
THE EFFECT OF VARYING HEAVY METAL BALANCES IN THE 

NUTRIENT ~'DIUM , ON TH.C GRO,vTH AND DCVEI.DPu;~NT OF 

ASPERGILLUS SP. AND PENICILLIUM SP. 

A Thesis submitted to Rhodes University 

f or the degree of Master of Science. 

by 

Cherles M. Breen . 

November 1964. 



ACKNO'd LEDG E1bNT S. 

The author wishes to express his thanks and appreciation to the 

foll owing: 

Professor E. S. Tv.yman 9 for his advice and gui dance given 

throughout the investigation; 

Dr. H. Linhart and Mr . A. 'if . G. van der Westhuyzen, of the 

South African ~ool and Textile Research Institute, for 

their advice on the statistical methods used in the 

investigation; 

Mr. H. J. Tanner for his technical assistance; 

Mrs. C. ~.~ . Breen for her assistance and encouragement . 



I N D E X. 

Summary 

Chapter 

I. Introduction . . . . . . . . . . .. ... 
Review of the literature . . . . .. 

. . . 
. . . . .. 

II . Experimental methods 

Introduc" .. ion 

Water purification . . . . . . . . . . .. 

. . . . .. 
... 
... 

Containers and experimental vessels 

Preparation and purification of sucrose 

.. . 
solutions ••••••• • ••• • 

Preparation of stock solutions 

Dispensing of stock culture solutions 

Varying the heavy metal balance 

Sterilising of culture medium 

Maintenance of cultures 

Preparation of spore suspension 

Sterilising pipetteo 

... 

Inoculation . . . . . . . . . . . . . . . .. 
Incubation . . . . . . . . . . .. 
Investigation of results 

Harvesting felts . . . . .. ... 
Drying of filter paper and material 

Weighing of filter paper and material 

. .. 

... 

... 

. . . . .. 

. . . . .. 

... 
... 
... 

. . . . .. 
Measurement of pH . . . . . . . . . . .. 
Statistical methods ... 

III. Prel~minary Investigation . . . . . . . . . . . . . .. 
Experiment 1. Correction factor 

Experiment 2 . pH of culture sol ution ... 

Page . 

i 

1 

1 

10 

10 

10 

11 

11 

11 

15 

15 

16 

16 

16 

17 

17 

17 

17 

19 

19 

19 

20 

20 

21 

21 

23 

Experiment 3. Effect of Fe 9 Hn , Cu and Zn. .. 24 

Iron, Effect of . . . . .. 
1~nganese , Effect of 

Copper, Effect of 

Zinc , !';ffect of 

. . . 
. . . . .. 

... 
. . . . .. 
... 

26 

27 
28 

29 



Discussion ... 
Conclusions . . . . . . . .. 
Experiment 4. Effect of pairs of heavy met3ls 

Results . . . . . . . .. 
Iron and t~nganese 

Copper c1nd Zinc 

Discussion 

Conclusions • • • • • • • • • • 0 • 

.. . 
. . . . .. 

Experiment 5 . Rapetition, to test technique 

Results 

Iron, Ef fec t of 

Man,:anese , Effect of 

... 

Iron and 1~~anece, Effect of 

Discussion . . . 
General Conclusions 

... 

.. . 
... 

IV. The effect of v~rying the iron:man6ancse ratio, in 
the culture medium, on the growth and development 

Page . 

30 

33 

34 

35 

36 

39 

40 

42 

42 

43 

44 

44 

45 

45 

t,7 

of Aspergil lus niger and Penicillium sp. •• • 48 

Experiment 6. Aspergillus (wide range of ratios)48 

Part l. l. 9683 p. p.m. maximum level of 
supply of iron and manganese 49 

Results • • • • • • • • • • • • • • • • •• # • • • • •• 

Iron, Effect of 

Manganese, Effect of 

Iron:~~ang~ese ratio, Effec t of 

Part 2 . 51 . 20 p. p.m. maximum level of supply 

49 

50 

51 

52 

of i ron and manganese ••• 52 

Results . . . . . . . .. . .. . . . .. . 53 

Iron, Effect of ... 54 

Manganese, , Effect of 56 

Iron : Man;~r-mese ratio, Effect of 56 

Experiment 7. Penicillium (wide range of 
ratios) . . . ... 58 

Results ... . . . . .. . ' . 59 



Iron, Effect of 

Manganese , Effect of 

Iron: Manganese, Effect of 

Conclusions . . . . . . . .. 

. . . . . . . .. 

... 

. .. 
Experiment 8 , Aspergillus and F8nicillium 

(narrow ran3e of ratios) 

Part 1. 4.0960 p.p.m. m3Ximum l evel of i ron 

Page. 

60 

61 

62 

62 

63 

and manganese cupply 64 

Results ... 65 

Iron, Ef fect of 66 

Manganese , Effect of 67 

Iron:Man:~anese i nter action, Effect of 68 

Iron :Manganese ratio, Effect of 68 

Part 2. 

Results 

128.0 p. p.m. maximum level of iron 
3nd manganese supply 70 

71 

Iron , Effect of 75 

Hanganese , Effec·~ of 77 

Iron :Manganese interdction, Effect of 77 

Iron:Mane;anese rati.o, Effect of 78 

Conclusi ons (Parts l and 2) 

Experiment 9. 

Re[:ults 

As crgtllus and Penicillium 
orthogonal i n respect of 

ratios and level of iron supply) 

Iron, Effect of . . . . .. 
Iron:Uanganese ratio, Effect of 

Conclusions • • • • • • 0 • • • • • • • • • • • • •• 

V. The effect of v 2rying the zinc:copper ratio in the 
culture medium on the growth and development of 

80 

80 

81 

8t~ 

85 

86 

Aspergillus niger and Penicillium sp . ••• ••• 87 

Experiment 10. Aspergill~ and Penicillium 
(wide range of ratios ) 87 

Results ... 
Zinc, Effect of 

Copper, Effect of 

Zinc:Copper ratio , effect of 

.. . 

.. . 
... 

88 

89 

89 

90 



Conclusions 

Experiment ll. 

• • • • • • • • • • • • • • • • • • • • • 0 •• 

Aspergillus and Penicillium 
(narrow range of ratios) ••• 

Page. 

91 

92 

Part l . 4.0960 p.p .m. m~ximum level of supply 
of copper and zinc • • • • , • • • • • • • 92 

Results . . . . . . . . . . . . . . . . . . . . . . .. 
Zinc, Effect of 

Copper, Effect of .. . 
Zinc:Copper interaction, Effect of 

Zinc:Copper r~tio 7 Effect of ••.••• 

... 
93 

95 

96 

97 

98 

Part 2. 128. 0 p,p.m. maximum l evels of supply 
of copper ~nd zinc ••••••••• 

Results . . . . . . . . . . . . . . . . .. 
Zinc, Effect of . . . . .. 
Copper , Eff~ct of 

Zinc:Copper ratio , Effec t of 

... 

Conclusions (Parts l and 2) . . . . . . . . . . .. 
Experiment 12. 

99 

99 

101 

102 

102 

103 

Aspergillus and Penicil lium 
(orthogonal in respect of r.J.ti o 
and level of copper supply) 103 

Results . . . . . . . . . . . . . . . . . . . . . . .. 
Copper, Effect of . . . . . . . . . . .. 
Zinc:Copper r a tio , Effect of 

Conclusions . . . . . . . . . . . . . . . . . . . . . .. 
VI. Discussion and Concl usions . . . . . . . . . .. '" ... ~ . . . . .. 

Appendix . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
pH values of filtrate 

Statistic.J.l methods 

... 
. . . . .. ... 

List of Referenc es • • • • • • • 0 • • • • • • • • • • • • • • • • • • • • •• 

104 

106 

107 

107 

109 

I 

I 

XV 

XXVI 



i. 

SUMMARY. 

'he study was conducted to investigate tho ef1ects of : 

(i) v<....rying the levnl of supply of the heavy metals 

iron, manganese, copper and zinc. 

(ii) varying the r~tio between differ~nt pairs of metals 

in the medium. In particular the iron!mnnganese and 

zinc:copper ratios were studied. 

Initially the two fungi .£1-zpergillus niger vgn Ticghem, (variety 

and strain) .qnd Penicillium notatum ,,estling, vvere used. Penicillium 

notatum \'festlin~ wc:..s subsequently disc_qrdvd, in favour of Penicillium 

glanc~ Lilli-, because it did not sporulate fredy in liquid culture. 

The fungi were grown in controlled nutrient solutions, ::md during 

the course of tho growth and development, the form and sporulation of 

the felts was noted. After a period of gro•:Jth, the felts were r emoved, 

dried Jnd weiched. The pH of the liquor w~s measured. 'Ihe results 

were studied to determine the effect of varJing levels of supply of 

the heavy m::tols, and of the vnrying heavy mt:t:ll ratios in the culture 

solution. 

In the investigation of the effect of varyin3 the level of supply 

of individual r·eavy met'1.ls, optimum concE:>ntrations were d<..monstrated 

for copper and manganese . 

Increaning the concentration of pairs of hJ~vy metals cimul­

taneously was found to influence the appearance and degree of symptoms 

of toxicity. Cultures of Aspergillus and Penicillium were found to 

be e.ble to tolerate concentrations of copper, in particular, consi­

der[.bly ,::rec tor th<:m the observed optima, when zinc was pres,mt in 

equal concentration. 

Citric acid , and subsequently ethylene- diaminetetra-acetic acid, 

ii/were . •• 



ii. 

were used as chelating agents, in order to prevent the precipitation 

of tho metals in the culture solution during ~utoclaving. It was 

founu that the use of chelati nF, agents markedly reduced symptoms of 

toxicity. 

There wc•.s no conclusive evidenc,.) th~t the iron ;ms.ngane...,e ratio 

in the culture medium wo.s an important factor in the growth and de-

velopment of cultures of Aspergillus and Penicillium. How aver? 

there is consider~ble evidence th~t in cultureG of Penicillium, 

the zinc : copper ratio in the medium is of some importance in the 

determination of the clry weight yield trends. 

not demons trated in cultures of Aspergillus. 

This effect 11as 



1. 

CHAPTER I. 

Introduction. 

It is well established that while tra{;lc elements are necessary for 

normal growth and development of plants~ when in excess they may be in-

jurious. Thus numerous workers have carried out investigati ons directed 

to determine the factors controlling the uptake 9 and the amount of' any 

element whtch has to be absorbed in order to produce injury . There is 

abundant evidence that the amount of any element which has to be absorbed 

before injury becomes apparent 9 is 9 at least in part determined by t he 

amount of other elements present in the medium and i n the plant. Promin-

ent among this evidence, is that of ,_';omers and Shive (1942) who demon.stra­

ted that in soya bean the absorption of mancanese is influenced by the 

presence of iron sal ts in the medium. Thus it was fo·ond possible to 

reduce or eliminate the symptoms of manganese toxicity by the presence 

of iron. 

Investigations of this nature have 9 to my knowledge , been confined 

to studies on flowering plants. The present investigation is an attempt 

to determine whether similar interactions bet ween heavy metals could be 

observed in the nutrj_ti on of Aspergillus niger vc.n Tieghem :md Penicillium 

species. A review of' the relevant literature is therefore not out of 

place here. 

Review of the literature. 

1.7ork on the nutriti onal requirements of the fun,:i was ini c;ia t ed by 

the discovery of Pasteur that yeast could grow on an artifi cial medium 

conta ining only sugar1 a~onium salt and yeast ash . Ib.ulin ( 186 9) was 

the first worker to demonstrate that, in addition to the usual nutrients 

such as potassium, maGnesium and phosphorous, certain other elements 1 

notably zinc and iron 9 had to be furnished in the medium of Ascophora 

nigrans (Aspergillus nip;er .) in or der to obtain the maximum dr-J wei"-·ht 

yield. 

2/It • •. 
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It was not until the introduction of an efficient method for the puri-

f .ication of the culture medium th~:.t the work became quantitative. Prior 

to this it was not appreciated how minute the requirements of the heavy 

metals were, and how easily sufficient amounts of the metals could be ob-

tai ned in the form of contaminants. The contaminants found in the 

nutrient solutions are derived from three sources : reagent~, water and 

containers. 

Complete removal of traces of heavy metals is practically imposoible, 

even when chemically pure rea~ents are used . A purification technique 

may however reduce the contaminants to ~lmost negligable values . Several 

authors have reported methods which •re s ::.tisfactory for thL purification 

of the culture solution. The earliest tcch~ique 9 that of Steinberg 1919 9 

relied on the heatinc of the nutrient solution in the presence of excess 

CaGO (15 ems./litre.), in an autoclave at a pressure of 20 lbs. per square 
3 

inch for ~~enty minutes, and then filtering . 

Where laree scale experiments are undertaken, in particular when 

large volumes of the culture solutions are required, it is unsatisfactory 

to have to purify the complete medium simultaneously and for this recson 

Stout and Arnon (1939) developed a modified method from Steinberg . The 

modified method enabled the d:i.fferent constituent Lolutiom.J to be puri-

fied scpar:otely. Usin~ this method they were able to reduce the metal 

contaminants from 50) - 5010 pa rts per billion to consistently less th'1n 

ten parts per billion. They also report that redistillJtion of water 

could reduce the metal content from 10 - 100 parts per billion to less 

than one part per billion. 

Glassware from different sources varies widely with respect to the 

influence it exerts, by woy of dissolution of metals from the glass . 

Of the several makes of ~lass tested, quartz has proven t o be the best 

(Javillier 1914 and Richt er 1901.), whilst that of Pyrex quality is 

quite satisfactory (Steinberg 1918, Sommer and Liph3ID 1926). Steinberg 

3/1919 .• • 



1919 has shown that with repeated u8age of the cultur e vessels, r educed 

yields of Aspert;illus niger could be obtained due to the gradw.l l eachinG 

out of metals frort the glJ.ss. 

The re~ults on the influence of specific ~lements have often proved 

somewha t contradictory. This is, hov;ever, not surprising~ since very 

varied rcsul ts may be obt'1.ined ~·rom different str .::.ins of the same fungus , 

under the same cultur~l conditions (Perlman 1941). There em0rge, how­

ever, certa in effects which have been confirmed by several workers. 

The essentiality of zinc for 8rowth in f ungi has been confirmed 

many times, (Ches t crs and Rolinson 195la.). The most notable effect 

is the incr ease in the dry wei3ht yield, which may be us much as 2 , 309 

t i mes , depend:ing on the amount of zinc pre- existent in the medium, 

(Steinber3 1919). Por,:es 1932, reported tha t when a zinc salt i c added 

to the medium, the surface pellicle of Aspergillus nieer becomec much 

thickened and corru~ated in appearance. In zinc deficient cultures 

the pellicle is smooth, o.nd in cultures with a hiJh degr ee of purity , 

no pellicle is formed, the erowth being entirely submer:ed . 

Zinc deftcient cultur es of Aspe~J1illus niger a r e profusely covvred 

with black s pores, whilst cultures with a zinc level of 0 . 01~~ produce 

spores of an olive- ereen to crey colour (Porges 1932 ). Sporulation in 

Aspergillus ni~er is reported to be decre'1.sed in the absence of iron and 

manganese, but not in th .. absence of zinc or copper, (Steinberg 1945) . 

As the critical concentr2tion of zinc for spore inhibiti on in Aspergillus 

niger is appro£::.ched , the spore colour changes from black to ~'ellow-brown 

to yellow, (RoberB 1928). Subsequent incre~ses in the zinc concentra-

tion result in the production of a white, p~ctic~lly sterile, felt. 

Zinc has ~lso been Rhown to stimulate growth and to repress sporulation 

in Neurospora cr as::.a and Neurospora sitophila (Bonner 1943 and Stokes 

1943). Zinc doos not ahmys supress sporulo.tion . In m1izopus 

nigricrms , no sporulation t<ikes pl£'.ce until zinc is :--tdded to the m.sdiurn 

4/(Foster ••• 



4. 

(Foster and Waksman 1939). Spore colour change in Aspergi;llus niger 

has been utilised for the determin~tion of the concentrntion of iron and 

zinc in the blood (~rag.lsetko l93S' ). 

Sohman 1934 recorded two opt~um concentrationc of zinc sulphate in 

the growth of Aspergilll!s niger. However; different ::trains of the s':l.!ne 

specie~ show different optimum concentr~tions of zinc for m~ximum yield 

(r.!iosser.:1y 1932 1 Stc:Lnberg 1919). Penicillium wa_l:csmo.nii is able t o grow 

in a saturated solution of copper rmlplw.te nnd in concentrated s olutions 

of zinc sulphat(-1 or man:;anese chloride (Hubert, Biol. Abst. 14. 7573) . 

In general, zinc 'l.Ct.J 3dvcrsely upon the accumul:1tion of or .. J.Dic 

acids in funcal cultures, but citric c.cit"t accumulation is favoured at 

levels of zinc too low for norm21.l gronth (Chasters a.nd Holins on l95la). 

Lockwood (1940) showed that, in submerged cultures of Rhizopus oryzae, 

zinc did not influ~nce 'l.cid production, whilst, in surface cultures, it 

r educed acid produc tion. This zinc effect i s not specific: citric 

acid accumula t i on is fP.voured by other miner:l.l de:J.iciuncies ( Che;;ters 

and Rolinson, l95lb). 

Steinber3 (1919) ::md Roberg (1928) have shovm that in highly puri­

fied solutions the addition of iron cave growth which wns 43.7 and 75 

times that when iron v:ns omitted . ~:porulation and spore pi,_;ment 3.re 

closely bou.'1C. up wit~ iron metabolism in fungi. Raulin (1869) obst:rved 

diminished sporulation in iron poor cultures, but this was not subse-

quently confirmed by either Coupin (1903) or Sauton (1910) . Pr eparations 

of asper ·ilb.n, the sport. pigment of blnck As~gillus species , have been 

shown to cont!iin 0 . 26~: iron (Quilco and Di C.J.pun 1933). Aspergillus 

i s reported by ~hcholas (1952 ) to be able to utilis e both ferrous and 

ferric iron, the 1 :t tter of which m::v be bound by the relea se into the 

medium of a substance or :.ubstances, wbich a re not citrate (Garribaldi 

.:1nd Neilands, 1956). I ron ic lost from solutions 3.t neutra l or alka­

lj.ne pii r s 1 but the inclusion of a chelating agent reduces the loss 

(Fries 1945 7 Hopkins and 'ilrmn 1926 ). 

5/Iron • • • 



5. 

Iron has been ahown to be essential for maximum yields of citric 

acid in A?pergillus niger (Perlman 1947, Shu .a.nd J ohnson 1947), but 

manganese, zinc, and other ions are n.lso reported to .J.ffect citric :1cid 

pr0duction, (Perlman 1947) . 

Growth reductions in manganese deficient cul tur'"'s ::re :1.lweys less 

than corresponding iron a nd zinc cultures (Steinberg 1936) . This indi­

cates that the mangnnese requirements are very sm".ll. Bertrand (1912) 

reports thJ.t, at a concentrr>tion of one part :in ten billion, the 2lement 

gives a decided stimulation in growth . Apart from the effect manganese 

has on yield , when deficient it results in a pronounced decre:l.so in 

sporulation (Perlman 1949b, Foster 1939). The necessity of mang~ese 

for sporulation in rlspergillus niger has betn shown by Steinberg (1935). 

In submerGed culture=- of AsperAillus niger , the addition of manganese 

reduced citric acid production. In stirface cultures of the same str::tin, 

it hn.d no effect on acid production (Shu and Johnson 1947a and b). 

Perlman (1947), however , reports that it h~s little effect on submerged 

culturec of other s t rains . 

Very si.:;nificant growth incrcnscc have been obt"!.ined by the addition 

of copper salts to the nutrient medium (Bort~ls 1927) . Wolff and 

Emmerie (1930) have sho~1 that c0 pper is an escenti~l trace element in 

Aspergillus niger, nnd the srune is true of / •• flavus and A. glaucus 

(r,~ulder 1939). The copper rcquiremer.ts of ft.u'l,.:i, for norm..ll growth, 

are about 0 . 01 - 0.1 p. p.m. (Chestcrs and Rolinson 195lb and c) . 

Hi.::;her concentrations are normally toxic, although Sto.rkey and ·;:aksman 

(1943) have shown that some fungi mnke visible gro~vth even in satur.:1ted 

solutions of copper sulphate . 

The most striking effect is the reduction in pi3ffientation of the 

coloured spore of ARpergillus sp· when copper is deficient (Bartels 

1927, Javilli8r 1939, Mulder 1939). Pigment production is reported 

to be lower in Penicillium notatum, when aduition~l copper is pres~nt 

in the medium, (Clayton et nl 1944) . 

6/In • •• 



6. 

In solutions with a very low copper content, Aspergillus forms 

a well developed, \;hi te, completely sterile fcl t (~Tuld-cr 1938). 

Addj_tion of copper leads to the fomatton o:f spores. The intcnsi ty 

of pi1ffientation of the spores incrc:tses with incr~.;ased copper, from 

yellow to yellow-brown to bl1ck, (Roberg 1928). Yo ::·himurP ( 19 36 ) 

reports that, while this element sti:.lUb.ted conidia :fornntion in 

Aspergillus niger, it had b.ttle effect on A. oryz::1e. 

Copper is presumed to favour orgnnic acid production, as evident 

by :ru. ch:-nges (Mulder 1938). 

Observc.tions on the effect of the hc:cvy metals on cytoloJy are 

few. Iwanoff (1904) clf.'.htcd that hit:;h zinc concentrntiom; il1creased 

the vacuolis.t tion of the hyph'l.l cells, and furthered greater brt>.nching 

of the mycelium. S.lk;'llYlura and Yoshimura (1933) .1.nd Yoshimura (1934), 

showed t hat zinc, copper and other hr.:avy metals could cauoe the forma­

tion of peculiar spherical sh::tpcd cells in the mycelium of Aspe:f\gillus 

oryzae and A. ni~er . A distinct pam.llelism v:as noted with the degree 

of impurity especially with copper. Copper was even capable of tr<.llls­

formin::; the steriemata a nd conidia into abnormo:-,1 cells (Yoshimur.:t 1936) . 

The main aim of thv investig.:J.tion w&.s to examine t~'"le effect of 

varying heavy metal bal3nces in the culture medium on the growth and 

development of Aspergillus ni ger, (the str:;in wo.s not known with any 

certainty , but it appen.rs to be Aspergillus niger van Tieghem, series 

and strain), and Penicillium spec:ies . Thus a brief revi ew of the 

literature pertinent to this problem will not be out of place here. 

Considerable resec rch has been carried out on thJ interactions of 

different elements in plc.nt nutrition . Prominent c.monG the se is the 

iron : manganese interaction. Thus, a;,; e"J.rly as 1902, Aso, demonstrated 

that , in pe::~.s, radtsh, wheat and b::trley, the symptoms of m.mgMese 

toxicity could be reduced, or vlimi~ated nlto~ether , by the presence of 

iron. Subsequent investigators hc.ve indicated that Ul"'.Ximu..rn gronth 

only occurs when the iron nnd mn.nganest. s upplies are present in a 

?/certain • •. 



Ei'ABLE l. 

Concent r ation in 
substra t e (p.p,m.) 

Iron Mangrmcsc 

0.005 0.0()0 

0.005 0 . 002 

0 . 005 0.010 

0.005 0.250 

0.005 2 . 00 

0.005 5 . 00 

0 . 500 0 . 000 

0 . 50 0 . 002 

0.50 0 . 010 

o. 50 0 . 250 

0 . 50 2.00 

0 . 50 5.00 

3.00 0.000 

3. 00 0 . 002 

3.00 0 . 250 

3 . 00 2 . 00 

3 .00 5 . 00 

Effects of soya be·.::.ns ~S;rown i n rmter cul ture of different 

proportions of i r on ~nd m~nganese . 

Shive , 1942). 

natio s oluble F c/ 
solubl e Mn. Ratio 

Fe/ Mn in 
substr .:1.te In leaves I n r ootL 

2. 65 5 . 04 

2 . 50 

0.50 2 . 05 2 .73 

0.02 1.00 1. 44 

0 . 0025 0 . 80 1. 35 

0.0010 0 .83 1.29 

5. 66 15.8 

250.0 5. 44 14. 5 

50.0 ~ . 47 12 . 4 

2.0 1. 95 2 . 24 

0 . 25 o. 72 1.26 

0.10 0 . 58 1.17 

9 . 82 17. 4 

1500 9. 85 15 .1 

12 . 0 2 . 48 4. 15 

1.5 1. 50 2. 51 

0 . 6 o. 76 1. 77 

(l!,rom Somers and 

Dry 
wei cht 

per 
plant 

ramso 

Concition of Plants 

3. f7 !:formal 

3. 78 :-rorm:1l 

3 . 62 Slight Fe deficie:ncy 
(Mn excess) 

2 . 86 !•!euium Fe dcfici8ncy 
(I.1n excess) 

1 . 50 Severe Fe deficiency 
(Mn exces.s ) 

1. 57 Very severe Fe de­
ficiency (~ill excess) 

1. 51 Very severe 1m de­
fic i ency (Fe exc~ss) 

2 . 22 Severe iJn deficiency 
(Fe excess) 

3 . 01 Medi urn IV'!n deficiency 
(Fe excess) 

3 . 78 Normal 

3 . 16 Slight Fe deficiency 
(Mn excess) 

3 . 02 Medium Fe deficiency 
(r.:n cxcocs ) 

l. 37 Very severe r.1n de­
ficiency (Fe execs~) 

1. 39 Very sev )rc :.t."l de­
ficiency (Fe oxc esc ) 

3. 78 :i:iorm::1l 

4. 05 :rormal 

3. 70 Slight Fe deficiency 
(mn excct.s ) 



7. 

certL.i:n ratio . Amon3 thece were Pu::;lie.Jc (1913) 1 who considered the 

optimum ratio of iron to mu.nc1.ncs c in the cul tm·e solution to be 1 to 

2.5 for the gro• 1th of wh~t, Schnrrcr L,nd Schropp (1934L who found that 

with ID".ize in vrater cul.ture the grmtth of roots -.~tt ·incd :1. m...,ximum Hhen 

the iron m~ng<mese ratio we.s 7 to 1 1 and Somers ,:.nd Shive (1912), who 

nhow~d cle~rl:r tho t in ROY '- bv;tns, t h e dr:r wei ~ht and condition of the 

plr nt wac rcl·1 ted to the j_ron : m:mganese r.. tio -<md not to the nb .":>olu Gv 

concentr8.tions. 

The results of Somers '.'l.nd fU ve (Table 1) showE:d t}n.t 9 if the ratios 

·:;ere above 2 . 5 , the symptoms wer~ oJ.' one kind, .. nd 1 if the r:- tios Wl-:re 

below 1. 5, then the symptoms w~re of CL"lother kind. Both kinds of vymp-

toms v;ere quite distinct. The former could be describad as iron execs~ 

or ID 'l!13::1nese deficiency, and the l'ltter as iron dt..ficiency or m::mcancse 

excess. It wa~ fotmd possible to correct the p tholoJ icnl symptoms by 

altering either the iron or mnn.c::.n~...se concGntr_·:tions in such u way z.c to 

bring the iron : mnn,-:-.J.neae r:-ttio within the r.'1n ~·e 1.5 to 2.5. Thi FJ 

work received support from tho report (Somers? Gilbert nnd Shive 9 1942) 

that in the rt-spiration of soya bc.01ns 7 thu reapir.J.tion re.tee were aht::- fS 

lower when the iron : m::m,.~::mese ratio w-:> .... outsi!Je 1. 5 to 2. 5, tb:.n when 

it \'IUS within it. 

