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INTRODUCTION

The so-called "lime-induced" chlorosis has been recognized for

many years as a problem where plants are grown on calcareous soils,
The characteristics associated with lime-induced chlorosis are the
same as those associated with iron deficiency chlorosis--interveinal
yellowing of the leaves at the meristematic region combined with
reduced vigor of the plant as a whole., Lime-induced chlorosis 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
analyzed. This leads to the theory that iron is inactivated in both
the soil and plant.

Although no single factor has been found to adequately explain
this physiological disease, many factors have been associated with it,
Thorne, Wann, and Robinson (1950) observed that calcareous soils
characterized by fine texture, high moisture content, poor aeration,
and cool temperatures intensify the development of chlorosis in plants,

s also been noted under conditions of

In general increased chlorosis
high pH. The pH and phosphorus effects appear to involve reduced iron
solubility in the soil and within the plant while the exact effects of

the bicarbonate ion on chlorosis have not been established.

DeKock (1955) found that the iron content of the plant tissues
depends on the oxygen supply and the bicarbonate ion concentration,
Whether the bicarbonate jon has its effect upon the adsorption of
iron from the growth medium or within the plant is not known,

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

plant tissues is a critical factor in lime-induced chlorosis., Hall
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eKock (1955) state

Work done indicates that leaves of chlorotic
invariably contain more phosphorus than normal 01

the opinion that iron in chlorotic plants was

immobilized as
oluble ferric

Warnock (1952) also suc

ested that

have on inactivating some minerals with the plant. The ob ject

research was to study and compare the regions of mineral
inactivation in plants grown on calcareous and non-ca

t various




is too low

the element:

plant's use of

A common fo

-induced chlorosis, Brown and Holmes

chlorosis in plants does not have a

is complex and the occurrence

o hlorosis i ependent upon the iron requirement of the plant s i
t available i ply in the soil,
McGeorge and Breazeale (195¢ C that lime-inc lor
exists i ona in the leaves of some fruit trees, fiecl S5
1d ornamentzals growing in alkaline-
3 to 5 per cent iron in various chemice e
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that the oxygen supply to the roots

1 to the leaves. Burtch al, (1948)

reports that high soil moisture together with low soil temperature are

conditions most conducive to the development of lime-induced chlorosis,
Brown et al, (1959) found that lime-induced chlorosis has frequently
occurred where green and barnyard manures have been plowed into the

soils followed with irrigation and in areas of soil compaction and

ge, These conditions tend to increase bicarbonate,

poor drain

manganese concentrations of the soil solution.

phosphorus, calcium, a

hlorosis pears more related

They concluded that the development of

the

to the soluble phosphorus and calcium concentration in solution
amount absorbed by the plant than to the bicarbonate ion concentration

bathing the roots.

Effect of Phosphorus

Many workers feel that the effect of phosphorus in causing

lime-induced chlorosis is in precipitating the iron in the root medium

and in the conauctive tissues of the plants. Brown et al. (19¢

state that phosphorus can be conducive to iron chlorosis in some

Ty

hey found that

or varieties. osphorus can accumulate

plant speci

activate iron.

inside the plant in such proportions as to ir
Doney et al. (1960) found that increased pH in the external
solution cenerally decreased the amount of iron absorbed by the plant.

handler and Scarseth (1941) found that as the phosphorus content

of the soil was increased there resulted an increase in chlorosis and

alfa plants, In

tent of

a reduction in the

Hawkeye (HA)

1stry-54619-5-1(PI)

nutrient experiments usin lant Ir

soybeans, Erown znd Tiffin (1960) found that by increasing the




phosphorus concentration in the nutrient absorption of

concentration in the

iron was greatly decreased

hat an increased

2t al., (1943) repor

exudate increased.

orus increased

Q

supply of phos the amount of iron precipitated by th
plant roots,

Doney et al, (1960) sungests that the total uptake of iron from

concentration., He

the orowth medium is influenced by the

low phosphorus

found that plants nutrient sol

olution.

ntained plants from the high phc

it incres horus

Aiyar (192

caused an horus

decrease in the nitrogen and iron content. Ei and Woodridge
(1952) observed that as the phosphorus content of the nutrient medium

is increased, roots, stems, and cordate leaves continue to build up in

phosphorus content even after trifoliate leaves are being adequately
supplied, They conclude that the excess phosphorus in the plant may be

responsible for immobilizing iron and other ions.

