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• 
INTRODUCTION 

The discovery of a field of oats in North Eastern Saskatche
, 

wan showing grey speck, the vpieal symptom of manganese defioiency, 

prompted an investigation to determine whether other areas in Northern 

Saskatchewan were suffering from a micro-element deficiency. The 

manganese defioient soil was studied to determine the most efficient 

means of controlling grey speck. 

Essentiality of Micro-Elements 

The term micro-element is applied to those mineral elements 

whioh are essential for the normal growth of a plant but are required 

in ver:t minute amounts. The known micro-elements are iron, manganese, 

zino, copper, boron and molybdenum. It is believed that this list is 

inoomplete and that other elements will be added with the use of more 

refined teohniques. 

The development, in 1860, by' Saohs and Knop, ot the water 

culture method of growing plants qui~ showed that nitrogen, 

sulphur, phosphorus, potassi'UJll, calcium and magnesiUDl were essential. 

The need for iron was also shown at this time. The necessity for 

other elements in plant nutrition was not recognized for ma.I17 years. 

This was probably due to the fact that in early water culture experi

ments, sufficient micro-elements were introduced through the seeds, 

through impurities in the salts used and through solution from the 

vessels containing the eul,ture solutions. 

• 
In 1905, Bertrand claimed that manganese was essential 

tor plant growth. Maze (1914; oited by Stiles, (48», showed the 

essentiality of manganese and zinc. He later sholfed that boron was 

essential. 
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• In 1931, Sommer (41) demonstrated that copper was 

. essential. She grew tomatoes, fiu and sunfiowers in nutrient solu

tion in ~rex beakers. The salts used were first purified and all 

water was redistilled through pyrex. The use of 0.06 mg. of copper 

per 1itre of solution gave large increases in weight over controls

containing no copper. 

Arnon and Stout (2), in 1939, grew plants in carefully" 

purified nutrient solutims trom which molybdenum was exoluded. These 

plants developed charaoteristic deficiency symptoms. The addition ot 

one part molybdenum to 100,000,000 parts ot nutrient solution prevented 

the symptoms from appearing. They concluded from this that molybdenum . 

is an essential element. 

Steinberg (44 grew Lemna minor L. aseptical~ in purified 

culture solutions and showed a need tor iron, zinc, 'boron, manganese, 

copper, molybdenum and gallium. There is still some doubt, however, 

that gallium is essential tor all plants. 

The Function of Micro-Elements 

Although an impressive body of evidenoe has been built up 

showing the essentiality of oertain micro-elements, their f'unotion 

within the plant is not clear. The faot that they are required in 

such minute amounts suggests the.t they function as 080talysts or are 

linked up with catalytic processes. 

In 1934,Thatcher (49) postulated that iron and manganese, 

and zinc and copper were pairs of mutually co-ordinating catalysts 

for oxidation-reduction reactions. 

• Iron is essential e1ther tor chloroptvll or tor porphyrin 
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synthesis. The enzymes cytochrome and cytochrome oxidase, which plq 

an important role in the respiratory cyole, contain iron. 

Manganese is r8lluired for the oxidizing·activity of laccase. 

It is essential also for lIl8.IIY of the reactions in the degradation or 

starch and sugars. 

Somers and Shive (42) have shown a relatioD between 

manganese and iron. They pointed out that iron in the plant is in 

the active ferrous state. Manganese, whioh bas a higher oxidizing 

potential than iron, oxidizes ferrous to ferric iron which is precipi

tated out, probably in organic complexes. If the ratio or manganese 
PI.,,! 

to iron is too high, iron becomes deficient and a"chlorosisdue to a 

shortage oiiron results. If' the conoentration or manganese is too 
pl.,,!

low there will be an excess of' active terrous iron and a~cblorosi8

due to iron toxicity' resulte. 

A possible effect of zino on the oxidation-reduction systems 

of the plant bas been shown by Skoog (40). His wo:r.k shows a oonnec

tion between zino and auxin. He f'ound that in zino defioient plants 

the terminal buds contained none or only a traoe of auxin. The 

auxin content increased considerably if zino was added. He placed. 

stem sections on agar containing known amounts of' indole-3-acetic 

acid and found that more growth hormone was inaotivated in the blocks 

in contact with zino deficient tissues. The observation that zinc 

defioient tissues displayed increased eapaci4r to oxidize benzidine 

in the pre~ence of lV'drogen peroxide suggested that there was excess 

• 
destruction ot auxin in these tissues• 

Copper enters into the composition of catechol oxidase or 

polyphenol oxidase. This enzyme oxidizes phenolic oompounds. 
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There is oonsiderable evidence for a relationship between 

caloium and boron. J ones and Scarseth (22), concluded that a plant 

will grow normally only when there is a 0 ertain balance between the 

intake of calcium and boron. Reeve and Shive (.35) found that the 

ratio of calcium to boron in the plant isinfiuenced by the supply 

of potassium; an increase of this cation results in a lowering ot 

the oalcium-boron ratio. 

Molybdenum is believed to aot as a oatalyst in the reduo

tion of nitrates (9), (52). 

Methods of' Diagnosing Micro-element Deficiencies 

The existence of a mineral deficiency in nature may be 

shown by several methods. 

The display of characteristic symptoms is useful in diag
PI4tl I

nosis. However, different"species vary markedly in the deficiency 

symptoms displayed and this makes this method difficult to use except 

in those cases where a few crops are known intimately. Descriptions 

of characteristic deficiency symptoms for various crops have been 

published (21). The symptoms may not be charaoteristic due to 

multiple deficiencies or other causes. Roach (:37), reporting on the 

. efrects of spraying with manganese on the Romney marshes, stated that 

some or the largest increases in yield were obtained from crops that 

looked perfectly healtlv. 

• 
Ohellical soil tests are used widely to determine the 

fertility of soils. These tests aim at determining the amount of 

available nutrients. Vanousrapid chemioal tests have been proposed 

for this purpose (25), (43). 
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Chemical tests on plant tissues ~e used by some investi

gators (32), but these involve developing standards for each crop 

plant. Values below a certain level indicate a deficiency. 

The most efficient method is to make appropriate elements 

available to the plant and note the response of the plant. This may 

be done in the field or in pot oultures. The elements may be added 

to the soil, sprayed onto the plants or inj ected using the ~~t~>~_~~~~)

teohnique developed by Roach (36). 

Micro+E!ementDeficiengy Diseases 

Investigations on micro-elements bave shown that many 

diseases, whose true nature was unknown, were due to a micro-element 

deficiency. 

Samuel and Piper (39), proved in 1928 that grey speck on 

oats was caused by a deficienc.r of manganese. By the use of purified 

culture solutions, they were able to produce the disease when manganese 

was exo1uded from the culture medium. Heintze (19), in 1938, oorrelated 

marsh spot of peas with the amount of readily soluble manganese in the 

soil. 

llOOn, Cole and Lewis (1). showed that Pecan rosette could 

be cured by treabnent with zinc salts. Chandler, Hoagland and 

Hibbard (5), working on 11tt1e leaf or rosette of deciduous fruit 

trees, were able to control the disease through the use of zinc 

sulphate. 

The most important diseases due to copper deficiency are 

Exanthema or die back of truit trees, and Reclamation disease of 

• cereals. Both of these diseases have been controlled by the use ot 

copper sulphate and their relation tooopper bas been .shown by. Haas 

and Quayle (16) and Piper (33). 
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Beets and turnips are susceptible to boron deficiency, and f-A I$" 

deficiency disease"- in these plants ,'~_, characterized by an internal 

necrosis. MacLachlan and Strong (28) have shown that Brown heart 

of turnip can be controlled by dusting with borax. 

McLarty, Wilcox and Woodbridge (30) found ·that a distino

tiva yellowing of alfalfa, very common in the interior of British 

Columbia, could be cured b.f small applications of boric acid or 

borax to the soil. 

There is Iittle evidence of molybdenum deficiency ocourring 
I-~,e a.JJ, jt,~", ~ I-

in nature. Fricke (10) reported from AustreJ.ia tbatAtwo ounces per 

acre of molybdenum produced normal growth in Algerian oats. Without 

treatment the oat crop in certain ar-eas is subject to "Blue Chaff", 

a conditim which makes it suitable only for hay. 

The first report of a micro-element defioiency disease in 

Saskatchewan appears to have been made by Hagborg (17). He reported 

that in a sample of pea seed received through Plant Products Division, 

Winnipeg, from Kinistino, Bask., about 12% of the seed was character

ized qy internal necrosis typioal or marsh spot, a disease due to a 

deficiency of manganese. 

Iron deficiency ocours sporadically on horticultural plants 

in Saskatchewan but bas not been reported on cereals. 

In 1949, Vanterpool (51) reported finding a field of oats 

showing grey speck. The present work was initiated by this observation• 

•
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• Material and Methods 

Pot oulture technique 

. The deficiency studies were conducted in the greenhouse 

using pot cultures. Micro-elements were made available to the 

plants and the treated plants were oompared with controls. Treatment 

was made by adding the elements to the soU and by means of foliar 

sprays. 

Throughout this work, six-inch clay pots glazed on the 

inside, were used. These were easily cleaned and prevented the 

loss of water and mineral elements through diffusion. SoU treat

ments were caloulated on an acre basis; a six inch pot having 811 

area of" approximately 0.228 sq. ft. 

Equal amounts of soil were added to eaeh pot. Equivalent 

moisture conditions were maintained by watering the pots on a scale. 

The maximum water content was kept below the saturation point. 

