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IODINE IN RELATION TO PLANT NUTRITION 

INT RO DUCT ION 

During recent years certain "minor elements", aside 

from the ton "major e1ernentst that have long been recog- 

nized as essential to plant growth, have been shown to 

possess functions in the nutrition of higher plants. The 

proof is convincing In the cases of boron, zinc, copper, 

and manganese; for numerous others the evidence is con- 

tradictory. Deficiencies of these essential minor elements 

in the soil have been shown to be limiting factors in 

plant growth under certain conditions. 

The relation of iodine to plant nutrition has been a 

subject of interest arid controversy since the beginning of 

this century. Although numerous cases of increased plant 

growth with iodine fertilization are recorded, Its essen- 

tial nature has not been demonstrated. Much of the in- 

terest in the relation of iodine to plant nutrition has 

arisen from the demonstration of its importance in animal 

nutrition. Investigations to determine the effect of iodine 

fertilIzation of soils on the iodine uptake of economic 

plants have been undertaken with the idea in mind of 

supplying sufficient iodine within the food for the pre- 

vention of goiter in animals and in humans. 

If iodine is ever a limiting plant nutrient, It is 

logical to suppose that responses to iodine fertilization 
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of soils will be found where iodine is relatively scarce. 

These regions are more or less indefinitely defined as 

those in which goiter was prevalent before iodine 

prophylaxis was so generally adopted. Oregon is such a 

region, as was shown by Davenport and Love (1920) in 

their study of the defects found in drafted men. 

Field-plot and greenhouse studies have been made on 

certain Oregon soils. Thile the iodine content of the 

crop is quite regularly increased, significant growth 

responses are infrequent. On the Alicen soil series, where 

a definite though small growth response with legumes was 

verified in controlled greenhouse pot trials, the high 

iodine content of the soil itself, the uniformly high 

iodine fertilization, and the increased nitrogen content 

of the legume with iodine treatment indicate an indirect 

rather than a direct role for iodine in plant nutrition. 

In order to obtain more definite information on the 

question of the essentiality of Iodine In plant nutrition, 

the method of nutrient solution purification was used in 

tests on both higher plants and micro-organisms. In vIew 

of the possibility of indirect action of iodine through 

the microbial flora of the soil, the importance of trials 

on micro-organisms, especially the nitrogen-fixers, is ap- 

parent. Moreover, the advantages to be gained in the per- 

fection of the purification methods by the use of trials 
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on micro-organisms must be stressed. The relative ease of 

overcoming contamination difficulties and the much shorter 

period required for a trial represent great savings during 

the necessary period that imist be devoted to overcoming 

the difficulties that arise in the use of a new method. 

This is clearly shown in the history of the development 

of methods for the study of the heavy metals (zinc, 

manganese, and copper) in plant nutrition, the early work 

having been done on the fungi, especially Aspergillus 

niger. 



HISTORICAL REVIEW 

THE DISTRIBUTION OF IODINE* 

The most striking characteristic of the distribu- 

tion of iodine is its almost universal occurrence in 

extremely small amounts, although concentrations are 

relatively rare. The subject is extensively reviewed 

by McClendon (1939) in his monograph "Iodine arid the 

Incidence of Goiter." The iodine content of most rocks 

is but a fraction of a part per million, while fossils, 

including coal, oil, shale, and phosphate rock, contain 

considerably more iodine. In general, rocks derived from 

marine deposits have a higher iodine content than other 

types. Only a very few minerals contain iodine in their 

constitution. A curious fact is that the iodine content 

of natural salt deposits is frequently extremely low. 

Salt crystallized from sea water frequently contains as 

little iodine as a few parts per million, although if 

there were no loss it would amount to 1.2 ppm. Indus- 

trial iron and steel contain up to 1 ppm, while volcanic 

materials have been found to have a still greater content. 

*For the sake of ease of comparison, all iodine concen- 
trations and rates of fertilization have been expressed 
in parts per million (ppm) or parts per billion (ppb) of 
substrate. Where necessary, the assumption has been made 
that one acre - 6 2/3 inches depth of soil is equivalent 
to 2,000,000 pounds. 
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The iodine content of the sea varies from 10 to 

50 ppb. The ratio of the iodide to the chloride con- 

tent is fairly constant, there being 2 to 2.3 parts of 

iodine to a million of chlorine. 

The iodine content of the air has been determined 

in various localities by different investigators 

(McClendon, 1939) who have reported values from 0.04v 

to l2 per cubic meter. The air from localities around 

certain mineral springs and near the ocean tends to have 

the higher values. Filtration of the air samples through 

alundum filters indicates the iodine in the air is present 

in micro-organisms and dust particles, while inorganic 

compounds are not present. 

The iodine contents of natural waters vary widely. 

The iodine content of various drinking water supplies in 

the United States varied from 0,01 to 73 ppb. Mineral 

waters frequently have a much higher iodine content. An- 

alyses are reported of up to several hundred parts per 

million. Artesian waters of the Pacific slope of North 

America are high in both iodine and nitrate, presumably 

due to deposits analagous to the caliche (Chilean ni- 

trate) deposits in South America (McClendon, 1939). 

The iodine contents of the soils öf various locali- 

ties have been investigated quite thoroughly, especially 

in connection with studies of the incidence of goiter. 



In a general way, an inverse correlation has been noted 

(von Fellenberg, 1924; Hercus, Benson, and Carter, 1925; 

McClendon, 1939). Thus in Japan, where goiter is 

relatively rare, the soil iodine content is relatively 

high, varying from 0.5 to 60 ppm with the median values 

around 3 ppm and the average values 8 to 19 ppm (Itano 

and Tsuji, 1934; I-Tirai and Takagi, 193?). The influence 

of the sea is quite pronounced near the shore but falls 

off rapidly away from the sea. Itano and Tsuji (1935) 

found soils near the shore contained about twenty times 

the amount of iodine that they found in virgin soils 

located 15 miles inland. 

Hercus, Benson, and Carter (1925) found the average 

soll iodine in goitrous localities of New Zealand to be 

about 0.5 ppm, in intermediate regions 1 ppm, and in non- 

goitrous districts up to 13 ppm. Their methods of anal- 

yses did not gïve complete recoveries and repeated anal- 

yses by von Fellenberg's method led them to believe that 

their figures represented about 50 per cent of the total 

iodine in the soils. They observed that soils generally 

contain more iodine than the rocks from which they are 

derived, and the considered that the enrichment came abit 

by plant absorption of atmospheric iodine, and direct 

absorption by the soil. von Fellenborg (1926) noted soils 

contained 2 to 30 times as much iodine as the rocks from 
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which they were derived, Balks (1935) has affirmed that 

weathering products usually have a higher iodine content 

than the original rocks. 

Reith (1933) has shown that the iodine conten.t of 

reclaimed sea bottom lands in The Netherlands has grad- 

ually fallen from 18 to 9 ppm over a period of 6 cen- 

turies. The high iodine content was apparently associated 

with plankton deposits. 

A number of soil iodine surveys have been made in 

the United States. McHargue and Young (1933) found 

Kentucky soils derived from limestone contained the most 

iodine while soils derived from sandstone contained least. 

The range was 0.8 to 17 ppm, with an average of 4.6 ppm 

ofiodine. Mitchell, Warner, and Morrow (1928) investi- 

gated the soils of South Carolina and found the soil io- 

dine conte t of Uie surface 6 inches varied from 0.14 to 

0.7 ppm, wiile the content increased regularly with depth, 

the range or the soil below 18 inches being 0.7 to 3 ppm 

of iodine. Fraps and Fudge (1939) found the soil iodine 

range for Texas soils to be 1.7 to 11.3 ppm, the soils of 

the sub-humid sections averaging about '75 per cent higher 

than those of the humid sections. High iodine contents 

tended to be associated with heavy textured and with 

calcareous soils. The iodine content generally increased 

with depth. 
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The loss of iodine from a soil may occur by plant 

removal, by volatilization, or by leaching. The soll 

iodine seems to be retained bythe inorganic colloid 

and by the organic matter present in the soil. Soils 

high in clay or organic matter generally have relatively 

high iodine contents (Heymann, 1925; Hercus and Roberts, 

1927; iohler, 1929, Itano and Tsuji, 1934; Scharrer, 

1935; Hiral and Takagi, 1937; Fraps and Fudge, 1939). 

Heymann (1925) showed that clays and peats lose little 

iodine on water extraction, while sands lose iodine 

readily by leaching. Hercus, Benson, and Carter (1925) 

found a deficiency of iodine in river silt and on river 

flood plaïns. On the other hand, they found steam dis- 

tillation with an oxidizing agent did not remove any 

iodine from colloidal soils. Itano and Tsuji (1934) 

found dry farm soils contained twice the amount of iodine 

in nearby paddy-fields. The retention of iodine by soils 

may be influenced by acidity. von Fellenberg (1924, 

1927) showed that acidic or iron-rich soils catalyze the 

liberation of free iodine,making it available for plant 

assimilation. Itano and Tsuji (1934) found soils of 

higher pli contain more iodine. Fraps and Fudge (1939) 

found calcareous soils to be generally high in iodine. 

Bleyer (1926) found heavily cropped soils tend to 

be depleted of iodine, and fertilization aids the deple- 

tion by increasing the assimilation of iodine by crops. 



von Fellenberg (1924), however, stresses loss by cat- 

alytic oxication and evaporation. He states that 

bacterial or enzymic oxidation is neglIgible; inorganic 

catalysts, especially ferric iron, being effective. 

Mitchell, warner, and Morrow (1928) found that in the 

surface 18 inches the concentration of iodine increased 

with depth, and they contributed this to evaporation. 

von Fellenberg (1924) found that the air nearest the 

ground was richest in iodine, and that dew contained 

consid arable amounts. 

von Fellenberg (1925) showed that additions of io- 

dides to soils were nearly all oxidized to iodine which 

then combined with organic matter in the soil. 

The distribution of iodine in plants has also been 

investigated quite extensively. Marine algae (seaweed) 

frequently contains extremely high iodine contents. 

icClendon (1939) cites analyses varying from a few to 

several thousand parts per million. The uptake of io- 

dine is greatest during the maxinwm growth rate period 

and decreases with old age. The iodine is present in 

the cell sap as iodide, but is oxidized to free iodine 

and partially volatilized on drying. The iodine content 

of agar seaweed varies around 500 ppm, while that of corn- 

merciai agars varies from 10 to 50 ppm, the highest 

grades having the lower contents. 



McClendon (l99) has suîmnarized iodine analyses of 

many land plants. The range is quite wide, varying from 

a few parts per billion for some cereals and fruits to 

several parts per million for some leafy plants. Most 

of the analyses vary from 50 to 200 ppb. 

Leaves and outer parts of the plant seem to be 

richest in iodine (McClendon, 1939). Heller, Jones, and 

Pursell (19Z5) found young green leaves contained moro 

iodine than eticlated leaves, while leaves contained more 

than shoots, which contained more than storage roots. 

Orr, Kelley, and Stuart (1928), however, found pea roots 

contained several times more iodine than the shoots, 

which contained several times more than the fruit. Horcus 

and Roberts (1927) found that skins contalzied more iodine 

than the inner tissues of various vegetables and grains. 

The state of combination of iodine in the plant 

tissue has not been extensively investigated. The oc- 

currence of free lodides in the vacuole sap of marine 

algae has been mentioned. Theeler and Jamieson in 1905 

synthesized 3,5 di-iodotyrosino and found it to be iden- 

tical with the ttiodogorgoic acidi' isolated from 

Mediterranean coral by Drechsel (1896). Yusuru and Toku 

(1916) found the soluble iodine of marine algae was 

precipitated by lead acetate and copper hydroxide, bùt 

that it was released from the proteins by boiling and 
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drying. McHargue, Young, and. Caifree (1935) showed by 

dialysis with water and. with alcohol that the iodine in 

corn was in organic combination; further tests showed 

it to be divided among the various protein fractions. 

Itano and Tsuji (1935) found hot water extraction re- 

moved from 33 to 75 per cent of the iodine in tea leaves. 

Hercus and Roberts (1927) obtained 60 per cent of the io- 

dine from spinach containing 48 ppb by boiling for one 

hour. 

Glimm and St. Halasa (1931) investigated the dis- 

tribution of iodine in grains. They found the tips had 

the highest content, the germ next, and the starchy 

middle portion least. On sprouting the grain they found 

a very variable distribution of the iodine, indicating 

that the greater part of the iodine is biogenically non- 

essential. They worked with grains containing relativ- 

ely much iodine (around 100 ppb) and their conclusions 

may not apply to poorer grains which have been reported 

to have iodine contents as low as i ppb. 
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STIMGLATIVTE EFFECTS OF IODINE ON PLANT GROWTH 

As early as 1903 Suzuki and Aso noticed a stimula- 

tion in yield of peas and oats when 0.2 ppm of potassium 

iodide was added to soil pot cultures. In 1915 Ivaz 

cultivated corn in nutrient solutions with the addition 

of various trace elements; he listed iodine as essential. 

In both of these cases the number of plants used was too 

small to yield statistically significant results. 

A number of reports of increased yields due to treat- 

merit of soils with iodine fertilizations have led to con- 

siderable interest in the question of the essentiality 

of iodine in plant nutritïon. It must be borne in mind 

that soil-plant relations are extremely complex. A 

growth response to iodine fertilization of a SOil iS by 

no means proof of the essentiality of iodine to the plant 

in question or even of iodine deficiency in the soil being 

investigated; lack of a response is likewise not proof 

of non-essentiality or non-deficiency. 

Loew (1925) found a stimulation of plant growth on 

addit±on of potassium iodide at rates as low as 0.01 ppm, 

with the maximum increase at 0.02 to 0.12 ppm depending 

upon the soil. Above these rates a gradual drop in yield 

and finally a definite toxicity were noted. These re- 

sults are interesting in view of the small amounts of 

iodine used. P. J. Noore (1916) observed that radishes 
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were stimulated in soil and water cultures, roots more 

than tops, by potassium iodide. The optimum rato was 

0.75 ppm. 

von Fellenberg (1923) fertilized a plot of grass 

with i ppm of iodine as potassium iodide and found no 

difference between it and a control plot ïn yield or 

quality of grass. Brenchley (1924) using relatively 

high amounts of iodine (8 and 20 ppm) on barley and mus- 

tard observed toxic effects only; of the two the barley 

was the more sensitive. The toxicity was less marked if 

the treatment was made some time before planting, ap- 

parently due to fixation of tbe iodine. She also noted 

that mustard plants that survived the initial retardation 

were apt to make rapid headway and surpass untreated con- 

trol plants in green and dry weights. Loew (1926) ob- 

served marked stimulation of millet and barley in pot 

cultures if the dosage was properly regulated. He found 

0.4 ppm of iodine as potassium iodide most effective. 

Doerell (1928) found 3 and 4 ppm potassiurn iodide 

improved the yield of hops, while 5 ppm had a depressing 

influence. Wendt (1930) reports that very light applica- 

tions of potassium iodide induced early flowering and 

fruiting of several kinds of garden vegetables. Maihotra 

(1931) found little effect on plant growth in general in 

raising the soil iodine content from 0.85 to 5 ppm. A 
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slight stimulation of carrots and a slight repression of 

tomatoes were noted. Raising the soil iodine content 

to 32 ppm gave decidedly toxic results. 

Beaumont and Karns (1932) found that fertilization 

with 0.9 ppm potassium iodide gave no response with 

'white egg turnips." Vogel (1934) found iodine fertili- 

zation helped radish yields. Mack and Brasher (1936) 

found 2 ppm of iodine as potassium iodide increased the 

yields of turnips slightly on field plots, while the 

yields of beans were reduced and the plants were injured. 

The best responses to iodine fertilization have been 

obtained with beets. Stoklasa (1924) found 1.75 ppm of 

iodine as potassium iodide on pot cultures gave a 10 per 

cent increase in leaves and a 40 per cent increase in 

roots. The percentage sugar content was slightly in- 

creased; consequently, the yield increases were accom- 

panied by a substantial increase in total sugar produced. 

Moreover, the effect was verified on field scale experl- 

ments, although slightly higher applications depressed 

the sucar content. He explained exceptionally high yields 

on fertile sea coasts as due tothe high soil iodine con- 

tent. 

The obvious economic poss±biities of those experi- 

monts stimulated a number of workers. Lafon and Quillard 

(1924) and Werba (1925) reported similar yield increases 
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on plot trials. Lafon investigated seven districts 

and obtained increases in yields of 12 to 60 per cent. 

Sometimes the per cent sugar content was increased, it 

was never lowered. Scharrer and Schropp (1937) in in- 

vestlgáting the value of boron and iodine in Chilean 

nitrate, obtained best yields when iodine quivalent 

to or greater than the amount present in the naturally 

occurring nitrate was added to pure sodium nitrate. On 

the other hand, von Fellenberg (1925), fertilizing field 

beets at the same rates as Stokiasa, found similar iodine 

content increases of roots and leaves, but no stimulation 

of yields. 

Although many of the experiments cited bave had 

positive results, failures to obtain positive responses 

are common. Negative results from fertilization with 

non-toxic amounts of iodine compounds have been reported 

by Soderbaum (1918), Brenchley (1924), Wrangell (1927), 

Engels (1928), Hiltner (1928), Vogel (1934), and others. 

Factors which would have to be considred in compar- 

ing results are plant species, including sensitivity to 

iodine poisoning and iodine requirement; level of iodine 

available to the plant froni boil, atmosphere, and water; 

rate of iodine fertilization, and rate and extent of 

fixation of added iodine. In general, grasses are most 

sensitive to iodine toxicity, while beets and other root 
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plants are least sensitive; the iodine requirement on 

tbe basis of the limited solution culture work seems to 

confirm this relative sensitivity. Depressing or toxic 

effects are generally noted at concentrations of a few 

parts per mi1lïonof added iodine, while stimulating 

effects, when noted, often occur at extremely low levels 

of iodine. This would seem to indicate that the level of 

available iodine required for plant growth in soils may 

be almost as low as in solution cultures. 

Solution cultures offer the simplest enviroment for 

the growth of plants in a demonstration of the essential 

nature of a substance in the nutrition of a plant species. 

However, the amount of work designed to show the essential 

nature of iodine has been limited, One of the main dif- 

ficulties lies in excluding minute traces of iodine from 

the cultures, since iodine is omnipresent, in water, in 

the atmosphere, and as traces in most chemicals. More- 

over, plants in solution cultures are very sensitive to 

toxic effects at relatively low concentrations of iodine. 

Maz (1915, 1919) conducted early experiments to 

demonstrate the essentiality of iodine. He found a stirn- 

ulation of corn at 4 ppm of iodine as potassium iodide 

when added to a basic nutrient solution, and a reduction 

of growth when eliminated from a complete nutrient solu- 

tion containing certain trace elements suspected of being 
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essential. He did not observe toxic symptoms at 4 ppm, 

the lowest iodine concentration tested, but toxicity 

manifested by brown spots on the foliage appeared at 10 

and 20 ppm. Brenchley (1924) states that unpublished 

experiments at the Rothansted Station failed to confirm 

those of Mazg. Regeimbal (1930) showed a stimulation 

of wheat with about 0.3 ppm of iodine as potassium iodide, 

toxicity appearing at slightly increased concentrations. 

He also found free iodine to be several times more toxic 

than iodide; at an optimum concentration of about 0.1 

ppm it approved more beneficial than iodide. Cotton 

(l90) found potassium ïodide at concentrations as low 

as 0.13 ppm to be toxic to buckwheat. She worked with 

rather acidic cultures (pH 4.6) and elemental iodine may 

have been formed. Although she found no signs of stim- 

ulation it is possible that even at 0.l3 ppm she was be- 

yond the stimulating range, if any, for buckwheat. Wynd 

(1934) attempted to grow tornato plants in culture solu- 
tions and Ibund their growth retarded at 1 to 20 ppm of 

iodine as potassium iodide, with definitely toxic symp- 

toms at 5 ppm. This merely indicates that any stimulating 
range for tomatoes must lie below 1 ppm of iodine. 

