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IODINE IN RELJTION TO PLÎNT 
GROWTH AND COMPOSITION 

Introduct ion 

During recent years certain tminor e1ernents, aside from the 

ten tmajor that have long been recouized as essential to 

plant growth, have been shom to have a íunction in the nutrition of 

h:ier plants. The proof is convincing in the cases of boron, zinc, 

copper, and manganese; for numerous others the evidence Is eontradic- 

ory. Deficiencies in the soil of these essential minor elements 

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 and controversy for thirty five years. Its essential 

nature has not been conclusively demonstrated, but numerous cases 

of increased plant growth with iodine fertilization have been reo- 

orded. uch of the interest 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 

teen undertaken with the idea in mind of supplying sufficient iodine 

for the prevention of goiter in animals and in humans within the food. 

If iodine is ever a limiting plant nutrient, it is logical to 

suppose that responses to iodine fertilization 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. It should be of oractical as well as 

theoretical interest to carry out carefully controlled pot or field 

plot exoeriments with soi1 of localities that are relatively poor in 

iodine. The desirability of observing a large number of units and 

treating the results by the method of statistical analysis should be 

emphasized. 
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HISTORICAL SUJI1iARY 

As early as 1903 Suzuki noticed a stimulation in yield of peas 

and oats when 0.2 ppm of Kl was added to a soil in pots.* However, 

the number of plants used was too small to be significant. In 1915 

Mazg cultivated corn in nutrient solutions with the addition of 

various trace elements; he listed iodine as essential. Here again 

the number of plants used was too small to yield statistically sig- 

nificant results. 

Solution cultures offer the simplest environment 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 difficulties 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. lioreover, 

plants in solution cultures are very sensitivo to toxic effects at 

relatively low concentrations of iodine. 

Mazg conducted the first well planned experiment to demonstrate 

the essentiality of iodine. Ho found a stimulation of corn at L. ppm 

of iodine as Kl when added to a basic nutrient solution, and a 

*For the sake of ease of comparison, all iodine concentrations 
and ratos 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 of soil is equivalent to 
2,000,000 pounds. 
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reduction of growth when eliminated from a complete nutrient solution 

containing certain trace elements suspected of being essential. He 

did not observe toxic synptonis at L. ppm, the lowest iodine concentra- 

tion tested, but toxicity manifested by brown spots on the foliage 

appeared at 10 and 20 ppm. Brenchley (l92L.) states that unpublished 

experiments at the Rothansted Station failed to confirm those of Maz. 

Regeimbal (1930) shawed a stimulation of wheat with about 0.3 ppm of 

iodine as Kl, toxicity appearing at slightly increased concentrations. 

Ho also found free iodine to be several times more toxic than iodide; 

at an optimum concentration of about 0,1 pn it proved more beneficial 

than iodide. Cotton (1930) found ICI at concentrations as low as 0.13 

ppm to be toxic to buckwheat. She worked with rather acidic cultures 

(pH L..6) and elemental iodine may have been formed. Although she 

found no signs of stisiulation it is possible that even at 0.13 ppm 

she was beyond the stnu1ating range, if any, for buckwheat. Wm.d 

(l93Lj.) attempted to graw tomato plants in culture solutions and found 

their growth retarded at i to 20 ppm of iodine as KI, with definitely 

toxic smptis at 5 ppm. This merely indicates that any stimulating 

rangs for tomatoes must lie below 1 ppm of iodine. Canson (1937) 

grew alfalfa in continuous flow nutrient solutions. Replicate 

cultures were connected by siphons into series and the nutrient solu- 

tion permitted to flow from one to another. A regular variation of 

growth in. each series was observed, making his results difficult to 

interpret, but they seemed to indicate that iodine played an indirect 

role in plant nutrition. In his experiments concentrations of 0.25 
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to 0.5 ppm seemed to yield the best results. 

The attempt to increase crop yields by iodine fertilization of 

soils involves a more complex system, and it is not surprising to find 

the results more variable. Loew (1925) found a stimulation of plant 

growth on addition of Kl at rates as low as 0.01 ppm, with the maxum 

increase at 0.02 to 0.12 ppm depending upon the soil. Above those 

ratos a gradual drop in yield and finally a definite toxicity were 

noted. These results are interesting in view of the small amounts of 

iodine used. 

P. W. Moore (1916) observed that radishes were stimulated in 

soil and water cultures, roots more than tops, by RI. The optimum rato 

was 0.75 ppm. Fellenborg (1923) fertilized a plot of grass with i ppm 

of iodine as Kl and found no difference between it and a control plot 

in yield or quality of grass. Brenchley (192Li) using relatively high 

amounts of iodine (8 and 20 ppm) on barley and mustard observed toxic 

effects only; of the two the barley was the more sensitive. The 

toxicity was less marked if the treatment was made some timo before 

planting, apparently due to fixation of the iodine. She also noted 

that mustard plants that survived the initial retardation wore apt to 

make rapid headway and surpass untreated control plants in green and 

dry weights. Loew (1926) observed marked stimulation of millet and 

barley in pot cultures if the dosage was properly regulated. He found 

o.L ppm of iodine as Kl most effective. Doerell (1928) found 3 and L. 

ppm Kl improved the yield of hops, fnile 5 ppm had a depressing 

influence. Wendt (1930) reports that very light applications of Kl 



induo3d early flowering and fruiting of severa]. kinds of garden 

vegetables. Ta1hotr (1931) found little effect on plant gra'rth in 

general in raising the soil iodine content from 0.85 to 5 ppm. A 

slight stinulation of carrots and a slight repression of tomatoes 

were noted. Raising the soil iodine content to 32 ppm gave decidedly 

toxic results. Beauraont and Karns (1932) found that fertilization 

with 0.9 ppm XI gave no response with "white egg turnips". Vogel 

(l93t) found iodine fertilization helped radish yields. Mack and 

Brashor (1936) found 2 ppm of iodine as XI 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. Stoklase. (i92L.) found 1.75 ppm of iodine as XI on pot 

cultures gave a 10 per cent increase in leaves end a hO per cent in- 

crease in roots. The percentage sugar content was slightly increased; 

consequently, the yield increases were accompanied by a substantial 

increase in total sugar produced. Moreover, the effect was verified 

on field scale experiments, although slightly higher applications 

depressed the sugar content. He explained exceptionally high yields 

on fertile sea coasts as due to the high soil iodine content. The 

obvious economic possibilities of these experiments stimulated a 

number of workers. Lafon and Quillard (192L.) and Werba (1925) 

reported similar yield increases on plot trials. Lafon investigated 

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

Sometimos the sugar per cent content was increased, it was never 
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lowered, Soharrer and Sohropp (1937) in investigating the value of the 

foron and iodine in Chilean nitrate, obtained best yields when iodine 

equivalent to or greater than the nmount present in the naturally 

occurring nitrate was added to pure Na NO3. On the other hand, Fellen- 

berg (1925), fertilizing field beets at the same rates as Stoklasa, 

found similar iodine content increases of roots and leaves, but no 

stimulation of yields. Englos (1928) and Hultner (1928) found no in- 

croases in sugar beet yields on field trials. 