'1\·JYI!l"'.n (1951) working with to'TI · toes, l e ttuce :md o::ts, found th;:t, 

in 3eneraJ., ui th a con.1t·mt level of suppl~r, increase in the supply of 

iron .-. c fer::.·ous sulphe.te with to.rt:1ric .:1cid, ferric citrate or ferric 

runmonium ci tr'lte led to a reduction in th~ m.:me;:mese cont<::nt in the 

leaves. These results are summari~ed i n T:ble 2. 

8/'.J.'::lble 2 • .• 
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TABL~ 2 . Effect of vrryin:~ iron :mpply on th0 absorption of 

Manganese 
L:::mg.::mese concentro.tion i n tissues conccntra-
ni th diffcren t conc<::ntrtt tions of 

Species tion in 
iron in mediuTn, medium 

0.005 0 . 010 0 .050 0.500 3.0 

Tom.1.to 0.000 0.0 0.2 1.0 

0 . 005 2 . 0 3 . 0 2 . 0 

0.050 31.0 20 . 0 12,0 

Oats 0.000 5 6 4 6 

0.002 12 10 3 2 

0.005 34 30 7 8 

0.010 53 54 9 6 

0 . 050 220 183 34 21 

0 . 250 529 454 92 66 

The conclu~1ions of 3omers ::md Shive h:.:1.vo , however , only received 

p.'lrtif'l support fro: Rubsequent workers . Uichol.J.s (1949) and Twyman 

(1951 ) concluded that t ;1e r rtio of toLl iron to toto.l manganese was 

not very significant j_n detemining m.:::.11:_;:~nese deficiency or toxicity 9 

~l though '1\'zyr.nn was of t he opj.ni on t! "lt the r r:.tio mi..:;ht be import::mt 

in the meto.bolism of he~lthy plants. 

Stiles (1961) h::ts suggested thn t the differentiJ.tion of the iron 

and man~anese in tl)e pl :nt into active ·.nd in'l.ctive fr. ~ctions, might 

reveal .'3. more precise r el<..tionship. TI1is would expl~in why char~cteris-

tic deficj_ency ha~ oeen obs8rved in pl<.illts containing high levels of 

mancanese, nnd why d~ficiency syznptoms were not evident in plonts with 

a low total content of mc.ncanese. In the former, a high proportion of 

the znang::mese would bo in an inactive ~t~te, where.ts in the l att.:.r, o.ll 

the t..ang:...neso would be in .:.. highly active st:.te , 

9/Evidence •• • 
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Evidence of an iron : mangan€.:;e inter-:.ction in the fun:;i io9 :J.:.J f:.:tr 

a.s I ~ c.ware, limi t--d to c. fev·/ reports, none of which d•.:;:tl Hi th the 

iron : man..:; .. meoe b~lPnce effect . Thuo Bertr~nd (1912) noted tha.t iron, 

zinc and mwganese were all nutritive clement::: functionin~ syner3isti-

cnlly in growth ..,.nd con:i.di "l. form-:.tion in Asperr;illus ni ; er. Br nck (1947) 

reported thnt, in cultures of Penicillium p•tulum, the ~ddition of 

mancanese to 11. medium contc.ining i ron \"iF..S bencfici"ll to sporulation and 

p;;.tulin yield, but r educed gentinyl '1.lcohol production. It has :1lso 

heen reported thG.t , in cultureR of Pen:Lcillium citrinum9 iron may be 

replaced by mang"Lnese but not by copper or zinc (Lochhead et al 1946) . 

fl. relatiom;hip bet\,·een iron and copper h :::.s ~ 1so been r eported . 

The presence of copper in concentr::ttions gre::t ter than two p.p.m. pre­

vented the accumul~tion of penicillin in cultures of Penicillium 

citrinum, but this eff .ct w::ts nullified by the addition of iron (Knight 

and Frrzier, 1945 and Koffler et .J.l, 1945). In cultures of :Penicillium 

patulum, copper in the presenc e of i ron rt~duccd the production of 

Jentiny1. alcohol c.nd patuli n, but incrc"'..sed sporulc.tion. Brown c.nd 

Holmes (1955) r ported a. r·..:.lo.tion::;hip betwe·:m iron and coppor, but 

different pl'lnts •.:•~re found to exhibit diff.;r ·mt beh:2viour in this res-

pec t. In maiz e, deficiency of copper result~u in :ln ::tccumulation of 

iron throu:_shout the plant . '.'!orlcin3 on subterran ean clover, Greenwood 

and lhllswo:cth (1960) described D. sturly of complex i nter..:.ctions b~3"V ·:8en 

copper, molybdenum, calcium and phosphorous. 

As f a r us I D.m aware there is no evidence of zinc interacting with 

other heavy met.s.ls. However , the uptnke of zinc h2.s been shown t o be 

determined to a large extent by the pH of the soil. Thus Camp (1945) 

f ·) und thnt zinc deficiency was likely to occur on a.lkD.linc or even 

neutral soils . 

10/ChJpter II •• . 
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CHAPTER II. 

EXPE:UMENTAL METHODS. 

Introduction. 

The culture technique was esscntiQlly that of Stbinberg (1936), 

using the optimum dibasic solutton to which molybdt:mum was added . 

Good quality distillect wr· ter was used and the stock solutions were puri-

fit.;d by the method of Stout and Arnon (1939) . 

The value of the wa ter culture technique for the investi gation of 

plant nutrition is widely recognised, because it permits s t rict control 

of the supply of nutrients. Ever; effort was m~de to ensure th~t the 

s olutions were fr0e from contaminant~; and that the cont:J.iners we:re 

ch~mic~lly i nactive . 

Water Purification. 

All water used in this investigation w,1s t?.p water which had been 

distilled t hrough an electric tin lined still, and subsequently puri-

fied by either of the following methods: 

Gl ass redistillation. The distilled water obtained from the electric 

still was used to fil l a constant l evel "Pyrex" glasr- s till as described 

by Wilson and St rickler (1939), and t he redistilled watL:r was collected 

in a "Pyr ex" class aspira tor. This method was only used during the 

initial stages of the investigation. 

Demineralisation. The apparatus used is shown in figure 1 . V/ater 

from the elec tric still was used t o fill the "Pyrex" c.spir ntor (A), 

from which it w.::ts siphoned by way of a 11 Pyr·ex11 tube (p), into a mono-

bed r esin column (R). The demincr.clised water was collected in the 

"Pyrex" aspirntor (D). The r:1te of flow wc.s controlled by the screw-

clip (s). 

The resin column contained " Amberli te" TviD3, in three l ayers (1·1 

inches deep ) separated by "Pyrex" glass wool (F ). Care was t aken to 

ensure th~.t tho capillo.ry (C), never drained the w:tter from the column 

11/thus ••• 
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thus allowine the resin to bG exposed . Deeenerntion of the resin was 

shown by a colour ch[:>.nee from Green to orange . The: resin was ch.mgl;d 

w:1enevcr the resin in the second luyer showed colour chnncu . 

Containers and experil1entul vessels. 

Lll the ~lassware used during the course of thJs investigation was 

of 11 Pyrex11 quulity. The culture vessels wore wide-mouth 250 rnl . 

Erlenmeyer flasks . Stock solutions were ~tored in 1 litre polythenc 

bottles . 

The containers and glassware were cleaned in the foll owinc manner. 

They were first washed in tapwater with teepol followe~ by thorough 

rinsing in tapwater . ~bis was followed by rin~ing in a 1 : 1, HCl 

water s olution, then thorough rinsing in purified water . 

Preparation and purifica tion of sucrose solution. 

Sucrose of "Analar" grade was used throu_jlout the investigation. A 

concentration of 50 grams of sucrose per litre of culture solution was 

used. The sucrose s olution was purified by passage throu~h a r esin 

column. The apparatus used is shown in figure 2 . 

A concentrated solution of sucrose was prepared in a 5 litre "Pyrex" 

flat-bottomed flack (A). The solution was siphoned into two resin 

columns (R), the flow beinc controlled by ncrewclips (s). The purified 

solution was collected in a second 5 l i tre flat-bottomed "Pyrex" flask 

(B). The resin columns contained 11 Amberli te11 ~.1B3 in a. single l:tyer 

l i - 2 inches deep. "Pyrex" glass wool (w) was placed above and below 

the resin in order to keep it in place. Vfuen the sucrose solution 

had beun purified the resin was cleaned by allowing purified wc.ter to 

flow throuch the columns. The resin columns were stored with water 

covering the resin. 

Pr eparation of stock solutions . 

Reagents of 11 Analnr11 quality were used throughout the course of 

the investigation. 

12/(i) •.. 
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(i) Ammonium nitrate. 

400 crews of NH
4

No
3 

were dissolved in l litre of puri-

fied water. To thi s was c..dded : 

13 crams of Caco
3 

5 ml. 1.0 :;,rol :r Ca(uo
3

)
2 

5 ml. 1 . 0 Mol;_,r K
2

HPO 
4

• 

This solution vns sh'l.kcn thorouGhly and steamed for one 

hour . The cool solution w:::.s filtered and the filtrate wc..s 

stored in a 1 litre polythcnc bottle . 

The required concentration of NH
4

No
3 

in the culture solu­

tion w~s 2 . 0 gr~s per litre 9 thus 5 ml. of the stock solution 

was added f or each litre of culture solution. 

(ii) Magnesi um sulphate. 

120 grams of Mgso
4 

was dissolved in 1 l i tre of purified 

water. To this was added : 

13 gr~s of Caco
3 

5 ml. 1.0 Molar Ca(No3)2 

5 ml. 1 .0 Fio.lo.r K2HPo
4 

This solution w~s shaken thoroughly and then autool CLved 

at 15 lbs. pressure for one hour. The solution was then 

fil tercd t hrough .V!otman number one fil tcr pEJ.per9 o.nd the 

f'il trate stored in a 1 litre polyth . .mr., bottle . 

The required concentration of I.1,3S0
4 

in the culture solu­

t ion was 0 . 6 grama per litre, thus 9 5 nl . of the s tock 

s olution was added for each l itre of culture solution . 

(iii) Dipotassium phosphate. 

96 grams of K
2

HP0
4 

wns dissolved in l li t r e of purified 

water. To this was added: 

13 grams of Caco
3 

5 ml. of 1. 0 Mol'lr caUro
3

)
2

• 

13/llie •.• 
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The solution was shaken thoroughly ::md r.utoclaved f'. t 

15 lbs . prescure for one hour Ct.nd then filt<:rcd throut;h 

.tha tm::m number one paper. The filtrate wv.c stored i n c. l 

litre polythenc bottle. 

The require<l concentration of ::
2

H.J?O 
4 

in the culture 

solution vr::.s 0 . 48 grc..ms per li tru, thu.J, 5 ml. of the utock 

solution w~s added fo r each litr~ of culture solution. 

(v) Mi cronutrients . 

Iron. 

The ..; tocl.: solutions of the micronutri::mts , iron, copper, 

zinc, mane :1.nese and molybdenum, were made up in three wc.ys . 

In "11 cases the concentration of the stock solution wns cal-

cul a ted so that a l ml . sample added to 50 mls . resulted in 

the required concentration. All s.:fock solutions \ivre stored 

in 1 l i tre polythenc bottles . 

(a) Solutions of the five mebls wer e made up separately to 

en .ble the study of t~1eir Sl..!p<'.r:J.te effects. 

(b) h ·stock solution cont~ining copper, zinc and molybdenum 

W'1.S m··de up in order t o allow lmovm cm10unts of iron and manga­

nese to be added to the cul turc ne:diwn. 

(c) A stock solution o.._ iron, mnng:~.nese :md molybdenum was 

prepared in order t o allow knovm amounts of copper t~d zinc to 

be ' lcided to the cul turo medilun. 

The solutions referred to in (a) above wer e prepar~d in 

the following manner: 

0.99555 crams of Fcso
4

.7H2o was wei:hed and dissolved in puri-

fied wa ter in a volumetric flask. The volume was m~de up to 1 

litre . A l ml . sample of this i n 50 ml . G~ve an iron conccntrn-

tion in the medium of four parts per million. 

l 4/u1anganesc .•• 



Manganese . 

0.81195 ~rams of ~ATISO . ~i 0 was weighed and dissolved in 
~ 4 2 

purified water in a volumetric flask. The volume w~•.s made up 

to 1 litre. A 1 ml. sample of this in 50 ml. gave a manganese 

concentration of four p~rtc per ruillio·1.. 

Copper. 

0 . 00390 grams of Cuso
4

.5H
2

o was weighed and dicsolved in 

purified water in a volumetric flask . The volume was made up to 

l litre. A 1 ml. sample of this solution in 50 ml. gave a copper 

concentration of 0.02 parts per million. 

0.01920 grams of Znso
4

.H
2
o was weighed and dissolved in puri-

fied water in a. volumetric fJ.ask. The volume Hac made up to 1 

litre. 1~ 1 ml. s'3.Irlple of this solution in 50 ml. gav& zinc con-

centration of 0 .14 parts per million. 

I.Iolybdenum. 

0.00915 grams of (1'H
4

)
6
ao

7
o

24
. 4H

2
o was weighed and disoolved 

in purified water in a volurnctrid flP.sk. The volume was mctde up 

to 1 litre. /, 1 ml. sanple of this solution in 50 :ml . Gavt- a con-

centr~tion of molybdenum of 0 . 01 p~rts per million. 

In sol ut:i.ons (b) :1.nd (c) referr·.:;d to above 7 when a sin.:le stock 

solution cont".ining dj_fferent concentrations c:f the micronutri<:nts was 

prepnred, the concuntrA.t:Lon of the rnicronutriwnts W:.J.S calculatc.:d so that 

a 1 ml. srtmple in 1 l:L tre of ctock culture colution7 supplied the micro-

nutrientc in the required concentr~tion. 

Solution (b) was prep:J.red in the follo•:1inc manner: 

0.07854 grams Cuso
4

. 5H
2
o. 

0 . 38415 erams Znso
4
.n

2
o 

0 . 18404 grams (NH
4

) 
6
r.ro

7
o

24
• 4H

2
o. 

The above were dissolved together in purifiGd water in volumetric 

15/flask ••• 
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flask, the volume being mrde up to 1 litre . A 1 ml. sruilple of this stock 

solution in 1 litre of culture solution gave the following concentration::: 

of the micronutrients: 

Copper 0.02 p~rts per million. 

Zinc 0 . 1-'~ parts per million. 

I.'Iolybdenum 0 . 01 parts p0r million. 

Solution (c) W.J.s prepF:.red in the SOllie a :1.1mer: 

19 . 91047 gra'lls Feso
4

.7H
2
o. 

16 . 23835 gr-uns r~nSO 
4

• 4H
2
0. 

O.l8tr04 gmms (NH 4) 6Uo7024 • 4H20. 

The ::tbove were dissolved in purified water in a volumetric fl:J.sk and 

the volume was m~de up to 1 litre . A 1 ml. sample of this stock solution 

in 1 litre of stock culture solution rpve the followinc concentrations 

of the micronutrients. 

Iron 4 p~rto per million. 

Man;jnnese 4 parts per million. 

Molybdenum 0.01 parts per million. 

Dispensing of stock culture solution. 

The solution containinc sucrose, magnesium sulph~te, ammonium nitrate, 

di-potn~siun hy<lro:;en phosphate and the micronutriC::nts as required wo.s 

placed in a "Pyrex" aspirator ("), sec figure 3 . The aspir. tor wa s 

connected to two ~utom~tic 50 ml. pip~ttes (P) . In this n~nner 50 ml. 

of the culture solution could be disp~nscd into ~nch culture veosel. 

Ve.ryin,->; the he'lvy met:'l b Lmce . 

A standnrd S:lr.lpJ.c. of 1 ml ., as a source of supply of ~ach me. tal 

under consideration wns used throu.3hout the inv~.J:::tieation. The balance 

w~s v~ricd by ~ddine ~'lmples of different concentrations of the he~vy 

metals under consideration . 

The different conccntr~tions of the heavy metcls were prep~red in 

the following mam1er: In each experim~nt , n solution of €ach heavy 

16/met:J.l • •• 
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metal under consideration was pr-.1pared . The concentr~tion i n each 

solution wo..s calculated so th.3.t a 1 ml. sample in 50 ml. supplied the 

m'J.Ximum concentration required. Less concentrRted solutions v,ere 

prepr..red by subsequent dilution of the) fir..;t pr~::p~r..;d oolutiono In 

this •.1o.y ._. series of different concem .. r etionc of e~!.ch heavy I!'le"k"l.l was 

prep,.red. 

Durinc the course of the i nveotir;ntion 7 experim~.nts ·acre carried 

out in which the h<.::avy mek.l supplies Vll. .. r..}. prepared with :1 chelating 

aeento Two :1gents were u ::;cd , citric acid n.nd .3t~ylene dict."'lline-

tetrn - acetic acid 7 and in e "l.ch cr.tse they were supplied in equivelent 

amounts. The !llllounts usl..d "lre ~iven in the text of each experiment. 

Sterilisins_ gf ct~l ture medium. 

The flnsks cont0.inin!3 the cul turc.: medi.um wGri... plugged with cotton 

wool and ·~ntoclaved .:1.t 15 lbs . pre..:.:sure for 20 minutes . Care v1r. s taken 

to e-nsure that the flasks v1ere c.rro.nged in a rend om m'1.11.ner in t"le :1u to-

cl:.ve, -md that the cotton \lool pluss were covered by p::1per to prevent 

Wfl.ter condensin_j on them. ' !here all the flasks could not be autocl:1v ed 

2.. t the :::ome time, they were o.utocl:1ved in random samples o 

Il~!lin tenanc e of cul turcs . 

Three funzi vterc used in the inve~ tigation; /,spergillus ffi;p;er, 

Penicillium __ nota tum ·md :Penicillium glaucumo They were cultured on 2,J 

malt, 21 a~~r slopus. A3~r slopes were sterilise~ :1t 15 lbco pressure 

for 20 minutes anf then ~torcd in .-:t cold room. 

0 The ::llopes wrr c inocul:::.ted .:md incubated in th~. chrk c. t 25 Co 

The incubn.tion period W<! S 9 - 14 days in the case of Aspcrt-;illus and 

17 - 21 d~ys in both Penicillium notatum and Penicillium ~1-:tucum . 

These slopes ·:terr: used in tho prepar.' tion of t:1e spore .:mspension. 

Prepar~tton of spore _ousp(,;nsion. 

Two slopes of the required fune;ur: werv used? in e.J.ch case, as a 

source of spores . 

17/200 ..• 
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200 mls. of the basic culture solution wan placed in a 300 ml. 

conical flc,sk, This WclS ::utocb.v ed at 15 lbs. prcs,:ure for 20 minutes , 

Pour drop:J of teepol were n.ddecl to the culture s oluti on and after 

shaking~ nbout 5 ml. of the solution wn...., poured into the tube contain-

ing the fun_sal culture. Ths tube wo.s then r :1pidly rot<-te:d betwe·-.:n the 

p:-·.LJls of th e.. h .mds to d j slod:::;o the spore. D. Thic ::Jpore sucpcnsion was 

returned to the flask. Tllit w~-.'- r~.. p ·~:'.. ted for the ::::econC. tube. The 

flc.sk VL"'.S then shc~kcn thorou;hly to ensure that the acgre~~" te::; of spores 

were brolcon down, The fu..YJ.ction of the tecpol was to reduc e th0 .::;urf,.~ce 

tension 9 thereby aid in~: the ~<:.part tj.on of the s pore::, 

St -_; rilising of :eipettes for_~noculation, 

Clec..n 1 mL pipettes were loocely plu.c~.::;ed at the mouth~ vti th cotton 

wool, le2.vini'=> no threc..ds protrudin,g . Th ese wr;; re them pl a ced in a 

copper c-.mister .::md st erilh.ed by hu~: ting in <.n hot a ir oven c:.t 135°-

145°C. for t wo hours, 

Inocnln tion. 

J. standard :Lnocuht'\ of 1 ml. w<:ts u ::.:ed throue;hout the investi'--:C'.ti on. 

The spore suspension waG sh?..ke;n betwe:en samples in order to elimina te 

v:;.ri:'. t i ons bet-ween samples. The cul ture vccsels \'/ere inoculated in a 

r1.ndom m.J.nner so that if there wc.s c.ny difference due to the spore 

suspension i t would be distributed t hrou::;hout thu experiment. 

Incubation. 

Incubation w:J.s in t :1e d:·lrk at 25° C. The culture vessels were 

randomly 'lrr-:;.n~ed in thr; incubCJ.tor in orJer to avoid any differences, 

as a result of conv cc tion 9 being confined to a ny s·::ction of the exp eri­

ment. 

Investi··~,' tion of res ults. 

( a ) Visu~l effects . 

Pr ior to harvestin:; the: mycel iUJ'l w:ts studied to .::1scert a i n 

any vi suJ.l effects Q.S ..,, reuul t of the varyin0 heo.vy metal bnlancGs . 

18/'I'he • , • 



18. 

The mycelium produced wr S described under the follmting he ·din~;G : 

l. fllnount of mycelium covGrin.::: the surf2.c.:u of the culture medium. 

,ill .~ ttcmpt 'i/f-l.S l.Llde to disti11guish bctwc~ .::n cul turcs in 

which the fcl t completely covered the s urf:·:ce of the culture 

medium1 .omd those in which the felt only p::trtinlly covered 

the surfnce 7 either ..... s 'l. :::in8le piucc or ::ts e. number of 

sm:1ll pieces or "pellets" . 

2 . Structure of the felt . 

This w1...s considered from trto a::-pec ts: 

( ~ ) CompRc tness: describeL: b;,· ·1sdr;ninJ th..: followine SJll bol&: 

Ct. - cottony . 

SCp . - sl:i.~btly compact . 

MCp . - moderately comp·.1ct . 

VCp. - v ery compo.ct . 

(b) ~:.'rinklin3 of the surf- ce: described by ::tssignin.::; the 

follovting symbols: 

Sm - smooth . 

~V - slichtly wrinkled. 

NNI - moderately \/rinkled . 

HW - hea.vily wri nkleu. 

VH\{ - very heavil,y wrinkled . 

3. Sporulation. 

The degree of sporulation WLLS described by .. 1. number 

acc ordin3 t o th0 scull] ·.;here: 

0 complete sterility. 

5 felt moderately covered v;ith spores . 

10 felt densely covered wi tl1 cpores. 

This systt:m had the disndva nt'l...::e that it w:. . ~ difficult 

to assign .:m index to cultures in which e f ew pelh;ts of 

mycel ium were produced 1 but whic:1 were densely covered with 

spores . Thus the method w~c used pur~ly o.s a mernc of 

rssessin~ gc.:ncr~l trends in thL sporul_tion. 
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r~orpholon;ic::tl in yes ti T~.tions . 

Small amounts of the mycelium were removed from the cultures and 

exn..mim.tl to determine .. ny effects on the cellulc.r morpl·. ::llOGY oi the 

myceb.um nnd spore::.. . Particul:-r .:>.ttentj_on w:.s pr.ycd to me cf:lt.:ct 

on brc.nchin~ o::t' t~1e ~ypho.e . 

Harvestin; of felts. 

The mycclitrl VI<".S rel!loved from the culture ncdium by filtr ation 

throu~h l ) C:->1.11 Wh~trnn.n11 1ro. 1. filter p:tper. 

twice VJi th d ic tilled water. 

The felts were w~shed 

In the case of Asperr;illus, where o. consider .. blu nmount of submerged 

mycelium \Ins produced 9 the culture medium \;8.s thoroughly L tirrt:d to en­

sur~ th~t all the mycelium wns filtered off . 

Tri 11 runs in \'lhich culture solution wa.s pes ::;ed throu-.... u the .~.il ter 

pa.pcr, followed by t\vo \/:'.shin.c~z with diL:tilled wn ter w_re c~rri ed out. 

In this w-.y when the correction factor for the ·.:ei -:ht of t:1e filter J::l.per 

wr>.s obtnin~d ( T->.hle 1 of Prelimin~.ry Investi3ntions). 

Drying of filter ~:-p~~.nnd ~ycelium . 

The filter p· pcrs cont, ~inin:; thn mycelium were folded so that the 

mycelium W<lS conpletely enclosed within the paper. The filter p~pers 

.:ere then placed on dryinc trc:.yc. The dryin.:; treys r1ert. I!l."tde up of a 

frnm.e, nhich V/'1S subuivided by ol:tts into a. number of comp·trtments. The 

bottom of the tr .. ~' \T1C mr-~.de of ·.-;ire _-.... uz0 to ensure th_,t convL.ction in 

the oven w~s not prevented . 

The t r o.ys contc-.ining the pieces of filter w<s then pl :c ed in o.n 

hot air oven a.t 70 C. for three dQys . The tr.:;.ys were then removed to 

a des..;ic:-ttor , contr:ining calcium chloride , until they vtere cool c.fter 

which they were wei:;hed. 

',feil}hing of filter v tper n.nd m.yceli1.uil. 

The pieces of filter p~.per contninin~ t~e mycelium werC:: rt.:::lOved 

from the decsicator "ncl wcj_',hcd im:nedio.tely , in order to etvoid, 'lS f a.r 

as poscible , upt:tke of moisture from the ::~ir by th0 filter p'lper . The 
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b:->.l rmce uoed throuchout the investi_r.;' tion \7'"'.8 o "Mettler" moti0l B. 

N8 tsurement of pH. of the fil tr~.te . 

The pH. of the culture so] Lttion •tfter .3ro•.1th w::.s r :e:c sured , using 

e. port"".ble "Beclo,"'Ulil pH meter . S:'. ·pla:::; of cul tur.: mt;dium werv au to-

cla.ved at 15 lbs. pres cure for 20 minutes ~nd the piJ. of thecc s~·· plec 

W< s ne'lsured (Table 2 of Prelir·in"U"J I '.YestiG'1tj on3) . In thi::: wuy it 

w s possible to dete!'!"line the e~f'ect of gro·,,th of the fun~i on th0 pH. 

of the culture r~edium. 

Stntistical me~lods. 

Two types of ~p;lysis were w"ed, anetly:;is of v1.ri :nee, and rec3res-

sian :-:nnlysis . F.xo.mples of these :tre ~iv .:m i n purt 2 of the Appendix. 
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CHAPTER III. 

PRP.LIMP~ARY U'V'SSTIGATIOH. 

EXP.3_:nm·rT 1. To determine the correction factor for the calculation 

of the dry weight yield of mycelium harvested. 

T11e fun3al crowth in each culture vessel was harvested by filtering 

through 15 em. ~Jhatman No. l circles. To f<...cili tate dryin3 and wei3hing 9 

the felt was treated toeether with the filter paper. In order to obtain 

the absolute wei.3ht of tht. Illj Celium9 a correction fc..ctor for the wt.ight 

of the filter paper hnd to be obtained . '.Phis was done in the following 

manner. 

Basic culture so ~ution (for composition see Table 1) wa.s filtered 

through so separate 15 em. circles of Uhatman ~To. 1 filter paper. Each 

piece was subsequently washed twice with distilled water. The piecc:s 

of filter paper were then dried a.t 70°C for +8 hours in a hot air oven 

c.nd then removed to a dessicator and allowed to cool before they were 

weighed. The mean weisht for the pieces of filter paper was calculated 

and used as the correction factor throughout the course of the investi~a-

tion. 

