(Oserkowsky, 1932) . DeKock (1955) and DeKock and Hall (1955) found 
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the ratio of phosnhorus to iron to be higher in plants showing 

chlorosis, and the ratio was pos tulated as a means of dis tingu ishing 

between preen and chlorotic pl ants . · ... a rnock (1952) grew a number of 

chlorosis susceptable and non- susceptable p lants in the field from 

which the soils used in t his experi ment were obtained . His r a tios 

of phosphorus to iron were larger for chlorotic than non- chloral! c 

plants but his differences between the ratio of chloroti c and non­

chlorotic plants were not as great as what DeKock (1955) suggests . 

The increased r atio of potassium to calcium in the leaves has 

been found by some to be correlated with chlorosis (Lindner and 
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Har dey , 1944; Wadleigh and Brown, 1952; DeKock, 1955). This diffe r ence 

i s believed to be due to a change in the potassium content rather 

than in the calcium content (•ad lei gh and Brown , 1952) . Whether this 

is a cause of chlorosis or a result of chlorosis i s not definite ; 

however, Thorne~ a l. ( 1955) a re of the opinion that this ratio is a 

result of chloros! s. Brown et a l. (1955) showed that chlorosis was 

not correlated with either potassium or calcium or with their ratio 

but rather with monovalent cations or the ratio of sodium p l us 

potassium to calcium plus ma£11esium . 

In the present soil experiment the potassium to calcium ratio 

was lower in s oybeans an1 tomatoes and higher in kidney beans when 

grown on the calcareous soil. This increase was due to an increase 

in potassium when the plants were grown on the calcareous so! 1. 

Brown et ~· (1959 ), using solution culture experiments, found 

that the potassium to calcium ratio ;Jas not related to chl orosis , but 

that the calcium to iron and the phospho rus to iron ratios were 

hi9her in ch l orotic than non- chlorotic r lants . The calcium to iron 

rat! o was calculated for tr,i s experiment, For the torratoes and 



soybeans this ratio ~as higher when the plants were gro~n on the 

calcareous soil. This is in agreement with the results of Brown 

et ~· (1959). However , for the ki dney beans tt:i s ratio was hi(lher 

when the plants were grown on the non-calcareous soil . This is not 

in agreement with the re sults of Brown et al . (1959) . 

17 



SPLIT-ROCT EXPERI~~NT 

Methods and Procedures 

Sol uti on culture and pl ants 

10 

Spll t - root experiments (Brown, 1956) were designed to de t e rrr.ine the 

effects of the bicarbcrlate a nd phosphorus In causing chl orosis in the 

Red Kidney bean. Trte phosphorus and iron were a lways separated anrl the 

bicarbonate treatments were either (a) none , (b) added with the 

phosphorus , or (c) added with the iron. 

The beans were gerrr. inated between l ayers of water- saturate<l cheese 

cloth on a s tee l screen placed in a tray . After several days lhe 

pr l rrary root tip was rerr~ve~ , l eavi ng sever al lateral roots . The 

plant roots were suspended in a tap water solution containinr 1.3 

me/1 calcium as Ca(N03) 2 • The pl ants grew in this so l ution tmtil 

the roots were 2 to 3 inches long and were then transferred to the 

treatrr.ent so l utions . Each plant was suspended over two cont3iners ;. i th 

the roots equal ly div i ded between the pa ir of containers . All 

conta iners had certain comrron nut ri ents . Fhosphorus was added to one 

container of each pair and iron and other minor elements were added 

to the other container . Thi s arransement enal: l ed the p l ants to absorb 

all required nutrients and e li mi nat ed direc t contact in tl'e solution 

be tween iron and phosphorus . Each container had the followinq 

common nutrients In me/1: Ca, 1. 3; Mg , 1. 3; N03 , 2.0; K, 0 . 5; and 

S, 0 .13 . 111nor elements were added to one of the containers of each 

pair in the fo llowing concentrations in ppm : Fe , 4 . 0 (as FeC13); Mn , 

0 . 7; H, 0 . 04 ; Zn , 0.02 ; Cu , 0 . 005 ; and Mo , 0 . 005 . Phosphonts was added 

to the other container , which contained no mi nor element s , at two l eve ls , 
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0 . 06 m" 10 .0 opm . The pots containinc sodiurr r ica r bona te (10 me /1) 

were m'lint::dnec' 'lt pH 7.8 by aeration with a Fixture of 1 per cent co2 

in "ir . T'>e pots conta ini nCJ sodium chlori de ( 10 rne/1) an" t hose 

Pots ir. "'hich the sodiurr. bica r ':>cnate an the •odi'l"J chlori de were absert 

were aijusted daily to pH 7 . 8 using 0 . 1 N NaOH . These we ae rated a t 

the same rate as the le i ca r bona te treatment s . 