Factors which would have to be considered in comparing results 

are plant species, including sensitivity to iodine poisoning and 

iodine requirement, level of iodine available to the plant from soil, 

atraosphere, water, rate of iodinefertilizatiou and rate and extent 

of fixation of added iodine. In general, grasses are most sensitive 

to iodine toxicity, beets and other root plants are least sensitive; 

the iodine requirement on the basis of the limited solution culture 

work seems to confirm this relative sensitivity. Depressing or toxic 

effects aro generally noted at concentrations of a few ppn of added 

iodine, while stimulating effects, when noted, often occurred at 

extremely low levels of iodine. This would seen to indicate that the 

level of available ïodin.o required for plant growth in soils may be 

almost as low as in solution cultures. 

Iodine is usually found to be toxic at rather low levels. This 

toxicity is manifested at lower levels in solution cultures than in 

soils, presumably because most of the iodine in a solution culturo is 

directly available for plant assimilation. Maze (1919) described 
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toxic effects on corn, that began as brown spots on the foliage, at 10 

and 20 ppm but not at 14. ppil, the lowest concentration used. Stokiasa 

( 192L.) found grasses were most sensitive to iodine poisoning, surviv- 

ing only 22 days in a nutrient solution oontaining 5 ppui of Kl. Peas 

and beans were more resistant surviving 145 days, while beets showed no 

symptoms at 6 ppm. Regeixnbal (1930) determined the toxic limits for 

wheat in water cultures under continuous artificial illumination to be 

0.3 to 0.6 ppm of iodine as Kl and O.]. to 0.2 ppm as 12. Cotton (1930) 

studied buckwheat solution cultures end found that L1.o to 127 ppm of Kl 

killed the plants within three weeks. arked growth depression was 

noted at 1.3 to 13 ppm, while the plants in the weakest concentration 

studied showed toxic simptoms (pale brown spots surrounded by darker 

margins). Wynd (l93!i.) found that 1 to 20 ppn Kl retarded the growth of 

tomatoes, a definite bleaching being observed at the 10 and 20 pmi 

levels. 

Toxicity is also noted when too high a level of iodine is added 

to soil. Frequently relatively small applications produce depressing 

and toxic effects. Thus Lo (1925) noted toxic effects slightly above 

the optinum level of 0.3 ppm. Brenchley (l92L,) emphasized the dif- 

ferent sensitivities of different plant species. Thus yields of barley 

were depressed at L. 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 also important. Scharrer and Schropp (1931) found the 

toxicity of added iodine was less on clay then on muck soils. The form 

of iodine added is also important. Soharrer and Schropp (1931) report- 



ed that iodide is more toxic than lodate, while periodate is least so. 

The tie and manner of treatment is another factor that must be con- 

sidered. 

Some work has been done on the form of combination of iodine in 

the soil, and upon its retention. The iodine content of soils ha8 

frequently been surveyed more or less thoroughly in various localities 

in connection with the incidence of goiter. In general, the soil 

iodine content is highly variable, but a definite tendency exists for 

soils in goitrous regions to be lower in iodine than soils from non- 

goitrous regionz. (Fellenberg, l92L4; Heroun, 1925) Thus in Japan 

the soil iodine content is relatively high, varying from less than 

i ppn. to about 60 ppm with an average value of 10 to 15 ppm (lirai 

and Takagi, 1937; Itano and Twji, l93I4). The influence of the sea 

is quite pronounced near the shore but falls off rapidly away from 

the sea. Itano and Tuji (1935) found soils near the shore contained 

about twenty times the amount of iodine that they recovered from 

virgin soils 15 miles inland. 

Mclargue and Young (1933) investigated the iodine contents of 

a large nunber of Kentucky soils, finding a variation of from 0.8 to 

17 ppm with an average value of 5 ppm. Kentucky is a relatively non- 

goitrous state. Herous (1925) found the average soil iodine in 

goitrous localities of New Zealand to be about 0.5 ppm, in interned- 

jato regions i ppm and in non-goitrous districts up to 13 ppm. Their 

methods of analysis did not give complete recoveries and repeated 

analysis by Fellenberg's method led them to believe that their figures 
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represented about 50 per cent of the total iodine in the soils. He 

observed that soils generally contain more iodine than the rooks. from 

which they have been derived, and he considéred that the enrichment 

came about by plant absorption of atmospheric iodine, and direct 

absorption by the soil. Balks (1935) has affirmed that weathering 

products usually have a higher iodine content than the original rocks. 

The soil iodine seems to be retained by the inorganic colloid 

and by the organic matter present in the soil. The soils high in clay 

or organic matter generally have the highest iodine contents. 

(Heymann, 1925; Itano and Tuji, 1931..; Hirai and Takagi, 1937). 

Heymann (1925) showed that clays and peats lose little iodine on 

water extraction, while sands lose iodine readily by leaching. Hercus 

(1925) found a deficiency of iodine in river silt and on river flood 

plains. On the other hand they found that steam distillation with an 

oxidizing agent did not remove any iodine from colloidal soils. Itano 

and Tuji (l93b) found dry farm soils contained twice the amount of 

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

be influenced by the acidity. Fellenberg (l9214, 1927) showed that 

acidic or iron-rich soils catalyse the liberation of free iodine, 

making it more available for plant assimilation. Itano and Tuji 

(193L.) found soils of higher pH contain more iodine. 

The loss of iodine from a soil may occur by plant removal, by 

volatilization, or by leaching. Bleyer (1926) finds heavily cropped 

soils tend to be depleted of iodine, and fertilization aids the 

depletion by increasing the assimilation of iodine by the crops. 
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Fellenberg (l92L.), however, stressez loss by catalytic oxidation and 

evaporation. He states that bacterial or enzymatic oxidation is 

negligible; inorganic catalysts, particularly ferie ion being effective. 

Mitchell (1928) found that in the surface 18 inches the concentration 

of iodine increased with depth, and he attributed this to evaporation. 

Fellenberg found that the air nearest the ground was richest in iodine, 

and that dew contained considerable amounts. The loss by leaching has 

been referred to, and occurs principally in colloid deficient soils. 

The increase in iodine content of various plants has been stud- 

ied by ntnerous workers, with the idea 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 15 17). It is 

apparent from the variability of these data that the extent to which 

plants will take up and store iodine is dependent upon a number of 

factors; most of which have not been investigated. Holley (1935) 

showed that for potatoes, turnips, and mustard the iodine absorbed 

depended upon the water supplied to the growing plants. The iodine 

content of the vegetables increased, with and without iodine fertil- 

ization, as the water level in the soil was increased, the effect 

being greatest for relatively low water levels. The effect was most 

apparent on those species that absorb iodine readily (leafy vegetables 

absorb more than potatoes) and was obscured by high iodine fertiliza- 

tion. 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 



12 

species is apparent, though obscured by very great variations within 

any one plant species. (Heller, 1935). In general, the iodine con- 

tent increase is greater for tops than for roots. Balks (1935) 

attributes this to absorption of atniospheric 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 iodine content of the high iodine feeding spinach with soil iodine 

content. 

The physiological action of iodine in the nutrition of plants 

has not received much attention. Brenchley (l92L) found that iodine 

fertilization affected the nitrogen assimilation of barley and mus- 

tard. Doses of 0.8 to 20 ppm caused a percentage nitrogen increase of 

10 to 20 per cent for the maximum doses and an. increase of total nitro- 

gen for mustard, but not for barley due to toxicity and yield depression. 