Canson (1938) grew alfalfa in continuous flow nutrient 

solutions. Replicate cultures were connected by siphons 

into series and the nutrient solution permitted to flow 
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from one to another. A regular variation of growth 

in each series was observed, making his results dif- 

ficult to interpret, but they seemed to indicate that 

iodine played an indirect role in plant nutrition. In 

his experiments concentrations of 0.25 to 0.5 ppm seemed 

to yield the best results. 

Stoklasa (1926, 1929) has studied the effects of 

iodine in solution cultures on beets and other plants. 

Well replicated experiments with Hemerocallis fulva 

showed a 100 per cent increase in yield with the addition 

of 3 ppm of iodine as potassium iodide to water cultures, 

while 7 ppm proved toxic. In a still more careful experi- 

ment with sugar beets, he has measured yields and iodine 

content of sugar beets at 6 intervals during the growth 

cycle. The plants were grown in "iodine-free" sand cul- 

tures. Yield increases of up to 288 per cent were ob- 

tamed with additions of 5 ppm of iodine as potassium 

iodide and potassium iodate. 

A favorable effect of iodine treatments on germina- 

tion of beet seeds iS claimed by Stoklasa (1929). 

P. R. White (1938) found iodine, as well as mangan- 

ese, zinc and boron, appeared to be essential for the 

growth of isolated tornato root tip cultures. A concen- 

tration of 0.75 ppm of iodine as potassium iodide appeared 

to be optional. 
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The physiological action of iodine in the nutrition 

of plants has not received much attention. Brenchley 

(1924) found that iodine fertilization affected the 

nitrogen assimilation of barley and mustard. Doses of 

0.8 to 20 ppm caused a percentage nitrogen increase of 

10 to 20 per cent for the maximum treatments arid an in- 

crease of total nitrogen for mustard, but not for barley 

due to toxicity and yield depression. Stokiasa (1926) 

claimed nitrogen-fixation by Azotobacter chroococcum 

was increased in the presence of iodides. 11e states 

further that the activity of nitrifying bacteria is in- 

creased, w1iile that of denitrifying bacteria is repressed. 

Increased modulation by legume bacteria was claimed, while 

the presence of 2 ppm of iodide increased the yield and 

protein content of Lupinus luteus. 

Stokiasa (1924) found the chiorophyl content of 

sugar beet leaves was increased over 50 per cent by io- 

dine fertilization, and believed iodine played a role in 

photo-synthesis and carbohydrate metabolism. He found 

that sugar formation was increased by small applications 

of iodine, while larger treatments depressed the sucrose 

arid increased the arabinose content of theroots. Hy- 

periodization lead to an accumulation of furfuroids, many 

of the plants dying having 9 tolO per cent furfural 

contents. On a nitrogen-rich soil, the sap pH of Beta 
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ris was lowered markedly dué to the formation of 

oxalic acid, while in the presence of iodine the oxalic 

acid was aecomposed more readily and the sap pH was i to 

2 units higher. He postulated that iodine was important 

in oxidase and co-carboxylase systems. Ee also found 

the aerobic respiration of sugar beet roots containing 

0.6 ppm of iodine was much greater than that of roots 

with a content of 0.2 ppm. Anaerobic respiration was 

increased but slightly. Similar effects were noted 

with potatoes. 

Wyrid (1934) studied the effects of increasing the 

iodine content of tomato plants upon respiration and 

enzymatic activity and found that respiration, peroxidaso 

and invertase were decreased in plants grown in 1 ppm of 

potassium iodide. They were increased at higher concen- 

trations, but the effects did not correlate with the de- 

gree of iodine toxicity. 
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TOXIC EFFECTS OF IODINE ON PLANT GROWTH 

Iodine is u$ually found to be toxic at rather low 

levels. This toxicity is manifested at lower levels in 

solution cultures than in soils, presuniably because most 

of the iodine in a solution culture is directly available 

for plant assimilation. Maz6 (1919) described toxic 

effects on corn, that began as brown spots on the foliage, 

at 10 and 20 ppm but not at 4 ppm, the lowest concentra- 

tian used. Stokiasa (1924) found grasses were most 

sensitive to iodine poisoning, surviving only 22 days 

in a nutrient solution containing 5 ppm of potassium 

iodide. Peas and beans were more resistant, surviving 

45 days, while beets showed no symptoms at 6 ppm. 

Regeimbal (l95O) determined the toxic limits for wheat 

in water cultures under continuous artifical illumina- 

tion to be 0,3 to 0.6 ppm of iodine as potassium iodide 

and 0.1 to 0,2 ppm as free iodine. Coton (l9O). studied 

buckwheat solution cultures and found that 40 to 127 ppm 

of potassium iodide killed the plants within three weeks. 

?arked growth depression was notedat 1.3 to 13 ppm, 

while the plants in the weakest concentration studied 

(0.13 ppm) showed toxic symptoms (pale brovrn spots sur- 

rounded by darker margins). Wynd (1934) found that i to 

20 ppm of potassium iodide retarded the growth of tomatoes, 
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a definite bleaching being observed at the 10 to 20 ppm 

levels. 

Toxicity is also noted when too high a level of 

iodine is added to soils. Frequently relatively small 

applications produce depressing and toxic effects. Thus 

Loew (1925) noted toxic effects slightly above the opti- 

mum level of 0.3 ppm. Brenchley (1924) emphasized the 

different sentitivities of different plant species. 

Thus yields of barley wore depressed at 4 ppm of added 

iodine, but mustard was not affected. Mack and Brasher 

(1936) noted 2 ppm injured beans but not turnips. The 

type of soil is important. Scharror and Schropp (1931) 

found the toxicity of added iodine was less on clay than 

on much soils. The form of iodine added is also important. 

Iodide is more toxic than iodate, while periodate is 

least so. The time and manner of treatment is another 

factor that must be considered. 
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EFFECT OF IODINE TREAT TS ON IODINE CONTENTS OF PIJ2S 

The increase In iodine content of various plants has 

been studied by numerous workers, often with the ideà of 

obtaining a satisfactory source of iodine for goiter 

prophylaxis. For brevity, these results are presented 

in the form of a table (Table I, pp 26-30). It is ap- 

parent from the variability of these data that the extent 

to which plants will take up and store iodine is depen- 

dent upon a number of factors; most of which have not 

been investigated. 

Holley, Picket, and Brown (1935) showed that for 

potatoes, turnips, and mustard the iodine absorbed de- 

pended upon the water supplied to the growing plants. 

The iodine content of the vegetables increased, with and 

without iodine fertilization, as the water level in the 

soil was increased, the effect being greatest for rela- 

tivoly low water levels. The effect was most apparent 

on those species that absorb iodine readily (leafy veg- 

etables absorb more than potatoes) and was obscured by 

high iodine fertilization. If the iodine intake follows 

transpirational water, factors influencing transpiration, 

such as humidity, temperature, etc., would influence 

iodine uptake. 

Selective absorption by plants of different species 

is apparent, though obscured by very great variations 
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within any one plant species (Heller, Jones, and Pursell, 

1935). In general, the iodine content increase is great- 

er for tops than for roots. Balks (1935) attributes this 

to absorption of atmospheric iodine, but it seems likely 

that it results from transport in the transpiration 

current. 

Very rarely is any correlation found between iodine 

absorption and total soil iodine. The very general 

correlation between soil iodine and the iodine in plant 

materials in goitrous and non-goitrous regions has been 

mentioned. The lack of an invariable correlation would 

be expected, if most of the iodine in the soil were tied 

up by chemical combination with the organic matter in 

the soil or by absorption on the inorganic colloidal 

fraction. The assimilation of atmospheric iodine is a 

complicating factor. Balks (1935) observed a correlation 

of idine caitent of spinach, which has a high iodine 

absorbing capacity, with soll iodine content. 

Mack and Erasher (1936) found soil acidity did not 

affect the uptake of iodine by the relatively iodine-poor 

potatoes, tomatoes, sweet corn, and beans (130 to 430 ppb 

of iodine), while increasing soil acidity increased the 

iodine uptàke of iodine-rich turnips (2. ppm of iodine). 

Making the plots alkaline with calcium hydroxide greatly 

increased the iodine uptake by turnips. Fraps and Fudge 
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(1939) noted, however, that calcareous soils were richer 

in iodine, presumably due to p;reater retention, while 

Balks (1935) found that the util±zation of small amounts 

of added iodine was least on limestone lands. 



TABLE I 

EFFECT OF IODINE FERTILIZATION UPON THE IODINE CONTENT OF PLANTS 

Worker Plant Fertilization 

Stokiasa ('24) sugar beet 1.75 ppm 

von Fellenberg field beet 
('25) 

Scharror and sugar beet 
Strobel ('27) 

Hiltner ('28) sugar beet 

Simpson ('31) beet 

Hercus, Benson turnips 
and Carter ('25) 

Beaumont and 
Karns ('32) 

Mack and 
I3rasher ('36) 

'white egg' 
turnips 

turnips 

5 ppm 

0.5 ppm 
as HI 

Iodine Content Increase Remarks 

leaves: from 320 to 900 ppb Soil cultures 
roots: " 150 to 600 ppb 

shoots: 't 600 to 1200 ppb Soil cultures 
roots: 'I oo to 300 ppb 

confirmed results of Stoklasa and 
von Fellenberg 

content increased 

increased l0 

soil iodine from B 
raised from 
1.2 to 18 ppm 

0.9 ppm as roots: 
HI tops: 

2ppmas 2-10 
HI (10 to 

effect 

70 to ovor 20000 ppb 

from 165 to 440 ppb 
t' 440 to 950 ppb 

to 20 - 100 ppm 
20X), no residual 
the next season 

Greatest in- 
crease on 
alkaline (Ca 
(OH)2), least 
on acid (S) 

plots. 



TABLE I (Cont.) 

EFFECT OF IODINE FERTILIZATION TJPON THE IODINE CONTENT OF PLANTS 

Worker 

von Fellenberg 
('27) 

Plant Fertilization 

carrot s 

von Fellenberg grass 
('23) 

Hlltner ('28) meadow 

McHargue ('30) red clover 

Regeimbal ('30) wheat 

Aiway and 
LcClendon ('31) alfalfa 

Simpson ('31) alfalfa 

McHargue ('35) wheat 

Iodine Content Increase Remarks 

2 ppm as greatest amounts assimilated on soils of 
Kl low pH; acid soils catalyze the libera- 

tion of 12 best, so iodine may be absorbed 
most readily as 12. 

1 ppm from 150 to 520 ppb greater increase 
after 4 than af- 
ter 2 months 

Kl to soil from 150 to 800 ppb 
Kl sprayed " 150 to 2350 ppb 

iodine bearing commercial fertilizers, iodine con- 
crude NaNO3 (0.7 to 300 ppm of iodine), tent increased 
phosphate (up to 20 ppm) up to 16% 

0.1 to 0.4 ppm as Kl up to 6X nutrient cul- 
0.1 to 0.2 ppm as 12 tures 

from 3 to 1000 - 1500 ppb 

lOX 

various wide variation between crude fert iii- 
commercial 375 and 1330 ppb zers may affect 

lôdine con- to 

tent - 



TABLE I (Cont.) 

EFFECT OF IODINE FERTILIZATION UPON THE IODINE CONTENT OF PLANTS 

Worker Plant 

Scharrer and several 
Strobel ('27) species 

von Wrangell several 
('27) species 

Maurer, Schropp various 
and Ducrue ('28)vegetables 

Orr, Kelly, peas 
and Stuart ('28) 

oats, 
radish, 
buckwheat 

Fertilization Iodine Content Increase 

0.1 to 0.2 ppm 2 to 10% 

Densch, - 

Ste infatt, 
and Gunther ('29) 

'Vendt ('30) various 

Conner (t31) various 
vegetables 

i ppm as Kl no groat increases, at 
most 2X 

i ppm of NI 20 to 7900 per cent 

0.001 to 100 
ppm as Kl 
2 to 10 ppm 
as HI 

10 to 1700 X 

lo to 15 X 

up to BOX 

Remarks 

grains run about 
20 ppb, spinach 
and lettuce 1000 
to 2000 ppb 

nutrient cul- 
tu P 

liming alone causes considerable increase, 
but has little effect when the maximum 
rate of iodine is added. 

very low; less iodine content increased, 
than 0,01 ppm particularly for radishes. 

2 ppm found a material increase 
cD 



TABLE I (Cont.) 

EFFECT OF IODINE FEFTILIZATION UPON TN IODINE CONEThTT OF PLANTS 

Worker Plant Fertilization Iodine Content Increase Remarks 

Nalhotra ('31) various soil iodine studied effect of pH on absorption, time 
vegetables raised from of maximum uptake, and localization of 

0.85 to 5 ppm iodine in root crops 

Pfeiffer and parsnips 
Courth ('29) and tur- 

McHargue ('34) corn 

Balks ('35) 

Heller, Jones 
and Pursell 

('35) 

Holley ('35) 

carrot s 
and 
spinach 

periodic lar:,e 500 to 700X 
(0.1 to 0.5g) 
doses to almost 
mature plants 

crude Chilean nitrate or raw rock phosphate gave great 
increases 

several times greater 
for tops than roots 

iodine ab- 
stration by 
spinach was 
high and 
correlated 
with soil 
iodine content 

common salt water content sometimes doubled under natural 
vegetables irrigation conditions 

potatoes 2 ppm as Nal from 100 to 2700 ppb for low water rate 
from 140 to 3150 ppb for high water rate 

t\D 

(D 



TABLE I (Cont.) 

EFFECT OF IODINE FERTILIZATION UPON THE IODINE CONTENT OF PLANTS 

Worker Plant Fertilization 

McHargu.e ('35) corn 0.33 to 3.3 g 
per plant as 

various 
o t he r s 

Mack and potatoes, 
Brasher ('36) corn, and 

tomatoes 

beans 2 ppm as NI 

Iodine Content Increase Remarks 

considerable increase; no 
toxicity 

great increases; notoxicities 

commercial fertilizers and acidity had no ef- 
foot on iodine content; potatoes and tomatoes 
ran about 250, sweet corn about 130 ppb 

pods were increased in iodine content from 
400 to 1000 ppb; no residual effect was ob- 
served the following season 

o 
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IODINE IN MICROBOLOGICAL NUTRITION 

Iodine, in the l'ree state and in various compounds, 

has a toxic effect on micro-organisms. Like most other 

toxic agents, at concentration levels just below the 

toxic levels, a stimulation of various growth functions 

is frequently observed. Thus Branham (1929) found tinc- 

ture of iodine at dilutions of 1/500 to 1/1000 (approx. 

70 to 35 ppm of free iodine) gave an initial inhibition 

of the rate of oarbon dioxide production by baker's yeast 

on sucrose mediui, followed after 3 to 5 hours by a stim- 

ulation. Fifteen other antiseptics were investigated; 

most of these gave stimulations at sublethal concentra- 

t ions. 

This type of reaction to toxins seems quite general 

to micro-organisms and to plants (Reynolds, 1939; 

Brenchley, 1936). Frequently, over a certain range of 

concentrations of the toxic agent, the greater the con- 

centration the longer and more severe is the period of 

inhibition, but the greater the stimulation when it does 

appear. The phenomenon is related to the irritability 

of protoplasm; it must be carefully distinguished when 

the question of the essentiality of a nutrient factor 

arises. 

Greaves, Zobell, and Greaves (1928) studied the 

effect of additions of various jodidos and elementary 
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iodine upon commercial yeasts and pure cultures of 

Saccharomyces cerevisiae. They studied concentrations 

from 1 ppm to 8000 ppni of iodine. Vith sodium, potas- 

sium, and calcium lodides a stimulation of multiplication 
and carbon dioxide production was observed on commercial 

sucrose niedieazover aconsiderable range of concentrations 

with an apparent optimum around 10 ppm of iodide. The 

number of cells increased up to 5 times, the rate of 

carbon dioxide production was more variable though it 
showed a definite increase. Elementary iodine gave a 

slight stimulation at 1 ppm, 10 ppm was weakly toxic. 
Then more highly purified sucrose and glucose were used 

with smaller inoculi growth in the series lacking iodine 

was greatly repressed. Multiplication in the series with 

added iodides increased up to 60 times that in the controls, 

although in any caso it was quite low. The experiments 

were obviously complcatod by the requirement of the 

yeasts for other growth factors, a point clearly indica- 

ted by growth acceleration even in the control series 
when contaminants, especially molds, were present. (For 

a review of the accessory growth factors for yeasts, see 

Koser and Saunders, 1938.) 

Itano and Matsuura (1933) studied the effect of .001 

per cent (lo ppm) to 10 per cent of iodine as potassium 

iodide in maltose mediwnon Saccharomyces cerevisiae and 
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found a slight stimulation of multiplication over a 

range of concentrations with an optimum of' 70 ppm and 

a lethal concentration of 0.5 per cent. The quantity 

of maltose consumed and the carboi dioxide production 

had similar slight but definite maxima over the same 

concentrational range. 

Iodine has been reported to stinulate nitrogen- 

fixation by Azotobacter chroococcum. Stoklasa (1926) 

reported a 50 per cent increase in nitrogen-fixation on 

the addition of 0.5 ppm of' iodide to a mannite mediurL 

Itano and atsuura (1933) investigated the effect of 

various levels of potassium iodide from 10 ppm to 2 per 

cent iodine on mulliiplication and nitrogen-fIxation. 

Seventy parts per million seemed optimal giving 20 to 25 

per cent increase over the checks in total nitrogen fixed 

in 120 hours. Multiplication seemed to be increased 

somewhat more strongly throughout this growth period; 

however, 10 ppm gave little difference from the controls, 

with this organism, or with Sacchaces cerevisiae or 

Bacillus subtilis.. There thus exists a possibility that 

the iodine content of the media approached tuis order of 

concent ration. 

Itano and Liatsuura (1933) alsb studied the effect 

of potassium iodide on arnmonification by Bacillus 

subtilis. There was a slightly increased rate of ammonia 



34 

production up to 72 hours, hut the end-yIeld was not 

increased. The optimal range was 50 to 70 ppm of io- 

dide, while toxic effects on growth and ammonification 

began to be apparent at loo to 500 ppm. 

Ishikawa (1928) investigated the influence of small 

amounts of iodides on the bacterial decomposition of 

nitrogenous substrates. He found ammonia production 

from gelatin by 3 proteolytic bacteria was repressed by 

20 to 600 ppm of iodide. Amino acid production by the 

soluble proteoJytic enzyme of Bacillus proteus, and 

urease activity were also depressed. 
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NUTRIENT SOLUTION PURIFICATION AND THE ESSENTIAL 
NATURE OF CRTAIN MINORLNT 

NutrIent solution purification is almost essential 

for the demonstration of nutritive requirements for 

elements that are ordinarily present in the components 

of the solutions in amounts sufficient for sorne, or even 

optimal growth. The method was successfully applied by 

Steinberg (1935) to the olucidation.of the heavy metal 

requirements of the fungus, Aspergillus niger. Purifica- 

tion of the complete nutrient solutions was made by co- 

precipitation of the metals with tricalcium phosphate 

in hot alkaline solutions. By this procedure the es- 

sontiality of Iron, zinc, copper, manganese, molybdenum, 

and gallium was demonstrated. The filamentous fungi are 

particularly suitable for this type of investigation by 

reason of the large amounts of cell substance synthesized 

per unit weight of substrate (Foster, 1939). 

The applicability of this method to the study of the 

heavy metal requirements of bacteria has been demonstrated 

(Steinberg, 1938). The requirements of Rhizobiuni and 

Azotobacter were shown to be similar to those of 

Aspergillus. 

Other purification methods have been used success- 

fully (Foster, 1939). Heavy metals have been precipitated 

by ammonium sulfide in alkaline solution and adsorbed on 
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activated charcoal. Manganese may be oxidized to 

manganese dioxide and. adsorbed on magnesium ammonium 

phosphate. Copper may be removed electrolytically. 

Biological removal of iron has been utilized. 

Hopkins (1934) purified nutrient solutions of 

manganese by adsorption on tricalcium phosphate. He 

demonstrated the essentiality of manganese in the 

nutrition of primitive green plants. 