The exper iments •ere conduc te d in a r rowt h chamber 1<here temperature 

anc l!C1ht curati on 1<ere contro ll ed . The J: l ants were subjected to 18 

hou rs of day li 9ht ''i th an ave rage of 1600 foo t cand l es of l! ~ht and a 

temperature of 29° c. and 6 hours of darl-J1ess at 18° c. 

Analyt i cal methods 

The nutrient solutions we re changed every week and the pl an ts were 

harvested afte r bein9 i n the treatment for two we eks . ERc h trea t ment 

cons i sted of two plants . These pl 'lnts were ana l yzed as one uni t. 

Tr eatme·1ts were r epli cated three times and the va l ues averaqed . 

In harvestina the pla'lts , the r oots 3n·~ tops were separ"'ted and 

the tcps were dipped in distil l ed wate r and shaken . The t ops were 

separatect hto upper stems , lower steMs , and l eaves; dried a t 70° C. ; 

and ana l yzed for phosi.ho rus , iron , calcll1m, and potass ium as desc ribed 

in he Soi l Experi ment. 

Results o.nd Di scussion 

Before the pl ants were harvester! , the follo•ing v i sua l obse rva tions 

were taken on the pl ants ; (a) tr.e pl ants ~rown in the hiQh phosrhon•s 

solution ( 10 ppr) •ere lar~er in ve0etRlive r·rowth than t he pl ants 

~ro~;n i n the low phosphorus so l ution (0 . 06 ppm) , (b) the pl an t s grown 

in the solutions containinc ricarhonate were smaller than the pbnt s 

growr. in er;u iva l ent nutriPnt sol ut i ons ;:ithout bica r bona te, (c) there 

was no observat l e dirference in the s i ze of the pl ants ~rown i n 
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solutions C<mt~ining sodiu" c'lloride (10 me/1) and the plants grO\In 

in ec;uivalent nutrient so l •ttions 1o1ithout the sodiurr chloride , (d) a 

;::recipitate formed only in those [.;vts contain inr, b i ca rbona te with the 

iron. ThPSe rl•nts were the on l y chlorotic ones . 

Ti.e cherr.i cal ana l yses of the plants frotr. the experiment are 

rPcor~P~ in l&Lles 2 cnrl 3. 

C..--1er i C 1 :tfH 1 r·ses 

Fhosp'10rus .--There was always rr.ore phosphorus ta ken up by the 

plants" er. the hirher level of pho•phorus was present (Fi~ . 1) . Brown 

< nd 1 iffin (1960) grew soy eans in nutrient solutions &nd found that as 

tr;e phosphonts concenlrati on of lhe nutrient sol uti on increased the 

r·hosphonts concentration in the exudate a lso increased . 

In the hi rhe r phosphorus treatment, there ~<as always less phosphorus 

tal,en up by the plant when the Licarbonate was ;.ith the phosphorus . 

The bic:.rton~te lends to decrease the UJ take of phosphorus when they 

are :oc.ether (Doney, 1959 ; Coss , 1957; Frown et a l ., 1959) . ~hen the 

Ucarbonate •as •i tt. the iron (high phosphorus) a l a rger arrount of 

J:·hos;-•honts was taY.er. up than ;:!.en sotliurr cr.lori:le "as ,·ith the iron . 

The n~a~on rc.:r t~is is not ol\iious . 

In the lo" phoschorus treatrr.ent ;;hen the r·icarbonate was tdth the 

phosphorus , less phospr.onts was foun l in the le;wes and lower stems 

but more in lhe ll!Jer sterrs than when cl'loride was with the phosFhorus. 