Stokiasa (192L) in. studying the stimulation of sugar beet 

growth by iodine fertilization came to the conclusion that iodine 

played a role in photosynthesis and carbohydrate formation. Iodine is 

accumulated in the green parts of plants as has been verified by many 

observations. Thus Heller (1935) found that young green leaves 



13 

contained more bains than otiolated leaves, and loaves contained more 

than stems, which in turn contained more iodine then storage roots. 

Stokiasa found that sugar formation was increased by smaller appli- 

cations of iodine, while higher rates depressed sugar content, in- 

creasing arabinose formation in the roots. The intensity of respir- 

ation as measured by carbon dioxide production was increased for beets 

arid potatoes, the increase being greater under an adequate supply of 

oxygen. He also found that the activity of an oxidase concerned in 

oxalic acid metabolism is accelerated by iodine. That iodine is con- 

cerned in the breakdown of organic acids is shown by the raising of 

leaf and root sap pH by iodine fertilization of beets and potatoes. 

Later he found beet seedlings developed poorly in nutritive media free 

of iodine. Hyperiodization lead to an accumulation of furfuroids, 

many of those dying having 9 to 10 per cent furfural content. 

Wynd (l93L.) studied the effect of increasing the iodine content 

of tomato plants upon respiration and enzpnatic activity and found 

that respiration, peroxidase and invertase were decreased at low con- 

centration (1 ppm) of potassium iodide, but were increased at higher 

concentrations, not correlating with degree of iodine toxicity, how- 

ever. 

The distribution of iodine and its state of combination in 

plant parts may give a hint as to its function. Its concentration 

in the greener parts of the plants has been noted and discussed. 

Hercus and Roberts (1927) found that skins contained more iodine than 
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the inner tissues of various vegetables and grains. They obtained 

¿o per cent of the iodine from spinach containing L8 ppb by boiling 

for one hour, They noted a seasonal variation in the iodine contents 

of foods; the spring growth of grasses races ahead of iodine absorp- 

tion, while the season of maximum iodine content is late autumn or 

winter, the period of minhinu3n growth. Itano and Tuji (1935) report 

that young tea leaves contain more iodine than older leaves, and 

hero also hot water extraction gives 50 to 60 per cent of the total 

iodine. However, McHargue (1935) by dialysis and separation of the 

various protein fractions of corn containing relatively large aiuounts 

of iodine showed that here the element was in organic combination. 

Glimm and St. Halasa (1931) investigated the distribution of 

iodine in grain. 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, indicat- 

Ing that the greater part of the iodine is biogenically non-essential. 

He worked with grains containing relatively much iodine (100 ppb) and 

his conclusions may not apply to poorer grains which have been re- 

ported to have a content as low as 1 ppb. 



Table I. Effect of iodine fertilization upon the iodine content of plants. 

worker plant fertilization 

Stokiasa ('24) sugar beet 

Fellenberg ('25) field beet 

Scharrer and sugar beet 

Strobel ('27) 

Hultner ('28) sugar beet 

Simpson ('31) beet 

Hercus, Benson turnips 

and Carter ('25) 

Beaumont and 
Karns ('32) 

1iiack and 
Brasher ('36) 

'white egg' 
turnips 

turnips 

Fellenberg ('27) carrots 

Fellenberg ('23) grass 

Hiltner ('28) meadow 

McHargue ('30) red clover 

iodine content increase remarks 

1.75 ppm leaves: from 320 to 900 pb nutrient cultures 

roots: 150 to 600 ppb 

.5 ppm shoots: 600 to 1200 ppb 

roots: 100 to 300 ppb 

confirmed results of Stokiasa and Fellenher. 

0.5 ppm as Kl content increased 

increased lOX 

soil iodine from 870 to over 20000 ppb 

raised from 1.2 
to 18 ppm 
0.9 ppm as HI roots: from 165 to 440 ppb 

tops: 440 to 950 ppb 

2 ppm as Kl 2 - 10 to 20 - 100 ppm greatest increase on alk- 

(io to 20X), no residual aline (Ca(OH)2), least on 

effect the next season acid (S) plots. 

2 ppm as Kl greatest amounts assimilated on soils of low pH; acid 

soils catalyze the liberation of 12 best, so iodine may 
be absorbed most readily as 12 

1 ïpm from 150 to 520 pph greater increase after 
4 than after 2 months. 

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

iodine bearing conmiercial fertilizers, iodine content increased 
crude i'TaNO- (0.7 to 300 ppm of iodine), up to 16K 
phosphate up to 20 ppm) 



Table I. (con-t.) Effect of iodine fertilization upon the iodine content of plonts. 

worker plant fertilization iodine content increase remarks 

Regeimbal ('30) wheat 0.1 to 0.4 pi as Kl up to 6X nutrient cultures 
0.1 to 0.2 ppm as 12 

Alìay and 
.cClendon ('31) alfalfa from 3 to 1000 - 1500 ppb 

Simpson ('31) alfalfa lOX 

iicHariìe (135) wheat various commercial wide variation between crude fertilizer mater- 
fertilizers 375 and 1330 opb lois may markedly offect 

iodine content of crops 
charrer and several 0.1 to 0.2 ppm 2 to lOX 
trobel ('27) species 

von Wrangell (t2'/) several i ppm as XI no great increases, at rains ran about 20 ppb, 
species most 2X spinach and lettuce 1000 

-to 2000 ppb 
Viaurer ('28) various 1 ppm of Kl 20 to '7900 percent 

veaetables 
Orr ('28) peas 0.001 to 100 lOto 1700X nutrient cultures 

pm as Kl 
2 to 10 ppm 10 to lX pot cultures 
as 11 

oats, radish, up to 80x 
buckwheat 

Densch (p29) 1iinin, alone causes considerableincrease, but has little 
effect when thé maximum rate of iodine is added. 

Wendt ('jo) various very low; less iodine content increased, 
veetablec than 0.01 ppm articular1y for radishes. 

Conner (p31) various 2 ppm found a material increase 
vegetables 

ivialhotra ('31) various soil iodine studied effect of pH on absorption, time of maximum u- 
vegetables raised from 0.85 take, and localization of iodine in root crops. 

to5ppm 



Table i. (cont.) Effect of iodine fertilization upon the iodine content of plants. 

worker 

Pfeiffer and 
Courth ('29) 

McHarue '4) 

plant ferti1izaion iodine content increase remarks 

parsnips and periodic large (0.1 00 to 700X 
turnips to 0.5g) doses to 

almost mature plants 
corn crude Chilean nitrate or raw rock phasDhate gave great increases 

Balks ('3) carrots and 
spinach 

Heller ('5) 

buey ('35) 

Mcbargue ('35) 

ack and 
Brasher ('36) 

common salt water 
vegetables irrigation 
potatoes 2 ppm as Nal 

corn 0.33 to 3.3 g 
Der riant as ICI 

various others 
potatoes, corn, 
and tornstoes 

beans 2 ppm as HI 

several times greater for iodine abstraction by 
tops than roots spinach was hi . h and 

correlated with soil 
iodine content. 

content sometimes doubled under naturel conditions 

from 100 to 2700 ppb for low water rate 
from 140 to 3150 pb for high water rate 
considerable increase; no toxicity 

great increases; no toxicities 
commercial fertilizers and acidity had no effect on 
iodine content; potatoes. and tomatoes ran about 250, 
sweet corn about 130 pirb 
pod were increased in iodine content prom 400 to 
1OQO ppb; no residual effect vrs observed the 
following season 

-J 



EXPERIMENTAL 1'ìETHODS 

The object of this Study was to determine the effect of light 

applications of iodine to soils of a iodine low region on crop plants 

in pot cultures. All factors, except the differential iodine fertil- 

ization, were kept as constant as possible. 