Table l. Composition of b~sic culture solution 

used in Experiments 1 and 2. 

Constituent 

Sucrose 

I:~a0nesi um :..;ulpha te 

Ammonium ni tr . .ite 

Dipotascium hydroGvn phosphate 

Level of supply 
in gms/litre 

50.0 

0.6 

2.0 

o. 48 
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Table 2. Dry ,-,·ei~h t 1 in eramu 1 of 80 :>epara te 

pieces of 15 em. ·;/hatman No. l i'il ter 

1.47341 

1.49315 

1 . 46966 

l. 452..:.1 

1.~4793 

l. -~3058 

l. 44700 

1.46014 

1.49315 

1. ~'.7142 

1 . 4~032 

l. 50123 

l. ·d-.37 

. 1 .. ~73-~1 

l. 50214 

l. 5221!, 

l . ~5132 

l. 51023 

p. per, .::;.fter fil terinz b..~.:1ic cui ~ure 

solutj.on, follm:ed by t\to rinser: with 

distilled \> .. •.tur. 

l. tr5102 

l. :~6)f32 

l. 43996 

l. 52570 

l. 42944 

1. 44674 

l. 42148 

1.47741 

l. 4 7231 

1. 46015 

l. 47364 

l. 54017 

1 •. ~,3014 

1.1+5025 

l. 49':)57 

l. 48642 

1 . 51112 

1.44.;.12 

l. 43264 

1.47278 

l. 43561 

1 . . n6o5 

l. 41694 

l. 51389 

l . -:-4061 

l. 44!. ..).1 

l. 44163 

l. 43408 

l. 43963 

l. 45014 

l.4-'l012 

l. 430-'r4 

1. -~9360 

1 . ,~4012 

l. :W309 

1 . 4681-~ 

1 . 48321 

l . -~ 7385 

1. ·~5350 

l. ~6398 

l. 51022 

1. ..;.1724 

l. 54705 

l. (452 2 

l. 49993 

l. 52103 

l. ~7015 

1.47341 

l. 43963 

1 • ..;.6015 

1 . :;.:~. :-21 

1.45014 

l. · ~3331 

l. 46773 

l. 41632 

l. -+1637 

Correction f~ctor (mean wei:ht of one piece of filter paper 

= l. 46015 gms . 

'!.'eissht of filter paper and mycelium = M 

';/ei-:ht of filter paper only (correction factor) = 1. 46015 gms . 

Therefore wei;ht of mycelium only = :::.I - l. 4G015 gmt>. 
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EXPERIUENT 2 . To determine the meon pH of culture solution after 

autoclavin~ at 15 lbs pressure for 20 minutes . 

The report t nat zinc o.cts adversely on the accumulation of' org:mi c 

acids in fun~al cultures (Chesters fu~d Rolinson 195lb), and that i r on i s 

0ssential for m~ximum yields of citric acid in ~ergillus niger (Perl­

ma.."l. 1947) , stimulr.ted an attempt to 0o.uge 1.cid production under different 

treatments . 

· The method employed was to st<..ndardise the pH of the culture solu-

tion before autoclavin3, to ensure th:1t the pH was suitc.ble before 

inoculation , and then to so.mple tht. filtrate after harvesting t he f elts . 

It wu.s found 9 ho•,Jever, th~t autoclaving the cul ture col ution decreased 

the pH sli8h tly . To overcome this , an experiment was carried out to 

determine the averace pH of the cuHure solution after autoclaving . 

Basic culture solution (for composition see Table 1) was pre-

pared ::tnd the pH st.mdo.rdised at 7.13 using o.ur HCl. This wa.s 

dispensed in 50 cc . aloquats into 50 fl~Gks, which were then plugged 

with cotton wool and autoclaved at 15 lbs. pressure for 20 minutes . 

ilhen they had coole:d to room t emper:t ture, the pH was mea~mred . The 

pH V'J.lues , obtained after autocll.vine , are e;iven in Table 3. 

Using t}Je me 1n of the 50 pH v.:11ues as the pH level of the culture 

solutj.on prior to i noculation, the chansc in pH du,: to acid production 

during growth could he me1.sured . This chang'-' was t :lken as o.n index 

of acid production. 

Table 3 . The pH values of 50 sampl es of b~sic 

culture solut ion af t er autoclavi~~ at 

15 lbs. pressure for c..O minute:..; . 

·· ---·----··~- ---w· ··--
6 . 75 6.79 6 . 75 6 .. 76 6.78 6 . 72 6 . 78 6.73 6 .'76 6.74 

6 . 72 6 . 78 6. 73 6 • . 3 6 . 74 6 . ·. 6 6.73 G.78 6. 72 6 . 72 

6 . 73 6 . 78 6 . 72 6 . 77 6 . 77 6 . 78 6 . 78 6 . 73 6 . 75 6 . 73 

6 . 78 6 .78 6 . 69 6 . 77 6 .76 6 . 79 6 . 73 6. 72 6 . 75 6 . 76 

6.73 6 . 71 6. 78 6 . 74 6 . 74 6. 74 6 .76 6 .74 6 . 79 6 . 68 

St·mdardised pH before autoclaving = 7.13 

Me3U pH after ~utoclaving = 6.75 
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To investigate the effect of varying the level of 

supply of iron, m~ng~nese, copper and zinc in the 

culture medium on the growth and devel opmt.:nt of 

Asper;illus nir;er and Penici llium notatum. 

Perlman ( 1949) has reported thL'. t very v.:1ried results can be ob­

tained from different strains of the same funzus , under the same 

conditions. Thus, in order to investisate the effect of varying the 

level of supply of the hc~vy metals, iron, mangan~se, copper and zinc , 

it W'J.S decided to carry out '1. series of preliminary e:,{periments . 

This experiment was desi~ned to indice. to:-

(i) at wh&t level of supply of the different he~vy metals a 

toxic effect became .1.ppc:.rent, :md 

(ii) whether, within the range of tolerance of each heavy 

metal, 'J. range of concentrations could be found, within 

which Aspereillus nigermn Penicillium notQtum were most 

sensitive to sm2ll changes in the level of supply. 

The design of the experiment is shown in Table 4. 

The method u.:::ed in the experiment vvas to dispense , into a series 

of nine flaoks, culture solution? (for composition see Table 5) which 

was defictent in one of the he:.vy metals to be studied. The met'll 

omitted was subsequently .:J.dded to supply the different concentr2t:!.ons 

required. The series of stock solutions used for e~ ch met.:J.l \J.:J. ;J pre-

pared by dilution of a single concentrated stock solution, which wns 

prepa red so tht..t a l ml. sample in 50 ml. gave a conc entration of 

26 . 214-4 p.p.m. From Table 4 it will be apparent th~t the diluti on 

factor v1n.s 4 . Thus using the stock solution firs t , the second con­

centra bon was prepared by a 1 in 3 dilution (1 volume solution in 

3 vo lu.-ues purified wo.ter) . Similarly the third solution wf.o pro­

d~ced by a l in 3 dilution of the second solution. Thi3 proceojure 
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repeated until nine solutions had been prepar ed. This was carried out 

for iron, man~anese, copper and zinc, so that four series of nine 

treatJ..:ents i n e.:-tch were prepared . In each series only one factor, 

the concentration of one of the heavy metal s , was varied . 

Since thi s experiment was preliminqry i n nature, no replications 

of the treatments were prepared. 

Tabl e 4. The plan of Experiment 3, showing four 

series of f l asks , one for each of iron, 

manganese, copper and zinc, and the levels 

of supply of the vari able in parts per million. 

Series l Series 2 Series 3 Series 4 

Iron Manganese Copper Zinc 

0 . 0004 0 . 0004 0.0004 0.0004 

. 0 . 0016 0.0016 0.0016 0.0016 s . 
p. 

0 . 0064 0.0064 0 . 0064 0.0064 . 
p. 

s:l 
·rl 0.0256 0.0256 0 . 0256 0 . 0256 
>:. 

r-i 
p. 0 . 1024 0 .1024 0 . 1024 0. 1024 
§' 

C/) 

'H 0 . 4096 0 . 4096 0 . 4096 0.4096 
0 

r-i l. 6384 1.6384 1 . 6384 1.6384 Q) 

> 
Q) 

H 6.5536 6 . 5536 6. 5536 6.5536 

26.2144 26. 214/~ 26 . 2144 26 . 2144 

Owing to t he presence of a precipitate in the flasks containi ng 

high l evels of i ron i t W3S decided to use an equivalent amount of 

Ethylene diaminetetra - acetic acid (E.D. T.A.) i n the preparation of 

the iron soluti on. The stock solution from which dilutions were 

made , was pr epared by dissolving 0.87358 gms . E.D.T. A. and 0 . 65240 gms . 

Feso
4

.7H
2
0 t ogether in purified water in a 100 ml . volumetric flask. 

\ 
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The stock solutions of m_m3rmcse , copper , .. ncl zj.nc were prep;:~reu afJ 

follows : 

'd 
<ll 
+" 
+" 
·rl s 
0 

+" s:: 
<ll s 
<ll 
r-1 
~-£1 

I r on 

l':Icnganese: 0 . 5321 ems . of ~rn:::o4 .4H2o vnr: dj.ssolved in 

purified w'lter in a 100 ml. volumetric fl.:::tsk , 

Copper 0 . 5148-1 ,r~ms . of Cu20, . 5H
2
o w=lr dissolved in . ~ 

purl.fied water in i.l lOJ ml. volumetric flank . 

Zinc 0.35%5:-;m:::. ZnSOt;H
2

0 w1.s dis£:olvcd in puri­

fied w ..... ter in a l CO rnl. volur,;etric fl:....sk . 

Tc.~ble 5. The composition of the culture colution used in 

Experiment 3. 

Consti tu..:nts of Nutrient Solution 

~l=t<ll<ll <ll ~ <ll <ll @ ~ (IJ 1-t (IJ 1-t ·rle>PI-t . {/} . 
+" +" . rl +" +" {/}~ 1=1 s <ll s 1-t . . Q . 

·rl :;j ·rl Cll '.ll ·rl E~ 0 . § . <ll s CJ s <ll s 
S:: 1-t r-1 <ll ..c: r-1 1-t 0.. 0.. 0. • s:: . res . 
0+"'-...._S::::P.'-..... 00~ H . !:',!) . 0.0. ·rl 0.. .0 0.. 
~ ·rl Cll b.O 3 Cll .~~ 0.. s:: p. 0 . N . » • 
...,s:: Sh~wSb !l 0 0.. 0.. r-1 0.. 

A P-b0 ..... 0 
::.~ 

2 . 00 0,60 0 . 48 1L0 0.02 0.14 O.Ol 

Mane:·nesc 2.00 0 .60 o. ti8 4.00 0.02 0 .14 0.01 

Copper 2 . 00 0.60 o. 48 4 . 00 .')..0 0.14 0 . 01 

Zinc 2.00 0,60 0 . 43 t, .• oo 4.0 0.02 0 . 01 

Results. 

The dry wein):1t yields of ID.fCCli1.un &.r,; JiYen in T·tble 6, for 

tsper~illus nig er, ~nd in T~ble 7 , for Penicillium notatum. The pH 

va lues of t he fil trr tc are ;<;jven in T -bles l and 2 of t ho 'lppondix 

for l.sp cr~illu~ end Penicillium r espectively. 

( l ) The effect of varyinc the level of iron s upply on 

the growth, s porulation and y ield of Aspergi llus 

niger and Pen icillium nota tum. 

There i c evidence in Tables 6 and 7 that increases in th ..: iron 

supply up to 26.2H4 p . p .m. r esul t ed in increased dry weicht yields , 
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TABLE 6. 

Concentration 
of Fe.?:n.Cu. 
and Zn in 

p.p.m. 

0 . 0016 

0.0064 

0 . 0256 

0.1024 

0.4096 

1.6384 

6 . 5536 

26.2144 

TABLE 7. 

Concentration 
of Fe.Mn.Cu. 
and Zn. in 

p.p.m. 

0.0004 

0.0016 

0.0064 

0.0256 

0 . 1024 

0.4096 

1.6384 

6.5536 

26.2144 

The dry wei{1ht yield, in gr_uns, obtc.ined with 

Asperp;illus nir;er, for nine diff erent treat-

ments of iron 9 m'1ng·mesc, copper and zinc. 

Dry iei,:_;;ht Yield in Gr::.ms. 

Iron lcvol ?hnganese level Copper level Zinc level 
v:::tried vnried. vari<:d v.:::tried 

------------··-··------------
0.43743 0.52339 0.57331 

0.41345 0.60850 0.61263 0.36091 

0.64766 0.55682 0.73919 o. 33~24 

0.56857 0.60152 0.59880 

0 . 41350 0. 7<.019 0.6)262 0.43162 

0.58237 0 . 62360 0.67945 0.69902 

o. 67220 0 . 41023 0 . 58836 

0.68755 0.6531!, 0.60330 0.77030 

0.63983 0 .52(;91 o. 21800 0.87862 

The dry wei~ht yield, in grams, obt~ined with 

:L'enicillium notF~.tum, for nine differ.mt treat-

ments of iron, mangan'-se, copper and zinc . 

Dry r:ni_:,ht Yield in Grnms. 

Iron level Manganese level Copper level Zinc level 
varied v:1ried vc.ried varied 

0.23064 o. 32494 0.25633 0.35136 

0.17234 0.39930 0.33861 0 . 39165 

0.30983 0. 40117 0.29517 0 . 23438 

0. 21596 0.35184 0.35072 0.35332 

0.33675 0.43138 0.28019 0. 32290 

0.4')791 0 . 27366 o. 31194 o. 40967 

0.35896 0. 36299 0.42706 0.27716 

0.47838 0.30302 0 . 21964 0.36510 

0.69132 0.25944 0. 27789 0 . 31694 
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in both Aspergillus and Penicillium. Thesa increases of approximat~ly 

57r ' in Aspergillus and 59.., in Penicillium, can onl; be considered as 

yield trends , since within the trends considernble v;1riations in the 

yields were evident. ':ti th tht evidence av~ilnble, the slightly 

diminished yield obtained with Asperr;illus at hit;h levels of iron 

supply c:1nnot be interpreted t.s b1..in.::; due to iron toxicity. 

In both Asper;illus and Penicillium (Flutes l 3nd 2) the wrink­

ling of the curfaec of the felt could be correl.:1ted with the level of 

iron supply in the culture medium. There w~s 2 m~rkcd progressive 

incr( ::t:.,e in the wrinldin8 of the 1ol t with incre.:1.scd iron supply 

(Plates lund 2) . 

Sporul;1tion in Penicillium (Plate 2) wus v Jry slight in all 

treatments and no trends were evident . In Aspergillus (Pb.te 1) how­

ever there was come indic.:ttion th1t sporul:::ttion wets increa.ced when 

the iron supply vue rn.ised to approxim:J.tely 1.6384 p.p .m. Subsequent 

incre~~es in the level of iron supply resulted in depressed sporulntion . 

(2) The efiect of v:::t:r:,; il:"'j the level of manganese supply 

on the erowth1 :--poruhtion and yi eld of Aoper;illus 

niger and Penicillium notntum. 

Cultures of Asper0illus (Table 6) sho•:1ed nn :1pproximn tely 42~·· 

incre1oc in the d~- wei~ht yi~ld as the level of ~~anese supply was 

incre...tsed from 0 . 000-~ p.p.m. to 0 . 102.;. p . p.m. There w:::ts a tendency 

for the yield to be depressed when th3 level of mang.:tncse supply was 

incre~sed above 0.102 4 p . p.m. The urJ weicht yield tPnded to in-

crc~1se vii th incre.:J.sed m':ln~o.nese supply \lP to 0 .102 .~ p. p.L . , after 

which level subsequent increases in the supply resulted in diminished 

yields . 

The dry wei::,ht yield trend3 observed in Penicillium ( Tablt: 7) 

were very similar to tho~e of Aspergillus . In Gener2l pro~resciv~ 

incre~.ses in the yield were obt:.:.ined with incre~ses in the m::nganese 
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26 . 2144 p . p .m. O,l02·'r p. p.m. 0 . 0004 p.p .m. 

PLATE 1 . The effect of i ncreasinr, the iron suppl y 
on the crowt!1 of Aspergillus niger . 

26 . 2144 p . p . m. 0 . 1024 p . p .m. O. OOO:i. p. p.m. 

PL.A.'J'E 2 . The effect of increasinc the iron supply 
on tbe growth of Penicillium notatum. 
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supply up to 0.1024 p.p.m. Th~r~ wns some evidence thnt the yield 

W.'J.S pro,Jrt::ssi vely diminished by incrE:;.ses in the supply of mcngc..nese 

betweer. 0 . 1024 p.p.m. l".nd 26.21~~.~ p.p .m. 

Thus there ~ppc~red to be c tendency, in both Acpcr0illus and 

Penicillium for tJ.;c dry Hc-i :_;ht yidd to incrt..<J.SC progressivLly with 

incre0.sed m'1nge..nece cupply betwG :.!n 0.0004 p . p.m. :::md 0 .1024 p.p.m. , 

and to decrenLe pro~ressively with incr~nscs in t h e sup?lY of mang~e~c 

bew;een 0 . 1024 a nd 26.2144 p.p . m. The diminished yields obs~rved in 

both Asperp;illus and Penicillium nt h:Lt:;h mr.mg·nese levels can be 

i nterpreted J.S beinc due to m1n0~nese toxicity . 

The felts produced in cultures of •. spergil lus Pnd Penicillium 

showed a :'roe resnive wrinkling of the surf3.ce as the mangnnese r·upply 

was increased (Pl.'ltes 3 and 4). 

Incre~ses in the m2n~~nesc supply up to 0.1024 p.p . m. were 

benefici:J.l to sporulation in cultures of Aspergillus (Plate 3). 

Above this l evel sporub.tion vvas slig~l tly diminished 9 although dense 

sporub.tion w2o evident when the level of m.-:1.ng~mese .:upply w •. c 26. 214,~ 

p.p.m. Cultures of Penicillium (PlJ.te .~) sho\.'ed v .,ry little sporu-

lation and were :1.lmost sterile a. t all levels of m::l.n6~ne!::e :.;upply. 

(3) Tho effvct of vnryin,g the l evel c opper supply on the 

grov1th 1 sporulation r..nd yield of ..i.sperc;illus nit;er 

::md Pcnicj.llium notc,tum. 

In cultures of ~spergillus (T'lble 6) 9 incre2sinc the supply 

from 0.0004 to 0.0064 p.p.m. ha d :;. f .wour.<'.ble effect on the dry 

weiGht y ield, but incre3.ses a bove tlris level mnrkedly depressed the 

yields. It is noteworthy th·:-\ t the increnne in the dry wei3ht 

yield, obtained when the copper :upply uns incrensed to 0.0064 p.p.m. 

was :->pproximn tely 29~ whereas the yield wa.s diminished by .:>.bout 

60~ when the level of copper wc.s incre:.->ed to 26 . 2144 p.p.m. Thi.J 

v ery marked trend in the yield is probably due to copper-toxicity. 
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26 .2144 p . p . m. 0 . 4096 p.p.m. 0 . 0004 p. p.m. 

PLATE 3. The effect of increasing the manganese suppl y 
on the gr owth of Aspergillus niger . 

0 . 0004 p.p . m. 0 . 4096 p . p.m. 26 . 2144 p. p.m. 

PJ.ATE 4. The effect of increasinG the manganese 
supply on the s;rowth of Penicillium notatum. 
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Penicillium (Table 7) cultures receiving copper supplies of between 

O.O.J04 .:md 1.638~:. p.p.m., ,s·wc progressivel;:,- incru...;ed yields v1i th 

incre. :sed copper supply but cultures receivin~ over 1. 0384 p.p.m. 

copper showed o. m:J.rkcd tenclenc;r to have t }l.eir yields depressed. 

Thus i:hj.lst incre~ses in the supply of copper up to l. 6384 p. p.m. 

were l'l.dv:mt'"~,::;::ons, incre~ses ;.bove these levels r eaul ted in copper 

toxicity. 

There is evidence (Pl~ttes 5 ::md 6) tlL t the level of copper 

supply determined the degree of vtrinkling of the ::.:'31 t? in both 

Acpergillus a.nd Penicillium. Incre:.scs in the copper supply 

resulted in incre.:tced wrinklil1,3 of the felt. r:rinkling r:a.s de-

termined primarily by the l <:vel of copper supply since ·•ti th 

Aspergillus (Pl: te 5) the felt produced nt hi tsi1 copper l0vels 

(26.2144 p.p.m.) wc-s more ·.vrinkl ·..-d tho.n that produced :1t low levels 

(0.0104 p .p.m.), although, the yield w:J.s o.pproxill' -:tely 60>~ lmtcr 

'1t the hi..:;h levels, th~n ,..._ t the low levels . 

There is some indication (Pl .... te 5) that the suppl~· of copper 

could be rrised to 0.1024 p . p.m. resultin~ in incre~sed sporulo.tion 

in cultures of .i.r.:per;-;illus. \bovc this level ho;1ever there was a 

tendency ior the sporul'1tion to be suppressed . Tnus at hiGh levels 

of copper supply (26.2144 p.p.m.) the felt w .s sterile. The cultures 

of Penicillium (Plate 6) ('.t levels of copper supply between 0.0004 

and 26.2144 p .p.m. were all ~lmost sterile ~d thus no trends were 

evident. 

(4) The effect of varying the lr~vel of a supply of zinc 

on the growt!1, sporulC'.tion and yield in Aspergi llus 

niger and Penicillium not~tum. 

There was P m~rked progressive increase in the dry wei~ht 

yield of Aspergillus cultures as the zinc .JUpply wC'.s increased to 

26.2144 p.p.m. (T~blc 6) . At lo.1 levels of zinc supply, ho-:tevcr, 
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26 . 2144 p.p.m. 0. 4096 p. p . m. 0 • 000 L', p • p • m. 

PLATE 5. The effect of increasing the copper supply 
on the growth of Aspdrgillus niger. 

26 . 2144 p. p.m. 0.4096 p. p .m. 0.0004 p.p.m. 

PLATE 6. The effect of increasinrr the copper supply 
on the growth of P•:micillium notatum . 
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(0.0004 - 0.1024 p.p.m.) the overoll incre::tsG in the yit:.:ld (27;.::) ',/ _\s 

not ::J.S mr.rked ns it wns ::1.t hit:h lev~l (26.21 .... .;. ) where the yield hs.u 

incre!:l.;ed by 159.~. Thus zinc apper .. r~d to ex-.:rt ::'. gre .ter effect on 

the yield when the level wr:' s betwe~m 0 .102-+ - 26.21 ;4 p.p.m. Cul-

tures of :::enicillium ( T~ble 7) gave incro::-. .3eJ dry wei_;ht yields of 

"l.bout 16: when the zinc level 'd.:.s incn .. scd to 0.401)6 p.p.m. !.hove 

this level t ."lere ves some indic''.tion that the yi , ld~ were depressed, 

but v1i th the evidence- a v::1il:1ble t~1is was no t conclus-ive. 

There w .1s a pro3ressj.ve incre _sc in the \';rinkling of the felt 

in cultures of :.spern;illus a nd Penicillium (Plc.tes 7 and 8) with in­

creases in the zinc supply from 0.0004 t o 26.2144 p . p.m. 

At low levels of zinc supply the felts produced in cultures of 

Asper;sillus (Plate 7) were profusely covered 11i th black spores . 

Tht:re vns s ome i ndic . tion th ~ t incre .. ses in the .... upply of zinc up 

to 0.1024 p.p.m. resulted in slight increases in the sporulation, 

but increases :1bove this l evel supprsssed :::;porula tion m~rkt:!dly. At 

hieh zinc lev..Jl s (2Ci . 2144 p.p.m.) cultures of Asper1-;illus were ::.lmor:t 

sterile the spores produced b:Jin.; of an olivc-bro.m colour. Cul-

tur~s of Penicillium (Pla te 8) ~ere almoG t ctorile for all levels 

of zinc between 0.0004 and 26. ?.144 p.p .m., :md thus no trends in the 

sporul~tion were evident . 

Discussion. In order to f acilitate tte discussion, the r esults 

obtained with hspor~illus ni0er and Penicillium 

not~tum in Experiment 3 are summarised in Tables 

8 ~d 9 r 8spectively. ~1e results obtained for 

each henvy met~l studied arc discussed separ~tely. 

Iron. Steinberc (1919) and Roberg (1928) h2ve shown that l nrge 

increases in the yield of ~sper~illus niger could be obtained by the 

addition of iron to the culture s olution. These results e re con-

firmed 1 since :m incre:tse in the iron supply [!,ave 57~; increcse in 

the yie ld in ];sp<:..r.<sillus C:.nd 59, increase in Penicillium. The 
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TABLE 8. 

Iron1 Manganese, 
Copper, Zinc Level 

Varied 

Iron 

Manganese 

Copper 

Zinc 

au 
Summary of results obta ined with Aspergillus ruger in EXPeriment 3. 

Dry Weight Yield 

Progressive increase in the 
yield with increased iron 
supply. 

ASPECT OF RESULTS CONSIDERED 

Form of Felt Degree of Sporulation 

Felt becomes progressively 
wrinkled with increases in 
Fe supply. 

Progressive increase in 
sporulation with increase 
in Fe supply to 0.1024 
p. p.m. Subsequent in­
creases result in dimin­
ished sporulation. 

Changes in pH 

pH values c~nsistently 
low, (1.98-2.36). No 
trends evident. 

Toxicity 

Iron levels above 0.1024 
p.p.m. toxic to sporula­
tion. No toxic symp~oms 

in yield data. 

Progressive increase in the Felt becomes progressively Progressive increase in 
sporulation with increase 
in Mn supply to 0.4096 
p.p.m. Subsequent in­
cr.eE:.ses result in slightly 
diminished sporulation. 

pH values consistently Mn levels above 0. 1024 
low, (1.96 - 2. J9). No and 0.4096 p.p m. toxic yield with increase in Mn wrinkled with increase in 

supply to 0 .1024 p.p.m. Sub- Mn supply. trends evident. to yield and sporulation 
respectively. sequent increases result in 

diminished yield. 

Progressive increase in the 
yield with j_ncrease in Mn 
supply to 0.0064 p.p.m. 
Subsequent increases result 
in diminished yield. 

Progressive increase in the 
yield with increased Zn 
supply. 

Felt becor!es progressively :B'el t sterile at low levels. pH values consistently 
wrinkled '.7i th incre:1se in Progressive increase in low (1. 95 - 3. 39). No 
Fe supplJ. Growth entire- sporulation with increase trends evident. 
ly submerged at high in Cu supply to 0.4096. Sub-
levels (26.21+4 p.p.m.) sequent increases result in 

diminished sporulation. 

Felt becomes progressively 
wrinkled with increase in 
Fe supply. 

in- pH values consistent­
ly low (1.96 - 2.62). 
No trends evident. 

Progressive increase with 
crease in Zn supply to 
0.1024 p.p.m. Subsequent 
increases change spore col­
our>diminishes sporulation. 

Cu levels above O.OJ64 
and 0.4096 p.p.m. t )xio 

to yield and sporulation 
respectively. 

Zn levels ao~ve 0.1024 
p.p.m. t~xic to sporula­
tion. No toxic symptoms 
in yield. 