These results rli ffer slightly from the results obt<dned 1o1l.en phosphorus 

1o1as 'resent at the hi:her level; however , they are in a£reer:en t with 

Gone) 's (1959) results in •hich he fGUnd that increased bicarbonate 

tenderl tG increase the arrount of phosphon1s in the ster:JS at.. pr imary 

leaves even thcuf'' the total c.r.;ount of phosphorus i n the J: lant 

was lo.,er . 



Table 2 . Chemical analysis1 of Red Kidney beans grown in a 
split- root system with phosphorus at 10 ppm 

NaHC03 with Fe NaCl with Fe No salt 

LS US L LS US 

mg P/g of dry pl ant tissue 

4 . 70 5. 74 5.24 4 . 17 4 . 86 4. 84 3.74 4 . 06 

pg Fe/g of dry pl ant tissue 

21 64 63 36 72 115 38 45 

per:Cent K/ g of dry pl ant tissue 

4. 42 6. 33 2. 84 5.70 9 . 99 1. 91 4.31 7 . 76 

per~ent Ca/ g of dry plant tissue 

1. 48 2 . 10 2. 08 1. 95 2 . 22 3 . 53 2 . 11 1. 92 

f'/Fe Rat! o 

22 . 3 89 . 7 83 . 2 115 . 8 €7 . 5 42 . 1 98 . 4 90 . 2 

K/ Ca Ratio 

2,98 3 . 01 1. 37 2 . 92 4 . 5 . 54 2.04 4. 04 

Ca/ Fe Rat io 

705 328 330 542 308 307 555 427 

21 

L 

4,83 

123 

z.oo 

3 . 20 

39 . 3 

. 63 

260 
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Table 2. Continued 

NaHC03 wilh P NaCl with p No salt 

LS us L LS us L LS us L 

mg P/y dry plant tis sue 

2.44 3 . 23 3 . 43 3 . 53 4.74 5.97 3 . 74 4.06 4.83 

J.l9 Fe/g of dry plant tissue 

23 26 117 41 39 92 38 45 123 

per cent K/g of dry plant tissue 

4 . 09 7.21 2. 14 4 . 99 9 . 70 2 . 52 <; .31 7 . 76 2 . 00 

J:Er cent Ca/g of dry pl ant tissue 

l.FB 2 . 47 2 . 69 1. 70 2 .04 3.02 2 . 11 1 . 92 3.20 

PFe Ratio 

106 .1 124.2 29 . 3 86 .1 121.5 64 . 9 98.4 90 . 2 39.3 

K/Ca Ratio 

2 . 43 2. 92 . 80 2 . 94 4.75 .83 2 . 04 4.04 . 63 

Ca/Fe Ratio 

730 950 230 415 523 328 555 427 260 

1 Avera~e of three replications. 

2 LS means lower stem; US means upper stem; L ~£ans leaves . 
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T~tle 3 . ~hPMical ~n~ lysis l of Red ~idney beans ~rown in a 
split - root <ystPr wit h pho<phnnrs at 0 . 0( p;:-m 

NaHC03 wit h Fe NaCl wi t h Fe No sa lt 

w....z us2 L2 LS us L LS us L 

m£ P/ g of dry plant tissue 

1.08 7 . 07 1. 71 1.28 1. 85 1. 95 1.14 1.09 1.59 

p g Fe/g of dry plant tissue 

37 99 81 38 50 101 42 41 125 

per~ cent K/p of dry pl ant tissue 

ll . 40 6. 70 2.44 4,95 8 . 37 1. '16 4 . 46 7 . 80 2 . 01 

per cent Ca/ g of dry plant tissue 

1. 40 1,71 2 . 36 1. 89 2 . 22 3. 11 2 . 01 2 . 27 2 . 87 

P/Fe Ratio 

29 .2 20 . 9 21 . 1 33 .7 37.0 19,3 27 . 1 2E.6 12 . 7 

K/~a Rat io 

3 .H 3 . 92 1.03 2 . 62 3 . 77 , 57 2 , 22 3,44 . 70 

Ca/Fe Ra tio 

378 173 291 49 7 444 308 479 544 181 
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Tacle 3 . Continued 