After emergenoe, the plants were thinned out to five per 

pot. 

In winter, six overhead growth lamps were turned on eve17 

evening. The pots were rotated every few d837S to overcome possible 

difterences in light intensiV • 

•
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Seed used• 
Unless otherwise stated, all seed used in these investi

gations was obtained tromthe University Field Husbandry Plots and 

hand threshed~ The varieties were all 1949 samples. 

In order to destroy seed-borne spores, eJ.l seed was 

treated in 1:1000 mercuric chloride solution for 10 minutes and 

then rinsed in distilled water• 

•
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Chemicals used 

The micro-elements shown in Table I were used in the 

deficienc,y studies. 

TABLE I 

Micro-element§ used in the deficiency studies 

Element Compound used 

Manganese NInSO4 • 4H20 

Copper CuS04 

Boron Commercial borax 

Zinc znS04 • Hi> 
Iron FeS04 • 7HiJ 

Molybdenum Na2MoO4 • 2H20 

•
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• Spray ooncentrations and soil treatments 

Water redistilled through a pyrex condenser was used in 

the sp~ solutions. To all sp~ solutions was added 0.5% bentonite 

clay to act as a sticker and a trace of Vel for a spreader. Spraying 

was done with a band atomizer of 16 ml. capacity. 

Control plants were sprayed with distilled water plus 

benton!te and Vel detergent. 

Table II shows the sp~ ooncentrations which were used 

in the dericien~ studies. 

TABLE II 

Sp;rey concentrations 

Element Per cent 

Manganese 

Copper 

Boron 

Zinc 

Iron 

Molybdenum. 

1.0 

2.0 

0.5 

2.0 

1.0 

0.25 

•
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• The soil treatments are shown in Table III. 

TABLE III 

Soil treatments used in deficiency studies 

Treatment Weight in gm. Pounds per acre 

MnS°4 0.24 100 

CuBO, 0.24 100 

Borax 0.12 50 

Zns04 0.12 50 

FeS04 0.12 50 

Haid°O, 0.024 10 

A toxic!ty usually developed from the boron soil treatment. 

The critical level of boron is quite sharp and toxicity develops 

when this is exceeded. Spraying with a 0.5% solution or borax is 

preferable to soU applicatims as toxicity can be avoided by this 

method. No apparent toxic!ty resulted from the other micro-element 

treatments. 

Observations were made throughout the growing period in 

order to note visible response to treatment. After seed had formed, 

the plants were harvested, air dried, and weighed in order to deter

mine the quantitative etfects of treatment• 

•
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• Topic It Survey of Northern Saptchewan 

For Micro-element Deficiency Diseases. 

In Canada, boron and manganese deficiency diseases have 

been frequently reported (6), (17), (18), (26), (28), (30). In 

other countries, particularly Australia, zinc and oopper deficiencies 

have been shown to be quite prevalent. In view of the increasing 

importance of micro-element deficiencies, various areas in Northern 

SaSkatchewan were studied in an effort to determine the incidence 

of llicro-element deficiency diseases in that regim. Areas in which 

the crop showed a non-pathogenic spotting 0, chlorosis were chosen 

for study. 

Method 

SoU samples were collected during routine plant disease 

surveys. The areas chosen for study were sampled to a depth of 
~,.""", ~a..-=h a., 1 4. 

approximately six inches; numerous samples were taken"and the solI 

was thorouglily mixed and screened, then stored. in clean boxes 

having a volume of approximately one cubic foot. 

Oats (Avena sativa L.) were used almost exclusively as 

the test plants. Alfalfa was tried on the podsol soils as a test 

plant for possible boron deficiency. 

Sufficient pots were planted to test each element and to 

have untreated controls. A full nutrient sPrfQ'", containing the six 

micro-elements in question, was tried on plants growing in each 

soil as a preoaution against multiple deficienoies• 

•
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• TABLE IV 

Areas tested tor miero-element deficienc;z -
Response to 

Looation Soil type pH micro-elements 

West of White Fox 

Love 

Snowden 

North of White Fox 

Meath Park 

Snowden 

West Choiceland 

Saskatoon, west of 
Gov't. elevators 

Drake 

Drake Virgin 

Field Husbandry 
Plot, 11-04 

4 East of Lanigan 

6 West of Lanigan 

4 North of Watson 

Beaver Creek 

PikeLa1ce 

West of Wadena 

North of Guernsey 

East of Naicam 

Spalding 

Spalding Virgin 

Podsol 

Podsol 

Podsol 

Podsol 

Peat 

Peat 

Peat 

Light loam 

Light loam 

Light loam 

Light loam 

Fine, sandy loam 

Fine, sandy loam 

Loam 

Sandy loam 

Dune sand 

Alkali 

Alkali 

Loam 

Loam 

Loam 

6.7 

6.6 

6.4 

6.6 

6.8 

7.1 

6.6 

7.6 

7.7 

7.8 

7.3 

8.2 

8.3 

8.1 

8.00 

8.0 

manganese 

manganese 

• if pH was not taken 
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• When surricient soil was available, the procedure included 

soil treatments and foliar sprays. In til few cases foliar sprays 

alone were used. 

In all soils other than the podsols, 0.36 gm of ll-4S-0 

phosphatic fertilizer was added to eaoh pot. Podsol soils received 
0' 

16-20-fertUizer at 0 •.36 gm. per pot. 
Jl 

Throughout the preliminazy investigatims distilled water 

was used for watering. 

The plants were sprayed when 14-16 inches in height. 

The pH tests on these soils were made using the Lamotte 

soil testing set. 

After harvesting, the plants were air dried and weighed. 

Results 

Each area outlined in Table IV was tested for a micro

element deficiency. 

The manganese deficient field was discovered in the fall 
8N/1t

of 1949. Samples of this soU were taken for further study. During
'1 

the fall of 1949, samples were taken from Pike Lake, Beaver Creek, 

til field west of the Government Elevators at Saskatoon, west of White 

Fox, Lanigan and Meath Parle. The remaining soUs were gathered in 

1950. 

The soil samples from Love, Choiceland and Snowden were 

gathered in the spring of 1950; there was no spotting on plants to 

serve as til guide to possible deficiency. 

With the exception of the Spalding soil there was no 

• response to treatment with micro-elements • 
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• A sample of seedling oats received from the Drake district 

in 1950 exhibited lesions which resembled grey speck. Sol1 was 

obtained from this area but there was no response to micro-element 

treatment. This area was revisited in the fall and showed no signs 

of deficiency. 

The soil from the field west of the Government Elevators 

responded markedly to 11-48 fertilizer. 

Spalding Soil 

This soil is a poorly drained, high lime, Yorkton loam 
11'1-11

(Soil Surv., 12, Univ. of Bask.). It is high in organic matter and 

of a somewhat peaty nature. There is a distinct lime layer beneath 

the surface (Fig. 1) and the surface soil is high in carbonatea. 

The deficiency flYmptoms on the oats growing in the Spalding 

soil were very conspicuous (Fig. 2). These oats were the second crop 

after breaking. The land had been fertilized with 11-48. 

Preliminar,y greenhouse experiments on the Spalding soil 

showed that this soil was deficient in nitrogen. When no fertilizer 

was added, plant growth was limited and severe deficiency symptoms 

were apparent. This masked the effects of manganese applications. 

Addition of 11-4S fertilizer to the soil removed this difrieultry and 

the effect of manganese application could be effectively studied. 

Exeter oats grown on the Spalding soil begin to show grey 

speck symptoms three to four weeks after planting. Symptoms first 

appear on the third formed leaf when the deficiency is severe. When 

the deficiency is less acute, the symptoms first appear on a later 

• tormed leaf. In no case were the first two 1ea.ves affected• 
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• The deficiency symptoms appear as brown, round to oblong 

spots on the leaves. These spots remain localized and gradualJ.y' 

turn grey. A line of weakened tissue often develops on the affected 

leaf' about an inch above the ligule, and the leaf' bends over sharply 

at this point. 

A series of pots of Exeter oats was sprayed with the six 

micro-elements. Plants sprayed with manganese sulphate solution 

developed no grey speck and remained healthy. Control plants and 

those sprayed with the other micro-elements developed the disease 

symptoms. No yield data.~ recorded in this experiment. 

Virgin Spalging Soil 

A sample or soU was taken from virgin prairie adjoining 

the field where grey speck was observed. The sod was thoroughly 

broken up and eight pots of this soil were sown to Tama oats. Four 

pots were sprayed with a 1% manganese sulphate solution 18 d~s and 

30 days after seeding. The plants were harvested 60 days after 

seeding. 

Results 

The unsp~ed plants began to show symptoms or grey speck 

21 days after seeding; at 24 days the disease symptoms were severe 

on the oontrol plants while the plants sprayed with manganese sulphate 

were free of the disease. The unsprayed plants were weak, spindly and 

chlorotic; no seed was formed. The sprayed plants remained stur<tr 

and free from chlorosis and normal seed was formed• 

•
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TABLE V 

Tama oats grown on virgin Spalding soil, showing the effect of a 1% 
manganese sulR~te spre;y 

Av. height Total air dxy Av. wt. per %increase in 
Treatment in inohes \ft. gm. plant gil. wt. due to spray,; 

Controls 15 1.3 

1% MnS04. 
sprayed 27 153.8 

The results in Table V show the.t the oats grown in 

virgin Spalding soil suffered acutely trom DJaDg8Jl888 deficiency (Fig. 3). 