TABLE 9. Summary of Results obtained with Penicillium notatum in Experiment 3. 

Iron, Manganese, 
Copper, Zinc Level 

Varied. 

Iron 

Manganese 

Copper 

Zinc 

ASPECT OF RESULTS CONSIDERED 

Dry 1:feight Yield Form of Felt Degree of Sporulation 

Progressive increase in the 
yield with increased 
suppl~. 

Felt becomes progressively 
wrinkled with increased 
Fe supply. 

Felts almost sterile. 
trends evident. 

No 

Progressive increase in the Felt becomes progressively Felts almost sterile. No 
yield with increase in Mn wrinkled with increased trends evident. 
supply to 0.1024 p.p.m. Sub- Mn supply. 
sequent increases result in 
diminished yield. 

Progressive increase in the 
yield with increased Cu to 
1.6384 p.p.m. Subsequent 
increases result in dimin­
ished yield. 

Progressive increase in the 
yield with increased Zn to 
0.4096 p.p.m. Subsequent 
increases result in dimin­
ished yield. 

Felt becomes progressively Felts almost sterile. 
wrinkled with increased Cu trends evident. 
supply. 

Felt becomes progressively Felts almost sterile. 
wrinkled v1i th increased Zn trends evident. 
supply. 

No 

No 

Changes in pH 

pH values consistently 
low (2.36 - 3.31). No 
trends evident. 

Toxicity 

No symptOms of iron 
toxicity. 

pH values consistently Mn levels ab ve 0.1024 
low (2.42 - 2.66). No toxic to yield. No toxic 
trends evident. symptoms in sporulation. 

pH values consistently 
low (2.35 - 2.59). No 
trends evident • . 

pH values consistently 
low (2.47- 2.88). No 
trends evident. 

Cu levels above 1.6384 
toxic to yield. No toxic 
symptoms in sporulati n. 

Zn levels above 0.4096 
toxic to yield. No toxic 
symptoms in sporulation. 



26.2144 p . p .m. 0 . 1024 p . p .m. 0 . 0Cl04p. p .m. 

PLATE 7. The effect of increasing the supply of zinc 
on the growth of Aspergillus niger. 

0.0256 p. p . m. 26 . 21-~4 p. p . m. 0.0004 p . p .m. 

PLATE 8 . The effect of increasing the zinc supply 
on t he growth of Penicillium notature. 
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report of diminished sporul~tion in iron poor cultures of A~pergillus , 

which wa:.; not subsequently confinned by ej_ ther Coupin ( 1903) or 

Sauton (1910), is confirmed , Sporul~tion in Aspergillub ni~er in-

creased sli3htly with increuses in the iron supply up to 0 . 102~ p.p.m. 

Further incre:J.ses in the iron supply rvsul ted in dimini ::hed spo:;:ul J.­

tion (Pl::.tte 2) . 

Iron h:-1£: been sroO'in to be e:::senti:•.l for citric ~.c id production 

in Asper ;ill us niger (Perlm.?n 194 7 1 Shu :· nd Johnson 1947). In the 

pres C;nt inve3ti.}':l.tion, the pH of tj1e fil tr::tte , ::tftcr the harv8sting 

of the felt, w'"'..s us0d to g<.uge acid production. From Tc bles l and 

2 of the Appendix, it is nppc.rent th:1t even in iron deficient 

(0 . 0004 p.p.m.) culture:: , t"lc pH of the filtrcte was very low, 2 . 29 

in :\.sperr-;illus .1nd 2. 61 in Penicillium. At high iron lcvvls 

(26.2144 p . p.m. ), the pH values 1:cre 2.01 in Asp.}rgillus ond 3.31 

in Penicillium. No conclusions could be dr::.wn with respect to the 

effect of iron on acid production. 

Mn.ngnnese. Bertrand (1912) and Steinbere (1936) report th~t in-

c reasing the supply of mangrmcse results in incre_,sed yield. This 

was confirmed for incre~ses in the manganese supply up to 0 .102 4 p.p.m. 

above wl.~ich slightly decreased yields were obtained. Apnrt f rom the 

effect of man:E>.nese on Jield , incrc:J.sir..£; the supply of mo.nganese up 

to 0 .102 4 p. p.m. increo.ces sporulation in Aspergillus ni;';er. This 

is in :1~rcement with Perlman (l9,l~'b) and Foster (1939) , wi1o reported 

th~t mangnnese deficient cultures showed d~ninished sporul:1tion. 

Although the addition of mrrn::;r.nese to subm·)rgE.d cultures of 

Aspergillus is reported to reduce citric ncid production (Shu and 

~ohncon 1947 a s.nd b), it P.ppe:-.. rs to have little eff0ct on the pH 

of r:urf::1.ce cultures of l~sperr~illus nj.£;er and Penicillium no tatum. 

The pH at low (0.0004 p.p.m.) mo.n~~nese levels for Asper1illus ond 

Penicillium \:ere 2.04 and 2. 55 respectively, a nd at high levels, 

( 26.~144 p .p.m.), 2 . 01 ~nd 2 . 52 respectively. Thi~ supports the 
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report by Shu and Johnson (1947 a and b), that additions of manganese 

have little effect on citric acid production in surface cultures of 

Aspergillus. 

Copper. Chesters and Rolinson (1951 b and c) report that the copper 

requirements for normal growth in Aspergillus niger and Streptomyces 

griseus are between 0.01 p.p.m. and 0.10 p.p.m. Maximum yield in the 

present investi~ation was obtained when the lvvel of supply was 1.6384 

p. p.m. in Penicillium and 0. 4096 p. p.m. in Asper,:>;illus. 

Bartels (1927), Javillier (1939) and Thiuldcr (1939) have demon­

strated reduction in pigmentation in ~spergillus niger when copper 

is deficient. This was not evident in the present work. The strain 

of AsperF;illus niger used './as not a copper :Jensi tive strain . Cb.yton 

e t al. (1944) have reported reduced pigmentation in copper deficient 

cultures of Penicillium notatum. This observation is not confirmed, 

Mulder (1938) reported that copper was presumed to favour organic 

acid production, as evident by pH chrnges. In thi.s investi.:;ation the 

pH values rec·) rded for low levels of copper (O.OC04 p.p .m.) were 2 .06 

and 2.50 for Aspergillus and Penicillium respectively. 

levels (26.2144 p.p.m.) the values were 3.39 and 2.52. 

At high copper 

The values 

of 3 .39 for ~spergillus would suggest less acid production a t high 

copper levels. This cannot be considered conclusive since there are 

no replications of treatments and since the pH value recorded when 

the level of copper supply ·.1as 6.5536 p . p.m. was 2 .12 . 

The concentration of copper in the culture medium does not 

affect the pH of the culture medium to any marked extent. 

Zinc. The most notable effect of zinc on the growth of Aspergillus 

is the increase in the dry weight yield (Steinberg 1919). This is 

confirmed in the pres ent work, and also demonstrated for Penicillium 

notatum. The increased thickening and wrinkling of the surface of 

the pellicle, due to the addition of zinc , reported by Porges (1932 ) 

is also confirmed . 

Por~es (1932), reported that zinc deficient cultures of 

33/Asper~illus •• • 



33. 

AsperRillus niger were profusely covered with black spores whilst 

cultures in which the zinc level was 0 . 01',:: produce olive- green 

spore::... These r esults are confirmed, but, contrc.ry to the report 

by Steinber,g; (1948), the sporul(l.tion appears to be slightly de-

cree sed in zinc deficient cultures. At zinc levels of 1 . 6384 p.p.m. 

the spores of Asperr;illus ni,::;er change from black t o olive-brown. 

'l'his has :1lso b·_en reported by Rober g (1928), where the colour 

change was reported to indicate the critical level for spore inhibi-

tion. When the zinc level w1.s increased to 26 . 2144 p.p.m., the 

felt was entirely sterile . 

Zinc is reported to act ~dversely of the accumulation of citric 

acid in cultures of Aspergillus niger (Chesters and Rolinnon 195la 

and Lockwood 194~). In the present investi~ation only slight de­

creases in the pB were recorded at the high levels of zinc supply 

(26 . 2144 p . p.m.) . The pH values being 2. 62 and 1. 96 for Aspergillus 

and 2 . 88 and 2.47 for Penicillium, at hieh and low levels of zinc 

supply respectively. 

Since the pH values are low at all levels of zinc cupply no 

conclusions can be i~r.J.wn with respect t o the effect of zinc on acid 

production. 

Conclusi on. 

·lptimum levels of supply were appar ent for manganese (0 . 1024 

p. p .m.) in both fts;)er-1~~1.~~ o.nd ~·~E!n1:_ci_J)i~, for copper · . 0064 

p. p.m. in Asper";illus 1.nd 1. 6384 p. p.m . in Penicillium and for 

zinc (0.4096 in Penicillium only). There was no evidence that 

cultures of Penicillium and Asper~llus were more sensitive to cer ­

tain ranges of supply than to others. 

There was little doubt t hat the method used w,~s satisfactory for 

the study of the ei:'fect of vnryi n_g the level of supply of different 

heavy metals on the erowth and development of Asper~illus niger and 

Penicillium notatum. ~owever marked discrepancies in the yield 

trends were evident, presumably due to contaminents present in the 
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culture medium or as a result of being introduced with the spore 

suspension. ~e~e could , to ~ cert~in extent, be overcome by 

replicating each treatment. 

'~XPERITIJENT 4. To investi.<:;A. te the eff(~C t, on tht) 3r01'1th and de­

velopment of Aspergillus niger and Penicillium 

notatum, of va.rJinz the levels of supply of 

different pairs of he[i.VY metals, when the ratio 

between the levels of supply of e~ch metal was 

maintained at 1.0. 

Previous workers (Bertrand 1912 Lockhead et a.l. 1946 and Br.J.clc 

1947) have reported interc ctj_ons between heavy metals, but the results 

are contradictory, an:l no work has been done on the fungi to ascertain 

whether different combinations of heavy metals function synergis­

tically in growth ·.1hen supplied at particular ratios. Many workers 

(Aso 1902, Puglie.::::e 1913, Beck 1916, Sch.::1rrer and Schropp 1934 and 

Somers and Shive 1942) have sho1vn that in certain flowering plants, 

maximum growth occurs when iron and manganese are present in a 

certain ratio. 

In orcter to sJl ec t different combinations of heavy mGtcls for 

further inves tiC?;ation, it wa.s decided to carry out a preliminar..r ex­

periment to determine which combinations would prove most sui t~tble 

for further t nvesti15ations. Thi~ was done by preparing six series 

of nine culture fL:l.sks, and dispen:.;ing into eac~1 flL.sk of a series, 

a 50 cc ali quot of culture solution, from which a known pair of 

heavy met~ls had been omitted (Table 10) . Nine different l 0vals 

of supply were selected for investi~ation (Tdble 10) and these ware 

prepared by making sepo.rate solutions of ea.ch heavy met~~l, from 

which a l ml. sample in 50 ml. ~ave 2 concentration of 26.2144 p.p .m. 

These solutions were subsecuently diluted by a factor of 4 (l volume 

solution and 3 volumes purified water) to supply the nine different 
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T.\BLE 10. The p1nn of Experiuent ' 't • 

'[re:'l.trnent 'rreatment Tre .tment Treatment Treatment ~.'reatmt::nt 

Number: 1 Number: 2 Numbt-·r: 3 Number: 4 Number: 5 Number: 6 
F'e: !"n = 1 • 0 Fe : Cu = 1. 0 Fe;Zn = 1.0 Mn:Cu = 1.0 !Yin: Zn = 1. 0 Cu: Zn = 1.0 

Concentration Concentr::.tion Concentr:;:.tion Conc entr<..tion Concentrrition Concentration 
in Sub str•· te in Substrr.tc in Substrate in Substrate in Substrate in Substrate 

in p . p .m. in p . p.m. in p . p.m. in p . p .m. in p . p .m. in p . p.m. 

Fe 1" _.n Fe Cu Fe 2.n i,J!l Cu !;1n Zn Cu Zn 

0 . 0004 0 . 0004 O. G004 0.0004 0.0004 o. 000-~ 0.0004 0.0004 0.0004 0.0004 O. OJ04 0.0004 

0.0016 0.0016 0 . 0016 0.0016 0 .0016 J.0016 0.0016 0.0016 0.0016 0.0016 0.0016 0.0016 

0.0064 0.0064 0.0064 0.0064 0 . 0064 0.0064 0.0064 0.0064 0.0064 0.0064 0.0064- 0.0064 

0.0256 0. 0256 0.0256 0.0256 0.0256 0.0256 0.0256 0.0256 0.0256 0.0256 0.02:;6 0.0256 

, 0.1024 0 .102/r 0 .1024 0 .102.,. 0 . 1024 0.1024 0.1024 0 . 1024 0.1024 0 .1024 0.1024 0.1024 

0 . 4096 0.4096 o. ·t096 0. 4096 o. ,;096 0 . 4096 0.4096 0.4096 O • ..J-096 0.4096 0.4096 0.409G 

1.6384 1.6384 1.6384 l. 6384 1.6384 1.6384 1.6384 1 . 6384 1.6384 l. 6384 1.6384 1.6384 

6.5536 6. 5536 6. 5536 6 . 5526 6.5536 6.5536 6.5536 6 . 5536 6 . 5536 6.5536 6.5536 6 . 5536 

26. 21'~'-t 26.2144 26.214-4 26.2114 26.214-4 26 . 2144 26 . 2144 26.2144 26 . 214..;. 26.;::14·~ 26.2144 26 . 2144 
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concentrati ons f rom whicl:. 1 ml. samples wor.:: taken . In this ;;ay 

acc.··rdinos to r equircr.J.ents , the: iron; man:;.._nese, iron: copper , 

iron: zi.nc , m"l.n.'~FtnG ;e: coprcr, ·nG.!Iganese: zinc or the copper: z inc 

r rti o in t he medium coulJ be kept com::t:.mt a t 1.0 ·.thilst the ab-

solute supplies of the m'"t'lls ·.var:: var i ed . 

Since this experiment \.' . . o prelimin:: .. ry in na ture , no replica -

tions of the- diff erent tre:--.tm.ent:> were prepJ.reu . The r esult obt._,ined 

can, however , be c ompared •.:ith thos._) obtained in I:xpcrirn.:mt 3 be-

cau"e the two expcri.mcnts were c _~rri._d out Pinul t.meou;:;ly, usin,g 

t he same metal solutions , cult ure s olution, anu spore cuspcnsion. 

This was desirable so th~·.t the effect of va r-; in·-:; the L ... vel of 

supply of t·:~o m::.; tals toguther could be compared ·:1i t h the effect of 

VQryinG the l av e l of supply of e~ch ~~paratcly , in the presence of 

adequate suppliea of the other . 

~~e:-:ul ts. The dry wcip;ht yields of mycelium urc _;iv en in Tables 

12 and 13 , and the pTI val u,;s in T·1bl es 3 and 4 of the appendix, for 

!npergillus and Pc~icillium rer::pectiv~ly . 

Table 11. The maximum % incre·'l.se in th~ dry noi::;ht 

yield calculated from the yiel d obtaine d 

at t h e 0.0004 p.p. m. l ;)v el of supply . 

<1 • in yi-.:.lld 
Tr eatment . , 1ncre~ se 

Asper~illus P .:micillium 

I ron: mansaYlese 40 415 

Iron: copper 7l 124 

Iron:zinc 129 173 

t:~nganose :copper 19 10 

F3.rqanesG : zinc 116 48 

Copper: zinc 81 102 
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Table ll gives the '118.Ximum pt..rcent increase in t he ~eld calcu­

lated from the yield obt~ined at the 0.0004 p.p.m. level of supply. 

From this Table it is evid·..;nt th2.t considerabh. incre ~scs in the 

dry wei1h t yield were obtainlCd, with Aspvr,;illus and Penicillium, 

in :1ll treJ.trtlents exc ept vrith the r.~an:,G.ncse: copper effect. The 

iron:m'ln~nneGe and copper :zinc balances v;a re oelcctcd for further 

investiP;ation because, in the former, iron and rnJ.nc;nnese ho.ve been 

shown to interact in the .grm. th of flowerin,s plants (Somers and Shive 

1942) and in the latter, bvcause Vlhilst copper vns Lighly toxic t o 

yield in Asper;!llus when supplied at high levels (26. 2144 p.p . m.) 

in Experiment 3 (Table 6), no toxicity \:as evident in this Experi­

ment (Table 11) when copper and zinc \Wre supplied at high lev3ls 

(26.2144 p .p .m.) toeether, with a copper : zinc ratio of l.O . 

The rcGults obtained with the iron:man3anese or the copper:zinc 

balances are considered in detail. 

(i) The effec t of varyin:.; the level of supply of iron and 

m<:tngEmese in the culture solution with a constant iron: 

man~3ne;e ratio of 1.0. 

In cultures of Asper~illus and Penicillium, when the iron: 

manganese balance w~s maintained at unity, the absolute supply of 

iron and manganese could be increased with advantage (Tables 12 and 

13), resulti ng in a 40<" and 415~· increase in the yield respectively. 

From Table 12 it can be s een that in Aspergillus there were con­

siderabl e variations in the yields at low l evels of supply 

(0.0004- 0.1024 p . p.m.), but when the level of supply was '1bove 

0.1024 p.p.m. there was a marked tendency f or the yield to i ncrea se 

pro~ressively with increased iron and manganese supply. Although 

varia tions i n the y i eld were .::1lso evident in cultures of Penicillium 

there is evid ence (Table 13) tha t r a isi ng the j_ron and mangam:se 
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Table 12 . The dry weight yield in ,3r:u.-:s or·"L...1in·:•1 

with Aspergillus nigar, for six diff0r-,:.nt 

combinations of i r on, rnangJne~ e 9 copr- r 

and zinc, and nine diff~rent tr :-:"'tment: • 

Concentration Dry ;r.rei ;;ht Yield in Gr9.D1s 
of each metal 
in pair in Iron I ron Iron Manganese ?lan.J:anc::; J Copp-.. r 

p.p . m. Man~ancse Copper Zinc Copper Zinc Zinc 
;;atio 1.0 Ratio 1.0 Ratio 1.0 Ratio 1.0 :hat:Lo 1.0 natio 1.0 

0.0004 0 . 58606 0 . 43878 0 . 40010 0.59281 0. · .. 9913 0.55089 

o. )016 0 . 49864 0 . 31423 0.24825 0.43666 0 . 33129 0.27512 

0.0064 0.45992 0 . 33991 0 .33348 0 . 67487 i, .24678 0 . 31620 

0 . 0256 o . 49726 0.32616 0 . 39639 0 . 65994 c. ,3411o 0 . 66392 

0.1024 0.51363 0.29987 0 . 27128 0 . 57001 i) , All85 0.68413 

0 . 4096 0 . 62761 0.53070 0.69309 0 . 70604 j7)47 0 . 67818 

l. 6384 0.69865 0.69560 0.73810 O.!t8610 0 . 47673 0 . 94929 

6 . 5536 0 . 65273 0 . 54355 0 . 91812 0 . 68737 ..:. . 07?']0 0 . 99633 

26. 2144 0 .8186 7 0 . 75232 0 .83145 0 . 21974 ~1.91589 0 . 91766 
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Table 13. The dry weight yield in grams, obtained 

with Penicillium notat um , for si x 

different combinations of iron, 

manganese , copper and zinc, and 

nine different treatments . 

Conc .:ntration Dry 1F/eight Yield in Grams 

of ~ .ch metal Iron Iron Iron Manganese Manganes e Copper in pc.ir in Ma..YJ.ganese Copper Zinc Copper Zinc Zinc p.p .m. 
=-: !.tio 1.0 Ratio 1.0 Ratio 1.0 Ratio 1.0 Ratio 1.0 Ratio 1.0 

0.0004 0 . 12795 0.29096 0 . 26007 0 . 39470 0 . 28224 0 . 20361 

0 . 0('16 0.19701 0.15023 0.16296 0.43484 0.22310 0 . 33538 

o. 006t1, 0 . 23691 0 . 24076 0 .18325 0 . 42301 0.25047 0 . 32292 

r.\ . 0256 0 . 18560 0 . 33790 0 . 29720 0 . 25382 0 . 24629 0 . 33938 

0 . 1024 0 . 23024 0.21696 0.24368 0 . 38691 0 . 41921 0 . 41227 

0 . 4096 0.29289 0 . 33416 0.19532 0 . 32765 0 . 32991 0 . 28581 

l. 638t. 0 . 36092 0 . 33365 0 . 38149 0 . 28168 0.25763 0.30814 

6 . 5536 0 .2 -t806 0.32489 o. :,3811 0 . 32555 0.39936 0 . 37995 

26 . 21:t4 0 .65919 0 . 65159 0 . 71076 0 . 27496 0.26622 0 . 16722 
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supply from low levels (0.0004 p.p.m.) resulted in proerJssiv~ly 

incre~sed yi£lds. Although with th ~ ~vid ~ncc availablv no con-

crete c0nclusions can be drawn , it is noteworthy that the yivld 

obtained with Aspergillus and Penicillium ~t high levels (26 . 2l·H 

p . p.m.) , were 25·· and 166< rospectivcly, higlh.;r than tha yield 

obtained when thE: l <Nel of supply was 6 . 5536 p.p . m. These markt!d 

incrc :..ses in the yield are considcrA.bly largor than increLses be-

twl.!vn an~r ot!ler two consecutive yields in tht::: svries . This is 

also evident in the iron:copper and manJ:anese:zinc investig:ltions . 

Cultures of Aspergillus and Penicillium receiving 26 . 2144 p~rts 

per million of iron and man ';,:lnc~e showed no toxic symptoms , al­

though with incre: sed iron and manganvse supply th ... surface of 

the felt became pron;ressively more wrinkled in both Asp0rgillus 

and Penicillium (Plates 9 and 10) . In cultur~s of Aspergillus 

(Plate 9) raising the supply of iron and manganese to 26.21-;4 p . p. m. 

resulted in incrc~s0d sporulation, but in Penicillium (Plat~ 10) 

sporul~tion in all cultures was very low and va~Jin~ the l~vel of 

supply of iron and m~gan~se had little effect. 

(ii) The effect of v:1ryin~ th~ level of supply of copper 

and zinc in the culture solution, with a constant copper: 

zinc r a tio of 1.0. 

There is evidence in Tables 12 and 13 that incrEases in the 

supply of copper and zinc in the culture m~dium of Aspergillus 

and Pen1_c,.illium may b .; beneficial. In Aspergillus ( Tabll; 12) 

pro?;ressively incre:::~sed yielCls were obtain..Jd '.vhen the level of 

copper and zinc was increased . 1.fi th the evidence e.vai lable , how­

ever, the high yi~ld obtained at low lev~lG of supply (0 . 0004 p . p.m.) , 

and the sli3htly diminish2d yi !ld at hie;h levels (26 . 2144 p. p . m. ) 

cannot be conclusively interpreted . The former is probably due to 

contamination whilst the latter may or may not represent a toxic 

40/:...ymptom ••• 



26.21-i-4 p . p.m. 1.6384 p . p.m. 0.0004 p . p.m. 

PLATE 9. The effect of Aspergillus niGer of varying 
the levels of supply of iron and manganese 
with a constant iron:m~ganese ratio of 1.0. 

26.2144 p . p. m. 0 .1024 p.p.m. 0.0004 p.p.m. 

PLATE 10. The effect on Penicillium notatum of 
varying the levels of supply of i ron 
and manganese with a constant iron: 
manganese ratio of 1 . 0 . 
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symptom. Cultures of Penicillium (Table 13) show~d a t endency for 

the dry ·,'Jei,g;ht yield to increase r1i th incr.;ased copper and zinc 

suppl:.-, up to 0 . 1024 p.p .m., . bovo which th ..;r e w. s sm'l. : i ndication 

that the yields were depr-::ss<~d. 

Cultures of Aspe~~illus and P0nici llium (Plates l l and 12) re­

ceiving low level s of copper and zinc supply (0.0004 p. p.m.) sho~1cd 

little wrinkling of the f elt . ·."!i th incre: .. sed supply the fel t 

became pro ;ressively more wrirucled. Incr~asin~ the supply of 

copper and zinc was beneficial to sporulation in Aspergillus 

(Plate ll) although there i 8 some indi cation that sporulation may 

have be~n slightly suppressed at hi0h l0vels ( 26 . 21~4 p . p .m.) of 

copper and zinc supply . Spor ulation was low in all cultures of 

Penicill ium, and there was no evidence of a r esponne to varying 

supplies of copper and zinc . 

Discussion. T.h0 experimen t was desi~ned to invcs tiJate the effec t 

of varying the level of supply of different p':lirs of heavy m..:tals, 

when the ratio between the me tals was maintaintJd at unity . Using 

f0ur heavy metals , i ron , manganese, copper and zinc, ther e wer e six 

possible pairs , and of these t wo, the iron:manganese and the copp~r: 

zinc pairs were selected for further invcctigation. (Se t: pngc 36) . 

The discussion of the r esults i s confined to these s tates of supply, 

and the r esults obtained were summarised in Table 14 . 

(i) Varying the l evel of supply of i r on and manganese 

when the r a t io of iron to manganese is 1.0. 

Aso (1902 ) demonstra t ed that the precence of iron brings about 

a reduction in the absorption of mnnganes~ in peas , radish, wheat 

and barley . Subs equ~nt worl:~rs (Pugliese 1913 , Beck 1916, Scharrer 

and Schropp 1934 and Somers and Shive 1942 ) have shown that maximum 

growth occurs when iron and manganese are present in a certain ratio . 

Considering iron and manganese in Experiment 3, by virtue of 
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26.2144 p.p.m. 0.4096 p . p.m. 0 . 0004 p. p .m. 

PLATE 11. The effect on Aspergillus niger of varying 
the levels of supply of copper and . zinc 
with a constant copper: zinc ratio of 1 . 0. 

26.2144 p.p.m. 0 . 1024 p . p .m. 0.0)04 p.p.m. 

PJ..tATE 12. The effect on Penicillium notatum of varying 
the levels of supply of copper and zinc 
with a constant copper:zinc ratio of 1 . 0 . 



TfffiLE 1 ·~ • Summery of the results obt~ined with Aspergillus niger and Penicillium notatum in Experiment 4. 

(J1 

;3 
rl 
rl 
·ri 

Ratio Fe:r'n, 
Cu: Zn == l. 0 
Level Varied 

Iron : 
:~wg-ncse 

Dry Weight Yield 

Pro; res3ive increas~ in 
t h v yield with increased 
Fe -::md :,In supply . 

.• SPBCT 

Form of Felt 

Felt becomes progres­
sively wri nkled with 
increased Fe ~nd 1b 
supply . 

OF !U~:...UL'l'S CONSIDERED 

Degree of Sporul·~ tion Changes in pH 

Progressive increase pH values consistently 
in sporulation with in- low ( 1. 95 - 2. 20) . No 
cre.:tsed Fe and l'fm trends evident . 
supply. 

~ -----------------------------------------------------------------------------------------------------------
~ Pro.:rcscive increase in Felt becomes pro_:r es- Progressive increase pH values consi stently 

..,~ Copp~.-r the ;:; icld \-.·ith incr..:<:·ud sively wrinkled with in ::.porulo.tion with in- low (1.91 - 2.57). No 

@ 
·rl 

Zinc Cu :6n U::' to 6.5536 . increo.sed Cu cmd Zn crens edCu and zn supply.trends evident. 