Homer and Burk (1934) removed calcium and magnesium 

by adsorption on extracted animal charcoal, and demon- 

strated the calcium and magnesium requirements for nitro- 

gen fixation by Azotobacter. Later (Burk and Homer, 

1935), they showed molybdenum and vanadium acted as 

specific catalysts in nitrogen fixation by Azotobacter. 

yodifications of Steinberg's purification method to 

adapt it to studies of the heavy metals in higher plant 

nutrition have been successful (Stout and Amnon, 1939). 

The essentiality of zinc, manganese and copper in the 

nutrition of the tomato may be readily demonstrated. More 

recently the essentiality of molybdenum has been demon- 

strated (Amnon and Stout, 1939). 

Amnon and Stout (1939) have established the following 

criteria for testing the essentiality of a given element: 

An element is not considered essential unless (a) a 

deficiency of it makes it impossible for the plant to 
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complete the vegetative or reproductive stage of' its life 

cycle; (b) such deficiency is specific to the element 

in question, and can be prevented or corrected only by 

supplying this element; and (c) the element is directly 

involved in the nutrition of the plant quite apart from 

its possible effects in correcting some unfavorable 

microbiological or chemical condition of the soil or 

other culture medium. From that standpoint a favorable 

response from adding a given element to the culture 

medium does not constitute conclusive evidence of its 

indispensability in plant nutrition." 
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ION-ANTAGONISM IN PLANT NUTRITION 

In nutritional terminology, tfantagonismtt has been 

used to indicate the opposing influence of a given salt 

upon the action, usually toxic, of another. The classical 

example is that of sea organisms that grow normally in 

artificial sea water containing the several major salts, 

hut that perish in solutions of the sinple salts (Oster- 

hout, 1906). Much work on ion-antagonism has been done 

by Osterhout from 1906 to 1922 and by many others. In- 

dicators of the antagonistic actions of ions that have 

been investigated include rate of elongation of young 

wheat seedling roots, survival of animal tissues, hatch- 

ing of sea urchin eggs, survival of the marine fish 

Fundulus, and many others. 

Much of the early work dealt solely with cations, 

but anions were also shown to have antagonistic actions 

(Raber, 1G20). 

The term, ttphysiologically balancedtl was first ap- 

plied to solutions in which the toxic actions that the 

single salts would exert if present alone are counter- 

balanced by ion-antagonism. The term has been generalized 

to include effects of the relative proportions of the 

major nutrient salts on plant growth. The main conclusion 

has been that plants grow well over rather wide variations 

in the relative proportions of the nutrients, although 



39 

striking effects are frequently observed if the ratios 

diverge widely. This topic has been reviewed extensively 

by Miller (1938). 

Recently, the antagonistic action of sulphur on the 

uptake by and toxicity to wheat plants of selenium has 

been investigated by Hurci-Karrer (1934). In solution 

cultures the injury of sodium selenate was dependent on 

the amount of sulphate present. Definite Se/S ratios 

could be established for no visible injury (Se/S 1/12), 

distinct injury (Se/S 1/8), and almost complete in- 

hibition (Se/S 1/2). Similar toxicities on soils were 

antagonized. by sulphur applications, the amount required 

depending on the form of sulphur present and soil 

characteristics as well as the amount of selenium present. 

Later (Hurd-Karrer, 1935) she found the absorption of 

selenium from soil by wheat to be inhibited by the appli- 

cation of elemental sulphur or calcium sulphate. 

Further experiments by Hurd-Earrer (1939), have 

shown that arsenic injury to wheat is inhibited by phos- 

phates, rubidium injury by potassium, and strontium ïn- 

jury by calcium. She postulates a "mass antagonism" of 

the essential nutrient elements for closely related toxic 

elements. Due to some degree of unselectivity in the 

physiological reactions (of absorption and utilization), 

the chanco of substitution of the toxic element for the 
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essential element depends on the relative availabilities 

of the two. 



EX PER IMENTAL 

ThTRODUCT ION 

The initial object of this study was to attempt to 

evaluate the significance of iodine fertilization on 

Oregon soils. To this end field plot and greenhouse 

studies were carried out on various crop plants. The 

effects of low non-toxic fertilizations with iodides on 

yields and iodine content of the crops were investigated. 

Some further experiments on the retention of lodides by 

soils, and analyses of some Oregon soils, waters, and 

plant materials were made. 

Significant growth responses to iodine fertilization 

were not obtained in most cases, althoughthey might be 

anticipated in a region presumably rather poor in general 

iodine distribution. This result might be due to an es- 

sentiality of iodine for plant growth at extremely low 

levels, or not at all, while the substantiated cases of 

growth responses to iodine treatment might be due to an 

indirect action. TIie evidence in the literature for the 

essentiality of iodine in plant and microbological 

nutrition was critically studied. 

Relatively few experiments have been carried out to 

test the essentiality of iodine in plant nutrition. In 

general, the method of nutrient solution purification has 



42 

been neglected. The iodine content of the check plants, 

when determined, has been relatively high. What responses 

have been obtained have not been verified. 

The necessity of developing an iodine-free niediwif to 

use in determining the iodine requirement of plants, which 

presumably must be quite low, became obvious. The 

development of such a medi by purification of the in- 

dividual components and analytical verification of the 

efficiency of the methods, occupied a substantial por- 

tion of the time spent in this study. 

Due to time and growing season limitations plant 

trials could not be postponed until preliminary defects 

and difficulties in the method were perfected in the more 

rapid microbial trials. Results of these experiments are 

presented. 

The author found a wide divergence between his 

experiments on corn and those of Maz6 (1915). While Mazé 

claimed a slight stimulation from iodides at 4 ppm in 

solution cultures, he found even i ppm to be highly toxic. 

He postulated an iodide-chloride antagonism to explain 

these differences since Maz6s' cultures contained chlor- 

ides while the author's did not. The hypothesis was 

tested experimentally and the antagonism shown to exist, 

although undoubtedly other factors contributed to the 

differences between the observations. 
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ANALYTICAL METHODS 

The methods available for the determination of 

small amounts of iodine such as occur in most natural 

waters, soils and plant materials may be classified into 

several groups. The earliest methods for the concentra- 

tion of iodine from such materials involve low tempera- 

ture alkaline fusions. Baumann and Ross (1896) used a 

potassium hydroxide fusion method to demonstrate the 

presence of iodine in thyroid glands. von Fellenberg 

(1923) in connection with his work on the Swiss Goiter 

Commission used a potassium carbonate fusion, so modify- 

ing the procedure as to obtain great sensitivity. Harvey, 

in 1935, used this same fusion method in a carefully 

standardized procedure. Such methods are subject to a 

limitation of sample size when applied to soils or plant 

materials. This is a serious objection when materials 

rather low in iodine content must be analyzed. The open, 

low temperature fusion methods are also tedious, trouble- 

some, and involve considerable chance of iodine loss when 

applied to materials containing much organic matter. 

McClendon, in 1928, devised a closed combustion 

method for burning molded samples in a stream of oxygen 

gas in a silica tube, and recovering the iodine from the 

combustion gases by absorption in alkali. His method gave 



m 
more accurate results than that of von Fellenborg, but 

was loss rapid. The closed combustion method was modi- 

fled by Karns (1932) to permit slow controlled feeding 

and burning of the sample. A simplification of this 

apparatus by Kolnitz and Remington (1933) probably gives 

tbe cheapest and most convenient method for concentrating 

dried plant materials by slow combustion in a stream of 

pure oxygen. 

A closed combustion method for soils has been given 

by McHargue (1932). In this method the soil is heated 

in a silica tube at 1100°C, in a current of air instead 

of oxygen. This ìnetbod probably offers the best re- 

coveries of iodine, but is not suitable for occasional 

analyses unless the proper type of muffle ftrnace is 

available. 

Various wet combustion methods have been proposed 

that utilize digestion with oxidizing acids for the 

destruction of organic matter. Trevorrow and Fashena 

(1935) have proposed a method using a digestion with a 

mixture of chronic and sulfuric acids. Such methods may 

be objectionable because the large amounts of reagents 

required may carry considerable iodine, and because they 

are limited to samples low in organic matter or small in 

size. Moreover, more or less extensivo digestion and 

distilling equipment is necessary. 
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After the oxidation of the organic matter the 

iodine is generally present as the iodide in a mixture 

of salts, principa11y potassium carbonate. At this 

stage several procedures are available. The iodine may 

be determined colorimetrically, by liberation of free 

iodine after alcoholic extraction of the iodide from the 

excess carbonates (the extraction may be dispensed with 

if the amount of salts present is small), extraction of 

the iodine with carbon tetrachioride or carbon bisulfide, 

and comparison with a standard in a micro-colorimeter. 

This method has been frequently used because of its 

rapidity and because of some objections to the titri- 

metric meth. 

Two titrimetric methods are available. After 

separation of the iodine by alcohol extraction or by 

distillation from sulfuric acid, and oxidation to the 

lodate, usually with bromine, free iodine is liberated 

in acidic solution by the addition of potassium iodide 

and titrated with dilute thiosulfate using the disappear- 

ance of the starch-iodine color as the end-point. This 

meth bas the advantage of increased sensitivity due to 

the liberation of six times the original amount of iodine 

according to the equation 

5 I' i 103' 6 H 3 12 i 3 H20 

Great care should be taken to rigorously exclude all 
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reducable substances other than the iodate, as well as 

substances (such as ferriç ions) catalyzing the oxida- 

tion of iodide by atmospheric oxygen. 

The other method available is the electrornetric 
titration devised by Bratton and McClendon (1938). The 

reactions are the sanie as in the above thiosulfate ti- 
tration, but the end-point is determined electrometric- 
ally and the over-all accuracy in the determination of 

about lY* of iodine may be as great as 2 per cent. 
In this work, modifications of several methods were 

made to fit the particular needs. The first problem is 
one of concentration and the way it is attacked depends 

upon the type of material. In the analysis of water, 
the problem is relatively simple. The water is made al- 
kaline with potassium carbonate and evaporated. If the 
water contains considerable alkaline-earthmetals, they 
will precipitate after evaporation, and may be filtered 
off, washed with hot water, and discarded with the loss 
of only a few per cent of iodine (VlcClendon, 1928). A 

more friable residue is obtained if a small amount (1 
to 2 grams) of calcium carbonate or calcium lactate is 
added before complete evaporation. However, calcium 
lactate is unsatisfactory for ignition with potassium hy- 

droxide at 370°C due to the incomplete combustion and 

hegaÇsTjn crdchemi cal OFk, 0.000001 g. 
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residue of carbon left. Therefore, the addition of 

calcium carbonate plus a small amount of sucrose was 

adopted. The sucrose was added to insure the reduction 

on ignition of any iodate that might be present in the 

water. Some difficulty was found in obtaining iodine- 

free calcium salts, some lots containing up to 2 ppm of 

iodine. 

In the concentration of plant material, the Kolnitz- 

Remington (1933) torch was used for slow controlled com- 

bustion in a stream of oxygen, and the products of com- 

bustion were absorbed in potassium carbonate solution in 

gas-washing bottles. 

For the iodine analysis of soils, the silica tube 

combustion at 1100°C (Mdllargue, 1932) probably offers the 

best recoveries. Since the special furnace required was 

not available, the fusion method used by Canson (1938) 

was used. 

Two general schemes of analysis were used after the 

initial concentration of the sample. The first was based 

on the method given by Harvey and consists of repeated 

ignitions of the concentrated sample in potassium carbonate 

to remove organic matter, then extraction with purified 

ethanol to remove excess carbonate, oxidation with nitrate 

to remove the last traces of organic matter, treatment with 

sodium azide to remove nitrite, bromine oxidation of the 



iodide to lodate with removal of the bromine by boiling, 

liberation of iodine by iodide and titration with 

thiosulfate. 

Several modifications were used. Potassium hy- 

droxide was used instead of potassium carbonate to en- 

able the fusions to be carried out at a lower temperature. 

This was the method used by Frear (l94) in his study of 

the iodine contents of potatoes. A change in the f ilter- 

ing tecbnique was made to eliminate the use of filter 

paper, and any organic matter contamination from the same. 

Asbestos, oxidized with sulfuric acid - potassium 

permanganate and washed with hydrochloric acid was used 

in all-glass suction filter tubes for all filtrations 

subsequent to the first ignition. The recent alcohol ex- 

traction method of Reith and Van Dijk (1937) was adopted 

soon after its publication. This method involves the ex- 

traction of a saturated potassium carbonate solution 

instead of a paste as is used in the Harvey technique. 

The advantages of economy of time and of alcohol, greater 

ease in preventing contamination and better recoveries, 

as are indicated in Table II, were obtained. In this 

method, absolute alcohol has no advantages over the more 

economical 95 per cent alcohol. 

After the alcohol extraction, the alcohol is removed 

by evaporation on the steam bath, care being taken to 

guard against contamination by dust particles. However, 



Harvey's technique of evaporation in a stream of purified 

nitrogen gas was not used because contamination by or- 

ganic matter or oxidation of the alcohol at this point 

did not seem to be serious. From this point on, the 

technique used in the bromine oxidation and thiosulfate 

titration is exactly as outlined by Harvey. 

During t1 latter part of the study McClendon and 

Bratton's (1938) distillation method was used in place of 

the alcohol extraction for separating the iodine from 

the potassium carbonate mixture. The alkaline sample 

was concentrated in the special still, 6 ml of concen- 

trated sulfuric acid and a few drops of ferric sulfate 

added, and the iodine distilled into bromine water. The 

other details were unchanged. 

The policy of running numerous blanks with all de- 

terminations was followed as a precaution against the 

ever present danger of contamination. These blanks were 

usually small in comparison with the actual determinations. 

The analysis of hay samples was investigated as to re- 

coveries of added iodine. Fairly constant recoveries of 

80 to 90 per cent were obtained. The data are given in 

Table III. Uniformity in hay samples is difficult to 

obtain and probably some of the variability is due to 

this. 

Due to the uncertainties in the analyses, duplicate 
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analyses were run when possible, and the analytical 

figures presented are the mean of two or more deter- 

minations, except where indicated owing to lack of suf- 

ficient material, and in the purification investigations 

where duplicate experiments were generally conducted. 
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TABLE II 

RECOVERY OF IODIDE FROM SATURATED POTASSIUM 
CARBONATE SOLUT IONS 

Amount of Iodide 
Extraction K2CO3 Added Recovery Per 
Method ms V Y Cent 

Harvey 5 0 0.85 
(193) t' 5 5.1 - 0.85 - 4.25 85 

n 25 22,2 - 0,85 21.35 85 
n O 0.6 
TI 5 4.7 - 0.6 = 4.2 82 
It 25 22.1 - 0.6 = 21.3 86 

t, o 0.9 - 0.9 
n 5 5.4-0.9_ 4.5 90 

25 23.5 - 0.9 = 22.6 90 

Reith and 2 0 0.05 
Van Dijk 0 0.20 
(1937) 5 5.1 - 0.1 5.0 100 

1 5 5.0 - 0.1 - 4.9 98 
15 15.0 - 0.1 = 14.9 99 

U 15 14.4 - 0.1 - 14.3 96 

5 0 0.15 
u 0 0.05 

5 5.2 - 0.1 5.1 103 
ti 9 9.0*-0.1 - 8.9 178 
it 25 23.7 - 0.1 = 23.6 94 
t? 25 23.7 - 0.1 - 23.6 94 

* This high result is probably due to accidental contam- 
ination and is illustrative of the wide deviations that 
can occur in this way. 

The tests of the Reith extraction procedure were run at 
a later date than those of the Harvey procedure using 
new reagents. This may account for the lower blanks 
found in the Reith procedure. 



TABLE III 
TYPICAL OB.EGON HAY ANALYSES, AND RECOVERIES OF ADDED IODINE 

Size Added Total Iodine Iodine per Recovery of 
Sample Iodine found Blank 50 g. Hay Added Iodine 

Hay Gins Y 'Y- Y Por Cent 

College Farm, Oats- 50 5.94 0,42 
Vetch, 1936 (H2010) 50 5.29 0.63 5.1 

College Farm, Oats- 59 5.92 0.15 
Vetch, 1937 (H2394) 58 5.63 0.32 4.74 

58 5 9.88 0.23 83 
60 5 9.69 0.23 76 
50 5 9.20 0.23 

Corvallis Alfalfa 50 5.35 0.55 
(T12477) 50 5.27 0.42 4.83 

Hermiston Alfalfa 50 4.59 0.55 
(112476) 50 5.03 0.42 

50 3.96 0.23 4.13 

50 5 8.29 0.23 78 

Redmond Alfalfa 50 3.09 0.55 
(112478) 50 2.07 0.42 

100 4.91 0.23 2.18 

50 5 7.64 0.23 104 

01 
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PLTRIFICATION ME1HODS 

The only report found of a media for cultural 

purposes especially designed to contain a minimal amount 

of iodine is that of Stokiasa (1929). 11e does not give 

any details of his purification methods beyond the iinpli- 

cation that the nutrient salts were purified by recrystal- 

lization. His analyses of plant material grown on his 

media show a definitably appreciable iodine content. 

Little evidence is available as to the efficiency 

of removal of iodine compounds by recrystallization. 

Since the iodides and iodates of the major nutritional 

cations are quite soluble, the method may be sufficiently 

effective. In the case of the heavy metals, however; 

elimination by recrystallization has proved to be im- 

practical (Roberg, 1928). It was deemed advisable to 

investigate other purification techniques first. 

The lack of a simple and rapid test for minute 

amounts of iodine was a distinct handicap. The use of 

such a test greatly facilitated the application of hea 

metal purification methods to he study of the heavy 

metal requirements of the higher plants (Arnon and Stout, 

1939). 

Because of the fact that analyses of plant materials 

for the extremely small amounts of iodine in question are 
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subject to uncertainties due to contamination, attempts 

were made to determine the approximate iodine content 

levels of the nutrient salts after purification by a 

general procedure termed "analysis of purification resi- 

dues." This is illustrated in the method used for the 

purification of dipotassium phosphate. 

Dipotassium phosphate 

A saturated solution of dipotassium phosphate con- 

tains approximately OO g. of the hydrate in 100 ml of 

water. The saturated solution is immiscible with 95 

per cent ethanol, and very little salt passes into the 

ethanol phase on extraction, while potassium iodide is 

appreciably soluble in and is extracted by the ethanol. 

The saturated salt solution was purified by repeated 

extraction with iodine-free ethanol. The portions of 

alcohol were lumped at intervals, and analyzed to give 

an insight into the progress of the purification. After 

the iodide concentration was reduced to about i ppb, the 

saturated solution was boiled 30 minutes with a small 

amount of hydrazine sulfate to reduce iodates, and then 

re-extracted with ethanol. Finally the solution was dried 

and heated to destroy the excess of hydrazine sulfate. 

The progress of the purification is apparent in 

the following analyseà of the purification residues: 

A. Extracts of 100 g. of c.p. dipotassium 
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phosphate in loo il of water with 100 and 50 ml 

of ethanol gave 2.3of iodide; equivalent to 

23 ppb of iodide in the c.p. salt. 

Extracts of 200 g. of c.p. dipotassium phos- 

phate in 70 ini of water, with two 100 ml portions 

of ethanol gave 3.6Yof iodide; equivalent to 18 

pplD of iodide in the c.p. salt. 

13. Extracts of 150 ml of the above combined ex- 

tracted salt solution (250 g. of dipotassium 

phosphate) with three 50 ml portions of ethanol 

gave l.4of iodide; equivalent to 6 ppb of iodide 

in the extracted salt. 

C. Extracts of the extracted solution from B 

with three 50 ml portions of ethanol gave less 

than 0.3Y'of iodide; equivalent to 1 ppb of 

iodide in the extracted sait. 

D. 150 ml of the extracted salt solution from C 

was simmered 30 minutes with 250 mg. of hydra- 

zine sulfate. Extracts with five 50 ml portions 

of ethanol gave l.lVof iodide; equivalent to 3 

ppb of iodide in the extracted salt. 