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

from one to 20 per cent there wa e in the phosphorus content

the stems,

of the leaves

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

form of phosphorus. Arnon et al. (1942) showed that the amount of

phosphate absorbed by a plant varied with the plant and the pH

of the nutrient solution, Biddulph and ridge (1952) state tt
the pH effects the permeability of the absorbing cell membrane. They
found that there exists a characteristic uptake of phosphorus for each

ium. Their results indicated that movement

pH level of the nutrient me
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difficulty in passage of ions to the leaf blades h:

ound,

ioxide concentrations 1t € ccor
s depressi effect on the

56), mineral nutrient

and Coleman, ), nutrient translocation within the plant
(Rediske and Biddulph, 1953), and the rates of several enzymatic

reactions (Mi

oxidase system

on terminal oxidase more than

roots of plants containing a

those contai

. Bonner (1950) and
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r ctivit r t other in the

iron absorption and activity.

presence of bi onate in the nutrient solution almo plet
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und that sodium bicarbonate treatments

in 1to plants very markedly. Olsen
e bic nate ion in calcareous soils appears

to decrease the calcium content which, in turn, increases the solubility

of

phosphorus. The higher phosphorus and lower calcium could be

ble for the resultant chlorotic plant.

Brown and Wadleigh (1955) suggest that a possible sequence of

11t from the presence of bicarbonate ion in the medium

follows: The bicarbonate ion induces greater
in the leaves, This increase in the
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,
Finally, the degree of chlorosis is highly correlated with the depression

in growth,

Distribution

re

within the plant has been used as a n

ins that it is possible to distinguish

oy

between chlorotic and non-chlorotic plants by the pho rus to iron

chlorotic

ratio, with chlorotic plants having a larger ratio than non=-

sphorus to iron ratio, the ratio of

plants, In dition to the phc

monovalent ions to divalent ions in the plant tissue is used as a

(1952) are of the opinion

is not the direct cause of

rotic condition, Thorne et al. (1950) believe that
in the monovalent to divalent ion ratio is a result of

a cause of it,




shortage of iron in affected tissues,

mulation of iron

DeKock (1955) noted that chlorotic plants had

an accumulation

along the veins and t

of iron in the interveinal tissue and a very limited amount of iron in

the veins, This is in agreement with the results rh (1951)

te that iron and sphorus accumilate in the roots and

which ind

conductive ants suffering from lorosis.,

Olsen ddulph (1951) both suggest that when iron is

taken up from neutral or alkaline solutions it can be precipitated as
ferric phosphate in the vascular bundles along the veins of a leaf,
Brown et al. (1959) noted that iron was inactivated internally in

PI soybeans, principally by the combined efforts of phosphorus and
calcium, In contrast, iron was absorbed and remained mobile in HA
soybeans under the same conditions of growth and element composition,
They concluded that susceptibility to iron chlorosis thus appears to

a plant to absorb

be relative in scope and depends on the ca
and hold iron in a soluble mobile form,
Lindner and Harley (1944) were able to show that in lime-induced
chlorosis there existed a definite ratio between the calcium and
potassium content of the leaves. Healthy green leaves have higher
ratios while in chlorotic leaves the ratio was invariably low.
They sugcested that the high potassium level induced chlorosis by
replacing the iron on the enzyme responsible for chlorophyll formation,

thereby inactivating the enzyme, Wadleigh and Brown (1952) and DeKock

(1955) observed that potassium content was higher in chlorotic leaves
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Lime-induced chlorosis is a comnon

lcareous soils, There are di

s of opinion as to the exact
cause of lime-induced chlorosis, however, there are some common

“haracteristics associated

terminal oxidase are more susceptible to
a dominant copper terminal oxidase.