The native grasses and herbs found on the virgin soU showed 

no symptoms of deficiency. It appears that these plants are more 

resistant to manganese deficiency than are 0&ts. It 1s possible 

tbatthere is more available manganese in the undistur;-bed prairie, 

due to more anaerobic oonditions. This would result in some or the 

higher oxides of manganese being reduced by soU micro-organiSJlls. 

In 1950, the Spalding area was again inspected. Oats 

sown in the same field were showing symptoms of grey speck. Several 

oat fields in the immediate vicinity were similarly affected. All 

the affected fields were heavily infested with weeds. The weeds 

showed no visible etrects of' manganese deficiency. 

Iron Deticienc;y 

In the spring ot 1950, Petunias growing in a window box 

in Saskatoon developed a chlorosis which suggested a deficiency ot 

• iron. The plants regained normal color when sprayed with a 0.5% 

solution of ferrous sUlphate. 
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Iron defieiency in window boxes may be related to the 

extended period ot air drying to which these soils are subjected. 

It is a well known tact that there is an increase in available 

manganese when soUs are air dried in storage. The result would 

be an increased uptake of manganese by the plant. According to 

Sollers and Shive (42) the increased concentration or manganese 

in the plant might result in a chlorosis due to a shortage or 

iron• 

•
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Topic II. Further Studies on Spalding SoiJ. 

IUJIlerous studies have been made on anganese avaUabUity 

in soUSe An understanding of the agencies operating to reduce 

maDganese availabUity is essential when searching for control 

measures. 

Gerretsen (15), in Holland, reached the conclusion that 

manganese deficiency was dependent on the presence of oertain soil 

mic1'04)rganisms which caused the preoipitation or insoluble manganio 

oxides. He fixed the limits or this precipitation at pH 6.5 to 7.8. 

He showed that heel. thy plants could be grown on soil treated with 

formalin which destroyed the soU micro-organisms. Reinfection or 

the sterilized soU with 5 to 10% of the original diseased soU 

caused the disease to reappear. 

Leeper and -. (24) in 1940, using a technique similar 

to Gerretsen's, found that biological oxidation of manganese occurred 

in the range of pH 4.8 to 8.9, although usually not over pH 8.0. 

Biological oxidation in Petri dishes was prevented by the use of 

chloroform or germisan. Since some of the most intense biological 

oxidation of manganese occurred on soUs not exhibiting manganese 

deficienc.r, Leeper and Swalv concluded that manganese deficiency 

was not entirely due to biologioal oxidation. 

MacLachlan (26) in 1941, using Gerretsen1 s technique, showed 

that both normal and deficient lOlls in Ontarie oontained bacteria 

capable of rapidly converting soluble mang~ese componnds to the 

• insoluble oxides. These bacteria were JIlUch more DUJIlerous in soU 

known to be deficient in manganese. 
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• Bromfield and Skerman (4) reported in 1950 that organisms 

of the type isolated by Gerretsen, bad been isolated on his media. 

These organisms were incapable or oxidizing manganese. The oxidation 

observed is apparently due to a non-biological oxidation of the 

manganese in the presence of o:x;racids at high pH values. The organ

isms isolated on Gerretsen's media render the media alkaline and the 

presence of oJeJ&cids in his media results in the oxidatim of' the 

manganese. 

Using a soU-extract agar, Bromfield and Skerman found 

evidence that oxidation in some soUs was due to the associative 

effects between two organisms, one a Gor.mebacteriUJI and the other 

a pigmented member of the genus· Chromobacterium or Flavobacteriua. 

This was not simpl1" a pH etteet. Certain f'uDgi et the genera 

Cladosporium, 'frUrgsohemial?1and Pl80@P9ra were found which readi.l7 

oxidized manganese. 

Mann and. Quastel (29) state that manganese undergoes a 

metabolio oycla in the soU, the kinetics or which are determined 

by the nature or the micro-organisms and the organic matter present. 

Leeper (2.3) divides soll manganese into the bivalent or 

exchangeable ion and the insoluble higher oxides. Oxidation or 

reduction of' these forms of manganese can take plaoe. In alkaline 

soils, bacterial oxidation is rapid while reduction by organic 

matter is slow; thus the bivalent torm, which is regarded as 

available, tends to disappear. 

Dion and Mann (7), working at Rothamsted, showed that a 

• large part or the so11 manganese may be present as three-valent 

manganese. This is believed to exist in the soU as the h1drated 
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manganic oxide fln203.XH20. The ~rirst product ·in biologioal uida

tion is probably some compound of three-vaJ.ent manganese which 

spontaneously dismutatee to manganese oxide and manganese dioxide. 

The veloci~ of this dismutation decreases rapidly with increase in 

pH. The amount of divalent manganese present will depend on the 

relative speed of the oxidizing processes and the reducing and 

dismuting processes, the latter processes being much less active 

at the higher pH values. 

Heintze and Mann (19) suggest that in neutral or alkaline 

organic soils, the divalent manganese is held mainly by the organic 

matter. Manganese deficiency occurring on neutral or alkaline soils 

of high organic matter content 1s due to the formation of complexes 

of divalent manganese with the organic matter. These complexes 

are dissociated to such a slight extent that the manganese in the 

soU solution is insufficient for the needs of the plant. The 

distribution of divalent manganese is dependent on the pH of the 

soU and the ionic content of the soU solution• 
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I. SoU ana.1.ysis 

A quantitative analysis was carried out on th~ SpalditJg 

soU in order to determine the amounts ot some or the important 

soil constituents. Dr. H. G. Dion of the Soils Depa.rtmen~ kindly 

provided the laboratory' facilities and suggested the necessary 

analytical prooedures. 

Methods 

The procedures used were all standard analytical teohniques. 

Total nitrogen was determined by the miero-kj eldahl method. 

A measure or available phosphorus was obtained by treating 

one gram of soil with 100 ml. or CO2- sa t urat ed water and determining 

oolorimetrically the amount of phospOOrus extracted. 

Using the periodate method, manganese was determined 

colorimetrioally on an acid solution or the soil whioh bad been 

digested with HCl04• 

Organio matter was determined by the Walkley-Black method 

tor determining soU carbon. The procedure involves the oxidation 

ot the organio material using a mixture of I.2Cr207 and H2SO4' with 

a subsequent titration of the unreduced cl1chromate with standard 

1e804- 7H2P, using diphenylamine as the indicator. The amount of 

carbon was multiplied by a factor or 1.72 to give the .organic 

matter content. 

Hygroscopic moisture was determined by" drying the soU 

at 1050 0 tor 4 hours• 

•
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Results 

These are presented in the following table. 

TABLE VI 

Amounts of some of the eonstdtuents in Spalding soll, expressed on 
oven-dr,y: basis 

Constituents Percentages

Total nitrogen 1.23

C02-soluble phosphorus 31.6 K

Total manganese expressed
O.'1Vl...lIIJ..t""as MIlO ,flV""J}'<' 

Organic matter 20.45 

Hygroscopio moisture 8;tQl_ 

• Expressed as parts per million 

The pH of this soll was 8.03. 

The soil analysis shows that the most outstanding 

charaoteristic of this soU is its high oontent ot organic matter. 

The value for total nitrogen is high and shows that much of the 

nitrogen is not available to the plants since plants growing in 

this soU have exhibited a. striking need for nitrogen. The value 

for phosphorus indicates plants grown in this soU would probably" 

'surter from a phosphorus defioiency since the Soils Department rinds 

that values under 60 p.p.m. usually indicate a deficiency of 

phosphorus. 

• The total manganese oontent is normal for this soil type; 

this demonstrates that deficiency diseases on the Spalding soU are 
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due to unavaiiabUit.r of JD811g8118se. The high pH and the large 

amount of organic _tter present have both contributed in reducing 

the availabili~ of the manganese (2.3), (7), (19). 

Rapid chemical so11 tests 

Rapid soU tests, using the Morgan (25) s.rstem, indicated 

that the Spalding soU is high in carbonates. Treating this soU 

with the buffered sodium acetate solution results in pronounced 

effervescence. Further tests indicated a high level of calcium 

in the soil; magnesium and sulphate tests gave medima values. 

However, rapid soil tests were found to be on the whole unsatis

factory for quantitative determinations. Extraction is made with 

an acid solution and GIl alkaline soils, the values given by these 

tests are too high. In general, the observations or the writer 

support those of Atkinson, Ripley and Patry (3). They concluded 
e-It~".,i~a/

that rapid so11 tests must be calibrated to particular soU types
1\ 

and to particular crops• 

•



• II. Treatment of grey speck 

1. Soll Treatmants 

SoU treatments are designed to increase the amount or 
available manganese. This is done by the addition of manganese to 

the soil or by treating the soil in such a manner that the manganese 

present is made more available. 

(a) Manure, sulphur, and steam sterilization 

Application of barnyard manure would be expected to change 

the soU JDicrofiora and some micro-elements would be added with 

the manure. Timonin (50) found that the use of ba:rnyard manure 

gave good results with both resistant and susceptible n.rl.u•• 

of oats grown in a soil deficient in manganese. 

Sulphur has been used extensively to lower the pH of soil. 

Fuj!moto and Sherman (11), and Leeper (23) reported that applica

tions of sulphur to the soil gave good control of grey speck. 

MacLachlan (27) round that very heavy applicationa of sulphur were 

necessary to increase the yield of oats growing in a manganese 

deficient soil in Ontario. 