Purification of another 1t of dipotassium phosphate 
gave essentially similar results as follows: 

A. Extracts of 600 g. of c.p. dipotassium phos- 

phate in 200 ml of water with five 200 ml portions 
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gave l0.4( of iodide; equivalent to 17 ppb of 

iodide in the c.p. salt. 

B. After boiling the saturated salt solution with 

hydrazine sulfate, extracts with five 150 nil por- 

tions of ethanol gave l.25Vof iodide, equivalent 

to 2 ppb of iodine in the extracted salt. 

The standard procedure adopted for the purification 

of dipotassium phosphate follows: 

Extract the saturated solution of dipotassium 

phosphate (x g. of the c.p. salt s x/ g. distilled 

water) five times with portions of iodine-free 95 

per cent ethanol of one-third the volume of the 

salt solution. Boil the extracted solution with 

0.1 per cent of hydrazine sulfate for 30 minutes. 

Extract five times with one-third the volume of 

iodine-free 95 per cent ethanol, and analyze the 

combined extracts obtained after treatment. Re- 

extract if the iodine found expressed in terms of 

the dried salt iS reater than five times the de- 

sired purity. After final extraction, heat to 

dryness to decompose excess hydrazine sulfate. 

Other phosphates and phosphoric acid 

Dipotassium phosphate was the only phosphate-bearer 

used in the cultural work. Some survey work was done 

with other phosphorous compounds and will be reported here. 
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Saturated monO potassium phosphate is largely pre- 

cipitated by the addition of one-third the volume of 95 

per cent ethanol. Fifty g. of mono potassium phosphate 

dissolved in 150 ml of water was precIpitated by the ad- 

dition of 50 ml of ethanol, Potassium hydroxide was 

added to the ethanol extract, sInd the mixture extracted 

with ethanol after evaporation and solution in water, 

O.BV of iodide was found, equivalent to 16 ppb in the 

dry salt. Further experiments to determine the extent 

of co-precipitation of iodide were not carried out. 

Ordinary reagent phosphoric acid (85 per cent) when 

heated loses water and forms pyrophosphoric acid hich s 

slowly reverted to orthophosphoric acid by boiling water. 

The initial 25 ml of liquid distilled from 300 ml of 85 

per cent phosphoric acid and collected in potassium hy- 

droxide contained O.5Yof, iodide; a second 25 ml of dis- 

tillate contained O.7rof iodine, making a total of 2.5 

ppb referred to the phosphoric acid content. On cooling 

the phosphoric acid crystallized. It is possible that 

phosphoric acid could be purified by low temperature 

ignition, though the iodine content of the acid is 

likely to actually be much greater than the 2.5 ppb 

recovered in the above experiment. 

Potassium carbonate 

The purification of potassium carbonate is very 



similar to that of dipotassium phosphate. lodides are 

readily extracted from sodium and potassium carbonates 

by ethanol, this being the basis for methods for the 

separation of iodine. Harvey (1935) employed the ex- 

traction of a potassium carbonate paste by absolute 

ethanol, while Reith and Van Dijk (1937) extracted a 

near-saturated potassium carbonate solution with 95 

per cent ethanol. In our experience the extraction of 

the solution is much superior to the extraction of the 

paste, in efficiency and in rapidity. 

An extract of 50 g. of c.p. potassium carbonate 

i 70 nil 0±' water with 70 ml of ethanol gave lYof 

iodide, equivalent to 20 ppb. 

Extracts of a solution of 300 g. of c.p. 

potassium carbonate 400 ml of distilled water 

with five 200 ml portions of iodine-free 95 per 

cent ethanol gave 5.3V of iodide; equivalent to 

18 ppb of iodide in the dry salt. 

After boiling with, 1.2 g. of hydrazine sulfate, 

extracts of the salt solution with five 200 ml 

portions of iodine-free ethanol gave 0.55tof 

iodide; equivalent to 1.8 ppb of iodine in the 

original salt. The salt solution was then 

evaporated to dryness to decompose the excess 

hydrazine sulfate. 
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Potassium hydroxide 

A concentrated potassium hydroxide solution is 

miscible with ethanol so the extraction method used 

above is not applicable here. Other methods for the 

removal of traces of odides are available. Harvey 

(1934) extracts a concentrated potassium hydroxide solu- 

tion with iodine-free acetone (distilled from potassium 

hydroxide) ten times. The solution is boiled with hy- 

drazine sulfate to reduce iodates before extraction. 

Harvey (1935) also describes an electrolytic 

method for obtaining iodine-free potassium hydroxide. 

The principle depends on the formation of potassium 

amalgam from a concentrated solution of unpurified 

potassium hydroxide, and re-formation of potassium hy- 

droxide in a different chamber. 

Iodine-free potassium hydroxide was not used in the 

culture media, the more readily purified potassium car- 

bonate being employed when necessary. 

Three analyses of c.p. potassium hydroxide used in 

iodine analyses, by extraction with acetone, and by 

saturation with carbon dioxide and extraction with ethanol 

gave 10 to 20 ppb of lodides present in the dry alkali. 

The amount of iodide absorbed by dilute potassium carbon- 

ate from gaseous carbon dioxIde used to convert 100 g. 

potassium hydroxide to potassium carbonate (20 liters, 



standard conditions, assuming no waste) was not 

detect ible. 
Sulphuric acid 

Any forni of soluble iodine may be removed from 

concentrated sulfuric acid by boiling, this being the 

basis of methods of separation in analysis. Ordinarily 
an oxidation catalyst such as ferne iron Is used to 

liberate free iodine, increasing the rate of distillation 
(ricclendon and Bratton, 1938). However, all traces of 

iodine are certainly removed if a considerable fraction 
of the sulfuric acid is distilled. 
Calcium sulfate 

Calcium sulfate is appreciably soluble in concentra- 
ted sulfuric acid. All of the iodine is undoubtedly 

eliminated by boiling a suspension of finely divided 

calcium sulfate in concentrated sulfuric acid to a thick 
paste or dryness. If an especially pure product is 
desired it could presumably be obtained by precipitation 
from a saturated olution of calcium sulfate in concen- 

trated sulfuric acid, after boiling, by dilution with 
water. This step, however, was not considered necessary. 

The procedure adopted for the purification of 

calcium sulfate follows: 

Calcium sulfate is suspended in twice its 
volume of concentrated c.p. sulfuric acid and 
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boiled, with occasional stirring, to near dress. 

It is then washed briefly and stored as a paste. 

It is used in the cultural work as a saturated 

solution. 

The initial 20 ml of distillate from 50 g. of 

c.p. calcium sulfate in 250 ml concentrated sul- 

furic acid was absorbed in potassium hydroxide and 

found to contain 7V of iodide; equivalent to 140 

ppb in the dry salt. The analysis of the second 

20 ml was lost, but the analysis of the third 20 

ml collected showed no iodine present. 

Other calcium compounds 

Unsuccessful attempts were made to purify calcIum 

salts more useful in cultural formulae than the sulfate, 

especially the nitrate. Saturated calcium nitrate is 

miscible with ethanol and other common organic solvents 

that dissolve fair amounts of calcium iodide. The pos- 

sibility of purification by boiling off nitric acid from 

a solution of calcium nitrate was not investigated, since 

no analytical method is available for very small amounts 

of iodine in the presence of large amounts of nitrates; 

accordingly no estimate of the iodine content of c.p. 

calcium nitrate is available. 

Some data on the iodine contents of other calcium 

compounds was obtained. 

r' 
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The extract of 50 g. of purified grade calcium 

hydroxide contained 2.6V of iodine; equivalent to 

50 ppb in the dry compound. 

High blanks in a series of soil analyses were 

traced to the addition of c.p. calcium salts; two 

different lots of calcium carbonate and one of cal- 

cium lactate contained on the order of 1,000 ppb of 

iodine. 

Magne slum sulfate 

An attempt was made to purify magnesium sulfato by 

extraction of a saturated solution with ethanol. At room 

temperature 40 ml of 95 per cent ethanol was required to 

give a phase separation with 100 ml of a saturated solu- 

tion, while gelatin occurs on standing, the degree de- 

pending on the amount of ethanol used. By working in 

hot water (6500) a saturated solution could be extracted 

repeatedly if a small amount of hot water were added af- 

ter each extraction to make up extraction losses. 

100 g. of c.p. magnesium sulfate was extracted 

at 65°C by five 50 ml portions of iodine-free 

ethanol. The extract contained lYof iodide; 

equivalent to 10 ppb of iodide in the hydrate. 

A repetition of the above experiment with fresh 

c.p. magnesium sulfate gave 8 ppb of iodide; a 

further extraction with five 50 ml portions of 



ethanol again gave another O.8Yof iodide, making 

the total iodine content 16 ppb, and indicating 

that more extensive extractions might be necessary. 

A simpler and more effective method of purification 

of magnesium sulfate is that analogous to that used for 

the purification of calcium sulfate. agnesium sulfate 

is suspended in an equal volume of concentrated c.p. 

sulfuric acid and the solution boiled with occasional 

stirring to near dryness, and preserved as a pasty powder. 

The first 20 ml of distillate from 200 g. of 

c.p. magnesium sulfate in 200 ml of concentrated 

c.p. sulfuric acid absorbed in potassium hydroxide 

contained 3.4Y of iodide; equivalent to 17 ppb of 

iodine in the hydrate. The second 20 ml of dis- 

tillate contained 0.2Vof iodide; equivalent to 1 

ppb of iodine in the hydrate. 

Ferne sulfate 

Purification of ferne sulfate is accomplished by 

boiling off a suspension of the fine power in concentra- 

ted sulfuric acid, and evaporating to dryness. The dry 

powder must be allowed several days to dissolve as it 

is partially changed to an insoluble form. No estimates 

were made of the iodine content of the original c.p. salt. 

Ferne tartrato 

Attempts were made to purify ferne tartrato by 



precipitation from a saturated solution by ethanol. 

The indicated iodine content of the c.p. salt was rather 

high, while the purification was troublesome so it was 

not perfected. 

2 g. of ferric tartrate in 18 ml of aqeous 

solution was precipitated by the addition of 20 

ml of iodine-free ethanol. 0.7V of iodide was 

found, equivalent to 350 ppb of iodine in the 

dry salt. 75 g. of ferne tartrate in 350 ml of 

saturated solution was precipitated by 350 ml of 

iodine-free ethanol. 7.Yof iodide was found; 

equivalent to 100 ppb of iodine in the dry salt. 

Ammonium hydroxide 

Ammonia is readily purified by distillation from 

potassium carbonate, bubbling through a series of potas- 

siurn carbonate solution absorption bottles and collection 

in iodine-free water. 

The potass±um carbonate residue from the 

purification of 2 1. of c.p. ammonium hydroxide 

(29 per cent) contained 8.8Yof iodide; equivalent 

to 5 pp'o in the 29 per cent ammonium hydroxide. 

Nitric acid 

Owing to the difficulty of analyzing for traces of 

iodine in the presence of large amounts of nitrate the 

efficiency cf the purification procedure could not be 
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checked directly but depend on theoretical considerations 

alone. The method used follows: 

1.5 1. of c.p. nitric acid from a stock several 

years ola was distilled from 30 g. of c.p. barium 

hydroxide in a glass retort. The first loo ml ana 

the last 200 ml containing the barium nitrate resi- 

due were discarded. The 1.2 1. of nitric acid 

saved was red istilled from barium hydroxide, the 

first 100 ml and the last 600 ml being discarded, 

while the other 500 ml was saved and luted to 

make stock solutions. 

Concentrated nitric acid slowly oxidizes iodides to 

iodates, therefore old acid was used to ensure complete 

oxidation of the iodide in the acid. The boiling point 

of constant boiling nitric acid is 120°C, while iodic 

acid decomposes in pure solution to give the solid iodine 

pentoxide; stable to 300°C. Consequently, the two shou? 

be separable by fractional distillation. To further re- 

duce the likelihood of volatilization of iodine, barium 

hydroxide was added to give the slightly soluble barium 

iodate and further repress the volatility. lodides must 

be absent since constant boiling hyd&dic acid boils at 

127°C, only slig:htly above nitric acid. 

Ethanol 

Ethanol is readily freed from iodine compôunds by 
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distillation from potassium hydroxide. The solution is 

refluxed. for 30 minutes before distillation. The first 

and last 10 per cent fractions are discarded. Ethanol 

for cultural purposes was redistilled. 

The potassium hydroxide residue from the dis- 

tillation of 2 gallons of c.p. ethanol contained 

1.5 of iodide; equivalent to 0.2 ppb of iodine in 

the c.p. ethanol. 

Acetone 

The potassium hydroxide residue from the dis- 

tillation of one-half gallon of c.p. acetone con- 

tamed l.6' of iodide; equivalent to 0.8 ppb of 

iodine in the c.p. solvent. 

Suc ros 

Harvey (1935) gives a method for the removal of 

traces of iodine from sucrose. A concentrated solution 

is boiled with a small amount of potassium hydroxide to 

partial caramelization, then precipitated by adding 

iodine-free ethanol; redissolving and repeating this 

process several times. The procedure followed in this 

investigation follows: 

400 g. of household sucrose was dissolved in 

200 ml of water and. i g. of potassium carbonate 

added, the solution boiled to a very viscous 

liquid, then cooled to incipient crystallization, 
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when 500 ml of ethanol was added with vigorous 

stirring. After filtering the sucrose was re- 

dissolved and the process repeated four tim 

Analyses of the first three residues indicated 

about 3(of iodide in each or 0.75 ppb of iodine 

from each on the basis of the sucrose content. 

The analyses 

parently the 

although the 

sucrose used 

Starch 

No attemp 

Water 

of further residues were lost. Ap- 

qualification was not very effipient, 

iodine content of the particular 

seemed not to be high. 

ts were made to purify starch, but an 

analysis by combustion in the oxygen torch to de- 

termine its suitability as a carrier for small high 

iodine samples during combustion gave a content of 

2,lYof iodide per 140 . of starch, or 15 ppb. 

The final and simplest reagent to purify, although 

one of the most important, was the water used in the cul- 

turai media. This was readily done by distilling ordinary 

distilled water frani a1kii carbonates in a glass still. 

Thile ordinary distilled water may have been sufficiently 

pure for some experiments, redistillation was desIrable 

to ensure purity, at the same time made available resi- 

dues from large volumes of distilled water for analyses 



to give an estimate of the effectiveness of purification. 

The potassium carbonate residue from the redis- 

tïllation of 58 1. of distilled water contained less 

than 0.3V of iodide; equivalent to 0.005 ppb of 

iodine. 

The potassium carbonate res!due from the redis- 

tillation of 57 1. of distilled water contained no 

detectible amount of iodine. 

The iodine content of the Corvallis city tap 

water from which the distilled water was derived 

has been analyzed at various seasons and found to 

be uniformly low. Numerous analyses by Dr. J. R. 

Haag and by the author have given iodine contents 

ranging from 0.1 to 1 ppb with a seasonal average 

of 0.35 ppb of iodine. 



ESSENTIALITY EXPER IMENT S WITH IO]) INE 

Higher Plants 

Pre liininary Experiment s 

A number of preliminary experiments wore conducted 

using ordinary c.p. chemicals and distilled water to seo 

if any iodine requirements could be detected by the use 

of an unrefined technique. 

Experiments were carried out with corn in view of 

Mazets conclusion that the relatively high concentration 

of 4 ppm of iodine as potassium iodide was stimulating. 
The first experiment was carried out with a high phosphate 

nutrient solution* prepared from c.p. salts and tap water 

in new 14 1. glazed stoneware crocks. Treatments with 

potassium iodide were made, using iodine rates from 0.1 

to5pprn. 
Young corn seedlings, germinated in quartz sand, 

were transplanted 3 to the jar, to the nutrient solution 
December 26, 1938 and allowed to grow 60 days, when height, 
green and dry weight measurements were made. Several days 

*The nutrient solution formula hereafter referred to as 
"high phosphate" is as follows: 

calcium nitrate 0.007 M 

magnesium sulfate 0.005 M 
mono potassium phosphate 0.005 M 
dipotassium phosphate 0.0015 M (to pH 5.8) ferric tartrate as needed 
minor elements 0.5 ppm of boron and 

manganese, 0.05 ppm of zinc and molybdenum, 
and 0.02 ppm of copper 



were permitted to elapse after transplantation before 

iodine treatment to allow partial recovery from trans- 

plant at ion injury. 

The results which are tabulated in Table IV show 

no stimulation with the levels investigated. Toxicity 

was very evident at the higher levels, while growth 

repression was apparent at lower levels (Figure 1, p. 

80). 

The iodine uptake for various treatments was de- 

termined and is recorded in Table IV. Extrapolation 

indicates a concentration of iodine in the check cultures 

of the order of 1 ppb. It is apparent that nutrient solu- 

tion purification and investigations of iodine additions 

at lower concentrational ranges is necessary to permit 

a growth response to iodine additions under the conditions 

inve st igat ed. 

A further experiment with corn, designed primarily 

to test the purity of the cultures was set up, in soft 

glass reagent bottles holding 3.5 1. of solution, during 

May, 1939. The nutrient was prepared from chemicals pre- 

pared in the early development of the purification methods. 

Both ammonium and nitrate nitrogen were present and pH 

adjustments to between 5 and 6 were made using nitric 

acid and ammonium hydroxide. Growth was poor, possibly 

due to inadequate aeration in the deep and narrow-mouthed 
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bottles. Considerable microbial activity was also ap- 

parent in the solutions. Due to the larger amounts of 

plant material required for analyses in the iodine- 

free series, nine Hiodine_freeTi and four iodine-control 

jars were used. Individual yields were not taken, but 

gross yields and iodine contents are reported in Table 

V. The iodine content of the nutrient solution is 

evidently around 1-2 ppb, assuming all the iodine in the 

plant material cones from the solutions. 

Since experiments on cereals were of interest, a 

preliminary and a staistica1 trial were conducted with 

barley on the high phosphate nutrient solution prepared 

from ordinary c.p. chemicals and distilled water. 

Regiembal (193O) found wheat responded to 0.3 ppm of io- 

dine as potassium iodide in solution cultures. Cotton 

(1930) found a toxic action on buckwheat from 0.13 ppm 

of potassium iodide in rather acid (pH 4.6) solution cul- 

tures. Brenchley (1924) has also emphasized the sensi- 

tivity of barley. 

In the initial experiment, duplicate gallon jars 

were used (three in the check series), three seedlings 

being transplanted to each jar October 12, 1938. The 

plants were allowed to grow two months, the solutions 

being changed once. The data are given in Table VI. No 

stimulating effects are apparent. 0.5 ppm of iodine is 



definitely toxic, i ppm severely so. The indicated 

iodine content of the check solutions is around i ppb. 

A statistical experiment comparing the effect of 

the additions of 0.05 ppm of iodide with no addition 

was carried out in the same way except that individual 

plants were grown in quart mason jars. Nineteen plants 

were grown in each series. The plants were permitted to 

grow only about 30 days due to an attack of rust. The 

data are recorded in Table VII. It is seen that a sub- 

stantial increase in yield was obtained, although it was 

not statistically significant due to high variability, 

especially in the iodine-treated series. In that series 

it was found that half the variance (Snedecor, 1938) 

was due to a single plant which was abnormally vigorous. 

Then this plant was excluded the means were much closer, 

the variances similar, and the differences still not 

significant. 

The iodine content of the barley seeds used was very 

low, about 3 ppb. 

Some experiments with head lettuce were also carried 

out. Powers (1930) found that one ppm of iodide increased 

the yield of head lettuce (cf. also Canson, 1938). 

In the first experiment, duplicate gallon stoneware 

jars were used (3 in the check series), 2 seedlings being 

transferred to each jar October 8, 1938. The plants were 
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harvested December 11, 193B. The customary high phos- 

phate nutrient was used, the solution being changed 

once. The check plants were definitely inferior during 

the early stages; however, when the nutrient solutions 

were changed they seemed to grow relatively faster. The 

results are given in Table VIII. 

A statistical experiment with 0.25 ppm of iodide was 

next tried. Lettuce seedlings were grown in one-quart 

mason jars, two plants per jar, 10 jars per treatment. 