Alfalfa was used in the first series because of its economic 

importance in Oregon, and because it was thought that iodine night 

have a function iii the utilization of nitrogen by leguminous plants. 

Unfortunately alfalfa does not seem to be an even-growing plant for 

greenhouse pot culture work. Because of the rather wide variations 

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

in the second series trials, red clover was substituted. 

Two different soils were used in the trials. An Aiken soil was 

used since it was thought to be low in iodine. The samples were col- 

lactad near the top of a hill in the Peavy Arboretum near Lewisburg, 

just before planting. The other soil used was of the Desohutes soil 

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 prior to planting. 

The soils were set up in porcelain jars that had previously been 

thoroughly cleaned with acid dichronate mixture and thoroughly rinsed 

with water. Both soil serios of the first experiment, and the Desohutes 

series of the second experiment were set up in one gallon jars which 

held approximately L. kilograms of moist soil. The Aiken soil of the 
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second experixaent was set up in two gallon jars, which held approx- 

imately 6 kilograms of moist soil. Five jars per treatment-series 

were used in the first experiment; in the second experiment the rniber 

was increased to ten. 

The Aiken soil had a pii of 6.2, using a glass electrode ona 

5 to i water suspension of the soil, and so was limed with chemically 

pure Ca CO3 at the rate of two tons per acre or 2 grams per kilogram 

of soil, to correct its acidity. The Desohutes soil had a pH of 6.6 

and no lime was used, For the iodine treatment chemically puro Kl 

was used, at rates of O, 2 and 6 pounds per acre, equivalent to O, i 

and 3 ppm,in the first experiment. In the second experiment, the 

rates used were O, 2 and L. poim.ds per acre. The KL as applied by 

sprinkling a dilute solution on the surface of the soil, irrigating, 

and waiting L8 hours before planting to diminish the likelihood of a 

toxic effect, A small amount of nutrient solution prepared frcnn chem 

ically pure chemicals was added after seeding to promote early growth. 

The red clover seed was collected from the field in the neigh- 

borhood of Sisters, Oregon in September, 1937. This seed was grown on 

the same soil as was used in one of the trials, and comes from a region 

in which iodine deficiency symptoms in animals are common; in fact, a 

case of hairless young pigs had occurred on the farm from which the 

samples were collected a short time previously. A large number of 

seeds were sawn unifonuly 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 between like series 
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when necessary. The first experiment was planted in June, 1937; the 

secoxid in November, 1937. As the clover plants of the second exper- 

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

of mildew were treated with colloidal sulfur dusted on the leaves, all 

plants being treated uniformly. Mealy bugs were kept down by periodic 

hand picking, and red spider by frequent washing with a fine spray of 

water. 

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 thorough. drying at room temperature. 
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ALYTICAL LETHODS 

The methods available for the deteriìünation of small amounts of 

iodine such as occur in most natural waters, soils, and economic plants 

may be classified into several groups. The earliest methods for the 

concentration of iodine from such materials involve low temperature 

alkaline fusions Baumann (1896) u.sed K OH fus ion method to demon- 

strate the presence of iodine in thyroid glands. Von Fellenberg (1923) 

in connection with his work on the Swiss Goiter Criaission used a K2CO3 

fusion, so modifying the procedure as to obtain groat sensitivity. 

Harvey, in 1935, used this same fusion method inacarefully standard- 

ized 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, troublesome and involve 

considerable chance of iodine loss when applied to materials containing 

much organic matter. 

MoClendon, in 1928, devised a closed combustion method for burn- 

Ing 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 more accurate results than that of von Fellenberg, but 

was less rapid. The closed combustion method was modified 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 the cheapest and most convenient method for concentrat- 



ing dried plant materials by slow combustion in a stream of pure 

oxygen. 

A closed combustion method for soils has been given by McI-largue 

(1932). in this method the soil is heated in a silica tube at 11000 C, 

in a current of air instead of oxygen. This method probably offers the 

best recoveries of iodine, but is not suitable for occasional analysis 

unless the proper te of muffle furnace 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 chromic 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 of small in size. Moreover, more or less extensive 

digestion and distilling equipment is necessary. 

After the oxidation of the organic matter the iodine is 

generally present as the iodide in a mixture of salts, principally 

K2CO3. At tuis stage two procedures are available, The iodine may be 

determined colorimetrically, by liberation of free iodine after 

alcoholic extraction of the iodide from the excess carbonatos (the 

extraction may be dispensed with if the amount of salts present is 

small), extraction of the iodine with CC]j or CS2, 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 titrimotric method. 
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The titrimetric procedure involves the extraction of the iodide 

with alcohol, oxidation of the iodide to iodate, usually with bromine, 

liberation of free iodine with Kl in acidic solution and titration 

with dilute thiosulfate using the disappearance of the starch-iodine 

color as the end point. This method has the advantages of the greater 

physical precision of a titrimetric procedure and the increased 

sensitivity due to the liberation of six times the original amount of 

iodine according to the equation, 

5 1-i io + 6 H -+ 3 12 + 3 HO. 

Great care must be taken to rigorously exclude all reducible sub- 

stances other than iodate, 

In this work, modifications of several methods were made to 

fit our 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 si.mple. The water is 

made alkaline with K2CO3 and evaporated. If the water contains con- 

siderable alkaline-earth metals, they will precipitato after evapor- 

ation, and may be filtered off, washed with hot water, and discarded 

with the loss of only a few per cent of iodine (McClendon, 1928). 

Dr. J. R. Haag has suggested that a more friable residue would be 

obtained if a small amount (1 to 2 grams) of CaCO3 or calcium lactato 

were added before complete evaporation. This was found to be the 

case. However, calcium lactate was found to be unsatisfactory for 

ignition with KOH at 3700 C due to the incomplete combustion and 

residue of carbon left. Therefore, the addition of CaCO3 plus a small 
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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 pn of iodine. 

In the concentration of plant material, the Kolnitz-Remington 

(1933) torch was used for slow controlled combustion in a stream of 

oxygen, and the products of combustion were absorbed in K2CO3 solution 

in gas wash bottles. 

For the iodine analysis of soils, the silica tube combustion at 

11000 C (McHargue, 1932) probably offers the best recoveries. Since 

the special furnace required was not available, the fusion method used. 

by Canson (1937) was used. Slight modifications to allow the fusion 

with KOR instead of K2CO3 wore made. 

The general scheme of analysis used after the initial concen- 

tration of the sample was based on the method given by Harvey and con- 

sists. of repeated ignitions of the concentrated sample in K2CO3 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 iodate with removal of the bromine by boil- 

ing, liberation of iodine by iodide and titration with thiosulfate. 