Quastel, Hewltt and Nicholas (.34) reported that the use of 

thiosulphates resulted in a liberation of divalent manganese and 

a reduction in visible symptoms of deficiency without any reduo

tion in pH. However, the efrect was transient. With the use of 

sulphur, the visual symptoms of deficiency were reduced and there 

was a reduction in pH. They suggested that the action of sulphur 

• 
in liberating divalent manganese when sulphur is added to the soil 

might be due to slow thiosulpbate production and to a.cid formation. 
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Field experiments showed that plaoement tteatments were much 

more effective in liberating divalent manganese than treatments 

where sulphur and thiosulphates were broadcast. 

Aooording to Fujimoto and Sherman (12), steam sterilisa

tion of soUs increases the level of exchangeable manganese. 

Plants grown in steam sterilized soil contain considerably more 

manganese than those grown in unsteri1ized soil. If a soil is 

low in available manganese, sterilizati.n will result in increased 

growth; if the soU is high in exchangeable manganese, steam 

sterilization may result in manganese toxicity. 

Greenhouse experiments were set up to determine the 

efficiency of soU treatments on the Spalding soU. 

Uethods 

Four pots were prepared for each treatment; 0.36 p.or 

11-48 was added to each pot. 

In the manure treatment, well rotted barnyard manure was 

spread in a thin layer over the soil surface, then mixed thoroughly 

with the soil. 

For the sulphur treatments, the top 2 inches of tQ.e soU 

was removed from the pots and 0.5 gm. of sulphur was mixed with 

the remainder of the soil. Oat seeds were placed on top and the 

surface soil was replaced. 

For steam sterilization, the appropriate pots were autoclaved 

at 15 lb. pressure for two hours.

Fortune oats were planted in all pots.

• Three weeks after sowing, two pots in eaoh treatment were

sprayed with a 1% solution of manganese sulphate. All subsequent



leaf disoolorations were reoorded.• 
After seed formatim, the plants were out off at soU 

level, air dried aDi weighed. 

Results 

Table VII shows tbat the soil treatments used resulted in 

an inoreased yield. With barnyard manure, the visible symptoas 

were greatly reduoed. or absent. The inoorporation ot nutrients 

other than manganese in the manure treatments has undoubtedly 

contributed to the increase in yield. 

TABLE VII 

Yield ot fortune oats when grown on Spalding soU treated with 
manure, sulphur and steam sterilization 

Treatment Av. air-dr,y wt. Eer plant 
Unspr&1'ed Sprayed with 

(gm ) 1% MnS04(p ) 
%increase 
when Sprayed 

Control 0.7 1.5 114.3 

Manure 1.9 2.5 31.6 

Sulphur 1.8 2.0 11.1 

Steam 
sterilization 1•.3 1.7 30.8 

The Mgh :yield resulting from the sulphur treatment does 

hot present a complete pioture. Root rot, oaused by Fusarium 

eulmorum (W. G. Smith) S8.oe., was present in all treatments but 

was much more severe in the pots receiving sulphur. Seventy

• 
per eent of the plants :in the unsprayed, sulphur treatment 

were killed by L OulmOruBl; this reduced the eompetition among 
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• the survivors. Unless sulphur was added in large amounts, the 

addition of sulphur to Spalding soil would probably be of little 

value. 
/ 

The plants in the steam sterilized soil were stunted in 
/ It, 1III.J1'.!1.4;", ...r 

the early stages of growth; when harvested, they were later.. and 
~

greener than the plants grown in manured and sulphur-treated 

soils. There were no visible symptoms of grey speck, indicating 

that there was an increase of available anganese on ste81ll 

sterilization. This would support 'the observations of Fujimoto 

and Sherman (12). 

(b) Addition of cereal straw to the soU 

Fujim.oto and Sherman (12) reported that the addition or 

organio matter with a high carbon-nitrogen ratio increased the 

availability of manganese in the soil. They stated that this 

occurs when biological oxidation of the organic matter proceeds 

at such a rate that o~gen becomes deficient. Reduction of 

higher oxides then occurs to supply the needed o~gen and this 

leads to an increase in the available manganese. 

Timonin (50) stated that applioation of a straw mulch 

results in a denser population of cellulose decomposing organisas 

and manganese oxidizing baoteria, more severe symptoms of grey 

speck, and lower yields than from untreated soil. A posltive 

oorrelation was obtained between manganese oxidizing and oellu

lose decomposing organisms. 

The additioD of straw to the soil and its effect on grey 

• speck, were studied in the greenhouse• 
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• Method 

Fortune oats were sown in Spalding soil to whioh ground 

straw and straw out in approximately 1 in. lengths had been 

added; 10 gm. of straw were used for each treatment. .A.l1 pots 

reoeived 0 •.% ga, 11-48 fertilizer. Replicate pots were pre

pared for each treatment and for controls. 

Results 

TABLE VIII 

Effect on the yield of Fortune oats when straw is added to 
: SRa1QJ.nt:moil 

gm. (gm.) 

Control 5.7 7 0.8 

Cut straw 7.0 7 1.0 25 

Ground straw 7.6 S 0.95 18.7 

The results in Table VIII show that the straw treatment 

increased the yield slightly. Grey speck appeared in all pots 

but was not severe. 

straw has a kif' oarbon-nitl'Ogen ratio but the carbon is 

not in an easily available form. The organic matter supplied 

by Fujimoto and Sherman (12) consisted of leaves with a high 

sugar content. This material could be readily utilized by soU 

micro-organisms, while straw with a high cellulose content is 

broken down slowly. 

• Farmers in the Spalding area bad noted that this type- of 

land improved with cult1vatial. It was _decided to repeat the 



• experiment with the same pots in order to see whether the 

bene!its from straw appllcation would'increase with time. 

Ground· straw was added to half the treated pots. All 

pots received 0.36 gm. 11-48 fertilizer and were reseeded to 

Fortune oats. 

TABLE IX 
"'1#;c e 

Effect on the yield of Fortune oats when straw is added to 
Spalding soil 

Treatment Av. dry m. per plant %increase 1n 1ft. 
(p.) 

Control 0.3 

Cut straw plus 
ground straw 0.6 100 

Cut straw 0.4 

Ground straw 0.3 

Added 
ground straw 66.7 

The results show that the additional straw (added to the 

soil) has resulted in increased growth. It appears tha.t the 

gradual improvement in crops noted by farmers in the Spalding 

district is at least partJ.y due to the incorporation of straw 

into the soil. 

(c) Add!tion of manganese sulphate to the soil 

MacLaohlan (27) found that when Erban oats were grown in 

manganese deficient soU,. very heavy soU applications of 

manganese 'sulphate were required to correot the deficiency. The 

• heaviest soil applications gave higher yields than spraying with 

manganese sulphate, but the increase i:t;l yield did not cover the 



-31

• increasedfertUizer cost. He found that 925 lb. per acre or 

Teemangam (a compound containing 66.99% manganese sulphate), 

or 370 lb. per acre of Tecmangam plus 1000 lb. sulphur per 

acre, were required to exceed the yield obtained by a 2% 

manganese sulphate sp~. The soU had a pH 7.2 with no £ree 

carbonates and medium high calcium. 

Hagberg (18) reported an increase in yield of 58 bu. per 

acre when 65 lb. of manganese sulphate· per aore was applied to 

the soil in a manganese deficient field. 

Leeper (2.3) statea that a grey, sandy loam with pH 7.4 

responded well to soil applications of 100 lb. per acre of 

manganese sulphate. There were residual effects from this 

treatment lasting up to eight years. 

Method 

Replicate pots containing 0.5 gm. of manganese sulphate" 

and control pots, were seeded to Fortune oats; 0.36 gm. 11-48 

fertilizer was added to each pot. 

Results 

TABLE X 

Yield of' Fortune oats as affec·ted by adding manganese sulphate 
to th!i soU 

Treatment Total wt. 
(gm.) 

No. of' plants Av. wt. 
per plant 

(gm.) 

%increase 
in wt. 

Control 10.6 10 1.1 

0.5 ga, 
MnS04 l6.o 1.8 6.3.6 

• Table X shows the.t there is definite response to soil 

applications of manganese sulphate. 



-Ji

• Fortune oats were planted in these pots immediatelyatter 

harvesting. Grey speck appeared in all pots. There was no 

evidence of residual etfects from the add!tion of manganese 

sulphate to the soil under these condities. 

Applioations of manganese sulphate to the Spalding soU 

would not be an efficient method of overcoming the deficiency. 

The increase in yield would not justit;y the expense or treataent. 

(d) Use ot various fertilizers 

Several types or fertilizers were available and their 

effects on plants grown in Spalding soil were tested. Replicate 

pots were treated with 0 • .36 gmt of each fertilizer. 

ReSUlts 

TABLE XI 

Yields of Fortune oats grown on Spalding soil treated with vari
ous fertilizers 

Fertilizer Total dry wt. 
(gm,) 

No. of plants Av. wt. per plant 
(gm.) 

11-48-0 2.0 5 0.40 

16-20- o 1.98 6 0 • .3.3 

(NH4)2S04 1.5 5 0 •.30 

Table XI indicates that 11-48 is the best fertilizer for 

this area, This was expected since the soil anaJ.ysis showed a 

low level of available phosphorus. The better response to 11-48 

is probably due to its hightt phosphorus content. 

The experiment was continued by adding appropriate 

• 
fertilizer to each pot and reseeding with Fortune oats. The 

tollowing results expressed as average dry weight per plant were 



• obtained: 

11-48 •••••••••• 0.40 

16-20 •••••••••• 0.2.3 

(NH4)2S04 •••••• 0.1;. 