A number of soil conditions have been associated with lime-induced

chlorosis, Some of these soil conditior are moisture, pe
pH, large amounts of available
icroelerents, hich lime, icl
“hlorosis can apparently 1se 3
ny one of these conditions but : inter betwe any or all of

Some common characteristics of plants suffering from lime-induced

1

chlorosis are a decrease in plant growth, an increase in monovalent an

decrease in dix

ion absorption,
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calcium, and potassium

were determined from the plant material on a dry weight basis using the

orthophenanthroline method, the ammonium molybdate method, the E

the flame photometer respectively.

’
esults and Discussion
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plants grown on the calcareous soil; none of the plants crown on

the non-calcareous soil showed sicns of chlorosis.
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Table 1.

Chemical analy

sis of plants grown on a calcareous

(C) and a non-calcareous

1 Tomatoes Hawkeye Soybeans Red Kidney Beans
Treatment 5 2 5 Pt -
LS~ us 3 LS us L LS us L
mg P/g of dry plant tissue
NC 3,03 3.60 5.41 4,46 4,92 553 4,60 4,34 4,87
Cc 2,29 31537 3.76 3.01 537 4,29 3439 3.47 3.41
NC/C 1.31 1,06 1,44 1.48 1,24 1.29 1.37 1425 1.43
ug Fe/g of dry plant tissue
NC 56.9 31,0 130 41,6 56.5 108.2 39,2 55.8 98.1
Cc 45,6 26,9 114.5 30.8 36.3 63.0 41.9 41.9 109.1
NC/C 1.25 ¢ i 2. 1,14 1,34 1.56 1,71 0.935 1.53 0,900
per cent K of dry plant tissue
NC T.89 11.62 6.43 7,25 9,97 5.63 9.17 10,98 5.33
Cc B.88 . 15,45 6425 7435 9,62 5465 12,79 12,62 6,48
NC/C 0,920 0,878 1,029 0,986 1.03 0,996 0.717 0.870 0,822
per cent Ca of dry plant tissue
NC «36 ¢ oy 74 3.20 1,92 1597 1593 2.30 1.26 5635
c 2.77 212 3.96 2,30 2.16 2 el 2,08 1,36 3,03

865

0,808




1. Continued

Tomatoes

s ted Kidney

Treatm ;
s us 12 LS us L LS us I

P/Fe Ratio

NC/NC S2.<B 316,11 5 o E 117 T 49 ¢
c/c 5002 125,2 32.8 €6.0 80.9 82.8 31.3
.34 2.92 els 1459
3.10 2,53 .14 2.14

four replications.

LS means lower stem; US means upper stem; L m
5 5

1S leaves.

b1
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ratios

were obtain

to iron were larger for chlorotic than non-chlorotic

between the ratio of chlorotic and non-

by some to be correlated w

DeKock, 1955). This ference

potassium content rather

Brown, 1952). Whether this

calcium content (Wadleigh a

is not definite;

however, Thorne et 5) are of the

result of chlorosi

experiment the potassium to calcium ratio

was lower in 1d tomatoes and higher in kidney beans when

soil. T increase was due to an increa
in potass the g ere grown on the calcareous soil,

seriments, found

to chlorosis, but

ratios
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>olution culture

Split-root experiments (r rown, 19 6) were d igned to

bicarbonate and phosphorus in ca 10 chlorosis

me/1 calcium as Ca(N

he other container This arrangement enabled T 1its )y absor}

required nutrients and eliminated direct contact in the solution










Chemica
split-root

NaCl wi 3] No salt

us

per_cent K/g of dry plant tissue

.84 5,70 9,99 1481

per_cent Ca/g of dry plant tissue







5 e ry plant tissue
7 1 C 101 42 1 125
A % a, Sis O Ligit 4,4 780 2ietd
er cent C ¢ ry plant tissue
3 5 3 r y
. 11 Lo 1, o1l .01 2 .87
4 9 an s , 4
. . .1 7 ° ° 27.1 of 12,
K/Ca Ratio
ol o 92 1,03 .62 S a7 0R2 3444 «70
Ratio
291 497 3 47C 544 181