Several modifications were used. KOH was used instead of K2CO3, 

to enable the fusions to be carried out at a lower temperature. This 

was the method used by Frear (l93L.) in his study of the iodine contents 

of potatoes A change in the filtering technique was made to eliminate 
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the use of filter paper, and any organic matter conteinination from the 

same. Asbestos, oxidized with HSOj. 1vin% and washed with HC1 was 

used in all glass suction filter tubes for all filtrations subsequent 

to the first ignition. The recent alcohol extraction method of Reith 

and Van Dijk (1937) was adopted soon after its publication. This 

method involves the extraction of a saturated K2CO solution instead 

of a paste as is used in the Harvey technique. The advantages of 

economy of time arid of alcohol, greater ease in preventing contamin- 

ation 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 evapor- 

ation on the steam bath, care being taken to guard against contamin- 

ation by dust particles. However, Harvey's technique of evaporation 

in a stream of purified nitrogen gas was not used because contamination. 

by organic matter or oxidation of the alcohol at this point did not 

seem to be serious, Prom this point on, the technique used in the 

bromine oxidation and thiosuif ate titration is exactly as outlined by 

Harvey. 

We followed the policy of running ntnerous blanks with all 

determinations as a precaution against the ever present danger of con- 

tamination, These blanks were usually small in comparison with the 

actual determinations. The analysis of hay samples was investigated 

as to recoveries of added iodine. Fairly constant recoveries of 80 to 
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90 per cent were obtained. The data are given in Table III. Uniformity 

in hay seraples is difficult to obtain and probably some of the vari- 

ability is due to this. 
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TABL: II. RT:'COVERY OF IODIDE ERO M SAT[JRT K2CO3 QLtJTIOiS 

'xtraction Maurrt of Iodide Recovery 
method K2CO3 ided 

Uarvey 5 g. O 0.85 r 
t, 

5 5.1 - o.8 = 4.25 = 8% 
25 22.2 - 0.8 =21.35 =85% 

0 0.6 

5 4.7 - 0.6 = 41 82% 
2 22.1 - 0.6 =21.5 = 8 

0 0.9 

5 5.4 - 0.9 4.5 90% 
25 23.5 - 0.9 = 22.6 = 90% 

Reith 2 g. O 0.05 r 
0 0.20 

- 0.1 5.0 = i00% 
5 5.0 - 0.1 = 4.9 = 98f. 

H 15 15.0 - 0.1 14.9 99% 
15 14.4 - 0.1 14.3 96% 

5 . 0 0.15 
n 0 0.05 

5 5.2 - 0.1 5.1 102% 

5 9.0* - 0.1 8.9 = 178% 
n 

2 23.7 - 0.1 23.6 = 94% 
n 25 23.7 - 0.1 = 23.6 94% 

*This hith result is proba1y due to accidental contamination, 
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 Heith procedure.. 



Table III. Tytical Oregon Hay Analysis, and Recoveries of Added Iodine. 

Hay Sample size Added Total Iodine Blank Iodine per Percentage Recovery 
Iodine Found 50 g. Hay of Added Iodine 

College Farm Oats- 50 g. 5.94 0.42 
Vetch, 1936 (H2010) 50 5.29 0.63 ave. 5.1 

College Farm Oats- 59 5.92 0.15 
Vetch, 1937 (H2394) 8 5.63 0.32 ave. 4..'74 

5 9.88 ave. 0.23 83% 
60 5 9.69 0.23 76% 

5 9.20 0.23 857. 

Corvallis Alfalfa 50 5.35 0.55 
(H2477) 50 5.27 0.42 ave. 4.83 

Heriniston Alfalfa 50 4.59 0.55 
(112476) 50 5.03 0.42 

50 3.96 0.23 ave. 4.13 

8.29 0.23 78% 

Redmond Alfalfa 50 3.09 0.55 
(112478) 50 2.07 0.42 

lOO 4.91 0.23 ave. 2.18 

50 5 7.64 0.23 104% 



RESULTS OF THE EXPERThENTS .AJ'ID TALYSES 

For convenience, the detailed and suimnarized yields of the pot 

cultures are presented in the form of tables. The results were 

evaluated according to the methods of statistical analysis.* 

Results of iodine additions for alfalfa 

The groen and dry weights of three alfalfa clippings are 

presented in Tables IV to IX. A fourth clipping was made in May, 1938, 

but they are not presented since they are variable, like the third 

clipping, and show no definite trends. The yields are summarized in 

Table X, while the yield increases on the fertilized jars are shown in 

Table XI. These tables show that a response in alfalfa yields was 

obtained in the first cutting on both the Aiken clay loam and the 

Desohutes sandy loan. The response is much more definite on the Aiken 

than on the Deechutes soil; moreover, the response carried over into 

the second clipping on the Aiken soil. In general, the response is 

proportionately less when figured on a dry weight basis than when 

figured on a groen weight basis. Cuttings beyond the second on the 

Aiken soil, and beyond the first on the Desehutes soil showed either 

variable results or a reversal of the previous trends. For this reason 

the data of a final, fourth clipping were not included. 

*The probable error of the mean value of a series of measurements 
was calculated according to the formula 

P. E. .675 
where "x" represents the variation of an individual measurement from 
the mean of the serios, and 'n represents the number of individuals 
measured in the series. The probable error of the difference between 
two moans is the square root of the sum of the squares of their mdiv- 
idual ror i.e., if a i b = (o a) - (e f), then a o - e, and 
b d + 



Results of iodine additions for red clover 

The data for the yields of red clover are presented in Tables 

XII and XIII. The yields are summarized in Table XIV, and the in- 

creases are shown in Table XV, The trends for this experiment were 

quite similar to those found in the alfalfa experiment. The 

responses based on green weights were greater than when based on dry 

weights. The Aen soil showed a fair response, the Deschutes soil 

showed a little response in the green weights only. It will be 

noted that in the red clover experiment, then jars containing five 

plants each were used in each treatment series. 

Results of iodine analysis of the alfalfa hays. 

The combined first and second cuttings of the alfalfa hay 

from the first experiment were analyzed for total iodine. The 

averaged results of two determinations on each treatment series are 

presented in Table X. It may be seen that the iodine content increase 

is small compared with most of the figures reported in the literature 

(Table I). The maximtî increase of about 60 per cent is found in the 

Aiken soil, 

The check series have a high iodine content when compared with 

that found in several Oregon hays that wore grown in the field. In 

the consideration of this result the iodine content of the greenhouse 

air and of the city tap water, which was used for irrigation of the 

cultures throughout the experiment, are important. 

A preliminary analysis of the greenhouse air showed the iodine 

content to be less than O.OL' per cubic meter. The actual content may 
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be considerably less than this. 

Two separate ana1rsez of the oity water during the progress of 

the experiment gave average values of 0.3 and 0.1 parts per billion, 

while numerous analyses by Dr. J. R. Haag previous to this experiment 

gave hini a seasonal average of about 0.35 parts per billion. A rough 

approximation shows that 10 to 20 of iodine may have been added to 

each culture jar between two cuttings. The iodine naturally present 

in the soils would be about Lj5,OOO r per jar for the Aiken series 

and 2,000 !Ç per jar for the Deschute series. The iodine added at 

the rate of 6 pounds per acre would nount to 12,000 'Ç per jar. 