NafC03 with p NaC l with p No sa lt 

LS us L LS us L LS us L 

mg P/ g dry plant tissue 

1.04 1.48 1. 75 1.08 1.09 2.00 1.14 1.09 1.59 

pg Fe/g of dry plant tissue 

33 30 104 35 47 95 42 41 125 

per~ cent K/ g of dry plant ti ssue 

5,57 8.25 2 . 35 6.17 9 , 28 2 . 82 4 . 46 7.80 2 . 01 

per cent Ca/ g of dry pl ant tissue 

1.86 3 .14 2 . 67 1. 81 2.E9 3 , 07 2 . 01 2 . 27 2.87 

P/Fe Rati o 

31.5 49 . 3 16 . 8 30.9 23.2 21.1 27 ,1 26 . 6 12 .7 

K/Ca Ratio 

2 . 37 2 .13 . 91 2 . 73 3. 11 . 57 2,22 3.44 . 7 

Ca/Fe Ratio 

564 1047 257 517 572 323 479 554 161 

Average of three rerlications . 

2 L3 means lo~e r stem ; US rr.eans upper stem; L means le01.ve s . 
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Iron. --Less iron was taken up by the pl ants when the bicarbonate 

was with the iron than when sod ium chloride was with the iron (Fip . Z) . 

Marcour ' s (195Z) results showed that t he presence of tica!'bonate in t he 

complete nutrient solution almost !'ntirely prevented the uptake of 

rad ioact i ve iron . Wallihan (1961) observed that the iron concentration 

in the roots of sodium b icarbonate treated pl ants was lower than in 

the sodium chloride treated plants . 

In the U)JJ:er and l owe r stem there seems to be sli~htly More iron 

taken up when sodium chlori de rather than bicarbonate 'ola s with the 

phosphorus . This is paralle 1 with the uptake of phosphorus in that 

more phosphorus was taken up when the sodium chloride was 'ol it h the 

phosphorus . The d ifference in the amount of iron taken ll!J from the 

low phosphorus solution and t he hi gh phosphorus solution are not l • r ce 

or consistent . These results differ from those of Aiyar (1946 ) , Do ney 

et a l. (1960) , and Br own and Tiffin (1960) . Their results ind icate d that 

as the phosphorus concentration of the nutri en t sol ution 'olas increased , 

the uptake of iron decreased . 

Potassium and calcium.--The uptake of potassiurr. (Fi g . 3) was 

usually reduced when bl carbonate was pr esent , ei ther with the 

phos pho n1s or the iron, the exception bein9 t ha t !fore po t assiwr. was 

f ound In t he l eaves when t he bi carbona t e was liith the iron . These 

were the pl ants 'olith chl orotic leaves . These results are in gre~Jr.ent 

with those of DeKock (1955) and v.adle i gh and Brown (1952) whe r e they 

f~1nd that the ~otas s lum content was hi9he r in chlorotic leaves . 

There was less cal c ium taken up when the b ica r bonat e wa s with t he 

Iron than In any other treatment Vir . 4) . The plants i n this 

treatment were t '1e on l y ones in which chlorotic symptoms af'peared . 

When the bicarbonate was with t he phosphorus t he re was an increase of 
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the calc! urn content i '1 the up- er stern,- . DeKock ( 1955) and Wadleigh 

and Brown (1952) fonn" no dl rferences in the calcium content of 

chlorotic and green leaves . 

Ratios of various e l ements 

Phosphorus to iron r>tio .--;or the present experirr-ent lhe ratio 

of phosphorus to iron was hi nher in the high phosphorus treatment 

30 

than it was in the low phosphorus treatment (F i r . 5) . This is because 

of lhe greater absorption of phosphorus in the high phosphorus treatmer.t . 

If the results of the upper sterrs and l ower stems were comb i ned , 

the phosphorus to iron ratio wouli be greater for those treatments 

containin£: the bicarbonate . This is in acco r dance ;:ith stater.ents rr.ade 

by OeKock ( 1955) and Warnock (1952) . 