These results confirm the data in Table XI• 

•
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2. Plant Treatments 

(a) •Manganese sulpbate sprq 

In areas where deficiency is due to an unavailabUity of 

manganese, foliar application 1s the most eoonomical control 

method. 

In 1941, MacLachlan (26) found that a 1% manganese 

sulphate spray controlled grey speck. Later (27) he found 

that a 2% spray solution of manganese sulphate or Tecmangam 

(66.99% manganese sulphate) was the IlOst etficient, although 

there was some foliage burning at this concentration. In all 

cases, the use of a spreader and sticker increased the yield. 

Hagberg (18) reported a 24 bu. per acre increase from 

spraying at 9 lb. manganese sulphate per acre. 

Metllod 

Fortune oats were planted in eight pots of Spalding 

soU. Four pots were sprayed when the first ~toa8 of grey 

speck appeared and spraying was repeated two weeks 1&ter. The 

spray solution contained 1% manganese sulphate, 0.5% bentonite, 

and a trace of Vel detergent. The second spray was found to be 

necessary when using a 1% manganese sulphate solution. The two 

sp~s were used in preference to a 2% solution since no foliar 

burning occurred when this method was used• 

•
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Results 

TABLE III 
-tu.o' 

Response of Fortune oats to 1% J!!8.¥anese sulphate sprarings. 
Treatment Total dry wt. No. of plants Av. dry 1ft. 

(gm.) per plant 
(gm.) 

Control 9.8 14 0.7 

1% MnS04 
spray 19.6 14 1.5 

Sp~ing resulted in a 114.3% inorease in weight. The 

SPr81'ed plants were healthy and showed no symptoms of grey speak. 

The results as shown in Ta.ble XII support the observations of 

other workers (18), (26), (27). 

Sprqing is an economical method ot oontrolling a micro

el_ent deficiency. A 2% sp~ is usuallJr applied at the rate 

ot 40-50 gallons of water per acre and represents an application 

of less than 10 lb. o! manganese sulphate per acre. The spray 

equipment does little harm to the orop if the spraying is carried 

out when the plants are about 14 In. high. 

The chief drawback to the method is that a considerable 

amount of labor is entailed in supplying the large amount of 

water needed. A fairly large acreae! would make this method 

cumbersome. 

(b) Manganese Blus iron sPraY 

Iron is often found to be unavailable in alkaline soils. 

• In view of ~his tact, an e~eriment was performed to determine 
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• whether an iron-manganese spray would give an increased yield 

over a manganese sp~.

Method 

Replioate pots ot Spalding soU were prepared tor each 

treatment. Two pots served as controls and two were sprayed 

with a solution oontaining 1% manganese sulphate and 0.5% 

ferrous sulphate. Sp~ing was carried out when the plants 

were 14-16 in. in height. 

Results 

The oontrol plants showed only slight symptoms of grey 

speak. The soil had been stored for about six weeks prior to 

this experiment and it is probable tbat this resulted in an 

increase of available manganese. However, the writer has 

found no evidenoe that storage affects the availability of 

iron; an inoreased supply of' available manganese should intensifY 

any defioienoy of iron (42). 

TABLE XIII 

The effect of an iron plus manganese SPr81' on the yield or . 
Fortune oats 

Treatment Tota.! dry wt. 
(gm.} 

No. of' 
plants 

Av. dry 1ft. 
per plant 

(gm.) 

Control 10.6 10 1.1 

Spray (1% MnS(4) 12.1 9 1• .3 

Spray (1% MnSO4 + 
0.5% FeS04) 12.1 9 1 • .3 

• 
Table XIII shows that there was no inorease in yield from 

the use of ferrous sulphate. There is no deficiency or iron in 

the Spalding soi1l!'forD~r s . 
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• (c) Use of manganese sulphate dusts 

MacLachlan (27) tried to control grey speck by dusting 

with manganese sulphate. Foliar dusting without the use of 

a dust diluent resulted in severe burn.ing ot the foliage. He 

suggested that burning might be kept down by the use of an 

inert dust. 

Hagberg (18) reported that a 25% manganese sulphate dust 

diluted with clay and applied at the rate of 8 lb. manganese 

sulphate per acre gave 8. 20 bu. per aore increase in yield. 

MacLachlan and Strong (28) found that borax and No. 209 

Celite mixed in equal proportions by weight and applied at 40-50 

lb. of dust per acre gave satisfactory rasult8 in the control 

of brown heart of turnips, a disease due to boron def"iciency. 

The effects of manganese dusts were studied in the 

greenhouse to determine whether the efrect differed with the 

carrier. 

Method 

The dusts were prepared by adding 2 parts manganese 
\ 

sulphate to 98 parts of" the respective carriers. Bentonite 

clay and inert talc were used as the diluents. A band duster 

was used for app~ing the mixture, and dusting was carried out 

three weeks after planting. Plants wbich were to be dusted 

when wet were first sprayed with distilled water. Replioate 

pots of" Fortune oats were sown tor all. treatments and tor 

oontrols• 

•
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Results 

TABLE XIV 

The .effect of manganese dusts on the yield of Fortune oats 

Control 10.6 10 1.1 

MnS04 -to bentonite 
(dry-plant) 

9 1.1 

MnS04 + bentonite 
(wet plant) 

9 

MnSO4 + inert talc 
(d17 plant) 

9•.3 6 

The dust mixtures did not appear to control grey speck 

effectively; deficiency symptoms appeared in all pots. 

Table XIV shows that the manganese-bentonite mixture gave 

some control when SPr81'ed onto wet plants. The etrect of the 

wet plants is probably limited to retaining more of the mixture 

on the leaves. This indicates that the oonoentration of manganese 

was too low; a higher proportion of manganese to dust would 

undoubtedly give better results. 

Table XIV shows that the inert talc treatment resulted 

in the greatest yield. However, Fusarium oulmorum killed 40% 

of the plants in these pots; this reduced the competition 

among the survivors and makes it difficult to evaluate tile 

results. It is probable that inert tale and bentonite are 

• 
about equa.lly efficient when used as a dust diluent• 
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• (d) Manganese sulphate plus 2. 4-dichloropheno:xyacetic acid 

The use of 2, 4-D for eontrolling weeds is becoming wide

spread in Saskatchewan. The treatment may be in the 'form ot a 

spray or a dust. 

Liquid 2, 4-D, InDIO ester is usua.lly applied at the 

rate of 3-10 oz. 2,4-D acid equivalents per acra, The general 

practice is to use a low volume sprayer which applies at 40 lb. 

pressure approximately four gallons of soluti.n per acre. 

The 2, 4-D dust 1s applied at 8-10 lb. or dust per acre. 

Since spraying with 2, 4-D for weed control has beoome 

common practice in Saskatchewan, the poss1bi11V of treating 

the manganese deficiency by simultaneous application of manganese 

sulphate with the 2, 4-D was investigated. 

Method 

The 2, 4-D and information regarding its use were obtained 

trom the Plant Ecology Department. Ten pots oontaining Spalding 

soil were sown to Fortune oats; 0.36 gm. 11-48 fertilizer was 

added to each pot. 

The treatments were as follows:

Two pots •••••untreated

Two pots •••••1% manganese sulphate spray

Two pots ••••• sp~ed with 2, 4-D solution containing 2%

manganese sulphate 

Two pots ••••• sprayed with 2, 4-D solution oontaining 

20% manganese sulphate 

• Two pots •••••dusted with a mixture or 2, 4-D dust and 
. \ 

manganese sulphate mixed in equal proportions 

b7 weight. 
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• The 2, 4-D solution was prepared by adding one.milli

litre of 2, 4-D ester to .31 ml. of distilled water. Approxi

mately 0.1 ml. of the final 2, 4-1, manganese sulphate 

solution were sprayed on eaeh 6 in. pot. This was roughly 

equivalent to 8 oz. of 2, 4-D aoid equivalent and 8 lb. 

manganese sulphate per acre with the 20% manganese sulphate 

treatment. 

Results 

There was considerable burning of foliage in the treat

ment where 20% manganese Slllpbate was added to the 2, 4-D 

solution. This concentration appears to be too high for use 

as a foliar spray_The other treatments did not produce 

symptoms of toxicity_ 

The -soU used. in this work had been stored for a oonsider

able period of time and this interfered. with the results. When 

harvested, there was no increase in yield from any of the 

treatments and no conclusions could be drawn regarding the 

efficiency of the combined manganese sulphate and 2, 4-D 

treatment• 

•
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• 3. Seed Treatments 

(a) Seed soaked in manganese sulphate 

Roberts (,38) reported some oontrol of mineral deficiency 

by seed soaldng. With respeot to grey speck, she reported that 

seed soaked in M/4 manganese sulphate solution (the amount in 

ml. equal to one-third the seed weight in gm.) gave the best 

results. She found that seed should not be soaked for over 

24 hours; 14 hours was best. Her oonclusion was that seed 

soaking might carry the plant over the early staies of growth 

atter whioh it could be sprayed. 

Hagborg (18) obtained a 12-17 bu, per acre inorease in 

yield from seed steeping. 

Me.terials ani Methods 

Exeter oats from a erep grown on the manganese defioient 

soil were obtained from Mr. G. Eberle. These oats, designated 

as Eberle Exeter, were tested for response to seed soaking. 

The seed was soekedin a slight exoess of 4% manganese sulphate 

solutim for 16 hours and. sown while wet. Unsoaked seeds and. 

seeds soaked in distUled water were planted for controls. 