The plants were harvested January 31, 1339; 52 days after 

plantIng. The individual growth was definitely repressed 

due to crowding and lack of aeration. The yields are 

given in Table VII. Some further work with lettuce in 

still solutions in stoneware jars failed to demonstrate 

any stimulations. 

Some experiments were also conducted in. large shallow 

wooden tanks coated with asphaltuin paint. Relative 

yields could not be duplicated, due to tank variations. 

Iodine analyses were made of sunflowers and tomatoes 

grown together in solutions containing 0.5 ppm. of iodide- 

iodiné and in control solutions prepared with c.p. 

chemicals. Iodine addition increased the iodine content 

of sunflowers from 224 to 2000 ppb, of tomatoes from 

148 to 11400 ppb. Extrapolation with the sunflower data 

indicates a check solution iodine content of about 60 
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ppb, with the tornato data about 6 ppb. Obviously, the 

extrapolation is not accurate over wide concentration 

intervals. 



TABLE IV 

IODINE ESSENTIALITY TRIALS PRELIMINARY CORN IN UNPIYRIFIED CULTURES 

Dry Total Iodine 
Weight Absorbed 

Iodide Treatment Green Weights Dry Weights Heïght of Roots Iodine per per 

of Tops of Tops Tops by Jars Content Jar Cent 

Ppm yper Jar Gms Grns Cm. Gms Ppb Y 

0* 0 101,121, 73 l4.O,2O.2, 7.7 ------ 3.C5 

76,124,101 9.6,16.8,14.6 47,55,65 4.40 

mean 99 , 9 13.8 1.6 56 e 5 4.02 62 2.8 -- 

O O 65, 97, 9 9.5,14.2,20.4 54,53,54 6.15 

123,158,140 16.3,20.0,22,8 69,70,69 4.05 

mean 11i t 14 17.2 i 2,0 62 i 4 5,10 64 3.6 -- 

0.1 1400 125,ll,13S 20.6,12T7,18.2 60,4,61 4.95 

87, 75, 74 11.0,10.6,11.0 60,45,64 4.20 

mean 102 li 14,0 i 1.8 56 4 3 4.58 590O' 275 20 

0.5 7000 l03,l,l10 l4.8,176,12.2 60,67,5B 4.60 
917g 59, 55 12.6, 7.0, 6.8 61,45,43 

mean 93 1 12 11.8 i 1.8 56 4 4.12 668OO? 2680 38 

i 14000 93, 6, 65 14.2,774,10.4 45,4,47 4.45 

45, 84, --/ 5.8,11.8,--/ 47,43,--," 2.35 

mean 69+9 9.9*1.5 46i1 3.40 -- -- -- 

5 70000 16, ., 26 2.5, 174, 2.6 26,31,30 1.00 

mean 19s3 2.240.4 29.41 -- -- -- 

* distilled water control; all other cultures with tap water 

injured and discarded 
single analyses 

(J1 



TABLE V 

TEST OF PURITY OF "IODINEFREE" NUTRIENT SOLUTIONS fITiI CORN 

Gross Iodine Recovery 
Dry Yield Dry Yield Found Iodine of Added 
(all jars) per Jar in Gross Content Iodine 

Treatment No. of Jars Gins Gus Yielc].* Ppb Per Cent 
Y 

solutions 9 35 3.9 2.2 66 -- 

0.001 ppm 
of iodide 
(3v per 
jar) 2 7 3.5 0.6 87 20 

0.01 ppm 
of iodide 
(30 yper 
jar) 2 5 2.5 2.0 400 7 

* iodine analyses not duplicated duo to insufficlontrnaterial 



TABLE VI 

IODINE ESSENTIALITY TRIALS. PRELThINARY BARLEY IN UNPURIFIED CULTURES 

Individual Total Dry 
Iodide Treatment Total Green Weights Iodine 

Weights by Jars Content* Total Iodine Absorbed 

Ppm yper Jar Gins Gms Ppb yper Jar Per Cent 

O O 19.2,29.8,21.4 6.70 
16.1,24.6,40.8 8.35 
26.4,32.4,30.8 8.80 

mean 26.8 , 2.5 6.95 t 0.92 210 1.5 -- 

0.05 200 lt,l,2l.L27.5 5.45 
li.7,30.O,36. 7.30 

mean 24,0 . 3.5 6.38 s 0.92 15000 96 24 

0.10 400 l7.2,28.,22.2 6.5 
23.4,30.8,20.6 6.40 

mean 23.8 .1 2.1 6,22 0.18 16000 100 12 

0.25 1000 21.6,23.6,dead 4.25 
52.4, 2 dead 2,85 

mean of 25.9 7.10/ 89000 630 32 

living plants 
0.50 2000 22.3,14.7,dead 2.90 

24.6,22.3,19.9 5.90 
mean of 20.8 5.14 s .76/ 162000 630 21 

living plants 
1 2 plaits dead, the others discarded as very poor after 30 days' growth 

* duplicate analyses were not made because of insufficient material 

/ calculated to 3 plant per jar basis 
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TABLE VII 

IODINE ESSENTIALITY TRIALS. STATISTICAL TRIALS 
IN UNPURIFIED CULTURES 

Mean Green Weights 
Whole Plants 

Mean Dry Weights 
Tops 

Mean Dry Weights 
Roots 

Barley 

Treatment s 

Checks 0.05 ppm of Iodide* 
Gms Gins 

4.07 .32 4.40 .33 

0.422 i 0.033 0.457 i 0.025 

0.104 . 0.005 0.096 4 0.008 

* abnormally vigorous plant omitted 

Mean Green Weights 
Tops 
Roots 

Mean Dry Weights 
Tops 
Roots 

Head Lettuce 

Checks 
Gins 

54.4 4 2.0 
5.63 0.42 

2.78 s 0.15 
0.2174 0.011 

Treatments 
0.25 ppm of Iodide 

Gins 

48.8 4 3.0 
6.07 0.46 

2.57 4 0.14 
0.223 0.015 



TABLE VIII 

IODINE ESSENTIALITY TRIALS. PRELIMINARY LETTUCE TRIALS IN UNPURIF'IED CULTURES 

Roots 
Tops Average per Jar 

Iodide Treatment Individual Jar Dry Green Dry Iodine Total Iodine 
Green Weights Weights Weights Weights Content Absorbed 

Ppm rper Jar Oms Gms Gms Gms Ppb yper Jar Per Cent 

O o 50.0, 54.5 5.14 
39.2, 50.2 4.37 
37.8, 34.7 3.60 

mean 44.4 4.37 5,2 0.34 3QO 1.4 -- 
0.05 200 44.2, 96.8 7.73 

14.2, 59.5 3.68 
mean 53.7 5.80 7.4 0.46 -- -- -- 
0.10 400 57.4, 60.7 5.45 

50.6, 30.9 3.95 
mean 49.9 4.70 6.5 0.42 8700 450 56 
0.25 1000 66.6, 73.7 6.44 

42.1, 5.9 5.20 
mean 59.1 5.82 9.3 0.60 17900 1150 58 
0.50 2000 66.6, 40.1 5.74 

58.7, 47.1 5.11 
mean 55.1 5.42 8.5 0.56 39200 2350 59 
1 4000 34.7, 42.7 3.65 

mean 38.7 3.65 6.3 0.22 64900 2500 31 

* single analysis only, the rest in duplicate 



'Figure 1. The toxic effects of 
iodides on corn. 



Experiments with Purified Solutions 

The success of experiments with purified cultures 

depends on the utmost precautions against contamination 

of the reagents, nutrient solutions, and plants with the 

minor element being investigated. This is especially 

true of iodine which is so widely distributed. 

Glass jars were used as nutrient vessels. These 

were cleaned by soaking at least 12 hours in an acid- 

dichromate, or sulfuric-nitric acid cleaning mixture. 

They were thoroughly washed with tap water and rinsed 

with distilled and redistilled water. 

The nutrient solutions were prepared in the culture 

vessels themselves. Redistilled water was stored and 

transported in three and five gallon soft-glass demijohns, 

which were used only for redistilled water. The stock 

solutions were prepared in small soft-glass, glass 

stoppered bottles from the purified reagents, and were 

renewed frequently. Saturated calcium sulfate was pre- 

pared in a large dernijohn with redistilled water. The 

reagents were dispensed with acid-cleaned pipettes. 

The seedlings were grown in new quartz sand that was 

cleaned by soaking in the acid cleaning mixture, thorough 

washing, and ignition at 900°C. They were transferred to 

the culture vessels, where they were supported by tufts 

of high quality cotton in holes in the covers. 



The nutrient formula was of the ammonium nitrate 

type, and was developed for use with the iodine-free 

nutrient chemicals available. The formula follows: 

calcium sulfate .002 M 

magnesium sulfate 

dipotassium phosphate 

arimonium nitrate 

ammonium hydroxide or 
nitric acid 

.001 M 

.002 M 

.005 M 

to pH 5.5 - 6.0 

minor element stock containing 0.5 ppm of boron, 

0.5 ppm of manganese, 0.05 ppm of zinc, 0.02 ppm 

of copper, 0.05 ppm of molybdenum 

ferric sulfate i ppm of iron renewed 

as required. 

The tomato plant is relatively resistant to excesses 

of the major nutrient elements (Fisher, 1935), con- 

sequently the exact proportions were not deemed critical. 

This conclusion has also beenreached by Miller (1938). 

Johnston and Dore (1929) found 0.5 ppm of boron to be 

required by the tomato. The toxic level is around one 

to several parts per million. The heavy metal concentra- 

tions are those used for the tomato by the California 

workers (Stout and Aman, 1939). 

Iron sulfate was added every few days in the early 

growth stages; less was required for older plants. The 

pH was adjusted when necessary, once or twice weekly 



during the period oÍ most rapid growth. It was permitted 

to fall to about 4.5 or 5.0 then was brought back to 

5.5 to 6.0. During fruiting when the pH rises or stays 

constant, it was reduced to 5.5 whenever it rose to 6.5. 

Rigid pli control was not deemed necessary. pH determina- 

tions were made with the glass electrode pH meter. 

The first experiment was conducted with Master 

Marglobe tomatoes in 3.3 1., darkened, soft-glass battery 

jars. The covers were made from new plywood, varnished 

with several coats of Gelite waterproof varnish. Before 

use they were thoroughly soaked in tap water, then rinsed 

with distilled and redistilled water. 

The seedlings were transplanted on December 19, 19$9 

1n the two-leaf stage, three to a jar, pairing the seedling 

in jars 1 and 10, 2 and 11, etc., after 9 days' growth. 

Ten days after transplanting, jars i to 9 were treated 

with 0.1 ppm of iodine as potassium iodide (33OVof 

iodine per jar) . The relative growth was then followed 

by comparing visually and measuring heights of the paired 

seedlings. The solutions were renewed February 12, 1940. 

No consistent differences in growth rate were observed 

by February 12, 1940 (7 weeks' growth) when two plants 

from each jar were removed. The green weights of these 

plants are given in Table IX. In thinning, the plants 

left were re-paired where necessary to give uniformity. 



Then this was done an estimate of the plants' weight 

was macle so that an additional pair in each jar would 

not be lost from the quantitative comparison at this 

stage. When the difference of the paired plants is 

assumed to be zero, the mean difference and standard 

erros is - 0.85 1.5, which is not significant. A simi- 

lar calculation for the roots gave a mean difference of 

s 0.12 s 0.15. Likewise, a calculation of the mean dif- 

ference in the root/top ratio for paired plants gave 

s .018 s .078. The increased root/top ratio with iodine 

treatment is not significant due to wide variability. 

The plant-material from the "iodine-free" jars was 

combined and analyzed. A single analysis gave an iodine 

content of 10.1v, equivalent to 202 ppb, compared with 

24200 ppb for the plants from the solutions containing 

0.1 ppm of iodine. If the proportional uptake was the 

same in both cases and the iodine came from the solutions, 

the indicated iodine content of the "iodine-free" solu- 

tions would be somewhat less than 1 ppb. The iodine 

contribution from the nutrient chemicals and water would 

be about 0.001 ppb. The origin of the lOYof iodine 

found in the "iodine-free" series cannot be determined 

from the data at hand. 

Although no growth response up to this harvest was 

noted, a curious phenomenon of preferential susceptibility 



to wilting occurred on January 27, 1940, a very hot day 

after a cool period. 

The lobos of the large leaves near the 'bud became 

limp and dark green, drying and curling. Larger plants 

were most seriously affected, smaller plants were only 

slightly wilted, or not at all. The symptoms are shown 

in Figure 2, p. 93. The wilting of the upper leaves first 

and the very healthy condition of the roots and crown 

indicated a physiological rather than a pathological 

condition. The wilting of the first day was correlated 

very closely with the iodine-free cultures. Comparisons 

indicated 12 plants in the iodine-free solutions with 

several severely wilted leaves, two with medium wilted, 

and three with slightly wilted leaves. In the iodine- 

control series, only three plants showed slight symptoms, 

while their mates in the "iodine-freet1 series were 

strongly wilted. 

The wilting persisted several days, clearing up at 

night and reappearing in the afternoon in spite of shading. 

After four' days the plants supplied with iodine also showed 

considerable wilting; then the hot weather stopped and 

the symptoms disappeared. Occasionally thereafter on hot 

days the wilting reappeared, but with no correlation with 

treatment. 

The plants were permitted to grow to maturity and 



bear fruit. By February 21, 1940 observation showed 

most of the roots had an unhealthy brown appearance, 

possibly due to insufficient aeration. The plants in 

jars i and 7 were discarded because of severe disease. 

The plants were harvested April 2, 1940. It is obvious 

that iodine had no apparent effect on the growth. The 

yield data are given in Table X. 

Single analyses of the mature plant leaves showed 

110 ppb of iodine in the "iodine-free" cultures, against 

24,000 ppb in the iodine-treated plants. 

The second experiment was conducted with Norton 

tomatoes in shallow circular pyrex baking dishes. The 

dishes held about 1300 rai. They were painted on the 

outside with black asphaltum covered with an aluminum 

paint. The plants were held by tufts of cotton in six 

symetrically placed holes in tight-fitting pyrex lids. 

The holes were made by drilling with a hollow copper tube 

in a drill press, freely using carborundum in glycerine 

or water. 

The seedlings were transplanted on January 27, 1940. 

Jars were paired, but not individual seedlings. On 

February 4, 1940 the following iodine treatments were 

made: "iodine-free" (1, 3, 5, 7, 9, 11, 13, 16), 0.1 

ppm of iodine (133 per jar to 2, 4, 6, 8, 10, 12, 14, 

17), and 0.5 ppm of iodine as potassium iodide (667 per 



jar to 15 and 18). After one month's growth on February 

27, 1940 the heights and green weights of the plants 

were measured, and four plants per jar were harvested 

for analyses, leaving two tiform plants in each jar. 

The mean heights and weights of six plants in each jar 

are given in Table XI. It will be seen that there was 

a significant, though slight, response to iodine ad- 

ditions. 
Qualitative notes on relative root growth were also 

taken. In three cases the iodine-controls were definitely 

more vigorous than the hhiodine_freett cultures, in three 

cases only slightly more vigorous, while in two cases the 

ttjodine_freett cultures were slightly more vigorous than 

the iodine-controls. 
The two plants nearest the mead green weight in each 

jar were left. The solutiöns were renewed Iarch 8, and 

March 30, 1940. The plants were harvested April 20, 1940. 

Total top and root weights per jar are recorded in Table 

XII. No significant differences are apparent. It seems 

likely that aeration was a limiting factor in the later 
growth period. 

Single analyses of the whole plants showed 116 ppb 

of iodine in the plants grown in the cul- 

tures, and 6,160 ppb in the plants grown in the presence 

of 0.1 ppm of iodide. 



LIøI 
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In view of Stokiasa's (1926) positive results with 

sugar beets, an attempt to duplicate his results was 

made in 1arch, 1940. The same nutrient formula, with 

the addition of 20 ppm of chloride to all but 3 pairs, 

was used. An iodine treatment of 0.1 ppni as potassium 

iodide was added to half the jars. About three weeks 

after transplanting during a hot period a wilt struck 

the beets. The sporulating fungi could be observed on 

the roots above the water surface. The interesting ob- 

servation was made that an attempt at sterilization of 

the roots of a portion of the jars with 95 per cent 

ethanol greatly increased the severity of the attack. 

The fungus on isolation into ethanol media gave fair 

growth. 

There was no visual difference in vigor or resis- 

tance to attack between the series with and without io- 

dine. Those plants lacking chloride seemed to have some- 

what less vigorous growth, while the incidence of wilted 

plants two days after the initial attack was 0.6 per jar 

in the series with chloride, 1.7 per jar in the series 

without chloride. The roots of all jars were affected 

more or less seriously. 

Green weights were made of the plants that survived 

the initial attack. There were no significant differences 

between the mean weights for the various treatments, which 

varied from 4.40 to 4.65 g. 
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TABLE IX 

IODIIE ESSEITILIT TRIALS. mQIATO.S HARVESTED 

FEBRUARY 12, 1940, GREEH 7EIGIiTS OF TOPS 

ttIodinefreeTT Plants loilne-control Plants Difference 

Green Green in 

Jar and Vleiht Jar and Veiht 7ïeightS 

Plant Tops Plant Tops of Pairs 

Number Oms Number Oms Gins 

10-1 
2 

-- 
20.60 

l-1 
2 

-- 
29.50 

-- 
8.90 

3 35.90 3 27.65 -8.25 

11-1 24.65 2-1 40* 15 

2 38.50 2 25.85 -12.55 

3 40* 3 26.50 -14 

(11-3 re-paired vs. 2-1) 
-5.95 

12-1 25.90 3-1 19.95 

2 
3 

-- 
25.60 

2 
3 

-- 
25.85 

-- 
0.15 

13-1 16.45 4-1 33.50 17.05 

2 42.95 2 29.95 -13.00 

3 

14-1 
-- 

37.60 
3 

5-1 
-- 

41.90 
-- 

4.30 

2 

3 

-- 
27.90 

2 
3 

-- 
28.30 

-- 
0.40 

15-1 27.55 6-1 26.25 -1.30 

2 25* 2 21.50 -14 

3 29.00 3 35* 6 

(15-2 re-paired vs. 6-3) 
7-1 28.90 4 

16-1 
2 

25* 
41.25 2 38.80 -2.45 

3 25.00 3 25* 0 

(16-1 re-paired vs. 7-3) 
17-1 

2 
-- 

25.95 
8-1 

2 
-- 

24.45 
-- 

-1.50 

3 40.30 3 32.45 -7.85 

18-1 
2 

-- 
28.50 

9-1 
2 

-- 
25.85 

-- 
-2.65 

3 25.35 3 30.70 5.35 

The mean difference of iodine-control and "iodine-free' 

plant green weights ±s 0.85 1.5 grams. 

* estimated weights of re-paired plants 



TABLE X 

IODINE ESSENTIALITY TRIALS. TOMATOES HARVESTED APRIL 12, 1940, 
YIELDS OF FRUITS, TOPS, AND ROOTS (FRESH ViEIGHTS) 

Fruit 
"Iodine- Iodine- Differ- 

control ence 
Pair Gins Gins Gms 

lo-i 75 -- -- 

11-2 46 97 *51 

12-3 35 86 *51 

13-4 46 38 -8 

14-5 54 26 -28 

15-6 35 44 *9 

16-7 42 -- -- 

17-8 28 22 -6 

18-9 48 36 -12 

means of differences 9.6 t 
10.0 

Tops 
"Iodine- Iodine- Differ- 
free" control ence 

Gins Gins Gins 

69 -- -- 

77 81 +4 

103 79 -24 

72 67 -5 

90 101 411 

67 93 *26 

loo -- - - 

50 88 *38 

101 106 *5 

7.9* 
8.2 

Roots 
"Iodine- Iodine- Differ- 
free" control ence 
Gins Gins Gins 

41 -- -- 

41 41 0 

51 37 -14 

36 40 *4 

49 48 -1 

50 44 -6 

50 -- -- 

44 48 *4 

44 44 0 

-2.O 
2.5 



TABLE XI 

IODINE ESSENTIALITY TRIALS. TOMATOES HAR1TSTED FEBRUARY 27, 1940. 
hEIGHTS OF TOPS AND FRESH VJEIGFITS OF WHOLE PLANTS 

IIean Heits Mean ieihts 
Iodine-control Difference Iodine-control Difference 

Pair Cm Cm Cm Gins Gms Oms 

1-2 12 4/12 12 5/12 s 1/12 5.62 5.68 s .06 

3-4 12 8/12 14 3/12 . i 7/12 6.10 6.75 . .65 

5-5 14 6/12 14 5/12 - 1/12 6.85 7.17 s .32 

7-8 14 5/12 15 4/12 11/12 6.39 7.27 .38 

9-10 14 10/12 15 5/12 '7/12 7.24 7.63 .39 

11-12 14 3/12 15 11/12 i i 8/12 7.10 7.69 .59 

13-14 14 7/12 14 11/12 * 4/12 7.93 7,25 - .68 

15 (j ppm I') -- 13 10/12 -- __ 7.14 -- 

16-17 15 15 0 7.35 7.62 .2? 