Potass i wn to ca l cium and ca l c i um to iron rat i os .--There are no 

obvious corre l ations between the r a ti os of potassium to calcium and 

calcium to iron I n this experiment (Fig . 6 and 7) . One possibl e 

explanation Is that calcium and potassium >Jere availal:l e in all the 

pots . Howeve r, Brown et n l. ( 1955) showed that ch l orosis was not 

correlated with any particular cation or ;•!th the ratio of potassium 

to C"<lciur but with monovalent cations . 
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of Red Ki dney beans when the plant was subjected to different treatments 
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GENERAL DISCUSSI<Jt< 

Tn the split-root exp«ri ment the bean plants deve l oped chlorosis 

only when the bicarbonate was present with the iron . The cr l orosis 

was more severe when the hi 9h phos1•horus treatment was used , but 

chlorosis d id deve l op when t he low phosphorus treatment was used . These 

results would indicate that the eff ect of bicarbonate in causi n9 

chlorosis is a reacti on wi th the iron and not a phosphorus - l·icart·onate 

interaction . 

It was also observed tha t a p reci pitate fo rmed in the iron­

bicarbonate ~e lution . The bica r bonate cou l d be incuci ng chlorosis ty 

precipitatinr the i r on and preventing its absorption (Wad l eigh and 

Flrown, 1952 ; Marcour , 1952) . However , the total pe r centage uptake of 

iron by the pl ant in the present experiment indicat es that the iron 

content of the p l ant is not lower than that of the normal green plant . 

The percentage of iron was oreater in the uppe r stems and less in the 

leaves in plant s which developed chlorosis than in pl ants which d id 

not develop chlo r osis . This indicates that the plant was able 

to absorb iron bu t that the iron was inactiva ted in the upper stem . 

Since the phosphonts content was also hinher in this section it is 

ostulated that iron i nactivation is with the phosphorus . This effect 

could be due to an increase of phosphorus taken up by the plant with 

enrichment in the upper stem. The bicarbonate ion being with the iron 

would re -iuce the uptake of iron but woul" not effect the uptake of 

phos:rhorus . The ratio of o~osphonts tc iron in the upper stems coul d 

be so lar£e that subsequent iron t oken tp 1o10uld be precipitated i C\ this 

area (Red iske and Bi ddu lpr , 195(). 
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An increase in the amount of phosphorus in the upper stems of the 

H dney beans when bicarbonate is present in the solution culture Is In 

arrement with the results of Doney (1959) . He fotmd that the total 

ai1CoWlt of phosphorus taken up by the bean plant was decreased when 

r!carbonate was pr esent , but Lhat the amoWlt of phosphorus In the upper 

stem was more when the bicar bona te was presen t than it was when the 

tica rbonate was absent . In his experiments the bi carbonate, phosphorus , 

awl iron were all to\lether in the nutrient medium . In the present 

experiment the bicarbonat e was with the iron and bot h were separated 

fror the ph0sphorus . Any interactions of phosphorus and iron cou l d 

only be insi de the plant . In the soil experi ment this was substanti a ted 

when it was observed tha t when the ki dney bea ns were grown on non­

calcareous sci 1 the upper stems contained l ess phosphorus than ei ther 

the lower stems or the leaves . However , when the beans were grown 

on calcareous soi l the upper stems con ained mo re phosphorus than 

either the lower stem or the l eaves . 

It appears that when thP bicarbonate ion is present with the iron , 

the bicarbonate has some effect upon the metabolism of the plant which 

causes an increased accmnulation of phosphorus in the upper stem of the 

plant . This increased phosphorus causes the iron to become inact ivated 

or precipitated in the upper stem and in tum induces chl orosis . 

In the split - root experiment, when the bi carbonate ion was present 

there tended to be a decrease in the amount of phosphorus , Iron, calcium, 

and potass iw·, taken up and also a decrease in the size of the pl ants . 

This depress i on in absorption and 0rowth caused by the bicarbonate !on 

seems lo be typical of lime- induced chlorosis and has been observed by 

Irany others (Stolwijk and 1hlrnann , 1957; Jackson and Coleman , 1959; 

and Goss , 1957 ) . 
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In the soil experiment the results show that the amount of 

phos phorus was decreased, and with a few minor exceptions, the amount 

of potassium was increased when the plants were grown on calcareous 

soil. The greatest increase in potassium was found in t he lt idney beans. 

The amount of calcium taken up was slightly increased in the tomatoes 

and soybeans but slight l y decreased in the kidney beans . The increase 

in potassium with a slight change in calcium content is typical of 

lime-induced chlorosis. Wadleigh and Brown (1952) observed that 

potassium content was hi gher in chlorotic leaves, both in the sap and 

in the dry tissue. However, they found no difference in the calcium 

content of chlorotic and green leaves. 