Iron : 
~,;an:,nnese 

Hi ·;h lev do possibly ~upply. Hi Jh levels po:..; sibly 
toxic • toxic . 

Progressive increase in 
the yjeld ·;:i th increc.sed 
Fe ~d 7.ill supply. 

Felt becomes progres­
sively wrinkled wi th 
incrt::J.sed Fe and En 

Felts almost sterile. 
No trends evident. 

pH values consistently 
low (2 . 36- 3.2-t). no 
tr0nds evident . 

---- ---------------

Toxicity 

No symptoms of 
toxicity . 

HiGh levels of Cu and 
Zn (26.2144 p . p. r:.) 1ae.~r 
be slightly toxic t o 
yield, and sporule. t :.i. .,n. 

!Jo symptoms of t nici t'J. 

.supply . 
~ -----------------------------------------------------------------------------------------------------------------------------------
·r-1 
C) 

·ri 
s:: 
(i) 

P-1 

Copper 
Zinc 

Progressive increase in 
the yi eld with increased 
Cu Zn to 0 . 1024 p.p.m. 
Subsequent increases di­
minished yield. 

Felt becomes procr es­
sively wrinkled with 
increased Cu and Zn 
supply. 

Felts almost sterile . 
rro t:.. . .mds evident . 

pH values consistently 
low (2.31 - 2 . 90). No 
trends evident . 

Cu and Zn levels ab-::> ve 
0 . 1024 p.p.m. to~ic to 
yield. 

---------------------------------------------------------------------------------------------------------------------------- -----------
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the fact that when the iron l evel was varied the manganese level was 

kept constant at 4.0 p . p.m., ~nd vic 3 versa, the yields obtained re­

present yields obtained over a wide r anze of differ ent iron: 

manganese balancos . In f ac t when the iron l vvel was varied the 

r ange in rati o of iron to mo.nganes e w.1s 0 . 0001 to 6.5529 , and when 

the manganese was va ried end the iron kept constant at 4 . 0 p . p . m. , 

the range in r atio was 10,000 to 0.1526 . It may therefore be 

cignificant that i ron toxicity w~s not evi dent , but the r esults 

obtained with ma~anese cannot be similarly explained . In the pre-

sent experiment, the yields obtained with Aspergillus niger were 

marked l y higher than the yields obt o.ined for eit her the iron or 

manganese investj_gation in Experiment 3, (Tables 12 and 6 r espec­

t ively), indic~ting that at all levels of supply an iron:manganese 

ratio of 1 . 0 is beneficial for growth. Also of importance is that 

the manganese toxicity evident in nspergillus and Penicillium in 

Experiment 3 (Tables 6 and 7 respectively), is not evident when 

high levels of m~nganese are accompanied by high l evels of iron. 

(ii) Varying the l evel of supply of copper and zinc when 

the r : t io of copper to zinc is 1 . 0. 

Considerably less work has been done on the interactions of 

copper and zinc th~ on iron and mnnganese i nter action, and the work 

has dealt with interaction of copper with elements other ·Ulan z inc. 

Greenwood and Hallsworth (1960 ) described a study of complex inter­

actions shown by subterr anean clover to variation in the supply of 

copper, molybdenum, calcium, phosphorous and nitrogen, and Brown 

and Holmes (1955 ) have r eported a relationship be~1een iron and 

copper but different plants were found to exhibit different be­

haviour in this respect. 

In the same manner as with iron and manganese in Experiment 3 

( Tables 6 and 7), the yields obtained were representative of a wide 
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range of ratios, whereas all the yields obtained in the present 

experiment (Tables 12 and 13) w0re obt~ined when the copper: zinc 

ratio was 1.0. In cultures uf Aspergillus 1 copper: :.,inc ratio of 

1 . 0 appe~rcd to be beneficial to growth sine~ the yields obtained 

were considerably hig:her than those obtain'"d when u wide range of 

ratios wac used. The marked copper toxicity in cultures of 

Aspergillus and Penicillitun when copper c.lone was supplied at 

26,2144 p. p.m. is not evident in Aspergillus and is considerably 

reduced in Penicillium, when high levels of copper are accompanied 

by high levelG of zinc. 

Conclusion. 

There is evidence that increasing the levels of supply of 

different pairs of heavy metals, in particub.r iron and manganese 

and copper and zinc, results in incre~scd dry weight yield, and in 

cultures of_A~P.ergillus incrensed sporulation. Also evident is a 

mnr}:ed reduction in symptoms of toxicity, when high levels of copper 

are r. .compnnied by high level..; of zinc. The~e results suggest that 

the iron manganese and copper:zinc ratios in the culture medium may 

be of some importance in determining the growth Jnd development of 

cultures of_ .··.§_pergillu?_niger and Penicillium nota tum. 

Before carrying out a detailed investigation it was decided 

to determine whether, using the technique applied in Experiments 

3 and 4, the results obtained could be repeated. 

EXPERU.IiENT 5 • 

The main object of this experiment WdS to determine whether, 

using the technique applied in Experiments 3 and 4, the results 

obtained with varying levels of supply of iron and manganese on 

cultures of Asper0illus niger and Penicillium notatum could be re­

peated; (Pl2n of experiment in Table 15). As a subsidiary object 
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the experiment was designed to observe the effbct of supplying 

iron without a chel~tine; ::1gent . Thus in the exy~rDnent three 

sets rf results were obt~inad: 

(1) As_eergillu£ - iron supplied with an equival..:nt of E.D. T.A. 

( 2) Penicillium - iron supplied with on equivalent of E.D.'r. A. 

(3) AsEer";illus - no chelate supplied• 

In the investigations where a chelate w:::...s used , thre e replica-

tions of eJch tr~~tment were prepared . 

Table 15 . Plan of Expcrim~nt 5. 

Iron Level Manganese Fe:Mn Hatio 1.0 
Varied. Level Varied Levels Varied 

0.0004 0 . 0004 0 .0004 

. 
0 . 0016 0 . 0016 0 . 0016 El . 

Cl, . 
0.0064 0 . 0064 0 . 0064 Cl, 

s::: 
·rl 0.0256 0.0256 0.0256 
>.. 
rl 
Cl, 

0 .1024 0.1024 0.1024 Cl, 
;:l 
(/} 

'i-1 
0 

0 .4096 0.4096 0.4096 
(/J 

1.6384 1.6384 1.6384 rl 
QJ 

> 
QJ 

H 6.5536 6.5536 6 .5536 

26 . 2144 26 .2144 26.2l...j...J. 

Results. The results 1.re eiven as follows:-

(i) Iron supply prep1.red with a chelating agent: 

Asp~rgillus - dry weight yield Table 16, pH v~luas 

Table 5 of the appendix . 

Penciillium- dry wei~ht yield Table 17 7 pH v~lucs 

Tnble 6 of the appendix. 

(ii) Iron supply NOT prepared with n chelating agent: 

Asper15illus - dry v1ei.ght yield Table 18, pH values 

Table 7 of the appendix. 
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TABLE 16. The dry weight yield, in grams, obtained with Aspergillus niger tor ten treatments of iron, 

manganese and iron:manganese ratio. 

Metal or Level of Supply in p.p.m. 
Metals 
Varied, 0 0.0004 0.0016 0.0064 0.0256 0.1024 0.4096 1.6384 6.5536 26.2144 

0.18489 o. 33670 0.27412 0.34222 0.51381 0.80744 0.85880 0.55467 1.00578 

!ron 0.14026 0.17865 0.15037 0.31118 o. 39271 o. 48242 0 , 37740 0.62651 0.75325 0.79710 

0.21958 0.23220 0.20303 0.44411 0. 49466 0.54942 0.62101 0.65642 0.90322 

0.15155 0.18117 0,16948 0.17646 0.19965 0.21739 0.20484 0.16802 0.27114 

Manganese 0.18038 0.10472 0.19555 0.16131 ~ . 21879 0.23451 0.16773 0 . 29813 0.15522 0.17569 

0.33930 0. 13721 0.14306 0.13612 0.14086 0.16340 0.19343 0.20326 0.28886 

Iron: 0.10867 0.26904 0.20295 0.33563 0.64129 0.58130 0.75053 0.37521 0.87611 

Manganese 0.14493 0.17058 0.20004 0.19631 0.38848 0 .61910 0.38933 o. 74314 0.74255 0.86535 

Ratio = 1 0 .18128 0.19580 o. 26641 o, +2951 0.59777 0.57612 0.51560 0.64437 0 .95104 

TABLE 17. The dry weight yield, in grams, obtained with Penicillium notatum for ten treatments of iron, 

manganese and iron:manganese ratio. 

Metals or Level o'f Supply in p.p.m. 
Metals 
Varied. 0 0.0004 0.0016 0.0064 0.0256 0.1024 0 . 4096 1.6384 6.5536 26.2144 

0.28316 0.27981 0.31257 0.33375 0.52520 0.65264 0.65038 0.70529 0.75874 

Iron 0. 24235 0.26582 0.28366 0.25571 0.36083 0.55633 0.63660 0.64949 0.82634 0 .79885 

0.28608 0.28663 o. 36413 0.33254 0.60673 0.60486 0.63892 0 . 68936 o. 76774 

0.38783 0.28733 0.37157 0.29035 0.36032 0.40881 0.61238 0 .60091 o . 73446 

Manganese 0.20956 0.34572 0.26511 0.28206 0.32044 o. 36470 0,42820 0.53618 0 .67035 o. 59922 

0.24110 0.26463 0.36017 0.30027 0.31241 0.44410 0.62733 0 .65196 0.65701 

Iron: o. 32l44 0.31111 0.35930 0.31625 0.32019 0.35772 0.3l'TP' 0.32894 0.~8716 

Manganese o. 24877 0,32336 0.33800 0.30986 0.27463 0.29032 0.35615 0.33738 o. 32432 0.36962 

Ratio = 1 0.25715 0.35018 0.37494 0 . 31391 0.63948 0 . 29663 0.23077 0.31183 0.38534 



TABLE 18. The dry weight yield, i n grams , obtained 

with Aspergillus niger for ten treatments 

of iron, manganese and iron:manganese ratio. 

Level of Metal or tletal s Varied 

Supply Iron:Mwganese in p. p.m. Iron Manganese Ratio= 1. 0 

0 0 . 20128 0 . 32094 0.21017 

0.0004 0.20000 0.24197 0.27843 

0 . 0')16 0 . 19259 0 . 29080 0.29000 

0.0064 0.27682 0 . 22321 0 .29672 

0 . 0256 0 . 29634 0 . 22577 0.39360 

0 .1')24 0.35965 0 . 29849 0 . 58306 

0. 4096 0 . 38838 0.28041 0.43512 

1. 6384 0.59973 0 . 21590 0 . 63236 

6.5536 0 .63300 0.28581 0.62664 

26 . 2144 0.38430 0.18196 0.60542 
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1 . The effect of varyinc the level of iron supply on the 

3rowth, sporulrtion and vield of Aspergillus niger and 

Penicillium not~tum. 

In cultures of Aspergillus and Penicillium the level of iron 

supply could be r aised to 26 . 214 ~ p. p . m. \lith adve.nt"t.3'e (Tables 16 

and 17 respectively). The diminished dry .;Li,:::ht yi~ld obt::.ined 'lt 

high level::: of iron supply (26 . 21-~4 p . p.'il. ) with iispergillus , when 

the iron was supplied without "l. chela tin3 :._;ent ( 1'J.ble 18) is not 

conclusive since there :1ere no r eplications . There was a marked 

projrcssive increase in the wrinkling of tha surface of the felt in 

Aspergillus and Repicil.lium when the level of iron supply was i n-

creased. Cultures of il.sper.1illus showed progressively increased 

sportulation wit h increased iron supply up to 26.2144 p . p .m. irres­

pective of the presence of a chel ating agent , but all cultures of 

Penici llium showed a l ow level of sporulation and no trends wure evident . 

2. The effect of varJing the level of manganese supply on 

the grov:th sporulation and yield of Aspergillus niger 

and Penicillium notatum. 

The dry wBight yi~lds obtained from cultures of Aspergillus and 

Penicil l ium were not m:1.rkeclly affected by thv l evel of manganese s upply, 

(Tcbles 16, 17 and 18 ). However a progressive incrcaRe in the 

wrinkling of the felt \las evident in both AsperGillus and Penicill ium 

when the l evel ofm<mganese supply VI.':IS i ncrt. 'lsed . Sporul3.tion in 

AsperP,i llus was slightly increased by incre~sed mangenose supply, but 

in Penicillium, sporulation was very l ow in all trectment s and no 

variation in the degree of sporulation could be ;:ttributed to the 

level of m~nganese supply . 
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3. The effect of vnrying the level of Jupply of iron and 

manganese with an iron:mangnnese ratio of 1.0. 

~ncrenses in the supply of iron and manganese sur})lies up to 

26 . 214~ p. p .m. , were beneficial to cultures of Aspergillus (Tables 

16 and 18) and Penicillium (Tabl e 17) as evidenced by the increase 

in the dry weight yield . In Aspergillus and Penicillium (Tables 

16 1 17 and 18) although the yields obt~1ined v1hen iron :1.nd man.;anese 

were varied together were higher than those obtained when manganese 

alone was varied 9 there is no evidence the.t they ar<.. mrkedly different 

from those obtained when iron .:.lone w:.s varied . 

There W3S some indication that in Asp~reillus and Pcnicilliuut 

increasing the supply of iron ~d manganese toeether resulted in pro-

gressive incre·,ses in the wrinkling of the felt . In cultures of 

Asper.c;illus there w3.s a tendency for sporulation to increase \lith 

increased iron and meng~nese supply. This was not evident in 

Penicillium where sporulation W'J.S very low ir1 all treatmt::::nts. 

Discussion. ---- --- The results will be discussed 9 with r efer ence to the 

results obtain<-d in Experiments 3 P~d 4, under the f ollowing three 

main he.:-:.dincs: 

(l) The relation between tl1e iron 3nd m~ngcnese supplies 

and the dry wei3ht yield . 

(2) The relation be~ifeen visual symptoms 3nd the iron and 

mnnganese supplies . 

(3) The rclqtion be~1een the supply of iron and manganese 

and ccid production a3 shown by pH studies . 

(l) ' The r elation bet~een the iron and m~nganese supplies 

~nd the dry weight yield. 

Increases in the iron supply up to 26.214~ p.p.m. irrespective 

of whether a chelate was supplied , are considered to be beneficial 
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to cultures of ~sperr,illus ~nd Penicillium since a t high levels 

(26.214+ p . p.m.) there is no evidence of diminished yiL.lds . High 

level: of man:,~mese 9 however, resulted in diminished yields in 

~~sper";illus and Penicillium, in :Expt.rimcnt 3 but this is not con­

firmed in Experiment 4, A.l though there .•ns a c:)ner:~l low response 

to changes in the level of mllng.:mese supply . ThcrG is little doubt 

that high levels of m.:mgqnese supply are beneficial when ::tccomp_;.nied 

by high levels of iron, since in Experiment 4 this resulted in the 

disappearance of the symptoms of manganese toxicity, and in Experi­

ments 4 and 5 it resulted in a genercl increase in dry weight yield 

in response to changes in the absolute level of iron and manganese. 

This would su.<S--;est thA.t in cultures of Aspergillus and Penicillium 

whilst high l evels of iron nr e easily tol erated, and may be advanta­

geous, hi.zh levelo of manganese are only beneficial when accompanied 

by high levels of iron. Thus for ab~olute level s of suppl y up to 

26.2144 p.p.m. th~ iron:ma~~anese ratio must be 1 . 0 or more in order 

to obt~in rrk~ximum dry weight yields. 

(2) T.he rel: ..... tion between visual symptoms and the iron 

and m~nganese supplies. 

Increases in the supply of iron, m::tnganeso ::tnd iron and mang~nese 

together result in procressive incre~ses in the wrinkling of the felt. 

There is little doubt thqt the degree of wrinkling is determined by 

the level of iron and manganese supplies, since at high levels of 

either iron and m~ngnnese , or both, the felt is wrinkled irrespective 

of the yield. Owing to a general low level of sporulation in 

P~nicillium different degrees of sporulation could not be attri-

buted to variati ons in the level of supply of iron and manganese . 

In Aspergillus however, there is evidence that sporulation je in­

creased by increases in the supply of iron, m~ganese and iron 

and mc.nganese togethvr, although there wns some indication tha t 

..;. 7 ;high ••• 
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high levels of manganese not accompanied by high levels of iron de­

pressed s porula tion. This latter f ac t appears to be the sole 

symptom showing that at high levels of supply a Fe :bm r~tio of 1 . 0 

is beneficial, whilst a ratio below 1 . 0 is toxic to sporulation. 

(3) The relation between the supply of iron and manganese, 

and acid production as shovm by pH chan3es , 

In general the pH values recorded ~fter harvestinc the felt were 

very low, so that trends in acid production were difficult to dis­

cern, and this was made increasingly difficult by the variations 

obtained ur.der the same treatment. There was evidence of one trend: 

In Experiment 5, wi th Penicillium (Table 6), where at high levels of 

iron supply the pH values were lower than at low levels of iron 

supply, indicatin~ that high levels of iron stimulated acid produc-

tion. However, with the evidence available no conclusions can be 

drawn with respect to the effect of varying the level of supply, or 

the ratio of iron to maneanese , on acid production in cultures of 

A~per ... ~illus and Penicillium. 

General Conclusions fro~~he ~reliminary Investigation. 

'Ihere was no doubt that the method used would be useful in 

water culture work on the effects of varying heavy metal balances 

on the growth and development of Asper~illus niger and Penicillium 

no tatum. 

Further experiments were designed to investigate a wide range 

of iron:manganese and copper:zinc ratios in the culture medium. 
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CHAPTER IV. 

Included in this chapter, are four experiments dealine with the 

effect of varying the iron:manganese ratio in the culture medium on 

the growth and development of cultures of Aspergillus niger .::md 

Penicillium species. 

Experiments 6 and 7 were essenti~lly prelimin~ry in nature, 

since they were designed prim~rily to investigate a wide ranse of 

iron: manganese ratios . These experiments were orthogonal with res-

pect to iron and m'lnganese treatm0nt, and thus the effect of varying 

levels of supply of iron ~nd m~n~ane~e could be investigated by per­

forming an ~nalysis of varianc e . The effect of varying the iron: 

manganese r~tio in the medium, was not analysed statistic~lly . 

In Experiments 8 and 9, the effect of varying the iron:m~nJanese 

balance, on the dry weight yield of cultures of 1'tspergillus niger 

and Penicillium species was investigated statistically, by regression 

analysis. In Experiment 9, which was desicned so that it was ortho-

gonal with respect t o level of i ron supply and iron: mangL.nese bf!la.nce, 

the effect of v~:.ryin~ the iron:mangt-nese balance W'J.C also inve::tigated 

by analysis of varj_ance. 

EXPERH·"ENT 6 • A prelimin~ry investigation of the effect of 

varying the iron:man~anese ratio over ~. v.ide 

range on the Growth and development of cultures 

of Aspergillus niP,er. 

This experiment was designed primnrily to investigate the effect 

of varying the iron:mancanese bal~nce in the culture solution on tbP. 

grwoth and development of .'.spergillus nir1er . 

divided into two p~rts: 

The experiment wac 

(l) .fhere the maximum iron and mnnganese supplies were 

1 . 9683 p.p .m., and 

(2) "!here the maximum iron and IrrtnganGce supplies were 

51.2 p . p ,m. 
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Part l. 

This was designed in the form of a grid (TRble 18), so that a 

wide r~~ge of ratios of iron:mang<nese could be investi~ated. It 

was only po::::sible to h1.ve one cultur.: of e3.ch treatment, since more 

th&n one would h~ve resultLd in an un~an1seable number of cultures. 

The different rntios were obtained by using 1 ml. samples of different 

concentrJ.tions of iron and m_:ngr..nc:se . The iron and mancanese solu-

tions were prop::~.red by consecutive 1:2 dilution (1 volume solution 

in 2 volumes of purifivd water) of a concentrated solution, which w:ts 

prepared so that a 1 ml. sample in 50 ml. g.:l.Ve ~ concentration of 

l. 9683 p. p .m. 

Iron: 

M::mganes e: 

The concentrated solutions were prepared as follows: 

0 . 48937 gms . Feso
4

. 7H
2

0 dissolved in purifi ed 

water in a 1 litre volumetric flask. 1 ml . 

of this solution in 50 ml . gives ·m iron 

concentration of 1 . 9683 p . p.m. 

0.39955 gms. ~~nso4 . 4H20 dissolved in purified 

water in a l litre volumetric flask. l ml. 

of the solution in 50 ml. ,:;ives & m:>.nganese 

concentration of 1.9683 p.p.m. 

Results . The dry weicht yields jre given in TJ.blL 19, 'nd the result 

of the st~tistical analysis (analysis of variance) is siven in Table 20 . 

The results will be considered under the following three main headin3s : 

(a) The overall eff ~ct of increasinc the iron supply, 

irrespective of the l evel of man: nnJse in thv ~~dium. 

(b) The ovc.::r~ll eff~;;ct of increo.sing the mangr~nese supply , 

irrespective of the level of iron in the medium. 

(c) The r elation between the growth £.nd development and the 

iron:manganese r .J.tio in the mediul'l.. 
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T,_BL:C 18. The p19.n of Experi!lK.nt 6, showing the levels of sup~Jly 

of iron ~md mangn.nese, - .nd the resulting ironaov..1ng3.nese 

r~-:. tios. 

r~ ~ngt1.ne.:Je Iron Supply in p.p.m. 
Supply in ·----· · · ·~----

p.p.r.:. 0 .0001 0.()003 0.0009 0.0027 0.0081 0 .02 43 0.0729 0.2187 0 .6561 l. 9683 

0 . 0001 l 3 9 27 81 243 729 2187 6561 19683 

0.0003 0 .333 1 3 9 27 81 243 729 2187 6561 

0. 0009 0 .111 0.333 1 ':;( 
_; 9 27 81 243 729 2187 

0.0027 0. 37-~1 0.111 0 .333 1 3 9 27 81 243 729 

0.0081 0.01234 0.3741 0.111 0.333 1 3 9 27 81 243 

0. 0243 0.004-115 0.0123..;. 0 . 3741 0.111 0 . 333 1 3 9 27 81 

0.0729 0 . 001371 0.004115 0.01234 0-3741 0.111 0.333 1 3 9 27 

0.'2187 O.CJ0457 0.001371 0.004115 0.01234 0.37.f.1 0 .111 0 .333 1 3 9 

0.6561 0.000152 0.000457 0.001371 0.004115 0.0123..;. 0 . 3741 0.111 0.333 1 3 

1 . 9683 0.000051 0.000152 0.000457 0.001371 0.0.)4115 0.01234 0. 3741 0.111 0 .333 1 

-··· ··- - --·-
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TABLE 20 . Results of annlysis of vari~nce performed on the 

dry weight yields obtained in Exper iment 6, Part l. 

Factor OF s.s. M.S. Ratio Significo.nce 

Iron 9 5. 12628 . 56959 34.15 Significant at 

l.'llanganese 9 0 . 63770 . 07085 4.24 Significant .J.t 

Error 81 l. 35091 . 01667 

Le'lct si-~nificant diffE:rence for the mean 

of ench tredtment of iron or mnn$nnese a t 

the 0 .05 prot~bility level = + 0 . 10286 grams . 

(a) The overall effect of increasinG the iron supply , 

irrespective of the level of mang<-nese in the 

medium. 

0 . 1% 

0 .1% 

From the mean of the tot'll for each iron treatment ('rable 19) 

it is clearly evident thnt when the level of iron supply was varied 

wi thin the ran3es 0.0001- 0.0084 p . p.m • .:1nd 0 . 0729- 1 . 9683 p.p.m. 

there W'lS no significant trend in the yield . However the yields ob-

tained when the l evel of iron supply W'lo betv .. .::en 0.0001 and 0 .0084 

p . p . m. were signific"'.ntly different from those obtcin0d when the level 

of iron supply lo.y within the r:1r18e 0 . 0729 - l. 9683 p. p.m. V::.ria-

tions in the concentr . tion of iron in the culture medium betvveen 

these two r :m1es, i.e . v·1riations in the r~nge 0.0081 - 0. 0729 p . p.m. 1 

resulted in verJ m<..rked yield trends . Incre•o&s in the level of 

iron supply resulted in m~ rked incr~':H:;es in the dry weight yiel d . 

This trend is th ;ref ore responsible for the hi6hly siBnificant 

iron effect, obt~ined when ~n analysis of variance w'ls performed 

on t~e dry wei~ht yi eld dat~ (Table 20). Thus the effect on the 

yield of va r:ring iron supply, irrespective of the l ev el of manganese 

in the medium, may be summ.:1rised as follows: Incre.:1ses in the 

level of iron supply up to 0 . 0081 p. p . m. ha d little effect, but 
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subsequent increases up to 0.0729 p.p . m. resulted in very marked 

increases in the yield. Further raising of the concentration of 

iron in the medium, up to 1.9683 p.p.m. , although resulting in small 

increases in the yield, was not si3nificant . 

There is some evidence that increasinc the level of iron supply 

resulted in a marked procressive increase in the wrinkling of the felt, 

(Plates 13, 14, 15 ~nu 16) . Thus at low levels of iron supply 

(Plates 13 and 15) there was little evidence of wrinkling, but at 

high levels of iron supply (Plstes 14 and 16) the felts were very 

heavily wrinkled. The level of iron supply did not appear to play 

a significant role in the determination of sporul.J.tion. 

(b) The overall effect of increasing the manganese 

supply, irrespective of the l evel of iron in the 

medium. 

The results of analysis of variance (Table 20) showed the manganese 

effect to be less significant than the iron effect in determining the 

dry weight yield trends . From the mean for each mangPnese treatment 

(Table 19), it is clear that a significJnt increase in the yield was 

on~ obtai ned when the level of manganese supply was varied between 

0 . 0001 and 0.0027 p.p.m. Even within this range, the differences 

between the yields obtained at two consecutive manganese levels, with 

the exception of the difference between the yield obtained at the 

0.0009 and 0 . 0027 p.p.m. levels of supply, were not significantly 

different. Thus raising the level of manganese supply to 0 . 0027 

p.p.m. resulted in progressively incre~sed yield, but above this 

level, increasing the level of manganese had little effect . 

There was no evidence that the level of manganese in the cul­

ture medium was important i n determining the degree of wrinkling 

or sporulation of the felts , (Plates 13, 14, 15 and 16) . 
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Fe . 0 . 0001 · p .p.m. 
Mn. 0 . 0001 p . p.m. 
Fe/Mn 1.0 

0 . 0009 p . p . m. 
0 . 0001 p.p.m. 

9 . 0 

PLATE 13. The effect of low iron and manganese 
supplies on the growth of Aspergillus 
ni?;er. 

Fe . 
Mn. 
Fe/Mn 

1.9683 p . p. m. 
0 . 0001 p. p .m. 

19683 

0 . 6561 p . p. m. 
0 . 0001 p . p.m. 
6561 

PLATE 14. The effect of hif,h iron and low manganese 
supplies on the growth of Aspergillus niger. 



Fe . 0.0009 p.p.m. 
Mn. 1.9683 p.p.m. 
Fe/Mn 0 . 000457 

0.0003 p.p.m. 
l. 9683 p. p.m. 
0.000152 

PLATE 15. The effect of high manganese and low iron 
supplies on the growth of Aspergillus niger. 