18 ( ppm I') -- 14 1/12 -- -- 7.49 -- 

Means of 
mean differences 0.66 i 0.19 0.25 - 0.10 

H 



TABLE XII 

IODINE ESSENT IALITY TRIALS TOMATOES lIARVESTED APRIL 20, 1940. 
FRESH WEIGHTS OF TOPS AND ROOTS 

Tops 
tilod inc-free bd inc-control Difference 

Pair Oms Oms Orne 

1-2 49.5 62.7* 13.2 

3-4 45.3 50.9 5.6 

5-6 43.0 46.7 3.7 

7-S '±o.6 33.1 - 5.5 

9-10 43.., 48.8 j 0.3 

11-12 44.7 43.5 s 3.8 

13-14 -- 53.4 -- 

15 ( ppm I')- 48.1 -- 

16-17 47.9 4o.2 - 2.7 

18 (t m Ii)- 51.2 -- 

means of differences 
(with pair 1-2) s 2.6 j 1.3 
(without pair 1-2) s 0.7 1.5 

* the only plant to have fruit 

Roots 
"Iodine free" Iodine-control Difference 

Oms Orne Oms 

49.6 51.3 s 1.7 

48.1 46.5 - 1.6 

44.4 33.5 s 9.1 

48.1 41.2 - 6.9 

46.8 55.8 s 9.0 

51.4 50.1 - 1.3 

-- 49.6 -- 

-- 42,4 -- 

48.4 45.7 - 2.7 

-- 61.3 -- 

s 1.0 s 2.0 
0.9 4 2,o 

tO 
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Figure 2. Physiological wilting observed 
on tomatoes. 

Left: Iodine-free culture, strongly wilted. 

Right: Iodine-control culture, very slightly 
wilted. 
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Micro-organisms 

Experiments designed to test the essentiality of 

iodine in microbial nutrition have not yet been reported. 

Because of the desire for a simple biological indicator 

for the presence of small amounts of iodine, and because 

of the value of such trials in perfecting a nutrient puri- 

fication method for minor elements as well as the general 

scientific interest, the problem was investigated. 

An initial survey experiment with representative 

bacterial genera was undertaken to find if any species 

had iodine requirements large enough to be detected by a 

simple technique. To this end, a nutrient solution pre- 

pared from iodine-free salts and inverted purified sucrose 

was distributed in acid-washed cotton-plugged tubes. 

Besides the iodine-free mediw, otherwise identical iodine- 

containing (0.01, 0.1, and i ppm of iodine as potassium 

iodide) media was tubed. The media was prepared from the 

iodine-free salts, inverted iodine-free sucrose, and re- 

distilled water. 

Species of Bacillus, Pseudomonas, Escherichla, 

Phytomonas and Aerobacter were carried through three and 

four transfers in each iodine level. Subculturing into 

each level was always from the rTiodine_freeht tube. No 

visually observable growth responses to iodine addins 

were obtained, growth being quite vigorous regardless of 
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treatment. 
Several reasons besides non-essentiality may have 

contributed to these negative results. The minor element 

requirements of bacteria are quite low, a high degree of 

nutrient solution purification being necessary to show 

the heavy metal requirements (Steinberg, 1938). The 

iodine levels investigated may not have been low enough. 

The iodine-free mediveimay have received sufficient iodine 

to support near optimal growth. The sucrose purification 

method was not adequately checked, though presumably the 

iodine contribution of the sucrose should have given but 

a few parts per billion to the medium. The trials were 

carried out in the bacteriology laboratois, and the pos- 

sibility exists that sufficient iodine was in the air 
(from stains, etc.) to raise the iodine level of the 

neutral or slightly alkaline mediNslappreciably. 

Further microbological work, therefore, necessitated 

a more refined technique. The bacterium Azotobacter 

agilis fixes nitrogen at an extremely rapid rate on an 

ethanol rnodini. Any doubt as to the purity of the mediMin 

was avoided by the substitution of ethanol for sucrose 

and the elimination of the somewhat questionable nitrates 
from the medium. Likewise, the possibility of atmos- 

pheric contamination was minimized by keeping the 

nutrient solutions and the growing cultures in a 
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non-chemical store room. 

The mediumused for experiments with Azotobacter 

had the following composition: 

dipotassium phosphate 0.33 g 

calcium sulfate 0.012 

magnesium sulfate 0.005 

potassium carbonate to piI 7.0 

minor elements including 0.5 ppm of boron, 0.5 

ppm of manganese, 0.05 ppm of zinc, 0.02 ppm of 

copper, 0.05 ppm of molybdenum 

ethanol 0.5 to i per cent 

water to 1 1. 

Special stock solutions of the iodine-free chemicals 

were prepared and used. The ethanol was distilled twice 

from potassium hydroxide. Redistilled water was used 

throughout. The minor element stock, the same as used 

in the plant experiments, was prepared by adding unpuri- 

fied c.p. salts to redistilled water. The basic nutrient 

solution, without ethanol, was autoclaved 15 minutes at 

15 pounds. After cooling, the ethnol, sterilized by 

boiling, was aseptically and accurately pipetted with 

acid-washed pipettes to the culture solutions. 

The triais were carried out in cotton-plugged 

erlenmeyer flasks that had been thoroughly cleaned with 

a sulfuric-nitric acid mixture. Precautions were observed 
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against iodine contamination. Inoculations were made 

with a thoroughly ignited platinum needle or withan 

acid-washed sterile pipette from subcultures of the 

organism In the iodine-free medium. 

The first experiment was designed to give approxi- 

mate end-point of nitrogen fixation only. Duplicate 

1 1. flasks with 250 ml of the basic nutrient containing 

0.85 per cent by weight of ethanol and various rates of 

iodine additions (O, 0.01, 0.1, and i ppm of iodine as 

potassium iodide) were inoculated November 4, 1939 with 

Azotobacter agilis subcultured twice in iodine-free mediw. 

Two flasks were inoculated and killed at once with 30 ini 

of nitrogen-free concentrated sulfuric acid per flask. 

After nine days the very bulky growth in the other flasks 

was killed. Lacro-kjeldahl analyses of aliquots gave 

the results of Table XIII. No definite treatment effects 

are observable, the variation between duplicate flasks 

being relatively large. 

The second experiment during January, 1940 was de- 

signed to give the effect of iodine on rate of fixation 

as well as end-point. Four complete sets of 12 flasks, 

each containing 100 ml of nutrient with the four treat- 

monts above in triplicate, were inoculated from iodine- 

free subcultures of the organism. Sets were killed at 

3, 5, 7 and 14 days after inoculation. They were then 



analyzed for nitrogen by Urnbreit and Bond's (l96) 

aeration method for semi-micro-kjeldahls. 

Due to the loss of some analyses, and inconsistent 

results presumably due to the liberation of ammonia fumes 

in the laboratory, the analytical results of this experi- 

ment were discarded. However, they gave no indications 

of a stimulation from iodine additions. This confirmed 

visual comparisons. The rate of growth and total f ixa- 

tion in this experiment was slow for no observable 

reason. The nitrogen fixed per ml of ethanol approxi- 

mated 0.4 mg at three days, 1.5 mg at five days, 9 mg at 

seven days, and 5.2 mg at 14 days. 

A curious phenonomen of pigment production was ob- 

served in this experiment. At seven days a definite 

though faint greenish pigment, that turned very faint 

pink on adding acid, was observed in the 24 flasks re- 

maiming. By the 14th day the surface pellicle in the 

remaining 12 flasks had broken up and sunk, while the 

mediwnwas colored with a very intense polychromatic 

greenish pigment that turned to a clear pink on the ad- 

dition of a small amount of acid. Intensity differences 

were noticeable in the flasks, but there was no correla- 

tion with treatment. Further attempts to obtain pigment 

production in cultures from these flasks and from the 

original agar slope by incubation at 30°C and at 20°C 



failed, though the customary darkening of mature cul- 

tures was observed. 

Umbreit (1940) in a private conmiunication with Dr. 

C. P. Hegerty states that the production of this pigment 

is occasionally observed in this bacterium, but that the 

ccnditions governing its production are not known. The 

pigment is oxidized by air to a purplish form. In this 

experiment the production was associated with a low 

nitrogen-fixation and growth rate. 

A further exper±ment with Azotobacter lis was 

started arch 6, 1940. Five hundred milliliter flasks 

(containing 140 ml of solution with 2 ml of 95 per cent 

ethanol) were used in this experiment. An additional 

iodine rate of 50 ppm was also introduced. Each treat- 

nient was autoclaved separately; that with 50 ppm of io- 

dine last. The flasks were inoculated from cultures 

carried through at least' five subculturings in iodine- 

free mediu,n. The cultures were killed at 3, 5, 8, and 15 

days by the addition of 1 ml of concentrated sulfuric acid 

to each flask. The analytical data are presented in Table 

XIV. 

Very definite and consistent responses are obtained 

from the additions of small amounts of iodides to the 

basic medi, especially in the early growth stages. The 

addItion of 10 ppb of iodine as potassium iodide to the 



basic rnedi&ungavo significant responses at three and five 

days while larger additions up to i ppm gave still 

greater responses, the mean differences between different 

rates occasionally being significant. At eight days 

the difference between the check and 10 ppb additions 

vanished, but the difference between 0.1 and 0.01 re- 

named significant. 

A growth repression was observed at 50 ppm and oc- 

casionally, at i ppm. This, however, was not statis- 

tically significant. 

The growth differences at three days between the 

iodine-free and iodine-control cultures were readily 

observed visually. By placing the flasks over large 

printing, the flasks could be readily classified as to 

growth as poor, medium, and good. The number al' flasks 

in each treatment series ifl each classification follow: 

Number of Flasks in 
Iodide Treatment Growth Classes 

PPm Poor Medium Good 

o iO 2 0 

0.01 0 5 7 

0.1 0 1 11 

i O 0 12 

50 0 4 8 

This is obviously the same as the results obtained 

at three days by analyses 01' only 12 of the 60 flasks. 
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There can be no question of the significance ol' the 

re suits. 

Two points are worthy of note in this experinient. 

Firstly, the percentage response to iodine additions is 

greatest early in the growth cycle. Secondly, the dif- 

ference between the treatments with O and with 10 ppiD of 

iodine diminishes and disappears early in the cycle, while 

the difference between 10 and 100 ppb diminishes but does 

not disappear. 

it will be necessary by investigations of lower io- 

dine concentrations to determino if the response is due 

to essentiality of iodine in the nutrition of Azotobacter. 

It will also be interesting to determine if the second 

effect is an artifact due to slow contamination of the 

fiodine_freet cultures by iodine. 
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TABLE XIII 

101) II'TE ESSENT TALITY TRIALS. END-YIILD WITh AZOTOBACTER 
ACILIS, FIRST TRIAt, N0FTJ3Er, 1939 

Iodide Treatment 
Ppm 

1 

0.01 

0.1 

i 

Nitrogen Fixed Averages of Duplicates 
per Flask 

Mg. Mg. N/i ml ethanol 

37.3 
33.8 14.2 i 0.7 

38.1 
35.0 14.6 4 0.6 

26.2 
33.3 11.9 1.4 

'ZA 1 
. V 

34.3 13.8 0.1 



TABlE XIV 

IODINE ESSENTIALITY TRIALS. AZOTOBACTER AGILIS, THIRD TRIAL, HAROR, 1940; 

TOTAL NITROGEN F1 PER FLASK 

Iodide Treatment 
Ppm 

o 
me an 

0.01 
me an 

0.1 
me an 

1 

me an 

50 
me an 

3 days 
Mg of N 

2.95,3.72,3.39 
3.52 ± 0.29 

4.47,4.53,5.13 
4.71 0.21 

5.21,5.02,5.76 
5.33 0.22 

5.97,5.77,5.55 
5.76 * 0.11 

5.72,4.75,4.36 
4.94 0.40 

* indicates minirrrum values only 

Period 
5 days 8 days 

Mg of N Mg of N 

11.2,14.6,12.5 
12.8 s 1.0 

17.1,17.6,15.4 
16.7 s 0.7 

20.4,17.9,17.9 
18.7 4 0.8 

18.1,17 .0,17.1 
17.4 0.4 

17.5,17.2,16.9 
17.2 0.2 

23.5,25.9,26.6 
25.3 0.9 

25.3,23.6,25.2 
24.7 0.6 

26.8,27.2,27.1 
27.1 0.2 

27 .0, 25 .9, 27 .7 
26.9 

25.1,26.2,24.0 
25.1 0.6 

15 days 
Mg of N 

26 .4, 24 .4, 27 .4 
26.1 0.9 

25.4,24.6 
25.0 0.4 

27.1,27.0,27.8 
27.3 0.2 

25.3*25.928.8 
2 6 7 * 

28.1,26.6,26.2 
27.0 0.6 

The individual data for triplicate flasks in each observation are recorded. 

H 
o 
CA 
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In the section on iodine essentiality trials, an 

experiment with corn is described (p. 69) that showed 

toxicity at i ppm of iodide and growth repression down 

to the lowest level investigated (0.1 ppm of iodide). 

This was in direct conflict with Maz's observation that 

4 ppm of iodide iodine stimulated the development of corn. 

A careful comparison of the author's experiment and 

that of Maz (1915) showed the presence of about 18 ppm 

of chlorides in ITaz's nutrient solution, while the 

chloride content of the author's medinïwas determined 

only by the chloride content of the c.p. chemicals 

used. The antagonisms of chemically closely related 

anions in the nutrition of wheat has been recently an- 

nounced by Ilurd-Karrer (1939). 

An exploratory experiment to test this hypothesis 

was set up November 1, 1939. Young corn seedlings were 

transplanted to the high phosphate nutrient solution in 

four gallon jars to which were added, 0, 1 and 5 ppm of 

iodide and O, 20 and 100 ppm of chloride in various corn- 

binations. The iodide was added as potassium iodide; the 

chloride as a mixture of potassium, calcium and magnesium 

chlorides in the same molar ratios that the cations were 

present in the basic nutrient solution. The amount of 

cation added with the iodide was insignificant in comparison 
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with the total amount in the solution, but this was not 

true in the case of the chloride additions, which were 

therefore made with the mixed chlorides, minimizing un- 

wanted changes in the properties of the nutrient solu- 

tion. 

Periodic height measurements were made and fresh 

weights were taken on harvesting at 60 days. The varia- 

tion between duplicate jars was so great that signifi- 

cance could not be attached to most of the treatment dif- 

ferences, so the results were discarded and the experi- 

ment repeated with modifications. The excessive varia- 

tion apparently was due to variable iron chiorosis and 

to transplantation injury. Many plants succumbed almost 

at once in the presence of i ppm and, especially, 5 ppm 

of iodide regardless of chloride treatment. This was 

apparently due to root injury. None died in solutions 

lacking a toxic concentration of iodide. 

In this experiment the toxicity of 1 ppm of iodide 

was not as great as in the exploratory experiment, while 

variability masked any antagonistic effects. With 5 ppm 

of iodide the growth was reduced to about 20 per cent of 

that in the checks. The antagonism of the chloride was 

very evident. The data could not be interpreted as prov- 

ing the antagonism, however, since from one to three of 

the five plants in each jar were dead at the end of 60 
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days. loo ppm of chloride seemed to be no better than 

20 ppm in overcoming the toxic action of 5 ppm of iodide. 

An attempt was made in a subsequent experiment to 

ensure an adequate supply of iron by supplying it as 

humate iron. Humate iron was prepared by the dehydra- 

tion of sucrose with concentrated sulfuric acid by the 

method of Homer, Burk, and Hoover (19M). Twenty-two 

parts per million of humaté iron, equivalent to 2 ppm of 

iron when added to the full strength high phosphate media 

precipitated within a week. The strength of the basic 

nutrient solution was then reduced to half the regular 

strength, 2 ppm of iron as humate iron added and the pH 

reduced and maintained at 5.5 by the addition of sulfuric 

acid. 

The treatments used were the four combinations of O 

and 2 ppm of iodide and O and 20 ppm of chloride. Trip- 

licate jars with eight plants in each were used. 

Young corn seedlings germinated on cheesecloth over 

a nutrient solution instead of in sand were transplanted 

January 26, 1940, using special care to prevent root in- 

jury. In this experiment, 8 plants were grown in each 

14 1. jar. Chlorosis appeared within four days and re- 

mained, severe but quite uniform, until the plants were 

harvested 2'? days later, in spite of further addïtions 

of hunate iron. 
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Since the data were fairly uniform and consistent, 

they are presented (Table XV) as indicating the antagon- 

istic action of chloride and iodide ions under conditions 

of extreme iron deficiency. The chiorosis associated 

with extreme iodine toxicity is qualitatively very smi- 

lar to iron chiorosis. 

That the chiorosis was due to a deficiency of iron 

rather than other minor elements was demonstrated by 

painting small areas on the leaves with solutions of iron 

salts, other heavy metal salts, and boric acid. Those 

areas painted with iron salts became green, others stayed 

chiorotic. Similar chloroses on corn under similar cul- 

turai conditions could be remedied by additions of iron 

salts to the nutrient solutions. 

The presence of 20 ppm of chloride in the culture 

solution partially antidotè'd the toxic action of 2 ppm 

of iodide on green weight but not on height. It is to 

be noted that in the absence of iodide, 20 ppm of chlor- 

ide significantly increased green weight and height. 

A final experiment was conducted like the last ex- 

cept that iron was supplied as iron tartrate at frequent 

intervals. The corn seedlings, three to four inçhes 

high, were transplanted February 26, 1940 and grown for 

30 days. At this time the green weight of each whole 

plant was measured, the four most uniform plants with a 



mean weight nearest the mean of the original eight plants 

replanted in each jar, while the other four plants from 

each jar were dried for analysis. Several days later 

the solutions were renewed according to the original 

formula, while four days later the iodide-chloride 

treatments were made. The plants were permitted to grow 

until April 13, 1940, a total growth period in solution 

culture of 46 days, at which time most of the plants were 

tasseling. The plants were then measured and harvested 

for analysis. 

The data are summarized in Tables XVI, XVII, and 

XVIII. A piotograph of a set of the närmal corn plants 

just before the final harvest is given in Figure 3 on 

p. 113. 

The antidoting action of 20 ppm of chlorides on 

the toxic ation of 2 ppm of iodides on normal corn is 

very evident during the early growth and up to the 

tasseling stage. Approximately 50 per cent of the in- 

jury is couiteracted. 

A slight stimulation of early growth of the normal 

corn by 20 pm of chlorides is also apparent, but is not 

significant as it seemed to be in the iron deficient 

corn. 
r' 
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TABLE XV 

IODIDE-CHLORIDE ANTAGONIS. IRON-DEFICIEITT 
CORN HARVESTED JANUARY 28, 1940 

Treatment 
Iodide Chloride Jar Mean Green Weight Mean Height 
Ppm Ppm No. Oms Cm 

O O 1 6.28 p 0.60 50.2 s 2.,? 