Results of iodine analysis of the soils 

The iodine contents of the soils were found to be about 15 

parts per million for the Aiken silty clay loam and about 0.5 parts 

per million for the Deachutes silty loam. 
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Table PI. i.falfa yields, Alicen soil type. 

First cutting 9/27/37 

Treatment Number Green Vît. Deviation Dry Wt. Deviation 

6 pounds 1 10.5 g 0.3 g 3.75 g 0.00 g 

of iodine 
per acre 2 9.3 1.5 3.15 0,60 

as Kl 

3 11.7 0.9 4.25 0.50 

4 12.0 1.2 3.80 0.10 

5 10.5 0.3 3.70 0.05 

ave. 10.8 ± 0.3 3.75 0.10 

2 pounds 6 12.0 1.6 4.05 0.40 

of iodine 
per acre 7 10.2 0.2 3.70 0.10 

as Kl 
8 9.7 0.7 3.30 0.35 

9 10.0 0.4 3.50 0.15 

10 10.3 0.1 3.60 0.05 

ave. 10.4 .* 0.3 3.65 .1 0.20 

chock 11 7.2 0.45 2.50 0.35 

12 6.5 1.15 2.30 0.55 

13 8.3 0.65 3.10 0.30 

14 7.6 0.05 3.10 0.30 

15 8.6 0.95 3.15 0.30 

ave, 7.65 . 0.30 2.85 1 0.15 
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Table V. 1fa1fa yields, Aiken soil type. 

Second cutting 12/2/37 

Treatment Number Green Wt. Deviation Dry Wt. Deviation 

6 pounds i no green weights 6.70 g 0.80 g 
of iodine on this cutting 
per acre 2 6.60 0.90 
as Kl 

3 '7.05 0.45 

4 7.25 0.25 

5 10.00 2.50 

ave. 7.50 k 0.45 

2 pounds 6 6.30 0.10 
of iodine 
per acre 7 5.70 0.70 
as Kl 

8 5.90 0.50 

9 7.45 1.05 

10 6.75 0.65 

ave. 6.40 0.20 

check 11 5,95 0.05 

12 6.20 0.30 

13 5.75 0.15 

14 6.00 0.10 

15 5.70 0.20 

ave. 5.90 .± 0.05 
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Table VI. Alfalfa yields, Aiken soil type. 

Third cutting 3/17/38 

Treatment Number Green Wt. Deviation Dry Wt. Deviation 

6 pounds 1 38.3 g 5.3 g 8.00 g 1.20 g 
per acre 
of iodine 2 32.3 0.7 6.60 0.20 
as Kl 

3 29.3 3.7 6.35 0.45 

4 34.8 1.8 6.90 0.10 

5 30.4 2.6 6.3 0.50 

ave. u 1.0 6.80 

2 pounds 6 28.2 11.8 5.85 2.30 
of iodine 
per acre 7 39.9 0.1 8.25 0.05 
as Kl 

8 41.8 1.8 8.10 0.10 

9 50.8 10.8 10.80 2.60 

lo 39.2 0.8 8.05 0.15 

ave. 40.0 2.5 8.20 1.00 

check 11 33.7 0.6 6.85 0.05 

12 31.3 1.8 o.90 0.10 

13 29.3 3.8 .i5 o.6 

14 40.8 7.7 8.i 1.35 

15 30.1 3.0 6.25 0.55 

ave. 33.0 ± 1.5 6.80 0.25 
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Table VII. lfalfa yields, Desehutes soil type. 

First cutting 9/27/37 

Treatment Number Green Wt. Deviation Dry Wt. Deviation 

6 pounds 16 4.3 g 1.9 g 1.50 g 0.60 g 
or iodine 
per acre 17 6.8 0.6 2.03 0.05 
as Kl 

18 7.0 0.8 2.55 0.43 

19 5.3 0.9 1.90 0.20 

20 7.7 1.5 2.60 0.50 

ave. 6.20 k 0.40 2.10 k 0.15 

2 pounds 21 7.3 1.3 2.83 0.75 
or iodine 
per acre 22 3.9 2.]. 1.60 0.50 
as Kl 

23 6.2 0.2 2.25 0.13 

24 6.4 0.4 2.00 0.10 

25 62 0.2 2.40 0.30 

ave. 6.00 k 0.15 2.10 .* 0.15 

check 26 5.0 0.6 1.60 0.35 

27 6.4 0.8 2.35 0.40 

28 4.7 0.9 1.70 0.25 

29 6.2 0.6 2.10 0.1.5 

ave. .6o 0.23 1.95 k 0.10 
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Table VIII. Alfalfa yields, Desohutes soil tyte. 

Second cutting 12/2/37 

Treatment Number Green Wt. Deviation Dry Wt. Deviation 

6 pounds 16 no green weights 5.85 g 0.10 g 

of iodine on this cutting 
per acre 17 6.00 0.05 

as Kl 
18 7.20 1.25 

19 5.95 0.00 

20 4.70 1.25 

ave. 5.95 0.25 

2 pounds 21 4.80 0.35 

of iodine 
per acre 22 4.25 0.90 
as Kl 

23 6.00 0.85 

24 6.60 1.45 

25 4.15 1.00 

ave. 5.15 ± 0.30 

check 26 5.60 0.25 

27 7.15 1.30 

28 4.05 1.80 

29 0.70 

ave. 5.85 * 0.40 
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Table L. Alfalfa yields, Desehutes soil type. 

Third cutting 3/17/38 

Treatment Number Green t. Deviation Dry Wt. Deviation 

6 pounds 16 30.5 g 1.7 g 6.75 g 0.15 g 
of iodine 
per acre 17 45.6 13.4 9,85 1.95 
as Kl 

18 29.4 2.8 6.35 0.55 

19 23.2 9.0 4.95 1.90 

20 32.5 0.3 6.55 0.35 

ave. 32.0 2.5 6.90 * 0.40 

2 pounds 21 31.9 2.1 7.30 0.15 
of iodine 
per acre 22 30.0 4.0 6,10 1.35 
as NI 

23 44.0 10.0 9.35 1.90 

24 39.0 5.0 8.o 0.60 

25 24.8 9.2 5.55 1.90 

ave. 34.0 2.5 7.45 1 0.45 

check 26 35.6 3.2 7.65 0.75 

27 40.0 1.2 8.80 0.40 

28 41.5 2.7 8.80 0.40 

29 38.3 0.3 8.45 0.05 

ave. 39.0 i 1.0 8.40 i 0.20 



Table X. Sunmary of the Alfalfa Experiment 

Aiken soil type: 

treatment 6 lbs, I / acre 2 lbs. I / acre check 
gr sias grams grams 

yields, first 
cutting, green 10.8 0.3 l0.Li. 0.3 7.6 0.3 

dry 3.75 0.10 3.65 0.20 2.85 0.15 

yields, second 
cutting, dry 7.50 o.145 6.Ìo 0.20 5.90 0.05 

yields, third 
cutting, green 33.0 1.0 Li.0.0 2.5 3.0 1.5 

dry 6.80 0.20 8.20 1.0 6.80 0.25 

iodine content, dry 145 ppb L1oo ppb 265 ppb 
(combined first and 
second cuttings) 

Desehutes soil type: 

treatment 6 lbs. I / acre 2 lbs. I I acre check 
grams grams grams 

yields, first 
cutting, green 6.20 o.L.o 6.00 0.15 5.60 0.25 

dry 2.10 0.15 2.10 0.15 1.95 0.10 

yields, second 
cutting, dry 5.95 0.25 5.15 0.30 5.85 o.t.o 

yields, third 
cutting, green 32.0 2.5 314.0 2.5 39.0 1.0 

dry 6.90 0.140 7.145 0.145 8.140 0.20 

iodine content, dry 360 ppb 145 ppb 375 ppb 
(combined first and 
second cuttings) 
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Table XI. Sttjstical Summary of the Yield Increases 

on the Alfalfa Experiment. 

actual weight percentage 
increase increase 

Aiken soil series: 

First clipping 
6 pounds of iodine per 
acre vs. check series 

greenweights 3.2 O.4 g. 4215% 

dryweights Q.90k0.20 31k? 