Half the pots in each treatment were sprayed with a 1% manganese 

sulphate solution three weeks after seeding. Arter seed forma

tion, the plants were harvested, a.ir dried and weighed. Compari

son bad to be made on a weight per plant basis rather than pot 

since some of the plants in the pots bad been killed by 

.L.. oulmorum• 

•
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• Results 

Table XV 

Response of Eberle Exeter oats to seed' soaking 

Treatment 
Av. 

Unsp~ed

dry wt. per plant in gm.. 
Sprayed with 1% MnS04 

Untreated 1.7 

Soaked in 4% 
MnS04 0.6 

Soaked in 
distilled water 0.4 1.6 

Table XV shows tbat there is SODle response to seed soaking. 

Seed soaking alone would not be sufficient however, since the 

increase in yield was quite small. Seed soaking plus a 1% 

spnq was more effective than spraying alone. These observa

tiona general.ly support those of Roberts (38). Seed soaking 

if' used should be regarded as a preliminary measure and should 

be followed by a manganese sulphate spray. 

Roberts (38) obtained a small increase in yield trom 

soaking oats in distilled water. In this stu<tr, no response 

was obtained from this treatment. 

Exeter oats obtained from the Field Husbandry Department 

were then tried for response to seed soaking. However root ret 

caused by L. culmorum was extremely severe in this experiment 

and no attempt was made to obtain yield data. There appeared 

to be some response to seed soaking but no definite conclusions 

• could be drawn• 

In order to obtain more definite resulta, the work was re

pea.ted using Eberle Exeter cats and Un!versity Exeter oats. 



-4.3

• TABLE XVI 

Response otExeter oats to seed soaktkg 
Av. dry wt. per plant 

Treatment Unsprayed Sprayed with 1% rmso4 

E. Exeter 1.5 

E. Exeter, soaked
in 1% MnS04 1.8 

Univ. Exeter 1.5 

Univ. Exeter, 
soaked in 4% 
MnS04 2.1 

The reeults in Table XVI show that soaking the seed in a 

1$ manganese sulphate solution increased the yield with both 

Eberle Exeter and University Exeter oats. In each case, the 

spray inoreased the yield. These plants were harvested before 

growth was oompleted and undoubtedly the sprayed plants would 

have. shown a larger increase had growth been allowed to oontinue. 

(b) Geresan treatments 

I t was thought that some benefit might result from the use 

of Ceresan as a seed treatment. This possibility was investi

gated in the greenhouse. 

Method 

Eight pots of Spalding soil were seeded to Fortune oats. 

Four pots served as controls; in the remainder the seed was 

treated with Cereau. The Ceresan was applied by means of the 
"o~cO'tt 

Ceresan and. talc. Half the pots in each treatment were sprayed
A

• with a 1% solution of manganese sulphate three weeks atter 

seeding. 
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Results 

TABLE XVII 

The effect of a Ceresan-talc seed treatment on the yield of 
Fortune oats 

Seed Treatment 
Av. dry wt. per plant 

Unsprayed Sprqed with 1% MnS04 
(gm.) (gm.) 

Control 0.8 1.6 

1-6 Ceresan-talc 1.2 1.9 

Table XVII shows that treating seed with a Ceresen-talc 

mixture was or some value in the control of grey speck. The 

experiment was repeated using increasing amounts of Ceresan in 

the mixture. 

The results are as follows:

Seed Treatment AVa dry 1ft, per Rlant
(gm.)

Control 1.1

1% MnSO spray 1.2

1'-' Ceresan-talc 1.0

1-5 It 1.2

It1-4

1-.3 It

n1-2 • 
The soil used in this work had been stored for about four 

,months. There was little response from spraying and from the 

lower conoentrations of Ceresan to talc. During storage, the 

• supply of available manganese had inoreased and was apparently 

suffioient to supply the needs of the plant since there were 

no visible symptoms of manganese deficiency. 



• 
-45

It is unlikely that Ceresan treatments would have much 

efrect on plants grown in the field. Heavy treatments with 

Ceresan could have some effect in the confines or a pot. The 

situation in the field is, however, quite different• 

•
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III. Variety tests 
.~

Previous investigations (1.3), (18) have shown that cereal 

varieties differ markedly with respect to susceptibUity to manganese 

deficiency. Crowell (6) noted ·tbat grey speck was marked on Erban 

and Vanguard oats while other varieties showed no symptoms. 

Gallagher and Walsh (13) studied the susoeptibUity of 

cereals to manganese deficiency. Their technique was to use a 1% 

manganese sulphate sp~ on pot oultures and to test for response; 

the sucoess of treatment bore a relationship to the susoeptibility 

of a variety to manganese deficiency. Resistant varieties showed 

little response to the treatment. They found that oats are the 

most susceptible. Wheat and rye showed a moderate increase with 

sp~ing while barle,y showed little or none. 

According to Hagborg (IS), Blaok Mesdlag, Ajax, Exeter 

and Laurel are resistant to grey speck while Victory, Tama, Valer, 

Erban, and Legacy are susceptible. 

The exact nature of this varietal difference is not clear. 

Timonin (50) found that a susceptible variety of eats harbored in 

its rhizosphere a denser population of manganese oxidizing bacteria 

than the rhizosphere of a resistant variety. By the use of soil 

fumigants such as chloropicrin, cyanogas, and to1W.ldelv'de, the 

bacteria capable of oxidising manganese were gres.tly reduced or 

completeqeradicated. All varieties grown in such soil were free 

of disease and showed a marked inorease in yield. Greenhouse 

experiments were C8.~ed out to determine which of the looal 

• varieties possessed the most resistanoe to manganese dericien~• 
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• Materials and Methoqs 

Replicates of each variety were sown in Spalding soil. 

The degree of resistance to manganese deficienc.y was estimated 

by the appearance of the plants and by the response to a 1% 

manganese sulphate spray. S~a:ring was carried out three weeks 

after sowing. The plants were harvested 75 dsys atter planting, 

air dried, and weighed. The cereals studied were bread wheat, 

Triticum vulgare ViII.; Durum wheat, Triticum durum Deef.; Barle.r, 

Hordeum vulgare L.; and Hordeum distichon L. var. Hannchen; end 

oats, Avena sativa L. 

Results 

(i) Oat varieties 

A qualitative measure of 8usceptibility to grey speck 

was determined by inspection of the unsprayed plants through

out the growing period. These comparative resu!ts are based 

on the amounts of grey speck displayed by the plants. A 

quantitative determination of susceptibility was obtained 

by comparing control plants with plants sprayed with 1% 

manganese sulphate; the per cent increase in yield resulting 

from the treatment was taken as a measure or varietal 

susceptibility • 

•
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• TABLE XVIII 

Relative extent of grey speck on oat varieties in manganese deficient 
80i:l; 

Height· in inohes 
Grey speok in unsprayed pots 27-VII-50 

Exeter 21 26+ + 
Ajax + +-t ++ 21 ,31 

Larain IS 25+ + ..f-

Brighton + + 21 25 

Legacy 16 .30++ ++ ++ 
Vioto17 10 29t ++ +-+ 
B1aok Mesdlg 14 31++ + + +-++ 

Fortune + + +++ 11 29 

Banner 10 26++ ++ +++ 
Garry 10 It+ + +'+ + 

Valor + 12 24++ +++ 
Tama 13 26+++ +++ ++ + 

if: 19 days after sowing

no grey speok

+ slight 

+ + moderate

...,. + +- heavy

• 
Table XVIII shows visual estimations of varietal differenoes 

and indicates that Exeter, Ajax, Larain and Brighton are the most 

resistant varieties• 
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• TABLE. XIX 

Response of oat varieties to a 1% manganese sulphate sPraY 
Av. dry wt. per plant in gm. 

Unsprayed 1% MnS04 spray %increase in wt. 
Variety due to spraying 

Exeter 0.6 1.0 fh.7 

Ajax 0.4 0.7 75.0 

Larain 0.4 0.8 100.0 

Brighton 0 • .3 0.7 13.3•.3 

Legacy 0.4 1.0 150.0 

Victory 0.3 0.9 200.0 

Black Mesdag 0.3 1.0 233.3 

Fortune 0.2 0.8 300.0 

Banner 0.2 0.8 300.0 

Garry -iE 0.8 

Valor 0.6 

Tama 0.8 

it no plants were alive at time of harvesting 

Table XIX verifies the data. in Table XVIII. Exeter, Ajax, 

Larain and Brighton are the most resistant varieties. 

The soU used in this work had not been stored and the 

responses are greata.AJ" /!" p J.. II fs ~ ~ -e s,P ,. A)' ~J.

The pluta sprayed with manganese sulphate matured earlier 

than the controls. This was indicated by the fresh weights and air 

dry weights; the unsprayed plants lost more moisture on drying. 

• 
The experiment was repeated using the same pots but root rot 

became so severe that no yield data were taken. Resistance to grey 

speck appeared to be the same as in the first experiment. 
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The yield data .1D81' indicate to some extent the degree of• 
resistance to root rot. Black Mesdeg, which Hagborg (18) found to 

be resistant to grey speck does v~ry poorly in this soU. There is 

possibly some relation between root rot resistance and resistance to 

grey speck. 