Fe. l. 9683 p. p .m. 
Mn. l. 9683 p. p.m. 
Fe/Mn 1.0 

0.6561 p.p .m. 
1.9683 p.p.m. 

0.333 

PLATE 16. The effect of high manganese and iron 
suppl ies on the growth of Aspergillus niger. 
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(c) The relation between the growth c.nd development 

and the iron:manganese ratio in the medium. 

There in some evidence (Table 21), th:-tt increasing the iron: 

m:mganese ratio in the culture medium resulted in progressively in-

creased dry weight yields . There was no evidence that any particular 

iron:mangtmesc ratio or range of ratios was more s~tisfactory for 

maximum dry weiJht yield th<n others . 

The iron:manganese ratio was, however , of some import~nce in 

determinin~ the wrinkling of the felts . At low iron:mane.::mese 

ratios, the felt had a cottony texture and showed no evidence of 

wrinklir~ (Plate 15). Increasing the ratio to 1.0 (Plate 14) re­

sulted in the production of felts of a compact t exture, but the 

wrinkling and sporulation was determined, in part, by the c.bsolute 

level of iron and maneanese supplies. Thus at low levels of supply 

there w::..s only slight evidence of v:rinkling and sporulation (Plo.te 13), 

but at high levels of supply the felts were heavily wrinkled and 

densely covered with spores. When the iron:munganese r~tio in the 

culture medium was r aised to 6561 and 19683, (Plate 14), the felts 

were very comp.s.ct and heavily wrinkled . There w.<J.s evidence that 

sporulation was suppressed at high iron:manganese ratios (Plate 14) . 

Thus while incre~sin~ the iron:m~ganese ratio in the culture 

medium resulted in the felts becoming progressively more compuct and 

wrinkled, increasing the ratio above 1 . 0 resulted i n suppressed 

sporulation. 

Pqrt 2 . 

The design of the second part of Experiment 6 is shown in 

Table 22. Bqsic~lly this design wns the same as that used in Part 1 

except that six levels of iron and manganese supply were used 

53/ • .• 



51 
TABLE 21. The dry weight yields, in grams, obt~ined for e~ch iron:manganese r~tio in the culture medium, 

with Aspergillus niger in :C:Xperiment 6, part 1. 

o. 24107 

0.25195 0.25220 

0 .65221 o. 26710 0 .36524 

o. 30100 o. 32715 0.18010 0.19605 

o. 34575 0 .89385 0 .27520 0.20605 0.31500 

o. 30767 0.4501JO 0.35050 0.20795 0.38590 0.22420 

0.30505 0.32050 0 .19775 0.34685 0.14885 0.38045 0.36820 

o. 32145 0.21025 0. 22350 0.20180 0.34700 0.36675 0.45810 0.48450 

0.28225 0 .34565 0.27665 0.21555 0.33745 0.56235 0.42565 J .40550 0.81920 

0.34700 0. 30640 0.39745 0 .29990 0 .37885 0.60285 0.65130 0.74455 0.63285 .).67020 

0.36660 0.26925 0 . 21920 0 .29190 0.59380 0.75170 0.82390 o. 49825 0.76055 

0.35395 0.35375 0.2£~ 65 0.59869 0.83515 0.90835 0.64730 J.51823 

0 .19885 0.33785 0.57045 0.97785 0 . 83870 0.96915 0 .64665 

o. 36925 o, 5';·A:85 0.93475 0.88995 0 .82450 0.90990 

0.55235 0.85930 0.93530 0.91485 1.05255 

o. 9 ,_165 1.07855 0.91235 0.96830 

0.81145 0.91820 0.88820 

0.91735 0.91500 

0.94760 

'e/Mn ratio 0.00005 0.00015 0.00046 0.00137 0.00411 0.01~~ 3 0.0374 0. 111 0.333 1.0 9.0 27.0 81.0 243 7'29 2187 6561 19683 

'otal 0 . 34700 0.64885 0.98180 1.11880 1.63837 2.05230 3.03285 4.49246 5.03959 5.84042 5.14255 4.72594 4.30115 3.96670 2.98405 1.91860 1.63558 1.57975 0 .67020 

aan 0.34700 0.32442 0.32727 0.37260 0.32767 o.v 05 0.43327 0.56156 0.55995 0.58404 0 .57139 0.59074 0.61442 0.66112 ·J .59681 ().47975 0.54519 ').78982 ').67020 
--------------------------------------------
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(0.05- 51.2 p . p.m. ), the dilution factor was 4 (i.e. 1 volume of 

solution to 3 volumes of purified water), and three r0plications of 

each tre ...... tmen t were prepo.red . The concentrated solution of iron and 

mPnganese from which a 1 ml . sruJple in 50 ml . gave a concentration of 

51.2 p . p . m., were prepared as follows: 

Iron: 1 . 2742 gms . Feso
4

.7H20 dissolved in purified 

water in a 100 ml. volumetric fl,:-o.sk . 1 ml. 

of this solution in 50 ml. gives o.n iron con-

centration of 51;2 p ; p .m. 

Mwganese: 1.03928 gms . Mnso
4

. 4H
2

0 dissolved i n purified 

water in u 100 ml . volumetric flask. 1 ml. 

of this solution in 50 ml . gives a manganese 

concentration of 51 . 2 p.p .m. 

TABLE ~. The plcn of Experiment 6, P~rt 2, giving the lev~ls 

of suppl y of iron and m~n~Jnese ond the resulting 

iron:man~anese r~tios . 

Manganese Iron Supply in p . p .m. 
Supply in 

p . p .m. 
0 . 05 0 . 20 0 . 80 3.20 12 . 80 51 . 20 

0.05 1 4 16 64 256 1024 

0 . 20 0.25 1 4 16 64 256 

0 . 80 0.0625 0.25 1 4 16 64 

3.20 0 . 0156 0.0625 0.25 1 4 16 

12 . 80 0.0039 0.0156 0.0625 0 . 25 1 4 

51.20 0.0009 o.n039 0.0156 0 . 0625 0 . 25 1 

Results. The dry wei3ht yields ~re given in Table 23, and the re-

sults of the stati stical analysis (analysis of variance) in Ta ble 24 . 

The results will be considered under the following 
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TABLE 23. The dry . ..,ei_::h t y i eld, in gr ams , obt3.ined f r om cultures of Asper ·si l lus ni ,-;er 

in ~xperL~ent 6 7 pa r t 2 . 

Mangane se Iron Suppl y i n .t-i , 1) .. m. 1'otal f or l!Iean for 
supply in each I1n each Mn 

p . :p . m. 0.05 0 . 20 0 . 80 ) . 20 12 .80 51.20 trea1;ment treatment 

0 .45505 0 . 60996 () •. :.9590 (.. 0 :i-70'/0 o. ~8998 0 . 32~95 

0. 05 0 . 37340 0. 40505 0 . 62895 o. 521.~0 0. 6128L'r o. 499 1~6 8 .83900 1.47317 

0.31495 0 . 47464 o. 38256 0 . 5~895 0. 61721 0 . 61305 

0 . 41846 0 . 54600 0 . 33755 0 . 60< .f3 0 . 60000 0 . 4044-6 

0.20 0.33021 0 . 42330 0 . 59621 o . ,85;J6 0 . 73760 0 . -~5020 9 . J0764 l. 50127 

0 . 56141 0 . 49015 0 . 33785 0 . 54745 0 . 66590 0 . t.-7140 

0 .62195 0 . 60730 0 . 42448 o. 5 ~'760 0. 61430 o. 48770 

0 .80 0.53716 0 .71435 0 . 43882 o. 5')761 0.60975 0 . 45005 9 . 58957 l. 59J28 

0.42860 o. 31!;.00 0 •. ~1511 0. 70749 0. 59 'r85 0 . 48855 
·- - -

0 . 55250 0 . 38965 0 . 30806 0 . 5)ui35 0.50511 0 • 5270•r 

3. 20 0 . 38800 0 . 51620 0.97034 o. ) .725 0. 51290 o . . ; .. ~.012 8.98:: ;7 l. 49724 

0.50320 0 . 50955 0 . 31055 o. 5 ':.)60 0 . 68750 o. ~~5905 

0. 51245 0 . 69397 0 . 58816 o . ~; :)220 0. ') 5 . ;. ~2 5 o. ·+0910 

12.80 0 . 32445 0 . 73031 o. 71257 o. -r , .1.~o 0.65609 0 • ..;.0600 10.79182 1 . 79864 

0 . 65735 0 . 55215 0.69586 0 . (7307 0. 50935 0 •. ~6809 

0. 28920 0 . 66251 o. 36945 0.6 Al O o. 73212 0 . 53150 

51.20 0. 42096 0 . 68149 0 . 6';010 0.65125 0 . 59(~6 0. 43770 ) .93041 1.65507 

0 . 41600 0 . 38635 0 . 64775 0 . 72497 0 . 59170 o . ~-4880 

Total 8 .10530 9.75693 9 . 32027 lO. fj 5638 10 . 98591 8. 31722 

Nean for 
each Fe l. 35088 1. 62615 l. 55388 l. 77615 1 . 03098 1 . 38620 

t r eat:1ent 

Least si~ificant difference between means f or each treatment at 0.05 probabili ty level .±. 0.0092 gra.:ns . 
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three main headings: 

(a) The overall effect of incre~tsing the iron supply 

irrespective of the level of m<nganese in the medium. 

(b) The overall effect of increasing the IDEnganese supply 

irrespective of the level of iron i n the medium. 

(c) The relation between crowth a nd development and the 

iron:mnnganese balonce in the medium. 

TABLE 24 . Results of anJ.lysis of v~.ri.-.nce performed on the 

dry weight yield d~ta obtained in ExperimGnt 6, 

P:..rt 2 . 

Factor OF s.s. M.S. Ratio Significance 

Iron 5 0 . 38802 0 . 07760 5 . 63 Significo.nt - at 0 . 1% 

Manganese 5 0.15583 0.03117 2.26 Significa.n t 3.t 5% 

Iron: 
25 0.29514 0.01180 0 . 86 Not signific"'.rlt 

Man~ancse 

Replication 2 0 . 01496 o. 007-~8 0.005 Not 3ignificcnt 

Error 70 0.96549 0.01379 

Lcqst signific~nt difference between means for 

e~ch treatment at the 0 . 05 probability l evel 

= + 0.13035 grams . 

(a) The overall effect of increesing the iron 

supply , irrespective of the level of mang~ese 

in the culture medium. 

Incrcnsing the concentration of iron in the culture medium, 

from 0.05 to 3.20 p. p . m., resulted in a ~•rked increase in the dry 

weight yield , (Table 23) . This incre~se was shown, by 2nalysis of 

variance to be hi3hly significant, (Table 22) . There is evidence 

thnt increasing the level of iron from 3 . 20 to 12 . 80 p . p .m. had little 
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effect on the yield , since the means of the total yields obtained for 

each of these levels -:1ere not si:inificantly different. However, 

cul tur'"'s receiving 51.20 p . p .m. of iron t:c.ve dimj_nished yi~lds (Table 

23). This decrc:>se in the yield wc.s shown, by compc-ring the menns 

of the total yield for c ch trc~trt1ent, to be significant . Thus 

increasine the level of iron supply in the culture mediUI!l to 12. 80 

p. p.m. reculted in incrc~sed dry weiBht yie:ds , but further incre0ses 

resulted in diminished yields duE. to iron toxicity. 

The level of iron in the culture mediun did not ~::xert a mgrked 

effect on the wrinkling of the felt , but there is some evidence that 

it was important in d~termining the de3ree of sporulation (T~ble 25). 

Thus incre:lsing the supply of iron reoul ted in mr.rked increases in the 

sporulation. There was no evidence , how8ver, that high l evels of 

iron were toxic to sporulr>.tion. 

* TABLE 25. The degree of sporul3tion of cultures of Aspergillus 

nige~ in Experiment 6, P:..1rt 2 . The values of each 

of three replications for e~ch treatment 3re given. 

x 1 = very sp~rse sporulation 

10 = very dense sporul~tion . 

Man3anesc Iron Supply in p . p . rr- . 
Supply in 

p . p .m. 0.05 0. 20 0.80 3.20 12 . 8 51.2 

0.50 2,2,2. 2,2 , 4. 3,5, 4. 4, 2,3. 4,9 ,9. 10,8,6 . 

0. 20 2,2 , 3. 2 , 2,2. 7,2,2. 5,7,7. 6,7 ,8 . 8,7,5. 

0.80 3,2,2 . 3, 3,8. 7,4,3 . 6,5,5 . 8,7,6 . s,s,9. 

3. 20 3,3,3. 3,3,3 . 2, 2,8. 3,3,3 . 5,4 ,6. 9,7,7. 

12 . 8 6,2 ,1. 7,9,5. 5,6,6 . 9,8,7. 7,10,4. 8,5,9 . 

51.2 2,2,2 . 6,6,5. 5, 3,6 . 5,5,5 . 6 , 6,6 . 9,7,8. 
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(b) The overall effect of increasing the nanganese supply , 

irrespective of the level of iron in the culture 

nedi wn. 

Increasing the level of L"~r.nganest.. supply up to 128 p. p .n ., irres­

pective of the level of iron in the rned imn, r esulted i n incre~sed dry 

weight yields (T:lble 23), f~l though this tendency w2s shown by an 

an.'~.lysis of varL.:.nce to be significant , it w:ts not as significnnt as 

the iron effect (Table 24) . This was because>al t hough the yields 

obtained at high levels of iron supply were signific~ntly different 

from those obtained at low levels, the incre3.se between ~~o consecu­

tive treat~ents tended to be less than the VQlue for least significant 

difference , ~nd were therefore not significant. However, increasing 

the yield from 3.20 to 12.80 p . p.m. and fr•Jm 12.80 to 51.20 p.p.m. 

resulted in signific~nt changes i n the yield . Whilst raising the 

level of rnQnganese supply from 3. 20 to 12.80 p . p . ~. resulted in a 

marked incr e.-:.se in the yiel d , subsequent incre.':.ses t o 51.20 p.p .m. 

resulted in diminish~d yields, due to n~gunese toxicity . 

The concentr~tton of nanganese in the culture I!lOdium, although 

unimport'lnt in d.;termining the wrinkling of the felts, was import~ nt 

in sporulation. Thus increasing the mo.ngc.nesG supply r esulted in 

progressively increased sporulation ( T3.bl e 25 ). There i s some evi-

dence howeverJthat high levels of mangu.nese (51.2 p.p .m.) were toxic 

to sporulation, since slightly diminished sporul2tion w~s evident in 

cultures rccej_ving 51.2 p . p . m, of nn11c:anese , 

(c) The relation be~1e en growth and development , and the 

iron:mangn.nese bnlance in the medium. 

There is some evidence, (Tabl e 26 ), th~t incren.sing the iron : 

manganese balance, in the medium, to 0.0625 , resulted i n increased 

dry weight yield , and th~t subsequent i ncreases resulted in progressively 
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diminished yields . This would suggest that nn opt~al iron:mangnnese 

balance of. ~pproxim~tely 0 .0625 existed for dry weight yield . There 

was no evidence however that the iron:mangnnese ratio wns import~nt 

in the determine tion of trends in the wrinkling or sporul?.tion of 

the fel ts. 

Conclusions. 

There is little doubt t hat1 in cultures of .'\.sp~rgillus niger, as 

the levels of iron and menganese wer e incre~sed between 0.0001 and 

12.80 p.p.m., there was a pro;ressive increase in the dry weight yield, 

1.nd sporulation. .;. t the low levels of iron o.nd rr.angnnese supply , 

be tween 0.002 and 0.02 p . p.m., the i ncrease in the yield, as n r esult 

of incre~sed iron or mnnP,~nese supply, WGS very marked. There wa s 

some evidence t~at levels of iron 3nd manganese qbove 12.8 p.p.m. 

were toxic, r esulting in diminished dry weight yields. 

There wns no conclusive evidence that the iron:manganese ba l ance 

in the culture medium was an i mportant f~ctor in det~rmining the yield 

trends or general condition of the cultures . These r esults were 

further confused by the marked effec t of increasing the absolute 

supply of iron ~d manganese in the culture medium . Thus, when 

low levels of iron nnd r•":mgcmese were used, (Port 1) whilst o.n 

iron:manganese r~tio of approxim1.tely 1 . 0 was optim2l for sporula ­

tion , the dry weight yield increased progressively with increas~ 

in the r '"ltio . Vfuen high level s of iron and manganese were in-

vestig~ted, the r atio was found to be of little import~nce in 

determining the degree of sporul~tion , but maximun yield wns ob­

t ained when the iron:mAngnnese r etia WPS 0.0625 . 

Since t hese results were contr~dictory, it wns decided to conduct 

furthe r experi~ents in which the effect of different iron: m-~.ngo.nese 

r atios could be studied at low levels of supply, 0.064-- ; . 096 p.p .m., 

and at high l evels of supply, 2 . 0 - 128.0 p.p .m. In these 
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TABLE 26 . The dry weight yields, in grams, obtained for each iron:manganese ratio in the culture 

medium with -~ergillus niger in Experi~Jnt G9 part 2. 

1.14340 

1.31008 1. 48965 

1.58771 1. 45945 1. 50741 

1. 44370 1.63565 1. 27161 1.5-H05 

1.49425 1. 41485 1.27841 1.63694 1. 72003 

1.12616 2.02643 1. 58895 1.84270 2 . 00350 1. 43746 

1. 73035 1.99659 1. 40370 1.81890 1. 32606 

1.67730 2.17167 1 . 70551 1. 42630 

2.06032 1.81969 1. 42621 

1. 91828 1.28319 

1.41800 

Fe/Mn ratio 0.00098 0.00391 0.01562 0.0625 0 . 25 1.0 16.0 64.0 256 1024 

Total 

Mean 

1.12616 3 . 22460 5.14743 7.06002 8 . 62463 8 . 52265 7 . 59266 6.38946 4.97085 3.04609 1.43746 

1.12616 1 . 61230 1.71581 1.76500 1.72493 1.42044 1.51853 1. 59736 1 . 65695 1. 52304 1.43746 
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experiments the r~tio effect was investigated by perfon~ing n re-

gression an~tl·:sis. 

EXPERIMENT 7. ;~_ prelimin::ry invE.sti~..ltion of the effect of 

varying the iron : rrnng.:mese r?- tio, over a wide 

r:mge, on th0 growth and development of cul­

tures of Penicillium notntum. 

This experiment was designed primtrily to investigate the effect 

of vc.rying the iron:mnng.:mese bnl:mce in the culture soluti on on tho 

growth -md development of Penicillium not::ttun. ns a subsidi::try ob-

j ect the experiment wns designed to investigate the effuct of 

supplyinJ iron without a chelating agent . The experi~ent was de-

signDd in the fon1 of a grid (Table 27) to enable a wide r~nge in 

iron: m!lngt'l.nese bJ.l·mces to be investig::t ted. The method used was as 

described for previous cxperir•ents: Concentra ted solutions of iron 

and manganese were prcp3red, ~nd from these, by cons~cutive dilution 

(l volume solution to 3 volumes of purified water) the other solu-

tions in the series were prepared . The concentr.'ltion of the 

solutions w::.s such th~1t 3. l ml. sc.r1ple in 50 ml. gave the r equired 

concentration. Stock solutions from which the first dilution was 

made were prepared QS follows: 

Iron: 

Manganese: 

0.65240 gms . Feso
4

. 7H
2

0 were dissolved in 

purified water in a 100 cu. volum~tric 

flnsk. 1 ml. of this solution in 50 Bl . 

ga ve an iron concentr:1tion of 26 . 2144 p.p. m. 

0 . 53210 gms . Mnso
4

. 4H
2

0 were dissolved in 

purified w::t t er in a 100 ml. volunetric 

flask. l ml. of this solution in 50 nl . 

gave a manganese conct.:ntration of 26 . 21 4·~ p.p .m. 
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TABI,E 27 . The pl::m of Experiment 7 , showing the l evels of iron and manganese supply 

and the resulting iron:manganese ratios. 

~ ranganese I r on Supply in p . p . m. 
s upply i n 

p . p.m. 0.0001 0.0004 0.0016 0.0064 0.0256 0 . 1024 0 . 4096 1.6384 6 . 55 36 26. 21 44 

0.0001 l 4 16 64 256 1024 4096 16384 65536 262144 

0.0004 0 . 25 1 4 16 64 256 1024 4096 16384 65536 

0.0016 0.0625 0 . 25 1 4 16 64 256 1024 4096 16384 

0.0064 0.015625 0.0625 0. 25 1 4 16 64 256 1024 4096 

0.0256 0.003906 0.015625 0.0625 0.25 1 4 16 64 256 1024 

0. 1021~ 0.000977 0.003906 0 . 015625 0.0625 0 . 25 1 -+ 16 64 256 

0 . 4096 0.0002 ~-4 0.000977 0.003906 0.015625 0.0625 0 .25 1 4 16 64 

1.6384 0.000061 0.0002/r'~ 0.000977 0.003906 0.015625 0.0625 0 . 25 1 4 16 

6 . 5536 0.000015 0.000061 0.0002 4-~ 0.000977 0.003906 0.015625 0.0625 0 . 25 1 4 

26 . 2144 0.000004 0.000015 0.000061 0.0002.'t-j. 0.000977 0 . 003906 0.015625 0.0625 0 . 25 1 



E. D. T •. · .• : 

Results. 

59. 

'.'/hen r equired, 0.87358 gms . were dissolved 

with 0 . 65240 gms . Feso
4

. m
2
o in purified 

water in A. 10:) ml. volume tric flask. 

The dry wein:ht yield s ~re giv en i n Tcbl~ 28, when iron was supplied 

without a chelate , cmd Table 29, wh:m an equivaLmt ·.lmou.."lt of E.D.T. i •. 

w.1.s supplied wj_ th the iron. The results of str. tistic'll o.nnlysis 

(~nalysis of vari arc e) ar~ giv en in ~ibles 30 1.nd 31 r espectivel y . 

The pH values of the filtr ate arc ci vcn in Tr..bles 8 1.nd 9 of the nppen-

dix respectively. 

thre; hcadin.:;s: 

The results wi ll be c :·nsidcred under the following 

(n) The overall effec t of incrersing the iron supply irres­

pective of the level of manganese in the mediur:J. . 

(b) The overall effec t of incre~sing the manganese supply 

irrespective of the level of iron in the J:Jediur.1 . 

(c) The relation between growth and developmvnt ~~d t he 

i ron:m,. .... nc:.nese r" tio in the nediun. 

T,\BLE 30. 

F~ctor 

Iron 

M:mganJse 

Error 

The results of :..nalysis of v.:J.ri<-.nce performed on 

the dry weight yi8ld d.:J.t? obtained with Peni­

cilliur:J. ·.•hen iron wr-o..s nupplied without n ch2lute . 

OF s.s. ;~ . s. Retia Signi ficrmc e 

9 .0437'r6 . 004864 36o·. o8 Significgnt at 0 . 1,. 

9 . 016845 . 00189 13.99 Significant n.t 0.1? 

81 . 01094 .00013 
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l)C{ (} 
TABLE 28. The dry weight yield, in grams, obtained from cultures of Penicillium notatum in 

Experiment 7, when iron was supplied without a chelating agent. 



TABLE 29. The dry weight yield, in grams, obtain2d from cultures of Penicillium notatum in 

Experiment 7, when the iron was supplied with an equivalent amount of B.D. T. A. 

Manganese Iron Supply in p.p.m. Total for Mean of 

supply in each Total f1r 

p.p.m. 0.0001 0.0004 0.0016 0.0064 0.0256 0.1024 0 .4096 1.6384 6.5536 26.2144 Manganese each Ivln 
Treatment Treatment 

0 .ooo1 0.17325 0.1310L', 0 .17390 0.23261 0 .20286 0.25141 0.23949 0 .22774 0.40067 0.61244 2.64541 0 . 26454 

0.0004 0.20507 0.17727 0 .15906 0.15067 0 .19315 0 .20535 0 .25050 0.27384 o. 47729 0.63849 2.73089 0.27309 

0.0')16 0.23549 0.23028 0.24303 0.17816 0 .23592 0.21668 0 .30333 0.30305 0.40774 0.60070 2.95438 .J.29544 

0.')064 0.23859 0.20046 0 .14524 0.19110 0.23455 0 .27014 0 .33770 0 .30143 0.39558 0.72325 3.03804 0.30380 

').0256 o. 36425 0.20252 0. 16060 0.21501 0.26578 0 . 31465 0.47932 0 .57412 0.64109 0 .70415 3.92149 0.39215 

0 .1024 0.19608 0.26097 0.26278 0.18324 0.28536 0.27904 0.40749 0. 54359 0.56474 0 . 6480J 3.63129 0.36313 

0.4096 0.23055 0.16921 0.22396 0.21963 0.22873 0.28659 0.39727 0 . 58261 0.63293 0. 54777 3.51925 0.35192 

1.6384 0.19009 0.13962 0.20255 0.22332 0.22347 0.35045 0. 37619 0.50613 0.64125 0 .66110 3.51417 0.35142 

6.5536 0 . 25755 0.19609 0.23439 0.253 4-6 0.27705 0.27361 0.36162 0.44085 0. 50603 (). 6 72 38 3.47303 0.34730 

26 .2144 0.~2222 0.24874 0.28994 0.29908 0.26701 0.27900 0.33183 0.39326 0.60792 0.60588 3.54488 0.35449 

Total for 
each Fe 2.31314 1.95620 2 .095 45 2.14628 2.41388 2. 72692 3.48474 4.14662 5. 27524 6.41436 

Treatment 

Mean of 
Total for 0.23131 0.19562 0 .2095tlt 0.21-i-63 0.24139 0.27269 0.34847 0.41466 0.52752 0 .64144 each Fe 
Treatment 

Least significent difference between means of each treatment at 0.05 probability level = ± 0.005148 grams. 
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The results of nnnlysis of vari~nce performed on 

the dry wei~ht yield datH obtained with Penicillium 

when iron was supplied with an equivalent amount of 

Factor OF s.s. M.S. Ratio Signific~:.nc e 

Iron 9 2 . 10272 . 23363 71.01 Signific~nt at 0 .1;' 

~:.'lngnnese 9 0 . 16235 .01804 5. 48 Significant at 0 . 1~~ 

Error 81 0 .26641 .00329 

(a) The over~1l effec t of incre~sing the i ron supply, 

irrespective of the level of manganese in the medium. 

·,t l ow levels of iron supply, 0 . 0001 - 0 . 0016 p . p . m., irrespective 

of the presence of ~ chelnting a~ent, increasing the concentration of 

iron in the culture medium had little effect on the dry weight yield 

(Tables 28 and 29). However,subsequent increases resulted in a 

marked pro~ressive incre~ se in the yi eld. This effect was found, by 

"l.nfllysis of variance, to be highly significant, (Tables 30 and 31 ) . 

There is s0me evidence (Table 28) that)when the level of iron supply 

was increased ab0ve 12 .80 p.p .m. , in the absence of n chelating agent,' 

there wr~s no significant change in the yield . Thi s would suggest that 

optimP..l iron concentration W::'.s betwee:n 12.8 and 26.2144 p.p.m. There 

was no evidence of an optim~l level of iron oupply when a chelating 

n~ent was pres8nt . R':l.ising the iron concentrP.tion from 12.80 to 

26 . 2144 p . p .m. resulted in a significant increase in the dry weight 

yield. However, this evidence, which implied that iron- toxicity might 

be r educed by the presence of '3. che1~ting agent is not conclusive . 