5 7.45 1 0.63 57.4 i 2.1 
9 5.32 + 0.70 51.1 s 2.7 

mean 6.35 i 0.37 52.9 * 1.4 

0 20 3 6.76 i 0.68 55.6 . 2.6 
7 7.79 i 0.66 58.6 4 3.7 

11 8.15 4 0,42 56.0 -i 2.2 
mean 7,57 s 0.34 o6.7 * 1.7 

2 0 2 3,18 . 0.12 46.4 s 1.7 
6 3.19 s O.o 43.8 s 1.8 

10 4.46 4 0.35 50.o i 2,1 
moan-.- 3.61 * 0.17 46.9 4 1.1 

2 20 4 5,97 4 0,64 46.2 2.3 
8 4.48 0.36 47.1 2.5 

12 7.62 0.45 47.9 2.2 
mean 6.07 s 0.29 45.6 s 1.4 

*The standard error of a mean of means is calculated 
as the square root of the sum of the squares of the 
individual standard errors. 
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TABLE XVI 

IODIDE- CHLOR IDE AHTAGOH I S. NORMAL CORN 
HARVSTED MARdI 27, 1940 

Treatment Mean Green Weight 
Iodide Chloride Jar (whole plants) Mean Height 
Ppm Ppm No. Grns Cm 

o o i 27.2 -i 1.8 73.6 2.6 
5 26.1 l.O 79.8 
9 27.6 2.1 79.4 i 2.5 

mean 27,0 i 1.0 79. i 1.7 

0 20 3 27.O 2. 80.1 2.8 
7 31.8 2.1 61.8 2.9 

11 26.8 0.8 81.9 - 2.1 
mean 28.5 s 1.1 81.3 - 1.5 

2 0 2 15.0 s 1.0 62.4 2.0 
6 13.3 s 1.9 63.0 s 3.7 

lo l7.7.2 64.0s4.5 
mean 16.3 l.s 63.1 s 2.1 

2 20 4 19.6 -t 1.2 68.2 s 1.9 
8 20.7 2.3 69.9 2.6 

12 24.7 1.7 73.4 1 2.2 
mean 21.7 s 1.0 70.5 -, 1.3 



TABLE XVII 

lOB IDE- CHLOR IDE ANTAGOIT I SM. NORMAL CORN 
HARVESTED APRIL 13, 1940 

Treatment 
Iodide Chloride 

Ppm Ppm 

o o 

0 20 

2 0 

2 

111 

Mean Green Weight Mean Dry Weight 
Jar of Tops of Tops 
No. Gins Gins 

1 
5 
9 

me an 

3 
7 
11 

me an 

2 

6 

lo 
me an 

151 4 19 
121 4 13 
88 6 

'l20 8 

93 4 13 
125v 9 

106 ! 4 
108 ± 5 

45 4 9 
44 ; 3 

43 13 
44 1 5 

20 4 754 7 
8* 48 4 

12 8517 
mean (in- 
cluding No. 
8) 69± 6 8.8±0.8 
mean (with- 
out No. 8) 80 9 10.3 0,8 

* The plants in jar No. 8 were abnormally poor and 
chlorotic since they were thinned March 27, 1940. 
All other plants appeared to be normal. 

18.2 4 2.6 
13.5 i 1.6 
12.4 4 2.2 
14.7 

:: 
1.3 

13.1 4 1.6 
16.3 2.2 
11.5 4 0.4 
1.6 v 0.9 

5.6 4 1.0 
5.0 + 0.5 
5.3_-1 1.1 
; 
_d.t__ 

r 

'.Jt, 

10.0 4 0.6 
5.7 ; 

10.6 :: 
2.2 



TABLE XVIII 

IODIDE-CHLORIDE AyTAGOHISM. 
HARVESTED APRIL 1, 

Treatment Ìean Heigh 
Iodide Chloride Jar Tops 

Ppm Ppm No. Cm 

112 

NORMAL CORT 
i 940 

t of' Mean Dry Weight 
of Roots 
Gins 

O O i 168 * 16 3.07 i 1.20 
5 150 :i: g 1.94 0.23 
9 148 6 1.42 1 0.07 

mean 155 
: 

2.14 j 0.40 

O 20 3 132 I 13 2,46 4 0.30 
7 160 12 2.34 0.19 
11 155 '; 1.51 0.05 

mean 149 
: 

2.10 
: 

0.12 

2 0 2 99 - 9 0.86 4 0.12 
6 112 s 3 0.98 i 0.10 

10 104 1 io 0.82 s 0.17 
mean 105 5 0.89 0.03 

2 20 4 127 s 11 2.45 * 0.29 
8* 109 :; 5* 0.86 -:1 0.23* 

12 135 7 1.89 0.26 
mean (in- - 
dud ing 
No. 8) 124 i 5 1.73 t 0,15 
mean (with- 
out No. 8)131 4 6 2.17 * 0.27 

* The plants in jar No. 8 were abnormally poor and 
chiorotic since they were thinned March 27, 1940. 
All other plants appeared to be normal. 
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Figure 3. The antagonism of chloride 
for the toxicity of iodide 
to corn. 
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GREEÎHOTJSE SOIL STUDIES 

Statistical Studies on Aiken and Deschutes Series 

Greenhouse pot trials with legumes were conducted 

on two Oregon soils; one from a region in central Oregon 

knovm to be especially deficient in iodine (Deschutes 

series), the other (Aiken series) from the general local- 

ity of the only soil (Olympic serie$) out of seven Oregon 

soils investigated by Carlson (1938) that seemed to give 

a response to iodine fertilization. 

Alfalfa was used in the first series because of its 

economic importance in Oregon, and because it was thought 

that iodine might have a function in the utilization of 

nitrogen by leguminous plants. Unfortunately alfalfa does 

not seem to be an even-g'rowin plant for greenhouse pot 

culture work. Because of the rather wide variations 

within a given treatment-series, the use of alfalfa was 

abandoned, and in the second series of greenhouse trials, 

red clover was substituted. 

The Aiken soil was collected near the top of a hill 

in the Peavy Arboretum north of Corvallis, just before 

planting. The other soil used was cf the Deschutes 

series. This soil was collected near Sisters, Oregon. 

The soil for each experiment was collected from the same 

place, though at different times; in each case, just 
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prior to planting. 

The soils were set up in porcelain jars that had 

previously been thoroughly cleaned with acid-dichromate 

mixture and thoroughly rinsed with water. Both soil 

series of the first experiment, and the Deschutes series 

of the second experiment were set up in one gallon jars 

which held approximately 4 kilograms of moist soil. The 

Aiken soil of the second experiment was set up in two 

gallon jars, which held approximately 6 kilograms of 

moist soil. Five jars per treatment-series were used in 

the first experiment; in the second experiment the number 

was increased to ten. 

The Aiken soll had a pH of 6.2, using a glass 

electrode on a 5 to 1 water suspension of the soil, and 

so was limed with c.p. calcium carbonate at the rate of 

two tons per acre or 2 grams per kilogram of soil, to 

correct its acidity. The Deschutes soil had a pH of 6.6 

and no lime was used. For the iodine treatment potassium 

iodide was used, at rates of 0, 2 and 6 pounds per acre, 

equivalent to 0, 1 and 3 ppm, in the first experiment. 

In the second experiment, the rates used were 0, 2 and 

4 pounds per acre. The potassium iodide was applied by 

sprinkling in dilute solution on the surface of the soil, 

irrigating, and waiting 48 hours before planting to 

diminish the likelihood of a toxic effect. A small amount 
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of nutrient solution was added after seeding to promote 

early growth. 

The red clover seed was collected from the field in 

the neighborhood of Sisters, Oregon in September, l937. 

This seed was grown on the same soil as was used in one 

of the trials, and cornes from a re4on in which iodine 

deficiency symptoms in animals are comnion; in fact, a 

case of hairless young pigs had occurred on the farm 

from which the samples were collected a short time pre- 

viously. A large number of seeds were sown uniformly 

in each pot, and thinned after sprouting. In the first 

experiment the number of plants per jar varied; in the 

second experiment five were retained, transplanting be- 

tween like series early ifl the experiment when necessary. 

The number of jars used in a treatment series in the 

alfalfa trials was five (sometimes four). The first exper- 

iment was planted in June, l97; the second in November, 

1937. As the clover plants of the second experiment 

were planted in the fall, growth was slow until spring. 

The alfalfa and clover plants were allowed to corne 

into bloom before cutting. Care was taken to secure as 

uniform a clipping as possible. Green weights were taken 

immediately on clipping, dry weights after thoroup,h dry- 

ing. at room temperature. The iodine and the crude pro- 

tein content of the plant material from each treatment 
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was determined after drying and grinding. 

Since the detailed yield data for the alfalfa and 

red clover trials on Aiken and Deachutes soil series 

were recorded in the Masters thesIs of the author 

(Lewis, 1939), only the mean yields are repeated here. 

It should be noted that the error of the mean recorded 

in the Masters thesis was the probable error, while in 

this thesis the standard error is used4 

The mean green are. dry weights of three alfalfa 

clippings are sunmarized in Table XIX. These data show 

that a response in alfalfa yields was obtained in the 

first cutting on both the Aiken clay loan and the 

Deschutes sandy loam. The response is much more defin- 

ite on the Alicen than on the Deschutes soil; moreover, 

the response carried over into the second clipping on 

the Aiken soil. In general, the response is proportion- 

ately less when figured on a dry weight basis than when 

figared on a green weight basis. Cuttings beyond the 

second on the Aiken soil, and beyond the first on the 

Deschutes soil showed either variable results or a re- 

versal of the previous trends. For this reason tue data 

of a final fourth clipping made in May, 1933, were not 

included. 

The mean green and dry weights of three red clover 

clippings are summarized in Table XX. It is seen that 
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the trends are quite similar to those observed in the 

alfalfa trials. The Aiken soil showed a fair response 

in the first cutting; unfortunately the data for the 

second cutting taken during vacation were lost. Further 

cuttings gave erratic results. The Deschutes soil gave 

a slight response in the green weights only. Since the 

responses were greater when based on green rather than 

on dry weights, the msture content of the individual 

red clover samples were calculated. It was found that 

the apparent difference in tsucculencett with iodine 

fertilization was due in the Deschutes series to one cul- 

ture unit, in the Aiken series to two culture units in 

the check treatments. If these three samples were omitted 

in the calculation of rran moisture contents, there is 

no significant variation with iodine fertilization. It 

was observed that plants that bloomed somewhat ahead of 

the majority were more mature and dried out slightly. 

The clover in all three series was partly in bloom when 

harvested. There were a comparable number of blooms in 

each series. 

A trial with head lettuce was conducted on Deschutes 

sandy loam obtained October 29, 1938 from the same place 

on the Cyrus farm at Sisters as that used in the red 

clover experiment. The lettuce was planted November 

4, 1938 and harvested January 24, 1939. The iodine 
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fertilization rate was 4 pounds per acre as potassium 

iodide. The treatments, unfortunately, were not randomly 

oriented or moved from time to time, but were arranged 

in alternate rows on the end of a table. A pronounced 

border effect, presuiably due to fumigation, depressed 

the yields at the table edges, particularly on the south 

edge. The results are recorded in Table XXI, the border 

effects being shown by calculating several positional 

means The south, west and north edges of the setup 

were exposed and exhibited the effects. It was not 

thought advisable to calculate standard errors, 

though the experiments give definite indications of a 

stimulation by iodine fertilization on the green weights, 

much less on the dry weights. This is the sane effect 

that was observed in the case of red clover and alfalfa. 



TABLE XIX 

GREEWHOTJSE SOIL TRIALS. STATISTICAL TRIALS WITH ALFALFA 

Check 
Alicen Clay loam 

Yields First CuttIng, 9/27/37 
Mean Green Weight, Gms. 7.60 0.45 
Mean Dry Weight, Grns. 2.85 0.22 

Second Cutting, 12/2/37 - 
Mean Dry Weight, Grns. 5.90 0.07 

Third CuttIng, 3/17/38 - 
Mean Green Weight, Gms. 33.0 2.2 
Mean Dry Jeight, &rns. 6.80 0.40 

Iodine Content, Dry Weight Basis, Ppb 384 
(combined first and second cuttings) 

Deschutes sandy loam 
Yields First Cutting, 9/27/37 

Mean Green Weight, Grns. 5.60 0.38 
Mean Dry Vîeight, Gms. 1.95 0.15 

Second Cutting, 12/2/37 
Mean Dry Weight, Gins. 5.85 0.60 

Third Cutting, 3/17/38 - 
Mean Green Weight, Gms. 39.0 1.5 
Mean Dry Weight, Gms. 8.40 0.30 

Iodine Content, Dry Weight Basis, Ppb 265 
(combined first and second cuttings) 

Treatments 
bd me bd me 

2 pounds per acre 4 pounds per acre 

10.40 s 0.45 10.80 4 0.45 
3.65 0.3u 3.75 ± 0.15 

6.40 0.30 7.50 e 0.67 

40.0 3.8 33.0 1.5 
8.20 

: 
1.50 6.80 0.30 

415 361 

6.00 0.22 6.20 0.60 
2,10 i 0,22 2.10 0,22 

5.15 t 0.45 5.95 4 0.8 

34.0 .1 D.8 32.0 * 3.8 
7.45 .1 0.67 6.90 0.60 

400 415 
I-J 

o 



TABlE XX 

GREENHOUSE SOIL TRIALS. STATISTICAL TRIALS WITH RED CLOVER 

Aiken clay loam Check 
Yields First Cutting, 5/26/38 

Mean Green Weights, Gms. 209 s 18 
Mean Dry Weight, Gms. 54.0 s 5.0 

Second Cutting lost 
Third Cutting, 8/24/8 

Mean Green Weight, Gnis. 112 4 
Irean Dry Weight, Gms. 29.3 s 1.3 

Iodine Content, Dry Weig}t Basis, Ppb 376 
(first cutting) 

Protein Content(first cutting),per cent 15.55 
Deschutes Sandy loam 

Yields First Cutting, 5/26/38 
Mean Green Weight, Onis. 191 lO 
Mean Dry VJeight, Gms. 46.6 -i 3.3 

Second Cutting, 7/15/38 
Mean Creen Weight, Gms. 140 t 10 
Mean Dry Weights, Gins. 31.7 s 4.1 

Third Cutting, 8/24/38 
Me an Gr e e n We i ght , Gms 4 5 4 4 9 
Mean Dry Weight, Gins. 11.0 - 1.1 

Iodine Content, Dry Weight Basis 
First Cutting Ppb 
Second Cutting Ppb 
Third Cutting Ppb 
Fourth Cutting(11/27/38) Ppb 

Protein Content(first cutting),per cent 

Treatment s 
Iodine Iodine 

2 pounds per acre 4 pounds per acrt 

262t14 255, 8 
61.0 

: 
2.6 57.1 : 2.7 

lO5 3 ll3s 3 
28.3 :j i.o 29.6 i 2.1 

2T3 279 

16.89 17.63 

215s 7 2064 5 
47.7 

: 
i.o 45.9 

: 
i.i 

116411 120t 9 
26.2 :: 2.8 28.7 2.2 

40.0 4 5.6 42.6 i 2.9 
9.1 1.2 10.3 0.6 

186 492 712 
277 -- 612 
132 -- 486 
189 -- 484 
16.94 17.50 17.54 H 

H 
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TABLE XXI 

GREEITHOUSE SO IL TRIALS HEAl) LETTUCE OIT :DISCIrJTES SERIES 

Mean Green 
Weights of 
Tops 

all jars 

all jars except 
north and south 
rows 

all jars except 
north, south and 
west rows 

Treatment s 

Iodide 
Check 4 pounds per acre 

No. of Mean Fo. of Mean 
Jars eiht Jars Weight 

Oms Oms 

21 37,2 21 35.0 

15 37.5 13 44.9 

12 39.3 12 46.7 
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Other Greenhouse Trials 

Preliminary iodide-fertilization trials were con- 

ducted on Newberg fine sandy loam from the College ast 

farm and on Melbourne series. Tomatoes were grovm dur- 

ing the spring of 1938 on the îewberg soil, alfalfa dur- 

ing the summer and fall of 1937 on the Melbourne soil. 

Q,uadruplicate jars were used in the tornato trial, trip- 

licate jars in the alfalfa trial. The yields are given 

in Table XXII. Mo stimulating effects of iodine are 

apparent. 

Potassium iodide was included in a number of ex- 

ploratory trials with various soils and crops, conducted 

by Dr. I. L. Powers before, and during the period covered 

by this study in which the author has cooperated. 

The treatments for which comparative data are given 

are (1) the iodide treatment, (2) the checks, (5) the 

complete medium potash major fertilizer treatment (when 

a complete fertilization was given the minor element jars), 

(4) the calcium sulfate or sulfur treatrnent (low rate, 

40 pounds per acre, for checking out the sulfur in the 

heavy metal sulfates), and (5) the average of the minor 

element treatments, excluding the iodine and the check 

treatments. The minor element treatments generallj 

included sulfur, calcium sulfate, the sulfates of 
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magnesium, manganese, copper, zinc, and tin, boric acid, 

and occasionally rrlanganese borate. These were applied 

at the rates of 20 to 40 pounds per acre, except potas- 

sium iodide which was added at the rate of 2 to 6 pounds 

per acre. The data are given in Table XXIII. 

Austrian winter peas on upper Klamath peat gave no 

response to 4 pounds of potassium iodide r acre applied 

just prior to seedings. 

An acid peat from the Braillier swamp near Astoria 

after liming and a major fertilizer treatment gave only 

a slight response with tomatoes to 0.5 pounds of potassium 

iodide per acre. Successive crops of peas, beets, and 

oats and clover gave no responses. 

Newberg sandy loam from near Jefferson, after liming 

and a major fertilizer treatment, gave a slight response 

with beets to 4 pounds of potasium iodide per acre. 

Successive crops of beets, and oats and clover showed 

no responses. 

Salkum heavy loam, limed and given a complete major 

fertilizer, gave a small but definite response to 4 pounds 
of potassium iodide per acre with alfalfa. Each of 5 

successive cuttings showed the response. 



TABLE XXII 

GREENHOUSE SOIL TRIALS EXPLORATORY TRIALS 

Tomatoes on Newberg Series 

Treatment s 
Iodine 

Check 2 pounds per acre 4 pounds per acre 
Green Weights Gms Gms Gms 

Fruit 157 t 22 106 t 5 131 t 12 

Leaves 34.9 5.8 41.6 1 4.1 36.5 1 5.1 
Stems 47.9 s 3.3 44.0 s 2.8 44.1 s 3.1 
Total 240 i 26 192 1 5 213 1 16 

Dry We ight s 

Fruit 11.7 s 1.6 9.0 0.5 10.4 s 0.7 
Leaves 6.9 s 1.1 7.2 0.8 6.6 s 1.1 
Stems lo.5 i 1.0 12.2 s 1.0 12.3 s 0.8 
Total 32.1 .i .2 28.3 0.9 29.3 4 2.3 

AlfalIa on Melbourne Series 

Dry Weights 
First Cuttin;, 9/27/37 
Second Cutting, 12/2/37 

Protein Content (combined cuttings) 

Treatment s 

Check 
Gms 

2.12 s 0.41 
5.17 1 1.02 

PerTh ent 
o, 
'j-. ,J. . J 

Iodine 
6 pounds per acre 

Grns 

2.22 s 0.32 
3.72 1 0.22 

PerThent 
20.66 

H 
01 



TABLE XXIII 

GREENHOUSE SOIL TRIALS. EXPLORATORY TRIAL YIELDS 

Treatment s 
Calcium Minor 
Sulphate Completo Elements 

Iodide Check or Sulfur Fertilizer Average 

Soll Crop Yield Gms Gms Gins Gms Gms 

Peat Austrian green weights 31.5,59.3,55.1 52.5,53.4,54.3 43.5,80.1 54.6 

(upper Winter dry weights 7.2,10.2, 9.0 11.2,10.1, 9.8 3.3,14.2 10.2 

Klamath) Poas 

Peat Tomatoes green woihts 
(Brainier fruit 151, 141 163, 164 127 138 

swamp) root 9.1, 11.2 8.8, 10.1 2.7 8.3 

leaves 39, 47 52, 60 50 43 

stem 32, 35 27, 36 36 30 

total 222, 223 248, 259 213 213 

Poas green weights 
pods 44.7,83.1 75.6,82.0 66.7,76.2 70.6 

vines 35.5,84.7 90.7,105.1 71.1,70.9 79.2 

total 80.2,167.8 166.3,187.1 137.8,147.1 155.6 

dry weights 
pods 7.3,11.4 10.3,10.8 6.9,9.6 9.5 

vines 7.2,13.9 13.6,15.6 11.7,11.1 12.2 

total 14.5,25.3 2.9,26.4 18.6,20.7 21.0 

Beets green weights 
top$ 10.2,26.0 22.5,21.6 13.1,22.5 18.9 

I-J 



TABLE XXIII (Cont.) 