le t e

P/g dry plant tissue

l. . 2, 1.1 1
i¢ Fe/g of dry pla ti
0¢ 7 2 1 125
per_cent K/g of dry plant tis
7 o5 «35 .17 9 428 7,80 2,01

per cent




1. Fe +HCO4
2. Fe + NaCl
3 P+ HCO3
4 P +NaCl

5, HCO5-0: NaCl=0

) (@)

(ppm x 1000)
N

R | I S B (AR T L e T L S TR g i A

(6V]

PHOSPHORUS

ol s dreatr I+ bl
O

leaves

Figure 1.

Pr.co:r_parison of th_e_ amount of p'z:os;‘.“:c-rus'in the lower stem, upper stem, and leaves of Red
Kidney beans when the plant was subjected to different treatments
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1. Fe + HCO3
2, Fe's NaCl
2P = HC O
4. P + NacCl
5 HCO3:= 0

s
"“»—%&.
& ti

Fioure 2, A comparison of the amount of iron in the lower stem, upper stem, and leaves of
Red Kidney beans when the plant was subjected to different treatments




A.P=10 ppm
B.P=.06 ppm

1. Fe « HCO5

2.Fe + NaCl|

3. P # HCO3

4. P + NaCl ’
5] HCOB:ONQCI:O I
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ipepsent) .
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pper stem

A comparison of the amount of potassium in the lower stem, upper stem, and
Red Kidney beans when the plant was subjected to different treatments




.P=10 PPM
.P=06 ppm
. Fe + HCO3
Eew Nadl

N~ mOP

Py HCO3
P + Na CI
: HCO3:OiNGCI:O

Figure 4. A comparison of the amount of calcium in the lower ster , upper stem,

Red Kidney beans when the plant was subjected to different treatments

and leaves
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Figure 5.

A P=10 ppm
B P-06 ppm
1. Fe+HCO
2. Fe+NaC
5 Pelict
4. P+ NaCl

5 HCO3=0 :NaCl-0

A comparison of

of Red Kidney beans when the plant was

lower stem

the phosphorus to iron ratio in the lower stem, upper stem, and leaves
subjected to different treatments

12
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e*HCOB
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+ HCO3
Na ClI
03:0 N CI:O

— 0>
10 U
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wmn
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2 09,
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2¢

Figure 6. A comparison of the potassium to calcium ratio in the lower stem, upper stem, and
leaves of Red Kidney beans when the plant was subjected to different treatments




[1200
Fe + NaCl
3P + HCOq

4.P + NaCl W
5. HCO3 =0 :NaCl=0 [

r800

Figure 7, A comparison of the calcium to iron ratio in the lower stem, upper stem

)

, and leaves
of Red Kidney beans when the plant was subjected to different treatments
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In the soil experiment the results show that the amount of

phosphorus 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 the kidney beans,

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

and soybeans but slightly 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 higher in chlorotic leaves, both in the sap and

However, they found no difference in the calcium

in the dry tissue.

content of chlorotic and green leaves.
In both the soil and split-root experiments the leaves of the
plants which developed chlorosis contained more potassium and less
calcium than the leaves of the plants which did not develop chlorosis.
It is sugoested that the bicarbonate ion is responsible for the lowered
iron "activity" and calcium content of the leaves and the enhanced
potassium content (Wadleigh and Brown, 1952). It seems that an

influence of the bicarbonate ion is through its effect on the protoplasmic
consistency of the absorbing cells of the roots so that bean plants

show an accentuated accumilation of monovalent cations and a depressed
accumilation 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 precipitation or

inactivation of iron which in turn causes chlorosis.
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