The l evel of iron supply exerted a marked eff ect on the form and 

sporulation of the felt . itt low levels of iron supply (Plates 17 and 

19) there we.s very litt l e surf:1ce growth, the f~Jl ts being thin and 
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cottony. As the level of iron supply was raised, the felts became 

progressively wrinkled and compact. Thus the felts produced at high 

levels of iron supply were compact and heavily wrinkled (Plates 18 

and 20). There was no evidence of sporulation at low levels of i_ron 

supply (Plates 17 and 19) but at high l evels, (Plates 18 and 20), 

sporulation was heavy. '.'Then the iron w;.;.s supplied without a chelating 

agent, there was a tendency for the pH of the filtrate to decrease 

with increase in iron supply (Table 8 of Appendix). However raising 

the level of iron in the presence of E.D.T.A., resulted in slightly 

increased pH values, (Table 9 of Appendix). 

(b) The overall effect of increasing the manganese supply, 

irrespective of "the level of i ron in the culture medium. 

In cultures receiving between 0.0001 and 0 .1024 p.p.m. of manganese, 

there was no clear evidence that the level of manganese was important 

in determining the yield trends, when no chelating agent wns present, 

(Table 28). HQ\ >ever there is evidence that l evels above 0 .1024 re-

sulted in dimini shed yields, due to manganese toxicity. \/hen a 

chelating agent was present in the culture medh~ increasing the level 

of manganese up to 0.2500 p.p.m. resulted in progressively increased 

dry weight yields. Further increases up t r' 26,2144 p.p.m. resulted 

in a significant decrease in the yield. ~te presence of a chelating 

agent did not therefore decrease the symptoms of manganese toxicity. 

There was no evidenc e that the level of man6anese supply was 

important in determining either the degree of wrinkling or sporula-

tion of the f elts. Raising the level of ·anganese in the cult ure 

medium, resulted in slightly i ncreased pH of the filtrate when no 

chel ating agent was present, (Table 8 of Appendix). However when 

E.D.T .A. wa s precont in the culture medi<m, increasing the level of 

manganese suppl y r esulted in sli~htly lower ed pH values . 
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Fe. 0.0004 p.p.m. 
Mn. 0 . 0001 p. p,m, 
Fe/Mn 4.0 

0 . 0001 p.p.m. 
0.0001 p.p.m. 
1.0 

PLATE 19. The effect of low iron and manganese supplies 
on the growth of Penicillium notatum. 

Fe . 26 .2144 p.p.m. 
1\ifn. 0.0001 p. p.m. 
Fe/Mn 262144 

6 . 5536 p.p.m. 
0 . 0001 p.p.m. 
65536 

PLATE 20. The effect of high iron and low manganese 
supplies on the growth of Penicillium 
no t atum. 
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(c) The r el ation be~~een ~rowth ~nd dev~lopment ~nd 

the iron:~~ng~nesc r~tio i n th~ m0di un. 

Incre~sin~ the iron:m ~n~~nesc rqtio in th~ culture m~dium when: 

(i) no chdr.~te wr.>.s present (T·,bld 32 ) , r esulted in pro-

gres...:i vcl:y diminished dry 'fiCi ~h t yi,· ld s , 

(ii) a.n equiv:.l1mt runount of :~ .D. T •• i.. w.~z supplied with 

the iron. resulted in progrtssively i nc r eased yields. 

(Tabl e 33. ) 

There w~s no evidence in either case of an optimal ratio . This 

would su.c:gest th!:tt the chelatin~;; C.tient prevented i ron :-nd, or, n ·mg:mese 

toxicity . 

'l'he iron :m8.n'5nnese bRl~>.nce did not have :. noticeabl e eff~:;ct on 

the de-:ree of wrinkli~ or sporub.tion of the fel ts . 

Conclusions . 

There i s some evidence th..,t the presence of ·- chale.ting g.gent i n 

the cultur~ medium influences the yield trends . Thus, when no 

E.D. '1.'..' •• w?..s suppHed 9 tht;re W"..S a tendency f or levels of iron of 

.'lpproxirn~tely 26 . 21 -'1··~ p.p . rn. to be toxi c , but , when it w.is present 

in the !1'le:liUP1, there; were no signs of ci1:1inished dry wei(~ht yield. 

This was nlso evident when the iron:mang::mvse bo.l-mce vns considerc...d . 

In th:; .~bs::ncc of :~ chel:'. ting ..,_gent, incre1:'.sing the m.tio resulted 

in diminished yields , whereas the presence of E.D . T. A. resulted in 

progressivt:?l y incrc:-.sed yield . ?urther experi~clnts were, therefore , 

plc.nncd wit1c -~ v tew to elucid~tin~ the effect of va rying the iron: 

mnng~ese belencc , nnd also, qs o. subsidiary object , the effect of 

the presence of H chel~tint:; agent in the culture mediums. 
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TAB:!"·E 32. The dry weight yield, in grams , obt:::.in.;d for aoch iron:m·.mganese ratio in the culture medium 

with Penicillium notatum in 3xperim8nt 7, (no chelate supplied). 

0. 41538 

0 .34620 0 .33746 

(J , 41527 0 . 36839 0 .41406 

0 . 27400 0.45683 0 .32150 0 .30314 

0.35925 0 .27457 o. 31970 0 .29571 o . 27829 

0 .27909 0.31759 0 .34661 8 .35397 ;j . 27130 0 .25450 

0.43086 0 . 43279 o . 37130 0 . 31978 0 . 28450 :) .24322 0 .22267 

8 . 34400 0 .39352 0 . 43268 0 .28585 0 . 26019 ) .19088 ) .19635 ) • 20454 

'). 35421 0.31562 0.31361 0 . 34294 0 . 28318 0 . 24111 :) .17279 ) ,18234 ') . 22843 

0 .36682 0 .33122 0.29449 0.30811 . .) .28326 0 . 23313 0.23184 ) .17631 ) .23191 ') . 23'J47 

0 .39121 0 .26 413 0.30049 0 . 25639 0 . 27343 o.2 J072 0 . 24167 0 . 20285 ) . 1.3625 

0.30929 0 . 3-1764 0 . 22255 0 . 21579 0 . 25735 0 . 15673 .) . 17970 ) .18708 

0 . 28719 0.23291 0 . 22125 0 . 23031 0 .19245 0 . 22755 0 . 27318 

0.23417 0 . 24210 0 .22920 0 . 20199 J .17561 0 . 17043 

0 . 23800 0.25820 0.17998 0 . 15194 0 .22820 

0 . 20950 0 . 21101 0. 19713 0 . 23209 

0 . 18566 0 . 13690 0 .16106 

0 . 18956 0 .16 402 

0 .14374 

Fe/Mn r atio 0 . ·')00003 0.')')()012 0 . 000049 0 . 00024 0 . 00098 O. GC39 0 . ;156 ).0625 0.25 1.0 16 . 0 64 . 0 256. 0 1024 4 )96 16384 65536 262144 

Total 

Mean 

0.36682 0 .74542 0.98451 1.29780 1.54891 1.87705 2 . 06553 2 . 32558 2.56431 2 . 67079 2 . 32674 1.94155 1 . 56159 1 . 39172 0 . 97731 ).881)4 ) . 62353 ').41463 ') . 23047 

n . 36682 0.37271 0 .32817 0.32445 0 .30978 0.30984 0 . 29508 0 . 29080 0 . 28492 0.26708 0 . 25853 0 . 24269 J . 22308 0 . 23195 ) . 19546 0. 22023 1. 20784 J . 2J734 0 . 23047 
------------------------------------------------------------· - ·-------· - __ ... 



bQ·L. 
T.\BLE 33. The dry weight yield, in gr2ms, obtained for each iron:m~ganese ratio in the culture medium 

with Penicillium note. tum in Experimemt 7, (chele.te supplied as .:...J.J.S: • .n.). 

0 .17325 

0.20507 0.13104 

0.23549 0.17727 0 .17390 

0 . 23859 0.23028 0.15906 0.23261 

o. 36425 0 .20046 0 .24303 0.15067 0.20286 

0 .19608 0 . 20252 0 .14524 0.17816 0.19315 0.25141 

0.23055 0 .26097 0. 16060 0.19110 0.23592 0 .20525 0.23949 

0.19009 0.16921 0.26278 J .21501 :) .23455 8 . 21668 J .25J50 J.22774 

0.25755 0.13962 0.22396 0.18324 0 .26578 0.27014 0.30333 0 .27384 J . 4.)1)67 

0 .22222 0 .19609 o. 20255 0.21963 0.28536 o. 31465 o. 33770 J.3)305 0.47729 ') . 61244 

0.24874 0.23439 0.22332 0 . 22873 0.27904 'J .47932 0 .3Jl43 J.4')774 1).63869 

0 .28994 0.25346 0 . 220347 0 .28659 0.40749 0 . 57412 (). 39558 ').6 ))70 

0 . 29908 0.27705 0.35045 ·).39727 0.54359 0.64109 ).72325 

:') .26701 0.27361 0.37619 0.53261 0.56474 0.70415 

0.27900 0 .36162 ,), 50613 0 .63293 o .64JOO 

0.33183 0. 44085 0.64125 0.54777 

0 .39326 0.50603 0 .66110 

0.60792 0.67238 

J .60588 

~e/11.fn ratio 0.000003 0.000012 o.oor)049 0.00024 0.00098 0.00391 0.01562 0 .0625 0 .25 1.0 4.0 16.0 64.0 256.0 1024 4'J96 16384 65536 262144 

rotal 0.22222 0.50629 0.67612 0.90364 1.08831 1.62855 1.75243 2.11385 2. 79251 3.34478 3.32119 3.14757 2.66677 2.30196 1.90469 1.64432 1.30573 1.03936 }.61244 

Mean 0.22222 0.25314 0.22534 0.22591 0 . 21766 0.27142 0.25035 0 .26423 0 .31028 0.33448 0.37758 0.39345 J.38J97 J .38366 J.38094 ) .41108 }.43524 0.56968 ).61244 -- ·--- -·- - ·--- __ .. . _ 



EXPERT?~ .1JT 8. To determine the effect of varying iron: 

manJ5anese balances in the culture medium, 

on the growth ~nd development of Aspergillus 

niger and Penicillium glaucum. 

The experiment was carried out in two parts: 

(i) ';{here the rn'lximum levels of iron and 1uan.3~nese in 

the culture medium were 4.0960 p.p.m. and, 

(ii) where the maximum levels of iron and manganese in 

the culture medium were 128.0 p.p.m. 

Thus, although a wide range of iron and manganese concentrations 

was investigRted, the ran~e in each part of the experiment was not so 

lar~e as to preclude the replication of each treatment. 

three replications of each treatment. 

1'here were 

Two methods of statistical analysis were performed on the dry 

wei~ht yield data: 

(i) Analysis of V'1.ri:mce. This method .. as used to determine 

whether the level of iron and manganese, or the iron:manganese inter-

action were si~nificant in determining yield trends . This method 

of analysis could not be used in an investi,c:;ation of the iron: 

manganese ratio effect because there were not equa l numbers of treat­

ments for each iron:manganese ratio, i.e. the experiment was 

orthogonal with respect to the levels of iron and manganese supply, 

but not to ratio . 

in Appendix II . 

An example of this method of analysis is given 

(ii) Regression analysis. This type of analysis is not a 

significant test for e:~ch effect, although it does supply informa tion 

as to whether the experimental data are significantly different from 

purely chance data . The value of the method lies in its use to 

determine the response surf9ce of the d'J.ta , and thereby, the relative 

importance of each factor in determining the yield . The contours on 
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the respon3e surface are obtcined by solving the re~ression equation. 

I n this investi --;ation the equ...,tion ··1as solved by substituting the 

c oded values for ei tt,_er x
1 

or x
2 

and usin:_:- :m r.trbi t r ary v::tlue f or 

yield (y) . 

Substitute y 

xl 

x4 

l. 42 = 

= 

Solve x = 

= 1.42 

1.0 (x3 
2 

= = xl = 
2 

= x2 

0.1 + 0 . 2 + 0 . 3x2 -
') 

0 . 5x '- 0 . 3x - l.5z -

- b ±) b
2 

- 4a.c 
2a 

l.O , x5 = xlx2 = -0 . 6x
2

) 

0.4 
2 

+ 0 . 5x - 0 . 6x2 

Thus for a partl.cular y ::.eld value, and different values of x
1 

the correspondinG x
2 

values can be calculated? anCi the graph plotted. 

An exa~~ple of re~re~·~ion analysis ic gi"en in Appendix II. 

The yield data '.7ere P...nalyced for the iron :~md L1'ln-;anese 9 and the 

i ron and iron:~~n~anese balnnce response surf~ces. 

P0.rt l. --· -

The pl."n of p::.trt l of the experiment is given in Table 34. 

A series of stock solutions of iron and maneanese ':tere prep:1red 9 

by 1 :1 (l volume solution to l volume of purified w ·ter) dilution of 

a concentr: ted solution, from which a 1 ml. sampl e in 50 ml. gf'.Ve the 

maximum concentration required . The concentrated iron and mn~~~nese 

solutions, from which the other solutions were prep :.reU. , Here made 

up as follows. 

Iron: 1 . 01941 gms . reso
4

. 7H20 was discolved in 

purified w:1ter i n c. 1 litr e volumetric fl.:-sk. 

l ml . of this s olution in 50 ml . 3ave 3n iron 

concentr~tion of 4.0960 p . p .m. 
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TABLE 34. The plan of Experiment 8, p~rt l,showing the 

levels of iron ancl mcnganese supply and the 

resulting iron:manganese ro. t~_os. 

Level of Level of Iron Supply in p. p ,_;}, 
Mn supply 
in p . p .m. 0.064 0 . 128 0.256 0.512 1 . 024 2 . 048 4 .096 

0.064 l.O 2.0 -t-0 8.0 lo.o 32.0 6r~ , 0 

0 . 128 0 . 5 1.0 2.0 4. 0 8,0 16 . 0 32.0 

0 . 256 (), 25 0 . 5 1.0 2 . 0 4. 0 8.0 16.0 

0 . 512 0 .125 0 . 25 0.5 1.0 2 . 0 ..j.,O 8.0 

1 . 024 0 .0625 0 .125 0.25 0 . 5 1.0 2.0 .f,O 

2.048 t),03125 0.0625 0 .125 0 . 25 0.5 1.0 2 . 0 

4.096 0.015625 0.03125 0.0625 0.125 0.25 0.5 1.0 
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M:mganese: 0.83143 JlllS . Hnso
4

,4H20 was dissolved in 

purified water in a l litre volumetric flask . 

l ml. of this solution in 50 ml. gi :es a 

m::m~anese crmcentr::.. tion of 4. 0960 p.p.m. 

E.D. T.A. : Ethylene-diamine-tetra-.:.cetic acid w:J.s used 

in the prepa r ;'l.tion of the iron solution for 

the investig!" tion with Asper:~illus ni;_:;er 

1.36502 gms. ~.D.T.A. were dissolved with 1,01941 

c;.ms . Feso
4

.7H
2

0 in purified water in a. l litre 

volumetric flask. 

Results. The results are ::;iven in the foD.oHing TablES; 

Aspergillus. Penicillium 

Dry wei~~t yield 

pH of filtrate (in Appendix) 

Analysis of v .J.ri·mce 

ReP,ression Am.lysis for Fe and flfn 
effect 

Re~ress7.on Analyds for Fe/rfn r :.1.tio 
effect 

35 36 

10 ll 

37 38 

39 40 

41 42 

'l'he results will be cnnsidered under the follm1in.::; he· .di:'lf;S ! -

(a) The effect of i.ncre~ sing the level of iron supply, 

irres pective of the level of ma.nganese in the medium. 

(b) The effec t of incre~si~~ the level of man~~nese supply 

irrespective of the level of iron in the medium. 

(c) The iron:munganese interaction effect on the yield . 

(d) The rel?. tion between growth and development :lnd the 

iron:flan ' • nese ratio in the medium. 
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TABLE 35. The dry weight yield, in grams, obtained w3.th Aspergillus niger in Experi ment 8, part 2. 

Mgnganese Iron Supply in Totals for Mean of p.p.m. 
each Total for supply in Manganese each Mn p.p.m. 0.064 0.128 0.256 0.512 1.024 2.048 4.096 Treatment . 'I'rea tment 

0.53130 0.56915 0.77314 0.63416 0.43356 0 . 54536 0.71014 

0.064 0.60029 0.36086 o. 4946:J. 0.53443 0.55015 0~45927 0.57416 12.01737 l. 71677 

o. 42766 0.60151 0.59739 0.643-:-5 0 .81931 0.44586 0.71158 

o. 51324 0.45333 o. 54627 0.45486 0. 49451 0.71934 o. 33272 

0.128 0.52923 o. 65713 0.44450 0.57061 0.61750 0.84501 0. 68451 11.89527 1.69932 

0.52956 0.63169 0.61446 o. 367-+3 0.71004 0.30976 0.86956 

0.52036 0.60020 0.62812 o. 59711 0.66925 0.69961 0.82543 

0.256 0.55987 0.40697 o. 57727 0.67780 0 . 70290 0.30789 0.28652 11.89181 l. 69883 

0.43994 0.37490 0.52677 0.59666 0. 44589 0.69936 0.74899 

0.55700 0.69457 0.51191 0.63191 0.73478 0.81964 0. 32768 

0.512 0.62471 o. 71112 0.38144 0.74987 0.74450 0 . 51652 o. 74577 13.03713 1.86248 

0.49762 0.37680 0,61908 0.47196 o. 71427 0.82336 0.78262 

0.52316 0.78436 0.39760 0.63186 0.63293 0.46640 0. 76436 

1.024 0.50411 0.47001 o. 45943 0.54057 0.57711 0.78536 0.66365 12. 27171 1. 75310 

0.50641 0.50169 0.55490 0.50984 0.53746 0.65166 0.80884 

0.74386 0.44929 0.96626 0.48767 0.48087 0.81232 0.68816 

2.048 0.67491 0.70111 0.63743 0.80473 0.70369 0,60475 0.76679 13 .82476 1. 97497 

o. 52899 0,60704 0 . 60736 0 .85864- 0. 76162 0.49287 0. 44640 

0.81367 o. 72506 0. 50366 0.6794--~ 0 . 61007 0.25611 0. 77129 

4.096 0.55841 0.47067 o. 44394 o. 82439 0.62997 0.87958 0. 75441 13.28394 1.89771 

0.57503 0.48492 0.68597 0.55239 0 . 7655't 0 .62004 0.67938 

Totals for 
each Fe 11.75933 11.63238 11.97154 12.81970 13. 33592 12 . 76007 13.94297 

Treatment 

Mean of 
Total for 

1.67990 1. 66177 l. 71022 1.83140 1 .90513 1.82287 1. 99185 each Fe 
Treatment 

Least significant difference between me311s a t 0.05 prob··tbili ty level = ±. 0 . 13035 grams . 
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TABLE 36 , The dry weight yield, in grams, obtained with R_enicillium glaucum in Experiment 8, part 2 . 

Manganese I r on Supply in Total s for Mean of p .. p .m. 
each total for supply i n 

Manganese each Mn p.p .m. 0.064 0.128 0 . 256 0 . 512 1. 024 2.048 4.096 Treatment Treatment 

0. 34094 0. 39754 0 . 70294 0 . 71422 0.71886 0.77864 0 .65793 

0 .064 0. 31629 0.46049 0. 68396 0. 68245 0. 69615 0. 73207 0 . 7~130 13.29020 1 .89860 

0. 48934 0.47051 0 . 67152 0. 66789 o. 77432 0 . 78184 0.77100 

0 . 45124 0 . 47854 0. 68268 o. 68245 0 . 72537 o. 77267 o. 72408 

0.128 o. 52776 o. 46243 0. 66469 0 . 73031 0 .70142 o. 70224 0. 75156 13.40685 1.91527 

0 . 28349 o. 37133 0 .75142 0 . 72658 0 . 74071 0 .76224 o. 71364 

0 . 35339 0.39045 0 .61417 0.76068 0. 69269 0.78335 0.78976 

0. 256 0. 32176 0.43697 0 .69525 0 . 72624 0. 68515 0.80390 0.77196 13 .03492 1.86213 

0.35092 0.40683 0 . 56461 0. 68550 0 . 73337 0 . 73378 0.73419 

0 .28911 0 . 38083 0 . 62703 o. 72629 0. 71862 0 . 76933 0.74122 

0.512 0.33702 0.57189 0.59073 0.71950 o. 71771 0 .76862 0 .82133 13 .02060 1.86009 

0 .26057 0.42049 0.53562 0.73851 0.76059 0 .76450 0 . 76109 

0. 31480 0.39049 0. 52766 0.74495 0 . 73368 o. 71578 0.74264 

1.024 0.35094 0.34550 0 . 56893 0 . 70091 0.71813 0.75866 0 .73298 12 . 91244 1.84463 

0 . 38151 0 . 46287 0 .67849 0 . 75370 0 .75297 0.65907 0.79778 

0 . 33702 0 . 34993 0 . 59811 0 .63980 0 . 70230 0 . 78140 0. 74438 

2.048 0.28626 0 . 42821 0. 56145 0.70575 0 . 74993 0 . 75078 0 . 73506 12 .80950 1.82993 

0 . 31996 0. 46189 0.69730 0.70561 0. 76Hi0 o. 72278 0 . 76998 

0.34485 0.37391 0. 46040 o. 77692 0 .74482 0. 72744 0 .75168 

4.096 o. 35027 0. 39629 0 . 52874 o. 66307 0 . 71693 0 . 76128 0 . 75100 12 . 48388 1. 78341 

0. 28546 0 . 34034 0 .65064 0 . 64797 0. 74904 0. 76106 0. 70177 

Totals for 
each Fe 7.29290 8 . 79773 13 .05634 14.89930 15 .29436 15 .87143 15 . 74633 

Treatment 

Mean of 
Totals for 1.04184 1. 25682 1.86519 2 .12847 2. 18491 2. 26735 2 .24948 each Fe 
Trea tment 

Least significant difference between means at .05 prob·· bility l evel = + 0 . 05115 grams . 



TABLE 37 . The results of an anulysis of vari~nce performed on 

the dry weight yield data of Aspergillus in £'xperi-

ment 8 , part 1. 

Factor Degrees Sum Hean sum F Significance 
Freedom Squa res squar es v .lue 

Iron 6 0.21102 0.03517 1.57 Not significant 

Manganese 6 0.17041 0 . 02840 1.27 Not significcnt 

Interacti on 36 0 . 40789 0 .01133 0.51 Not significant 

Replication 2 0.00110 0.00055 0 .03 l~ot significant 

Error 96 2 . 14625 0.02236 

TABLE 38 . The results of an anal ysis of vari ance performed 

on the dry weight yield d3ta of Penicillium in 

Experiment 8~ part 1. 

Factor Degrees Sum Mean sum F Significance Freedom Squ.:1res Squ.qres value 

Iron 6 3 .56627 o. 56105 164.95 Significant a t 0 . 1% 
-- ·- -·-·--· 

~1anganese 6 o. 02672 0 . 001-48 1. 31 Not significant 

I nteraction 36 0 .35020 0 . 00972 2.85 Significant at 0 .1:, 

Replication 2 0.00318 0 . 00159 0.47 Not s i gnificant 

Er ror 96 0.32652 .) . 00340 



TABLE 39. The results of a regression analysis of the dry 

wei·-:ht yield data of Aspergillus in Experiment 8, 

p;1.rt l, for the iron and llk-'lngancse effects. 

Degre0s Sum squa.res 
Menn F Significance Factor Freedom Sum squ'3.rcs value 

Regression 5 i). 53816 0 .10763 2 . 52 Not significant 

Residual 43 1.83342 o.o.;.264 

TABL.E: 40. The results of a regresnion ~alysis of the cry 

wcisht yield dnta of Penicillium in bxperi~ent 8, 

p3rt 1, for the iron and man~3nese effects . 

Factor Degrees Sum squares Mean F 
Sit;nificance Freedom sum squares value 

Regression 5 10.73012 2.14602 300.14 Significant at 17~ 

Residual 43 0 .37311 0 . 00715 



TABLE 41. The results of ~ regression analysis, of the 

dry weight yield data of Aspergillus in ~-

perimcnt 8 9 part 1, for the iron and iron: 

manc~ner.e ratio eff~cts. 

Factor Degrees Sum squ.:1res 
Mean F Significanc e 

Freedom sum squares ve.lue 

Regression 5 0 .87086 0.17417 4.99 Si[;nific~t a t Sf 

Residual 43 1. 50072 0 . 03490 

(Graph 4.) 

TA:SLE 42. The results of a regression analysis of the 

dry wei~ht yield data of Penicillium in Ex-

periment 8, part 1, for t he iron and iron: 

manganese ratio effects. 

Factor Degrees 
Sum squares Mean F Significance Freedom sum squares value 

Regression 5 7.79611 1. 55922 20. 27 Signif ico.n t at cn5; 

Residual 43 3. 30722 0.07691 

y = 1 . 648 - 0 . 194x1+ O.Ol9x
2

- 0.043x
3

- 0 . 002x;, - 0.005x
5 

(Graph 5.) ..,. 
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(a) The effect of increasing the iron s upply1 irr espective 

of the level of r.·s.nganese in tb.e medium. 

There is ev:i.dence (Tablts 35 end 36) that in cultures of 

Asper·.~~_llus and Penicillium, increasin::; the level of iron supply 9 

irrespecti ve of the level of mang~nese in the medium, reculted in in-

creased dry Height yields . In Aspergillus , the yields obt, ined f r om 

cultures receiving 0 . 064 p . p.::n. were not signific:mtly different from 

those receiving 0 . 256 p.p.m. 9 and si.r'>ilarly the yields obtained from 

cultures receiving 0.512 and 1\..096 p . p . m. we1·e only barely significantly 

different . Thus although the yields obtained at hi~h levels of iron 

supply were si~nificantly different from tho8e :::tt l ow levels, the 

overall iron eL'ect was not very marl~ed, and H3.S shown by an c.nal ysis 

of v :nirmce to be not si.gnificf'.nt, (Tnble 37). In cultures of 

Penicillj_um, however, the iron effect w L s shmm to be highly signi-

ficant (Table 38). It is cle~rly evident from Table 36 thc.t, with 

the exception of the difference in the yield beThveen cultures receivin~ 

2 . 0 48 and 4.~96 p . p.m . , v1hich was less than the least significant 

difference , fnr er:1.ch increase in th.e level of iron supply the re­

sultin~ incre::tse in tl:J.e cl.ry wei~ht yield w--...s higLly si,:;nificant . 

'l'.~ese observ.:::. tions are confirmed by the re::;ression an::J.lysis results. 

From graphs land 2 it can be seen that: 

(i) The contours of the response surface, given by the yield 

vc.lues ( y ) , are deterr.:ined primarily by the level of iron supply, 

i.e . 'the contours ~re almost at ri~ht anciles, rather than parallel 

to the axis f or iron concentration. 

(ii) The yield value (y) for Kch contour increases pro.:ressively 

with increesed iron supply. Thus ".S the level of iron in the medium 

is raj_ sed, the dry wei ·~ht yield increases. 