(ii) Vulgare wheat varieties 

TABLE XX 

Varietal response to deficiengz following a 1% manganese sulphate spray 
Av. d:r;rwt. per B1ant in p. %increase in 

Variety Unsprqed 1% MnS04 sprq wt. when sprayed 

Regent 1.1 1.6 45.5 

Redman 1.3 2.0 5.3.4 

Apex 1.2 1.9 58.5 

Thatcher 1.1 2.0 6.3.6 

Rescue 0.6 1.9 216.7 

Table XX shows tha. t Rescue is very susceptible to manganese 

deficiency (Fig. 4). The other varieties showed a distinct response 

to foliar applioatiGls of manganese sulphate. .All unsprayed plants 

became somewhat chlorotic but good heads formed in all cases. It 

appears that all varieties other than Rescue can be safely grown in 

the Spalding soil• 

•
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• (iii) Durum wheat varieties 

TABLE III 

Varietal response to manganese deficiency following a 1% manganese 
sulphate ~pray

Ay. dry pt.. per w.mnt in p. %inorease in 
Variety wt.· when spnqed 

Pelissier 1.6 2.6 62.5

Stewart 0.6 3.0 400.0

Table XXI shows that there is a large differenoe in the 

suseeptibility of Durums to manganese defioiency. Stewart is very 

susoeptible. Pelissier responds to a manganese sulphate spray but 

grows quite well in the Spalding soU. 

(iv) Barley varieties 

TABLE XXII 

Varietal response to manganese deficiency following a 1% manganese 
sulphate Spray 

Av. dn wt. per plant in gm. %inorease in 
Variety Untreated 1% MnS04 spray 1ft. when sprayed 

Montoalm .3.5 3.7 5.7 

Titan 2.4 2.9 20.8 

Vantage 2.7 2.6 

Velon 11 2.4 2.6

Hannchen 2.2 2.8

• 
Table XXII shows that barley is resistant to manganese 

deficiency. There is little response to spraying with manganese 

sulphate. This work supports the observations of Gallagher and 

Walsh (13) who stated that barley grown on a manganese deficient 

soU shows little response when sp~ed with manganese sulphate. 



-52;"

• The varieties are all resistant but Montcalm, Velon 11 and Vantage 

are a little superior to the other varieties. 

Avena latus. L. - wild oats 

Oat tields in Saskatchewan are commonly infested with wild 

oats. In view of this tact, an experiment was done to determine 

whether wild oats are susceptible to manganese deficiency. 

Four pots containing Spalding soil, were sown with wild 

oats. The plants in two of the pots were sp~ed with 1% manganese 

sulphate three weeks after sowing. 

Results 

The untreated plants began to show slight symptoms of 

manganese deficiency at approximately the S8JIle time as Fortune oats 

which had been planted at the same time. The symptoms were never 

severe on e1ther Fortune oats or the wild 08.ts. 

The wild oats sprayed with 1% manganese sulphate gave a 

29.4% increase in yield over the controls. Since grey speck symptoms 

were slight on Fortune oats, a susceptible variety, it appears that 

wild oats are more susceptible than was shown in this work. The 

soil used in this work was part of a lot which had been stored tor 

some time and this bas interfered with the results • 

•
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• Topic III. The Effects of Micro-element Deficiencies 

on the Pathogenicity of 1:.:. culm.orum 

Fusarium is one of a group of tungi which cause wilts and 

root rots. Al though wilting is indeterminate and can be induced by 

~ substances, Plattner and Clauson-Haas (1944; cited by Gaumann 

(14», report that tomato wilt, caused by F. lycopersiei, is due to 

an acidic polypeptide-like compound. !his toxin becomes effective 

only in the presence of traces of iron. 

The marked pa thogenicitty of L. culmorum on plants grown 

in the Spalding soil, prompted an investigation to determine whether 

micro element deficiencies would affect the pathogenicity of F. 

g'''!rr.IIB. No ref'erences were found regarding the pathogenicity of 

fungi grown in micro-element deficient solutions. 

Materials and Methods 

Pyrex glassware was used throughout this work. The glass

ware was cleaned by soaking it in aoid cleaning mixture; after re

peated rinsing with tap water, it was rinsed several times in 

distilled water and allowed to drain. 

Water, redistilled through pyrex, was used exclusively 

in this work. 

The medium used in these studies was Pferrer's solution 

which was treated to remove hea~ metals using the technique 

developed by-Steinberg (46), (47). Dry calcium carbonate was added 

to Pletter's medium at 15 gm. per litre of solution, the solution 

• was rotated to mix, and then autoc1aved ror 20 minutes at 15 lb• 

pressure. The medium was filtered while hot and 50 ml. portions 

were added to 125 ml. fiasks. 
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Using a dilution technique, heavy metals were added to 

appropriate fiasks. Two series were conducted. In the first, 

5 p.p.m. of the heavy metal salts were added. In the second series, 

the heavy metals were added in the proportions reoommended by 

Steinberg (47) as optimum. tor Aspergillus niger. These were 0.2 mg. 

of iron per litre, 0.03 mg. of manganese, 0.14 mg. of zinc and 

0.06 mg. of copper. After the addition of' the heavy metals, the 

fiasks were sterilized in an Arnold steam sterilizer for 10 

minutes on three sucoessive days. 

Inoculum free from heavy metals was obtained by making 

several transfers of L culmorum on media treated to remove the 

heavy metals. 

PathogeniciBr tests 

The medium as outlined above was modified by the addition 

of 1.7% agar prior to autoclaving. Petri plate cultures of each 

micro- element treatment were prepared. After one week, pathogenicity 

tests were conducted using the Petri dish method. Ten seeds of 

Fortune oats were placed on moist filter paper in sterile Petri 

dishes. A five. diso of appropriate inoculum was placed in 

contact with each seed. 

Results 

• 

There were no detectable differences in pathogenicity. 

The strain of F. culmorum used in this work proved to be very 

pathogenic to oats. Inoculum from L culmorum grown on a full 

nutrient medium resulted in 100% killing of' the oats. Inoculum 

from treatments where a heavy metal was absent was similarlJr 

pathogenic. In the iron deficient culture, pathogenicity was 
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somewhat less than in the other treatments but the differences 

were not conclusive. It is probable that traces of the heavy 

metals remained in the media atter treatment and this faot may 

have interfered with the experiments. 

Wilting tests 

A series or flaSks, each deficient in a different micro 

element, was inoculated with F. culmorum. A liquid culture was 

added, and by means of sterile pipettes one ml. of inoeu1um was 

added to each fiask. The nasks were incubated at room temperature 

and after ten da;rs, the lDY'celium was removed b.r filtration and the 

filtrate was tested for its capacity to induoe wilting in flax tips. 

Flax tips proved very suitable material for wilting studies. 

Fifteen ml. of each filtrate was added to vials and the flax tips 

were placed in this solution. Distilled water and sterile Pfefter's 

solution minus suorose were used for controls. 

In order to determine the amount of sugar remaining in 

the media when the wilting tests were done, a sugar analysis, using 

the picric-picrate colorimetric method, was made on each filtrate. 

Dr. M. Shaw assisted in these analyses. 

To test the efficiency of the purification treatment, 

the mycelial mats f'rom each fiask were rinsed with distilled water 

to remove any salts present, dried at .350 C. and weighed. Since the 

weight of the filter paper was included in this figure, corrections 

were made. The mean weight of several groups of ten filter papers 

dried with the mycelial mats was subtracted• 

• 
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Results 

TABLE XXIII 

Dry weight in grams of' mycelium produced by .L. C1J1mOrgm grown in 
m.edia deficient in heaVY metals 

Treatment wt. of II\fce1ium 
(gtI!.) 

No hea'V)" metals added 0 • .39 

5 p.p.m. or each salt 
added 0.66 • 

No lin added 0.54 

No Fe " 0.35 

No Zn t1 0.27 

No Ou " 0.67 ' 

Table XXIII shows the amount of JlUcelium produced by 

.!.t.. culmorwn grown under various micro-element treatments (Fig. 5). 

The differences in weight show that the purification technique 1s 

quite effective in removing the heavy metals. The large amount 

ot mycelium produced in the minus copper culture probably indicates 

that the concentration of copper wa.s too high in the other treat

ments and resulted in a partial toxicity. Steinberg (47) stated 

that the calcium carbonate technique does not remove all the heavy 

metals but is more efficient for iron and zinc. The values in 

Table XXIII support this statement. 

In the second series, copper was added at 0.06 p.p.m. 

and no toxicity would occur. However, the growth was completely 

• submerged and little mycelium was formed. The low values for 

m;yce1iUJll weight are shown in Table XXIV. 
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TABLE XXIV 

Dry weight in grams of mycelium produced by L. oulmorum grown in 
media defioient in heavy metals 

Treatment wt. or mycelium 
(gIll.) 

Full nutrient 0.15 

Heavy metals removed 0.03 

Full nutrient minus iron 0.04 

Full nutrient minus zinc 0.10 

Full nutrient minus manganese 0.04 

Full nutrient minus copper 0.04 

The small amount of mycelium produced was undoubtedly due 

to the submerged growth. Aerated cuItures would appear to be or value 

in this type of work. 

TABLE XXV 

Sugar analyses of the F. culmorum tiltrates, expressed as percentage 
milligrams of gluoose remaining in the media 

Reduoing Total 
Treatment sugar Sllg§,r Final pH 

Full nutrient 0.019 0.039 4.68 

Heavy metals removed 0.016 0.059 5.85 

Full nutrient minus iron 0.017 0.045 5.95 

Full nutrient minus zino 0.016 0.065 6.08 

Full nutrient minus manganese 0.036 0.057 6.10 

Full nutrient minus copper 0.020 0.044 5.97 

• 
The sugar determinations are aocurate to ~ 5%. The 

original medium oontained 5% sucrose. Table XXV shows that most of 

this sugar was broken down. In view of the limited growth or the 
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• fungus (Table XXIV), it appeared probable that the majoriv of the 

carbon was still present in the medium, probably in intermediary 

forms of carbohydrate metabolism. To test this, 50 ml. portions 

of each filtrate were added to 125 ml. nasks, sterilized, then 

inoculated with F. oulmorum. The fiasks were shaken periodically 

until a growth of myoelium formed on the surface of each medium. 