GREENHOUSE SOIL TRIALS. EXPLORATORY TRIAL YIELJS 

Treatments 
Calcium Minor 
Sulphate Complete Elements 

Iodide Check or Sul1ur Fertilizer Averare 
Soil Crop Yield Orne Grs OEms Guis Gins 

beets 23.6,55.1 15.0,48.0 11.8, 6.0 20.3 
total o3.3,Ol.l 40.5,69.6 29.9,28.5 ¿9.3 

dry woi;hts 
tops 4.2, 5.6 4.7, 7.2 5.1, 5.4 5.3 
beets 1.6, 4.2 2.9, 4.1 2.5, 0.9 2.0 
total 5.8, 9.8 7.6,11.3 1.6, o.3 7.3 

Oats reexi weihts 28.2,7.8 34.6,40.0 27.o,30.3 

Clover reen we1)hts 23.2,14.2 . 18.1,15.3 17.6,l'7.l 17.6 

Newberg Beets green weihts 
Sanay tops 19.0,19.0 12.8,10.9 17.0,14.9 15.0,11.2 13.1 
loam beets 40.4,44.7 11.1,10.4 36.4,13.1 13.0,41.3 36.7 

total 59.4,63.7 23.9,21.3 53.4,128.0 28.0,52.5 52.8 
dry weights 

tops 8.2, o.1 2.1, 2.4 5.7, 7.0 6.9, 7.1 8.1 
beets 3.4, 3.5 3.0, 2.2 3.2, 2.1 2.7, 2.6 
total 11.t,ll.6 5.1, 4.6 8.9, 9.1 9., 9.7 11.5 

H 
-z! 



TABLE XXIII (Cont.) 

GREENIIOUSE SOIL TRIALS. EXPLORATORY TRIAL YLU3 

Treatment s 
Calcium Iflnor 

Sulphate Complete Eleman1 

Iodide Check or Sulfur Fertilizer Avera 

Soil Crop Yield Gms Grns Grns Grns Oms 

Beets green weights 
tops 23.1,14.4 19.9,15.7 12.7,19.9 17.3,14.8 17.9 
beets 20.3,11.5 22.5,13.3 14.4,11.1 27.3, 9.8 15.1 

total 43.4,25.9 42.4,50.0 27.5,31.0 44.3,24.6 33.0 

dry weihts 
tops 2.7, 1.7 2.3, 2.5 1.6, 2.0 1.3, 1.6 2.1 

boots 3.7, 1.9 3.6, 1.9 2.4, 1.8 4.3, 1.7 2.3 

total 6.4, 3.6 5.9, 4.4 4.0, 33 3.3 4.4 

Oats greenweight 53.4,37.1 73.6,95.0 5o.6,60.0 58.3,56.8 75.3 

Clover green weght 13.6, 9.6 9.4,10.0 15.5,19.6 26.2,19.1 19.9 

Salkum A1a1fa green weight 46.1,33.2 37.2,32.3 29.2,35.3 32.7 

heavy (average of 

1on-t five cuttings) 
dry weicht 11.5, 93 7.3, 7.7 7.3, E.5 7.7 

H 
co 
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FIELD PLOT TRIALS WITH IODINE 

A number of field plot trials in 1939 included 

iodine treatments. Those from which yield data were 

obtained, or where iodine analyses were made are re- 

ported in Table XXIV. 

No marked responses to iodine fertilization were 

obtained. There was an indication of a response with 

oats and vetch ¿n Powell silt loam. A slightly im- 

proved appearance of Alsike clover on Deschutes sandy 

loam was reported, but yield data were not obtained. 



TABLE XXIV 

FIELD PLOT TRIALS EFFECT 0F IODINE ON YIELDS AND IODINE CONTETS 

Soll and Locality Crop Treatrient Yield Iodine Content 

Powell silt loam Cutbbert potassium iodide 
from Gresham raspberries 6 lbs. per acre 2.81 tons por acre 5. ppb* (fresh 

weight) 
nearest check 3.O7 " 3.9 tI t! 

ave. of 5 checks 3.11 t! ti 

Powell silt loam Oats and potassium iodide 
from Gresham ' vetch 6 lbs. per acre 9.0 lbs. por 3 sq. yds. 

cover crop nearest check 7.5 H It ti 

ave. of 3 checks 7.0 ' ti it ti 

Uncorrelated loam Alfalfa hay potassium iodide 
from Ontario G lbs. per acre 8.04 tons per acre 240 ppb 

nearest check 8.80 it t? 214 ppb 
ave. of 3 checks 8.35 ti it 

Deschutes medium Pea and rye potassium iodide 
sandy loam from hay 4 lbs. per acre 0.88 tons per acre 
Turnalo nearest check 0.90 II t? 

ave. of 4 checks 0.97 t? H 

Newberg silt from Cabbages potassium iodide 
Oregon City 6 lbs. per acre 66 ppb 

check 75 ppb 

* analyses not duplicated duo to lack of sufficient material 
o 
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RETFNTION AND DISTRIBUTION OF IODINE lIT SOILS 

The Aiken clay loam and the Deschutes sandy loam 

used in the greenhouse pot trials were investigated as 

to iodine content and retentive capacity for iodides 

against leaching. Well mixed samples representativo of 

the actual soil lots used in the greenhouse trials were 

used. 

The Aiken clay loam was extracted with water, with 

two per cent potassium carbonate, and with one per cent 

potassium hydroxide. The iodine content of the extract 

was determined after centrifuging to remove colloidal 

particles. The solvents gave a regular gradation in the 

amount of humus extracted, as indicated by the color of 

the extracts. 

The results of the total analyses of Aiken and 

Deschutes soils and extraction of Aiken soil are pre- 

sented in Table XXV. It may be seen that the Deschutes 

soil is quite low in total iodine while the Aiken soil 

is relatively high. The iodine in the Aiken soil is 

largely extracted by the solvents that remove humus. 

Furthermore, the extraction of iodine is roughly pro- 

portional to the extraction of humus. 

Leaching experiments were conducted to determine the 

retention of potassium iodide by the Aiken and Deschutes 

soils. The first experiment was conducted in the winter 
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of 1937-1938. Seventy g. of Aiken soil limed with 0.14 

g. of calcium carbonate was transferred to each of five 

small Buchner funnels containing a sheet of filter 

paper. One and 10 ppm of iodine as potassium iodide 

(70 and 700V of iodine) were added to duplicate samples, 

the fifth sample being left untreated. The soils were 

leached with 20 ml of distilled water per day for two 

months, when the leachates were collected and ana1yed. 

The experiment was repeated during the winter of 

1938-1939 on the Deschutes soil series, using the same 

amounts of soil and the same iodide fertilization rate, 

hut omitting the liming. 

The analytical results of the two experiments are 

presented in Table XXVI. It may be seen that the 

retentive capacity of the Aiken clay loam is relatively 

high, that of the Deschutes sandy loam is low. 



TABLE XXV 

IODINE CONTENT OF AIKEN AND DESCHTJTES SOILS 

Total Analyses 

Aiken clay loam 16.4 ppm 
cf. p. 

Deschutes sandy loam 0.58 ppm 
cf. p. 

Extraction of Iodine from Aiken Clay Loam 

10 g,. of soil extracted with 75 ml of 

solvent 

Solvent Color of Extract 

Water almost colorless 

Two per cent 
potassium 
carbonate cherry red 

One per cent 
pot a s s jun 
hydroxide very dark 

Total iodine (cf. above) 
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Iodine in Extract 

1.43 ppm 

7.7 ppm 

12.3 ppm 

16.4 ppm 
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TABLE XXVI 

RETENTION 0F IODIDES AGAINST LEACHING BY AIKEN 
AND DESCITUTES SOILS 

Iodide 
No. Additïon 

A O 

B 70 

C 70 

D 700 

E 700 

Aiken Loam 

Iodine Iodine Total 
in Total in Iodine in 

Soil Iodine Leachate Average Leachate 
Y Y Y PerCent 

1150 1150 6.5* 6.5 0.6 

1150 1220 29.7 

1150 1220 12.2 21 1.7 

1150 1850 11.8 

1150 1850 9.1 10.5 0.6 

* no duplicate analysis 

Deschutes Sandy Loam 

A 0 41 41 lost 

B 70 41 lii 18.4 

C 70 41 111 17.9 18.2 16 

D 700 41 741 348 

E 700 41 741 341 344 46 



IODINE CONTENTS OF SOME OREGON WATERS 

During the course of this study iodine analyses 

were made of some Oregon river, well and other waters. 

The data are presented in the following table. 

TABLE xxvii 

IODINE CONTENTS OF OREGON WATERS 

Source Date 

Corvallis city tap October 1937 

Corvallis city tap January 1938 

Voorhies well-Medford November 1937 

Voorhies well-Medford April 1938 

A Medford well April 1938 

Crum well - The Dalles March 1938 

Stadleman well - 

The Dalles March 1938 

Salmon River May 1939 
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Iodine Content 
Ppb 

0.13 

0.35 

44 

118 

20.5 

0.4 

6 

0.32 
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DISCUSSION 

In order to test the essentia1ty of an element in 

the nutrition of a given organism, the organism must be 

shown to be unable to complete its developmental cycle 

in the absence of certain amounts of the element in 

question in a form available for assimilation. Con- 

versely, in order to disprove the essentIality of an 

element, the organism must be shown to be able to undergo 

complete, uninhibited development in the substantial ab- 

sonco of the given element. Since the complete absence 

of a given element may rarely be demonstrated, it is 

necessary to qualify statements of non-essentiality by 

quantitative references to the purity of the culture 

solutions or amount of the element available to the or- 

ganism. 

The concentration of iodine in the culture solutions 

must be approximated to noting the effect of known iodine 

levels upon the iodine content of plants grown under 

comparable conditions. The iodine in the plant must be 

assumed to cone chiefly from the solutions. Since the 

absorption may not be a linear function of the iodine 

concentration in the solutions, extrapòlations should not 

be made over too wide concentrational rangea. Thus es- 

timates of the iodine content of solutions without iodide 

additions from analyses of tomatoes and sunflowers grown 
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together in the absence of iodide additions and in the 

presence of 0.5 ppm of iodide varied by a factor of 10 

depending upon the plant used. 

The accuracy of this extrapolation will also be 

increased by conditions favoring the uptake of a sub- 

stantial fraction ofthe iodine present. Experiments 

with corn, barley, and lettuce indicated the iodine 

content of solutions prepared from unpurified c.p. 

chemicals and used in glazed stoneware jars to be around 

a few parts per billion. Comparing the weight of dry 

matter elaborated with the weight of salts utilized in 

the solutions, and assuming the iodine in the solutions 

came principally from the salts, the iodine content of 

the salts would average 200 to 300 ppb of iodine. An- 

alyses of the nutrient chemicals did not indicate im- 

purities of this concentration, so it seems likely that 

much of the iodine in the plants was derived from other 

sources. 

In view of the high water requirements of plants, 

tap water containing 0.3 ppb of iodine could easily supply 

a plant iodine content of several hundred parts per 

billion. The distilled water used in the experiments 

was much purer, and it does not seem that the water con- 

tribution could account for the results obtained. 

By purification and analytical verification of 
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purity of the components, a nutrient solution containing 

a calculated maximum iodine content of the order of 

0.001 ppb was prepared. The only component whose purity 

could not be analytically verified was nitric acid. Al- 

though verification would be desirable, it seems likely 

that the purification method used reduced the iodine con- 

tent to a negligible figure. 

Estimation of the iodine content o± the purified 

solutions from analyses of the plant materials gave fig- 

ures around 1 ppb. That this iodine could have come fr 

the purified components of the solution cultures does not 

seem likely. The amount contributed from the glass ves- 

sels should be small in view of the intensive acid clean- 

ing. The iodine content of glass itself is presumably 

around 1 ppm, and the amount of solution, especially of 

pyrex, In the weakly acid cultures should not be great. 

The source of the iodine contamInation is not known. 

In the past, spent solutIons containing both iodine and 

iron had occasionally been spilled on the earthen green- 

house floor. To test the possIbility of iodine contamina- 

tion from the atmosphere, an analysis was made by drawing 

the air through alkali for a long period. Less than 0.04v 

per cubic meter of air was found. This is as low as any 

value found in the literature (MeClendon, 1939). Presum- 

ably a portion of this was present in micro-organisms and 
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ïn dust particles. Assuming all of the air iodine could 

be absorbed by the plant in the same ratio as carbon 

dioxide is absorbed, this could give a contribution to 

the plant iodine content of approximately 100 ppb. 

Since the iodine content of the plants grown in 

"iodine-free" solutions was no lower than many reliable 

values reported for plants grown under field conditions 

(McClendon, 1939), it may not be definitely stated that 

iodine is not essential in sorne concentration to the 

tomato plants. The iodine found in the plant analyses 

cannot, however, be assumed to have been entirely avail- 

able to the metabolic processes of the plant. It is not 

unlikely that a large portion of it was present on the 

outer plants surfaces in a form not removed by the wash- 

ing given the plant material before analyses. 

On the basis of the calculated purity of the solu- 

tion cultures, it may be said that iodine is not es- 

sential in amounts greater than a few parts per trIllion 

in the nutrient solutions. 

A comparison of the iodine content of the check 

solutions of other investigators calculated from their 

data may be of interest. Orr, Kelly, and Stuart (1928) 

studied the effects of various concentrations of iodides 

in solution culture on the iodine content of peas. Their 

analyses indicate a check-solution iodine content of 



140 

about 5 ppb. Similar experiments by Regeimbal (1930) 

indicate an iodine content around 25 ppb in the check 

solutions. Stokiasa (1929) used only one rate of iodide 

fertilization (5 ppm) in sand cultures with beets. His 

analyses indicate a high iodine level in the control 

cultures, possibly as high as 1 ppm. 

The experiments with Azotobacter are believed to 

be the first reported in which the organism was grown 

in a medium especially purified with respect to iodine. 

Marked stimulations occurred in the early growth at 0.01 

ppm of added iodine, but the end-yield was not greatly 

affected. 

These results may be coitrasted with those of other 

workers. Stokiasa (1926) reported a 50 per cent increase 

in end-yield with the addition of 0.5 ppm of iodide. 

Itano and Matsuura (1933) found a stinmilation during the 

first 5 days at 70 ppm but not at 10 ppm of added iodine. 

Greaves (1933) found a slight stimulation with i ppm and 

a definite stimulation at 5 ppm of added Iodide. These 

workers used Azotobacter choococcum in Ashby's medium, 

which employs a mannite substrate. 

The use of a different species and substrate may 

explain the finding of the maximum growth at much lower 

concentrations of added iodide. A greater inhibition 

of growth due to the absence of iodine must be obtained 
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before it may be said that iodine is essential to the 

growth of the species. 

The discovery of the antagonism of chlorides for 

iodide toxicity to corn may explain part of the dis- 

crepancy between the results of Maz and of the author. 

Since the experimental results varied more widely than 

may be explained on the basis of the partial antidoting 

noted, and since the experimental conditions varied in 

details besides chloride content, it seems likely that 

other factors may influence iodide toxicity strongly. 

The presence of chlorides may be necessary in 

certain conditions to permit stimulations by iodides to 

manifest themselves. Stokiasa (1929) used a chloride- 

containing nutrient solution in demonstrating stimula- 

tlons of beets by iodides. 

The observation is also of theoretical interest in 

that Hurd-Karrer's (1939) hypothésis, that the toxic 

action of certain ions is antagonized by chemically 

related essential nutrient ions due to some lack of 

selectivity in the physiological reactions of absorption 

and assimilation, must be generalized to include non- 

essential ions. Chlorine is essential in plant nutrition 

in extremely small amounts, if at all (Miller, 1938). 

A well substantiated case of a stimulation of plant 

growth by iodine additions to a soil is iven by the 
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experiments with alfalfa and red clover on Aiken clay 

loam. That the action was not a direct remedying of a 

nutritional deficiency is indicated by several points. 

The iodine content of the soil used was relatively high 

in alkali extractable (12 ppm) and in total (16 ppm) 

iodine. The iodine additions apparently did not in- 

fluence the iodine contents of the plant material, which 

were relatively high. The yield responses were limited 

to the first one or two cuttings. The protein content 

of the red clover increased with iodine fertilization 

parallel to the yield response in the first cutting. 

A number of Oregon soils were investigated. Al- 

though occasional slight responses were obtained, most 

of the trials yielded negative results. The iodine con- 

tent of the crops generally increased with iodine 

fertilization up to three or four times. Four pounds 

per acre of iodine added to the Deschutes soil as 

potassium iodide doubled the iodine content of red 

clover in the fourth cutting after treatment. 

The retentive capacity of two Oregon soils against 

loss of potassium iodide by leaching was found to be 

related to texture. This is in agreement with the work 

of other investigators. 
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SUMMARY 

1. Methods are given for reducing the iodine con- 

tent of certain nutrient chemicals to below one part per 

billion. The iodïneconten.ts of a number of commercial 

c.p. chemicals are given. 

2. Preliminary trials with corn, barley, and lettuce 

in unpurified nutrient solutions failed to give responses 

to iodine additions. The iodine absorption by the plants 

indicated an iodine content in the unpurified solutions 

of a few parts per billion. 

3. Trials with tomatoes in purified solution cul- 

tures failed to give a growth response to iodine additions. 

4. A physiological response of tomatoes to a lack 

of iodine was noted. The onset of severe wilting after a 

weather change to conditions favoring high transpiration 

was much more rapid in solutions lacking iodides. 

5. The iodine contents of plants grown in the 

purified solutions were as high or higher than reliable 

values reported in the literature for plants grovrn under 

average field conditions. Plants with much lower iodine 

contents must be producedbefore it may be positively 

stated that iodine is not essential in plant nutrition. 

6. Experiments with Azotobacter agilis on a highly 

purified ethanol media showed significantly increased 

nitrogen fixation at 0.01 ppm of added iodide, and a 
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maximum stimulation at 0.1 to i ppm. 

7. Chloride at 20 ppm was shown to antagonize the 

toxic action of 2 ppm of iodide on corn. Under the con- 

ditions employed, diminutions of injury of about 50 per 

cent were noted for normal and for iron-deficient plants. 

8. Hurd-Karrer's (1939) hypothesis of the antagonism 

of essential nutrient ions for chemically-related toxic 

ions must be generalized to include non-essential ions. 

9. A significant though small yield response with 

alfalfa and red clover to small potassium iodide fertil- 

izations on Aiken clay loan in the presence of adequate 

amounts of potassium was demonstrated. An increase in 

protein content was also noted. 

10. Exploratory trials were made with small potas- 

slum iodide fertilizations on a number of Oregon soils 

in greenhouse and in field plot experiments. Sliit 

responses were occasionally obtained. 

il. Potassium iodide additions to soils in the 

greenhouse and in the field before seeding generally 

gave an increased iodine content in the crop. Tue 

iodine content increase varied from no increase to three 

or four fold. 

12. Aïken clay loam was found to retain 2 and 20 

pounds per acre of added iodide-iodine strongly against 

leaching in laboratory experiments. The retentive 
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capacity of Deschutes sandy loam was much lower. The 

iodine in Aiken clay loam containing 16 ppm of Iodine 

was found to be associated with the extractable humus. 

13. Iodine contents of some Oregon waters were 

determined. 
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