2 pounds of iodine per 
acre vs. check series 

gveen weights 2.8 04 37.1.5 

dryvtoights 0.80±0.25 28.1.9 

Second clipping 
6 pounds of iodine per 
acre vs. chock series 

green weights lacking 

dry weights 1.60.10.20 271 8 

2 pounds of iodine per 
acre vs. check series 

green weights lacking 

dry weights O.500.20 8 * 3 

Desehutes soil series: 

First clipping 
6 pounds of iodine per 
acre vs. cheek series 

green weights 0.60*0.45 11.18 

dry weights 0.15k 0.20 i10 

2 pounds of iodine per 
acre vs. check series 

green weights 0.40 ±0.30 7k5 

dry weights 0.15±0.20 8110 



ThTCREASE OF ALFALFA GROWTH 

WITH IODINE FERTILIZATION 

AIKEN SOIL SERIES -- First Cutting 

Green Weights 

Check 
7.6 ± 0.3 Grains 

2 lbs. Iodine 
l0.L ± 0.3 

6 lbs. Iodine i 

10.3 ± 0.3 
Dry Weights 

Check 2.35± 0.15 
2 lbs. Iodine 3.65± 0.20 
6 lbs. Iodine 

3.75 o.io 

Second Cutting 

Dry Weights 

Check - 5.90± 0.05 
2 lbs. Iodine 6.Lo ± 0.20 
6 lbs. Iodine i 

7.50 ± 0.L5 

Third Cutting 

Green Weights 

Check 33.0 ± 1.5 
2 lbs. Iodine i 

i Lo.0 ± 2.5 
6 lbs. Iodine i 33.0 ± 1.0 

Dry Weights 

Check 6.30 ± 0.25 
2 lbs. Iodine F i 8.20 ± 1.0 
6 lbs. lodino 6.30 ± 0.20 

I 
I I 

0 10 20 30 LiOGrams 



INCREASE OF ALFALFA GR0WH 

WITH IODINE FERTILIZATION 

DESCHtJTES SOIL SERIES -- First Cutting 

Green Weights 

Check 5.60 1 0.25 Graine 
2 iba. Iodine 6.00 ± 0.15 
6 lbs. Iodine 6.20 ±o.to 

Dry Weights 

Check 1.95±0.10 
2 lbs. Iodine D 2.10±0.15 
4 iba. Iodine D 2.10 ±0.15 

Second Cutting 

Dry Weights 

Check 5.85 ± 0.t.o 
2 lbs. Iodine 5.15 ± 0.30 
6 lbs. Iodine 5.95 ± 0.25 

Third Cutting 

Green Weights 

Check 39.0 d 1.0 
2 iba. Iodine i I 3t.0 ;I: 2.5 
6 lbs. Iodine I I 32.0 d: 2.5 

Dry Weights 

Check 8.L.0 ± 0.20 
2 lbs0 Iodine I 

I 7)i5 ±0.!i.5 
6 lbs. Iodine = 

I I 

6.90 ±0.Li.0 
I i I 

O 10 20 30 L0 Grams 
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Table I. Red Clover yields, Aiken soil series. 

First cutting 5/26/38 

Treatment Number Green Wt. 

4 pounds 11 

of iodine 12 
per acre 13 
asKi 14 

15 
16 
17 
18 
19 
20. 

ave. 

260 g 
282 
271 
275 
272 
206 
276 
256 
222 
228 

255 5.4 

Deviation Dry Wt. Deviation 

5 g 5.1 1.0 
27 64.4 '7.3 
16 63.6 6. 
20 75.5 18.4 
l'7 52.0 5.1 
49 50.5 6.6 
21 60.6 3.5 

1 54.5 2.6 
33 44.0 13.1 
27 50.2 6. 

57.1 11.8 

2 pounds 1 236 26 58.1 2.9 
of iodine 2 272 10 74.5 13.5 
per acre 3 338 76 60.0 1.0 
as EI 4 280 19 69.9 8.9 

5 280 18 57.0 4.0 
6 208 54 52.9 8.1 
8 210 52 45.2 15.8 
9 252 10 63.3 2.3 

10 284 22 68.5 7.5 

ave. 262 L 9.2 61.0 L 1.'7 

check 21 179 30 38.6 15.4 
22 162 4'7 69.1 
23 237 28 66.7 12.7 
24 250 41 51.2 2.8 
25 232 23 53.7 0.3 
26 06 3 41.2 12.8 
27 119 90 52.7 1.3 
28 244 35 49.6 4.4 
29 319 110 88.6 34.6 
30 138 71 28.5 2.5.5 

ave. 209 12.2 54.0 3.5 



Table mj. Red Clover yields, Deschutes soil series. 

First cutting 5/27/38 

Treatment Number Green Wt, 

4 pounds 13 232 g 
of iodine 14 173 
per acre 15 213 
as ci 16 221 

17 191 
18 194 
27 222 

28 202 

29 196 
30 218 

ave. 206 £ 3.6 
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Deviation Dry Wt. Deviation 

26 g 56.9 g 11.0 g 

33 35.8 10.1 

7 45.8 0.1 

15 49.6 3.7 
15 44.7 1.2 

12 47.1 1.2 

16 46.3 0.4 

4 44.6 1.3 

10 40.9 5.0 
12 46.8 0.9 

45.9 k 1.1 

2 pounds 1 245 30 48.9 1.2 

of iodine 2 219 4 46.7 1.0 

per acre 3 221 6 50.6 2.9 

as Kl 4 268 53 56.1 8.4 

5 201 14 45.9 1.8 

6 202 13 46.1 1.6 
23 198 17 45.9 1.8 

24 201 14 46.9 0.8 
25 191 24 45.8 1.9 
26 200 15 44.0 3.7 

ave. 215 ± 5.0 47.7 0.7 

check 7 244 33 63.2 16.6 

8 181 10 37.5 10.9 

9 208 1'7 45.5 1.1 

10 272 19 67.5 20.9 

11 159 32 40.9 
517 

12 127 64 51.8 5.2 

19 165 26 36.7 9.9 

20 193 2 39.3 6.8 

21 188 3 43.2 3.4 

22 i'70 21 39.6 '7.0 

ave. 191 6.7 46.6 k 2.2 



Table XIV. Summary of the Red Clover Experiment. 