Extensive growth occurred in all flasks. The mycelium was not 

weighed since the proper precautions to exclude heavy metals had 

not been taken. However, the extensive growth showed that the 

majority of the carbon was still in an available form. 

The filtrates were tested for abilit,y to produce wilting. 

In the first series, oats were used as the test plants and proved 

unsatisfaoto:ty because the degree of w11ting could not be estimated 

accurately. 

The filtrates from the second series were tested using 

ne.x tips as the test plants. The filtrates from the submerged 

culture (Table XXIV) produced moderate wilting in all treatments. 

The filtrates from the series which had been shaken to produce a 

surface growth, caused severe wilting of the cuttings in 24 hours. 

The fiax tips in Pfeffer's Boluticm minus sucrose were only 

slightly wilted at this time. No wi!ting was evident in the 

distilled water. These results show that the further utilization 

of the carbon increased the wilting properties of the media. 

Portions of each filtrate were boiled for 10 minutes and 

tested for ability to cause wilting. It was found that boiling did 

• not affect this property of the media• 
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The work so far has not shown that a micro-element 

deficiency affects the pathogenic properties of a fungus. Several 

factors may have interfered with these experiments. The medium 

was never completely free of the heavy metals; sufficient aDlounts 

may have been pre.ent to enable the fungus to produce enough toxic 

principle to induce wilting. Another factor involved is the presence 

of amino acids whioh can cause wilting (14) and growth abnormalities 

(45). Ninhydrin teats on the filtrates gave strong positive tests 

and showed that amino acids were present. It is not known whether 

the amino acids were present in a sufficient concentration to 

produce the observed wilting. 

The growth of a fungus in a high sugar concentration 

results in the accumulation of organic compounds in the medium. 

With low sugar concentrations, such as in plants, assimilation is 

dominant and fetr metabolic produots are secreted into the medium. 

However, Gaumann (14) etatea tha.t the toxic principle is usually" 

produced in nutrient solutions only after the exhaustion of the 

sugar. It app~s that wilting caused by pathogenic fungi in the 

field is due primarily to the secretion of a toxin rather than the 

accumulation of amino acids. Therefore, in wilting studies where 

eul,ture solutims are used, the investigator should determine 

whether wilting is due to a toxin• 

•
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Disoussion 

SoU from variOllS areas in Northern Saskatohewan was 

tested in the greenhouse for plant response to mioro-element treat

ments. The majority- of soils chosen bore ereps showing non-pathogenio 

spotting or ohlorosis which might have been caused by micro-element 

deficiencies. Sinoe only the Spalding soU was shown to be deficient 

in a micro-element, it would appear ths. t mioro-element defioiency 

diseases are not oommon in Northern Saskatohewan. 

Greenhouse studies, being oonducted under a particular set 

of oonditions, give information that JDSJT not be genera.1ly' applicable, 

and so should serve only as a guide to further field work. 

Studies on the Spalding soil showed that sprq treatments 

were the most effective means of controlling manganese def'iciency. 

This is in agreement with previous reports (18), (26), (27). Field 

experiments should be carried out to obtain detinite evidence as to 

the effectiveness of combining manganese sulphate with 2, 4-D in 

sp~ and dust treatments. 

Applications ot sulphur or manganese sulphate to the soU 

would not be economical. Manure is beneficial, as bas been previouslJ' 

reported (50). Farming methods in the Spalding distriot would 

probably lim!t this treatment to farm gardens. 

It has been shown (Table VI) that manganese deficiency of 

crops on the Spalding soil is due to an une.vaUability of manganese. 

Any decrease in severity of the derioien~ atter a period of cultiva

• 
tion probably" results trom a decrease in the amount and a change in 

the type or organic matter present, thus rendering manganese more 

avaUable. 
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The incorporation o~ straw into the soU would have some 

beneficial effects (Table VIII) but heavy applications of straw to 

the soil might not be desirable for other reasons. Straw has a 

wide carbon-nitrogen ratio and micro-organisms breaking it down 

would utilize much nitrogen. This would necessitate heavier 

applications of 11-48 fertilizer to prevent a nltrogen deficiency. 

There is some benefit from soaking seed in manganese 

sulphate (Table XVI). This is in accordance with the results 

reported by Roberts (38) and Bagborg (18). Seed soaking in manganese 

sulphate, followed by a manganese sulphate spray, gives a higher 

yield than either treatment alone. However, it is doubttul whether 

farm operators would combine the two treatments. Since spraying 

gives better results than seed soaking, a spray would be the more 

desirable treatment. 

Studies on varietal susoeptibilit,y to manganese deficienc.y 

revealed considerable differences among the recommended varieties. 

Exeter and Fortune oats are both recommended for the Spalding 

district but Fortune oats should not be grown where manganese 

deficiency is a problem. Exeter is already established in the 

Spalding district and is the most resistant of the oat varieties 

to manganese deficiency. 
t.6ied 

All vulgare wheats other than. Rescue show about the same 
1\ 

resistance to manganese deficienoy (Table XX). Resoue is very 

susceptible. Pelissier is a resistant durum variety: while Stewart 
, ~$~~

• 
is susceptible (Table lXI). The barley varieties,.,are all resistant 

to manganese deficienoy (Table XXII). 
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As has been previously reported (13), barley was found 

to be t~ most resistant cereal to manganese deficiency. This 

indioates that barley would be a more suitable crop tor the Spalding 

district than oats which are the most susceptible of all cereals to 

manganese deficiency. The relative merits of barley varieties and 

Exeter oats, when grown in this soU, should be determined. 

Root rot, caused by Fusarium culmo~, was quite severe 

on oats grown in Spalding soil. Millikan (:31) reported that 

applications of zinc sulphate to the soil resulted in a superior 

growth and increased yield of wheat in certain areas in Australia. 

The most marked responses to the treatment were obtained on areas 

carrying the greatest infestation of root rot fungi and eelworms 

(Heterodera. schachtii). In the present greenhouse studies, there 

appeared to be some indication that treatment with manganese sulphate 

reduced the severity of root rot but the differences were too slight 

to be conclusive. It is probable that treatments with manganese 

would promote increased root growth and make the plants more disease 

enduring. This problem could be best investigated under field 

conditions. 

A study was made of the effects of micro-element deficien

eies on the pathogenicity of F. culmorum. The results were inconolu

sive but it appears that this problem is wortq of further study. 

Investigations should probably be directed toward discovering the 

factors involved in the wilting produced l:u culture filtrates. By 

• 
isolating the toxic principle!if one is produced, it may be possible 

to study the faotors involved in its production and. activity • The 
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paper cnromatograp}v method of separating amino acids oould probably• 
be successfully employed in this study. 

The extent to which heavy metals have been removed from 

the media is dirficult to determine. Spectrographic anal.yses are 

the most suitable for these extremely low concentrations, but this 

method was not available. 

Studies or this nature would be facilitated by the use of 

shake oultures. This would result in optimum growing conditiona in 

all fiasks and the effects of treatment could be more readily deter

mined. Growth would be much more rapid and all available carbon 

would be utilized. 
l' 

The technieal refinements which. were suggested might 

reduce interfering factors and 80 lead to more conclusive results• 

•
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StlDARY 

Soils trom a number of points 1n northern Basks.tchewan 

suspected of having a micro-element deficiency were tested in 

the greenhouse for plant response to iron, manganese, copper, 

boron, zinc and molybdenum. Only plants growing on the sample 

from west of' Spalding responded to treatment. Oats grown on 

this soil developed severe symptoms of grey speck; these symptoms 

were prevented by manganese sulphate treatments. Plants grown on 

this soil responded marlcedly" to phosphatic fertilizers. 

The Spalding soil is a poorl,. drained, high lime, 

Yorkton loam. It bas an organic matter content of' 20.45%, 

0.057% MnO, and is high in carbonates with pH 8.0. 

Native-grasses growing on the Spalding soil showed no 

symptoms of manganese deficiency; wild oats were susceptible. 

Oats grown on this soU ga.ve no response to treatment 

with ferrous sulphate. 

Spray solutions containing manganese sulphate were the 

most effective meanv ot correcting the manganese deficiency. The 

addition of manganese sulphate to the so11 gave some control of' 

grey speck but ·there were no residual effects from the treatment. 

A moderate measure of control was obtained by soaking seed in 4% 

manganese sulphate. 

The add!tion of manure to the sol1 gave considerable 

• 
control of' grey speck; there was some benefit when cereal straw 

was added to the soU. 



• Barley was found to be the most resistant cereal to 

manganese deficiency, followed by vulgare wheat, durum wheat 

and oats in that order. All the barley varieties tested were 

resistant to manganese def'iciency. Exeter was the most resistant 

cereal. All the vulgare wheats tested, other than Rescue, 

possessed about the same resistance; Rescue was very susceptible. 

Of' the durum wheats, Pelissier showed considerable resistance 

while stewart was susceptible. 

The field surveys and greenhouse studies indicate that 

manganese defioiency of' cereals is not widespread in the province. 

The effects of micro-element deficiencies. on the patho

genicity of' F. culmorum in culture solutions were investigated 

but no definite results were obtained. Several f'actors which 

may have interfered with the experiments were discussed• 

•
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