In both the soil and split-root experiments the leaves of the 

plants which developed ch lorosis contained more potassium and l ess 

calcium than the leaves of the pl ants which did not develop chlorosis . 

It Is sug 9ested that the bicarbonate !on is responsible for the lowered 

! ron "act !vi ty" and calc !urn content of the leave s and the enhanced 

potassium content (Wadleigh and Brown , 1952) . It seems that an 

inf luence of the bica r bona te !on is through its effect on the protoplasmic 

cons istency of the absorbing cells of the roots so that bean plants 

show an accentuated accunula t!on of monovalent cations and a depressed 

acctmulat!on of divalent cations, and , that the bicarbonate ion, when 

present with the iron, allows an increase of phosphorus in the upper 

stem. This increase of phosphorus causes a preci pitation or 

inactivation of iron which in turn causes chlorosis . 
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SUMI'.ARY 

The objective of this r~>s earch "'as to study the minera l content of 

vari ous plant sections --upper stems , lower stems , and l eaves--as 

influenced by cond itions associated with li me -i nduced chl oros i s . The 

investigation was made f r om two approa che s . Cne approach was to grow 

plant s -- tomatoes , Hawkeye soybeans , and Red Ki dney beans--on a 

calcareous so! 1 kno"'n to pror!uce chlo r os I s an'" on a non- calcareous soil 

which does not produce chloros is . The second approach was to , row 

Red Kidney beans in nutrient solutions using a sp lit - r oot technique 

and to use t he bicar bonate ion and phosphorus concentration as t ne 

chlorosis-causing factors . The s~llt-root technique provi ded a way to 

separate Iron and phosphorus . 

In the spl it- root experiment two leve l s of phosphorus were used--

10 ppm and 0 . 06 ppn, Sod ium bicarbonate 1.las e i the r pr esent or absent • 

Sodium chlori de 'Oas used in some of the treatments so that the 

bi car bonate ef ~'ect could be separated f rom the sod i um effect . 

After the pl ants 'Mere ha rvested they were dissected into sections 

and ana lyzed fo r phosphonts , I r on, pot assium, and ca l c ium. 1 he 

concentra ti ons of each element in the pl ant sections were compared , 

\-!hen the tomatoes, soybeans , and ki dney rcans were grown on the 

ca lcareous soi l their growth and the uptake of phosphonts ;~as 

decreased . In the toma toes and soybeans t here was a slight increased 

uptake of potassium and ca l cium; in the l< !dney l:.eans t he uptake of 

potassium was increased even t'ore , and that of calciur: slichlly decreased 

'Ohen the plants were gro'On on the calc,reous soi l . 

The pe rcenla!Je iron in the tomatoes and soybeans i ncreasec when 

the pl ants were grown on calcareous soi l, but in the ki dney beans the 



ercenta9e iron 1o1as increased in the lo1o1er stems and leaves but 

decrease 4 in the uppe r sterr.-; . 

TLe mine r al dist ri bution i n ne p lants which d i d not develop 
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ci lorosis followed a genercl] pattern . The concentration of phosphorus 

n<' iron tended to i ncrease fran. lower sterrs , to upper stems , to l eaves . 

T' e concentration of ,:>otassiut was hirhest in the np;:>er stems and 

lm.est in the leaves. T~e concentration of calcitlll1 tended to be 

orrosite Lo that of the pot'lssiur -- lowest in the llpre r stem and highes t 

in he leaveso 

In t'le spl it - root ex··er i ctent chloros is deve l oped in the kidney 

beans only ,,.hen the leans 't.'ere i 1 P·~p ticarbon~te \o.it iron treatr;ent . 

Tl.is ~>lg!JeStS an interaction retween ric'l rbona te ion and iron and not 

bic-rbon<!te 'lnd phosphorus in caus i nr ch loros i s . 

When the bi ca rbonate ion was present e ither with iron or phosphorus, 

the jel"lf,tS shmed decre;:.sed [rowt h am. , >ith a few l'linor exCejtions, 

a decrease in the u;otal<e of J::>hospho"!s , iron, calc i un: and potassium . 
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