Aiken soil series: 

treatrnent L. lbs. i / acre 2 lbs. I / acre check 

yields, green weight 255 5.L. grams 262 9.2 grams 209 12.2 grams 

dry weight 57.1 1.8 61.0 1.7 5L1.O 3.5 

Deschutes soil series: 

yields, green weight 206 3.6 215 5.0 191 6.7 

dry weight 145.9 1.1 147.7 0.7 146.6 2.2 

Table XV. Statistical Summary of the Yield Increases. 

Liken soil series: 

14 pounds of iodine per 
acre vs.. check serios 

groen weight 

dry weight 

2 pounds of iodine per 
acre vs. check series 

green weight 

dry weight 

Deschutes soil series: 

14 pounds of iodine per 
acre vs. check series 

green weight 

dry weight 

2 pounds of iodine per 
acre vs. chock series 

green weight 

dry weight 

actual weight increase 
increase in per cent 
grams 

146 13.14 22 6 

3.1 3.7 6 7 

53 15.3 25 7 

7.0 3.6 13 7 

15 7.6 8 14 

no definite increase 

214 8.3 12 14 

no definite increase 



INCREASE OF RED CLOVER GROWTH 

WITH IODINE FERTILIZATION 

AIKEN SOIL SERIES ** First Cutting 

Green Weights 

Check 209 ± 12.2 Grais 
2 lbs. Iodine i i 262 ± 9.2 
4 lbs. Iodine i i 255 ± 5.4 

Dry Weights 

Check 54.0± 3.5 
2 lbs. Iodine i i 61.0 ± l7 
4 lbs. Iodine i -i 571 ± 1.8 

DESCHUTES SOIL SERIES ** First Cutting 

Green Weights 

Check 191 ± 6.7 
2 lb.. Iodine j 215 ± 50 
4 lbs. Iodine 206 ± 3.6 

Dxy Weights 

Check 46.6 ± 2.2 
2 lbs. Iodine r i 47.7 ± 0.7 
4 lbs. Iodine i i 45.9 ± 1.1 

L i 

0 100 
I i 

200 300 Grsm 
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Table XVI. Red Clover Moisture Contents. 

Alicen soil series Deschutes soil s'ries 

Treatment Number Moisture Number 'fioisture 

4 pounds 11 78.4 % 13 '75.5 % 
of iodine 12 '77.2 14 '79.3 
per acre 13 '76.5 15 '78.5 
as Kl 14 '72.6 16 77.5 

15 80.9 17 76.6 
16 75.5 18 75.7 
17 78.1 27 79.2 
18 78.7 28 77.9 
19 80.2 29 79,1 
20 78.0 30 78.5 

ave. 76.6 ave. 77.8 

2 pounds 1 '75.4 1 80.1 
of iodine 2 72.7 2 78.7 
per acre 3 82.2 3 77.1 
as Kl 4 75.1 4 79.0 

5 79.7 5 77.2 
6 74.6 6 77.2 
8 78.5 23 76.8 
9 74.9 24 76.7 

10 75.9 25 76.0 
26 78.0 

ave, 75.9 
ave. 77.7 

check 21 78.4 7 74.1 
22 57.4 8 79.3 
23 71.9 9 78.2 
24 79,6 10 75.2 
25 76.8 il 74.3 
26 80.0 12 59.2 
27 55.7 19 '77.8 

28 79.7 20 79.4 
29 72.2 21 77.1 
30 79.3 22 76.7 

ave. 72.1 ave. 75.1 
ave. without ave. without 
s 22 & 27 76.0 4 12 76.9 
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DISCUSSION 

It is apparent that in this experiment iodine seems to have 

some influence on the yields of alfalfa and red clover in greenhouse 

pot cultures with an Aiken and with a Desehutos soil. The increases 

in the green weights seem to be statistically significant, but for 

the dry weights the responses are loss apparent. Because of this 

anomaly, the moisture contents of the red clover samples were calcu- 

lated (Table XVI). It will be seen that the apparent difference in 

"succulence" with iodine fertilization is due in the Desohutes series 

to one culturo unit, in the Aiken series to two culture units in the 

check treatments, If these three samples are omitted in the calcu- 

lation of mean 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 was a comparable number of blooms in each series. 

Though the iodine fertilization seems to exert a stimulating 

effect upon the growth of legumes on these soils, certain evidence 

indicates that the response is not due to the correction of an iodine 

deficiency in the soil. The combined first and second cuttings of the 

alfalfa jars were analyzed for iodine and the results indicated in the 

summary (Table x). The iodine fertilization increased the iodine 

content of the alfalfa slightly. The maximum increase was about 60 per 

cent. The checks, moreover, contained two to four times the amount of 

iodine found in several Oregon hays (Table iii). This high iodine 
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content in the check series is difficult to explain, It is possible 

that the iodine in the water used for irrigation, though small in 

relation to the amounts present in the soil or that added in iodine 

fertilization, was assimilated to a greater degree due to its ready 

availability and the continual application in small doses. Holley, 

Piokett and Brown (1935) showed that the absorption of iodine by 

plants was increased when the water content of the soil was raised. 

These pot cultures were well supplied with water, while the hay 

sample grown under field conditions may not have been so generously 

supplied with water. 

The most pronounced stimulation was observed on the Aiken soil. 

This soil was found to contain a relatively high total amount of 

iodine, about 15 ppm. The Desohutes soil, on which the stimulation 

was less olear cut, was relatively low in iodine (0.5 ppm). As has 

been mentioned, the water and forage in the natural environment of 

this soil are low in iodine, and livestock is liable to goiter unless 

iodized salt is fed, A differential analysis of these soils into 

soluble and insolüble iodine has not yet been made, but it has been 

shown that the Aiken soil has the power to absorb and hold rather 

large applications of iodine. Less than one per cent of an application 

of 20 pounds of iodine as Kl per acre was recovered by leaching on a 

Buchner funnel for two months. 

One logical explanation of the stimulation is that the iodine 

changes the niicroflora balance in such a way that the conditions are 

more favorable for legume growth. This is the same conclusion that 

Carlson (1937) drew from his alfalfa cultures in continuous flow 



nutrient cultures. Further studies are underway. 



47 

SU1JUJARY 

A stimulation of growth of 'alfalfa arid red clover with iodine 

fertilization at the rates of 2 to L. pounds per acre was observed in 

greenhouse pot cultures on two soils. Statistical methods were used 

and the growth increases were shown to be significant on Aiken silty 

clay loam soil andless significant on a Deschutes sandy loam soil. 

The Aiken soil was found to be relatively well supplied with iodine 

(15 ppm), while the supply in the Desohutes soil proved to be poor 

( 0.5 ppm). The green weights showed a greater percentage increase 

than the dry weights. However, the moisture contents did not show 

a significant variation with treatment. 

A method for deterini.ning total iodine in plant materials was 

adapted to hay analysis and recoveries of about 80 per cent demon- 

strated. This method was used to obtain some analytical data that 

seem to indicate the stimulation of the legume yields was an indirect 

effect and not an actual deficiency of an essential plant nutrient. 

A substantial increase in iodine absorption due to iodine 

fertilization at the above rates under the conditions of the experi- 

ment was not observed. 
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