There ic some evidence thn.t th.e level of iron supply in the 

culture medium WJ.S important in determining the degree of wrinkling 
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and of sporul:ttion of t~1e felt in cultures of Asper;;illus (Table 43). 

Incre.lsin~ the concentration of iron r esulted in a. pro::reusiv e incre~lSe 

i n the wrinkling 3nd sporul~tion. 

(b) The effect of increasing the manganese supply, 

i rrespective of the level of iron i n the medium. 

In cultures of A3per::sillus, increasing the concentr.1tion of 

mangr~nese in the culture medium to 0 . 256 p.!J.m. had little effect on 

the dry weii~ht yield (Table 35). A furt .. 1er incr<:.ase to 0 . 512 p . p . m. 1 

however, resulted in a significar.tly increa.sed yi 2ld . Ti1ere was no 

evidenc e that~in cultures receivint; bet\;een 0.512 p.p .m. :md t1r.096 p . p .m. 

of ma nganese, the level cl'~~PP~ w.::~s importa.nt in determining the yield . 

Thus,although the yields obtained a.t high levels of manJanese 1vere 

significantly diff0rent froF those ~t low levels of man~~neGe supply, 

the man~anese effect a s a •,Jhole nas found to be not ::;ignificant 

( Table 39). There wes evidence in T8bl~ 36 thut increesing the level 

of man.v,a.nese supply up to t) . l28 p.p.m . had little effect on the dry 

weight yie ld in culture8 of Pe!)icilHum but that subse'1.uent increases 

resulted in pr·,.o;ressiv2ly dj.minisl1ed yields. Hm1ever? this effect 

was a lso found to be not s i,.nific ··nt (Table 30) . 

~h~t the c '~centr~tion of manganeGe in the culture med i um was 

not import".nt in th.e · ~ etermir:t~tion of t he dry wei15ht yield trends,was 

confirmed by the re,jr~f'sion aYJ.alysis rer.ul ts (gr.':! phs l and 2 ). 

~r~phs l and 2 it ca n be sc~n that: 

]'rom 

(i) the contours of the r espom:e curf ·ce 5iven by Lhe yibld 

values (y) ?..re not m;-·.rkedly influenced by the l evel of r::a:r:ltj;:: .. .nese 

supply, since t hey tend to be parc: .. llel t c ,;he mc.ng:mese concen·i;rntion 

axis. In Asper:;illus 7 however, the l ..,vcl of mnnzr.mese \l,lS of some 

import"J.nce in determini n?, t he ~rield 1 'vthen the yield was 10\t, Th us 

for low yield values , approximately l. 7 gms. 7 there wa.s a t endency 
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for the yield to be depressed at intermedi~te manganese concentra­

t ions, and incre<:.sed at high and low levelo of man3ane::..e supply. At 

higher yield ve.lues (1.8 gms . )• however, the level of m~.mgo.nese lnd a 

less me.rked ef:l' ec t on the yield trend . 

There was some evidence, that,in cultures of Aspergillus,in­

creasin·~ the level of man~anese supply resulted in a tendency for 

increased wrinkling of the felt (Table 43). !iov:ever 4 the concentr..1-

tion of man";'lnese in the medium did not mrrkedly affect the 

sporulatLm, although there w.'J.s s"me indication of depressed 

sporulation when the concentration of .:"' ·.ny-;anese i n the culture 

medium was above 1.024 p.p.m. 

(c ) The iron:manganese inter~ction ef fect on the yield. 

The iron :mansanese interaction effect W3S found to be significant 

in the yield data for Penicillium (T.?ble 38 ) but not significc.nt for 

Asper~illus (Table 37). 1~us in cultures of Penicillium the iron 

'lnd manganese effects, in dete~ining the dry weight, were not in-

dependent. From :;r .o.ph 3 it can be een that at low l evels of i ron, 

there was a tendency for the yield to incre"J.Se with increased 

man~anese supply up to 0.125 p. p.m. 7 above which, r ajoL1g the l evel 

of man~anese resulted in sli·;htly diminished yields. At high l 0vels 

of iron supply 9 increasin~ the concentration of manganese in the 

culture medium had little effect on the yield. 

(d) The relation between growth and development and the 

iron:manganese ratio in the medium. 

From the yield data (Table 44) it was evident that varJing the 

j_ron:mr-msanese bal·'nce in the culture med i um had little effect on the 

dry weight yield obt0ined from cultures of Aspergillus. 

gr ession anal ysis results (gr aph 4) indicated that: 

The re-

( i ) the iron conc entrr.:tion and the iron: man;snnese b :.lc-nce in 
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TABLE 43. The effect of increasin~ the iron and manganese 

supply on the form and sporulation of cultureo 

of Aspergillus ni~er. 

Uanganese Iron Supply in p. p.m. 
supply in 
p. p.m. 0. 064 0 .128 0. 256 0. 512 1.024 2. 048 4.096 

f M. s::J. r . ·:~. !i . 'J . S.i'T. ~·1 . w. V.H.W. 
()~064 2,6,4. 5,3,4 1,2,6 4,4,5 7,,...,2 9,7 , 4 4,477 

SM. s . ~'.{. ~r . s . ·.7 . H.~'l . r.L w • s.·J . H.W. 
0,128 5, 6,5 7,7, 3 3, 3, 2 3,4,5 6,5,6 3, 4,7 9,8 ,3 

SM. v .3:.'1. V.S • .'I. 1·I . '.T D I·~ . ·:f·. (' ' I u • .t . I. ~ . \I. 
0.256 2,4,4 3,2,5 4,5 , 3 7,6,4 7,7 , 5 9,2 '7 9,2,9 

S.M. r~ . .. ' . [j • . .., • ,. 7 
... ' . '~ 0 II. \! . H.H . I\ -;/. 

0 . 512 2, 5, 5 7,4,6 5,5 ,4 3,6,6 7,7,5 9,9,4 9,9 ,2 

'! .8 •. 7. c: ' s:.r . ,.. ' n. w. V.?:I • .l. S. 'ii . r..). ,, • \.,.;. \: . 
1.024 3, 2,4 4,3,6 6,3,3 2,5,7 4, 4,3 2, 9 ,2 6,6,9 

V. S.":/ . (""' ,, 
\) e It 0 H. f • j'J, ,-, . V . II ; J . H.,_,. V.ii . J. 

2.048 3,5,5 5 ,s, 3 4,6, 9 6,6,4 5,6,8 5, 2,3 2,9,2 

v. s.·-;. S . J . 1 I. .{ . M. '.1 . V.H • .f . ~f. .,,. !{. fl • 
4.096 4,5 , 4 5, 2,7 1,3,6 1, 6, 6 1,5,7 2,10,5 8 , 7,8 

KEY. 

mi. SMOOTH . 

V. S . \7 . V:sR.Y SLIGHTLY '.7HI:NKL··..:n 

s . . T . ST:IGHTLY '.T.RINICL....;D 

H. \1. HIGHLY ~'.'RINKLED 

V .H.''!. VJ:!T.Y HIGHLY "!RHi'KLBD 

Index of Sporulation: 

l = Very sparse 

10 = Very dence 
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the medium were both equally import:,nt in the deterrnin ...... tion of the 

yield trends . i . e . the line for each contour i s diagonal, rather 

than parall el (predominqntly iron effect) or vertical (predominantly 

r~tio effect) to the iron:man~anese r~tio axis . Hm.ever, the iron 

effect Has found ~ by an analysis of va riE'.nce, to be not significant . 

(ii) 'rhe y i eld value for eacb contour decreased with increase 

in the iron:manr;anese r-.tio. Thus ~s the iron:manganese balance 

in the culture medium increased there was a tendency for the dry 

wei·":ht yield to dec::·ease . 

In .!'.e.~_gilliuro (Table 45) there was some evidence that the 

yield increa s ed with it1crease in the iron:man_:janese ratio up to 32, but 

a further increase to 64 had little effect. These results were to a 

certain ex tent confirmed by the regression analysis results . 

3raph 5 it can be seen that: 

From 

(i) the contour lines for different yield values tended to be 

par::.llel to the iron:mr,neanese rntio mcis, thereby i ndicating th-9.t 

the level of iron supply was the m~jor factor determining the yield . 

However, since the contour lines for each yield value tended to curve 

upw3.rds at low iron:m~- n':"::1nese ratios, the iron:m-"'.nganese n -:.tio was of 

some import~.nce in the dete:rmin~tion of the yield trends . 

(ii) There was n tendency for the yield to incre::tse with in-

creJ se in the level of iron supply ~nd iron:manganese ratio. Thus 

maximum yi~ld was obtained when the concentration of i r on in the me­

c" ium was between 2 . 048 o.nd 4 . 096 p.p.m. and the iron:m·-:ng:mese ratio 

was approxim~ tely 4. 0. 

There was no evi dence that the iron:m-nganese bal ance was 

importRnt in det ermining the de3ree of wrinkli ng or sporula tion of 

the felts produced in cultures of Aspergi*lus or Penicillium. 
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TABLE 44. The dry weight yields, in grams, obtained for each iron:manganese ratio, 

with Aspergillus niger in .c<xperLten t 8, part 1. 

1.55925 

1. 57203 1. 53152 

1.52017 1. 74215 1.86517 

1.67933 1.38207 1.60523 1.81204 

1.53368 1. 78249 1 .73216 1.39290 1.80302 

1.94776 1.75606 1. 51243 1.87157 1.82205 1.45049 

1. 94711 1. 75744 1.41193 1.85374 1.81804 1.87411 1.99588 

1.68065 2 .21105 1.68227 2.19355 1 .70686 1.<38680 

1. 63357 2.15104 1. 74750 2.15952 1.86094 

2.05622 1. 94618 1. 90342 1.85607 

2.00558 1.90994 2.23685 

1. 75573 1.90135 

2 . 20508 

-------------------··-------· ---- - · . - ····-·· -----
Total 1.94711 3.62841 4.92469 7.70266 8.87121 9.8597112.74982 11.0:)664 9.47648 7.19702 5 . 53807 3 .337' 9 1.99885 

------
Mean of total 1.94711 1.81420 1.64156 1.92566 1.77424 1.65995 1.82140 1.83444 1.895)9 1.79925 1.84602 1.66864 1.99585 

------------------------·-- ----- ----·--·---
J!'e/Wln ratio 0.016 0.031 0.062 U.l25 0.25 0.5 l.O 2.0 4.0 8. 0 16.0 32.0 



TABLE 45 . The dry weight yi eh.s, in gra.rns, obtained for euch iron:manganese r .:. t i o , 

with Penicillium g1aucum in Lxperiment 8 , part 1. 

1.14657 

1.26249 1.32854 

1 . 02607 1. 31230 2 . 05842 

0 . 88670 1.23425 2 .10879 2 . 06456 

1.0.;_725 1. 37321 1.87403 2 .13934 2 .18933 

0. 94324 1.19386 1 . 75338 2 017242 2 .16750 2.29255 

o. )8058 1. 24003 1. 77508 2 .18430 2 . 11121 2 . 23715 2 .21023 

1.11054 1.85686 2.19956 2 .19692 :2. 32103 2 . 18928 

1.63978 2.05116 2. 20478 2.30245 2.29591 

2 . 08796 2 . 21383 2 . 21351 2 .32364 

2 . 21079 2 . 25496 2.27340 

2.24978 2 . 24942 

2 . 20445 

Total 0 .98058 2 . 05378 3 . 92706 6.03038 8 .43631 10 . 91329 13 . 18139 12 . 26960 1 ) . 88482 8 . 87673 6 .72239 4 .48183 ? . 21)23 
-- .----·-·-·-· -------- -- ·-·-- ··----

Mean of Totals 0 . 98058 1 . 02689 1 . 30902 1 . 50759 1 . 68726 1 . 81888 1.88306 2 . 04493 2 .17696 2 . 21919 2.24079 2 . 24J91 2 . 21023 

Fe/Mn ratio 0.016 0 . 031 0.062 0.125 0.25 0 . 5 1.0 2 .0 4. 0 8 . 0 16 . 0 32.0 64.0 
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Part 2. 

The plan of part 2 of Experiment 8 is given in Ta.ble 46. 

A series of stock solutions of iron a~d manganese were prepared, 

by serial 1 :1 (l volume solution to l volume of purified water) dilu­

tions of a concentrated solution, from which a l ml . sample in 50 ml. 

gave the maximum concentration required. The concentr<:.ted iron and 

manganese solutions, from which tb~... other solutions were prep.::.red, 

were made up as follows. 

Iron: 

Mc.nganes e: 

(i) Prepared without a chelating agent. 

6 .371 gms . of .l!,eso
4

.?H20 was dissolved in 

purifted water in a. 200 ml. volumetric fl:J.sk. 

l ml. of this solution in 50 ml. gives an 

iron concentration of 128 p . p.m. 

(ii) Citric acid as chelating agent . 

6.371 gms . Feso
4

.?H20 was dissolved with 

4.8154 gms. citric acid in purified water 

in a 200 ml. volumetric fh!.sk. 1 ml. of 

thill solution in 50 ml. gives an iron con­

centration of 128 p.p .m. 

(iii) E. D.T.A. as chelating agent. 

6.371 ~s. Feso
4

. ?H20 was dissolved with 

8 . 53095 gms . E.D. T.A. in purified water i n 

a. 200 ml . volumetric flask. l ml . of this 

solution in 50 ml . gives an iron concentr3-

tion of 128 p . p .m. 

(i) Prepnred without a chelating agent. 

5 .1964 gms. MnS0
4

.4H
2

o was dissolved in 

purified water in a 200 ml. volumetric 

flask . l ml. of this solution in 50 ml . 

gives a manganese conc entrati on of 128 p . p .m. 

71/(ii) 



TABLE 46. Th~ pl~n of Experiment 8, part 2, sho\ling the l8v~ls of iron and manganese supply , 

ana the r esulting i ron:!ll['..ng:mese r :::ttios. 

Level of Level of Iron Supply in p.p.m. 
r.·n supply 
in p.p.m. 2 . 0 4.0 8.0 16.0 32 . 0 64.0 128.0 

2 . 0 l.O 2.0 4.0 8.0 16.0 32 .0 64.0 

4.0 0.5 l.O 2.0 4.0 8.0 16.0 32.0 

8.0 0.25 0.5 1.0 2.0 4.0 8 . 0 16 .0 

16.0 0.125 0.25 0.5 l.O 2.0 4.0 8.0 

32 .o 0 . 0625 0 .125 0.25 0.5 l.O 2 n .v 4.0 

64.0 0.03125 0.0625 0.125 0.25 0.5 l.O 2. 0 

128.0 0.015625 0.03125 0.0625 0 . 125 0.25 0 .5 l.O 
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(ii) E. D. T.A. as chelating agent . 

Results. 

5.1964 gms . !/fnS0
4

. 4H2o was dissolved with 

8 . 67426 gms. E. D. T.A. in purified water in 

a 200 ml. volumetric flask. 1 ml. of this 

solution in 50 ml . 3ives a manganese concen-

tr~tion of 128 p . p . m. 

The results are 3iven as shovm in Tnble 47. 

TABLE 47. The results of 3xperiment 8, part 2. Table 

giving the aspect consi dered and the number of 

the t:1ble in which the results for each f::tctor 

are gi ven. 

Aspect 
considered 

Aspergillus 
(No chelating 

agent) 

Dry weight yield 

pH of filtrate 
(No. of table in 
Appendix) 

An~lysis of v~riance 

Regression analysis 
iron and ~~g~nese 
effects. 

Regression analysis 
iron and iron :IDDngan­
ese r atio effects. 

48 

12 

51 

54 

57 

Aspergillus 
(Citric acid as 
chel!'!.ting o.gent) 

49 

13 

52 

55 

58 

Penicillium 
(B.D. 'f .A. a s 

chel2.ting agent) 

50 

14 

53 

56 

59 

72/Table 51 . . • 



TABLE 48. The dry weight yield i n grams, obto:ined v1i th Aspergillus niger in 1'xporiment 8 7 part 2. 

(No chel a tine agent supplied .) 

Manganese Iron Supply i n p. p . ~l . Total for each Mean of total 
manganes e f or each Mn supply i n 

2 4 8 16 32 64 128 t re::l tmt:mt . t rea tment. . .m • 

.11442 .15032 . 44411 . 32515 . 48084 . 36994 .34305 

2 .48379 .23295 . 20523 .28260 . 46262 .12831 .51185 7.2 7052 l. 03865 

.38917 -53849 . 25405 . 49449 • 51J.82 . 26192 .28540 

. 15840 . 3561)0 . 28265 . 28057 . 27870 .14539 -34 is:l. 

4 .58035 .37764 . 21985 .36185 • .t'3627 2. 5878 • 27405 6 . 49123 0.92732 

. 17930 .59741 . 31985 . 21705 . 29512 2 . 5300 .27048 

.34262 • 53 457 . 29908 • 52 430 • 40710 . 36251 . 31985 

8 . 27927 • 46906 .30400 . 60358 • 57425 . 35371 . 23305 8 . 30287 1 .18670 

• 27549 • 46 335 . 37158 . 39495 • 30171 . 46290 . 42594 

.28715 . 49802 • 49792 . 24828 . 21497 . 46926 . .-:6080 

16 .38634 .37666 . 53805 . 36430 - 39821 . 30265 . 23015 7.18504 1. 02643 

.34801 . 27185 . 42980 .33017 0 27212 .16416 . 29617 

. 19817 .13419 . 41239 . 42661 • 44279 . 19320 • 31292 

32 .29731 .19869 . 18925 • 37260 • 28345 . 35552 • +4717 7 . ·Jl J 70 l. O·J153 

.36830 . 38205 . 38976 • 45346 .43848 . 26764 . 44675 

. 12780 .21009 • 27200 . 41399 . 18887 . :U535 . 34600 

64 . 37158 .16520 . 33130 • 27995 . ~2 TH5 . 45627 . 295~4 6 .17831 J .88262 

.29677 • 21904 . 21927 . 22670 • 40534 . 32305 . 31515 

• 34924 . 30387 . 21270 .3G045 .41745 . 37490 . 43684 

128 . 25407 .13935 . 33988 . 1'3395 . 16102 . 34956 . 39085 6 . 40636 J.91519 

.23503 . 26979 . 28269 . 36181 . 34387 . 2.')373 . 42031 

Total f or 
each Fe 7.21074 6. 49175 7. 59915 7.51681 6.81541 6.88859 6 . 32258 

t r eatment 

N:ean of 
total f or 

1. 03011 o. 92739 1.08570 1.07383 0. 97363 0. 98408 0 . 90323 each Fe 
treat ment 

Leas t s igni ficant difference bet weGn me:ms at ,·.05 probabilit y level = ± 0 . 08250 gms . 



TABLE 49. The dry weight yield in gr::uns, obtained with J.spergillus_niger i n Experiment 8, part 2. 

(Citric acid as chelating agent.) 

Manganese Iron Supply in p.p.m. Toto.l for each Mean of total 
supply in manganese for each Mn 
p.p.m. 2 4 8 16 32 64 128 t rea tment treatment 

• 24496 . 19150 .36786 • 24226 .08306 .35078 • 40105 

2 • 36467 • 36241 . 47725 . 31812 .20902 . )9766 • 44356 7.20487 1.02927 

.43081 .33818 .49604 . 31781 . 42868 . 33997 . 39842 

.31929 • 36978 . 41997 . 22970 .13710 • 24336 . 23153 

4 • 36778 .31826 .24225 . 32701 .26 •79 . 39606 .44532 6. 77693 0.96813 

.38065 . 31621 .31105 .42130 . 22877 . 33580 • 4 7295 

.24776 .37570 • 36468 .44497 . 1··~760 .27109 .29085 

8 .43156 .35025 . 35125 . 23782 . 22160 .35473 • 41)087 6 .82304 0 . 97472 

.35809 .35740 . 35555 . 10965 • -l-i847 .40423 .26i:392 

.49017 • 29285 .36001 . 35295 . 36788 . 23023 . 24218 

16 .36734 .36762 . 43089 .43587 . 26807 . 26b92 . 22444 6.68890 0.95556 

.31723 • 47240 .31149 . 29690 .17661 . 24096 .17589 

.38866 .35626 .37510 • 34438 . ) )297 .38038 . 2)025 

32 . 23335 .34126 . 37336 .28251 • ·,2050 .22612 . 19868 7 . 23491 1.03356 

.48956 . 38507 . 37618 . 40254 .32230 . 25508 • 45040 

.41186 .34863 . 32540 . 38363 ' .~1811 . 37932 • 37750 

64 • 46223 .31041 • 42147 .31917 •. )8013 . 49529 • 40190 7.65833 1.09405 

.22196 .38105 . 40227 . 14665 - ~)839 . 39081 . 35215 

• 43563 • 21195 . 40634 . 51365 • .'t)868 . 14048 . 41078 

128 .28692 . 48998 . 39407 . • 34501 . 23276 . 47067 . 46881 7.81607 1. 11658 

. 51454 .54074 . 39342 .13825 . 27776 . 40056 • 29967 

Total for 
each Fe 7.15612 6.97050 6.26205 6. 61015 7.95590 7. 47791 7.76502 

treatment 

Mean of 
t otal for 

1. 02230 0.99579 0 . 89458 0 . 94431 ~ .• 13G56 1.06826 1.10929 each Fe 
treatment 

Least significant dif f erence bew{een menns ~t 0.05 prob~bi1ity level = ± 0.09322 gms. 



TABLE 50. The dry weight yield in grrun.s, obtained wi t.'fJ. ~~P1:.cJ-lli~._g~c.l!_c_~ in Experiment 8 , po.rt 2. 

Manganese Iron Supply in p . p . m. Total for each MeJ.n of total 
supply in m""'.ngnnese fur e ::-,ch Mn 

p. p .m. 2 4 8 16 32 64 128 t T<:.O. tmen t tre.::.tment 

. 54088 . 56267 • 63211 . 63361 .82750 . 50873 .78375 

2 .55176 .76333 .66545 .57851 0 57227 . 71350 . 54738 13 .39474 l. 91353 

. 57214 • 62799 • 57283 . 595 11·0 .8G9<t4 . +5736 . 81813 

.59235 . 55022 . 736 79 . 65732 .8('1U3 .66769 • 72055 

4 .48675 . 55236 . 66039 . 48265 • 71256 . 55439 . 67796 13 . 40317 1.91474 

. 53423 . 55729 .65158 . 66493 .65973 . 67787 . 80370 

. 60850 . 60437 o 7•T417 • 70513 .67382 . 61496 .81952 

8 . 56143 . 63514 .67682 . 50075 .74b17 .60979 .69569 13. 58113 1.95445 

. 55359 .64318 .61293 • 72330 . 63585 • 59115 . 62487 

. 53763 . 52811 . 59196 .64321 . 53565 . 67797 . C3677 

16 • 54016 . 57527 .59265 • 51228 • 62 435 . 65110 .69445 12 .63735 1.80534 

.59463 . 63137 . 524tr7 • 71299 • .);:3 '~ 31 . 53514 • 71288 

. 51354 . 6003/r . 69476 .64872 . 77976 .61760 .74688 

32 .61400 . 63850 .60379 .68534 . 54556 . 57017 . 67698 13 . 22932 l.8J847 

. 49787 . 60616 .60104 .61456 .69178 . 64496 .62791 

. 49333 . 57095 . 45695 . 56752 . 72022 . 72073 .77372 

64 .51390 . 45804 . 66499 .60748 .?8421 .59345 .76559 13.33718 l. 90531 

• 73236 . 50452 .81144 . 51245 .j4756 .75131 . 78636 

. 53675 . 59840 .61156 . 6605-+ .62184 .66414 .84365 

128 .55975 .62989 . 57388 .60889 . 55908 .62539 . 51574 13.08:)64 1 . 86866 

. 53504 . 56181 .58105 . 74055 .62226 . 61625 .81418 

Total fo r 
eQ.ch Fe 11.67057 12 . 39991 13 .27071 13 .05613 14. 11580 13 .06375 15.08666 

tre"~.tment 

l\1e.:::.n of 
total for 1.66722 l . 77142 l. 89582 1.86516 2. 01654 1.86625 2 . 15524 each Fe 
treatment 

Lea.st significnnt difference bet1tcen m:; ::.ns ~ t 0.\15 p ~·obo.bili ty leve l = ± 0 .03960 gms . 



TABLE 51. 

Factor 

Iron 

Mang1.nese 

72. 

The results of an ana~ysis of variance performed on 

the dry woieht yield dcta of Aspergillus• 

supplied) in Dxperim~nt 8, part 2. 

Degrees Sum squ:-.res Me::n F v1.lue Freedom sum sque.res 

6 0.06815 0 .01139 1.287 

6 0.14707 0.02451 2.769 

(No chelate 

Signific:mc e 

tTot signific.::mt 

Not si._.nifica.nt 

Interaction 36 0.55723 0.015-i-8 l. 749 Significnnt at 5~ 

Replication 2 0.00445 0.00224 0.25 Not significant 

Error 96 0.84964 0.00885 

TABLE 52. The results of an analysis of variance performed on 

the dry weight yield data of Aspergillus, (Citric 

acid as c~elating agent), in Experiment 8, part 2. 

Factor Degrees Sum squares Mean F value Significance Freedom sum squares 

Iron 6 0.10689 0 .1781 1.580 Not significant 

!>~anganese 6 0.05927 0.00988 0.088 Not significant 

Interaction 36 :).02217 0.000616 0.005 Not significant 

Replication 2 0. 12079 0.01048 0.930 Not significant 

Error 96 1.07724 0.01122 

73/~able 53 • •• 
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TABLE 53. The results of an analysis of v~ri~ce performed on 

the dry wei~ht yield dat~ of Penicillium 5 i n Experi-

ment 8, part 2 . 

Factor Degrees Sum squares Mean F value Significance 
Freedom sum squ::tres 

Iron 6 0.35361 0.05893 29.62 Signific .... nt : .. t OJ. 

Mang:1nese 6 0 . 02757 0 . 00489 2.46 Not significant 

Interac tion 36 0.18911 0.00525 2. 6 :~ Signific·mt at0.15 ... 

Replic.'l tion 2 0.01221 0. 00610 3. 00 Not significant 

Error 

TABL'S 54 . 

Factor 

Residu::\1 

TABLE 55. 

Fo.ctor 

Regression 

Residual 

. 
96 0.21112 0.00199 

The results of o. regression ana lysis of the dry 

weight yield <hta of Aspergillus (no chelating 

agent) in 3xperiment 8, part 2 , for the iron and 

manganese effects . 

Degrees 
Freedom Sum squares Meo.n 

sum squares F value ~ignifico.nce 

5 0.87696 0 .17539 5. 2 4 Significant at 5~ · 

43 1. 4 ~038 0.03350 

The results of ~ re~ression nnalysis of the dry 

weight yield datr'. of Aspergillus, (citric acid as 

cheln.tin3 ngent), in Experiment 3 1 part 2, for the 

iron arj ~nn3~ncse effects. 

Degrees 
Sum squares !J[ean 

Ji' value bicnificance Freedom sum squa r es 

5 0. 31371 0.06274 10. 74 Significr nt o.t l~~ 

43 0.25118 0.00584 

74/Table 56 ••• 
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TABLE 5..§.. The r esults of 3 re~ression ~Dnlysis of the dry 

weight yi1l"d data of Penicillium in Experiment 8, 

pnrt 2, for the iron and m:.nganese effect. 

Factor Degre~.:s 
Sum squares Mean 

F value Significance 
Freedom sum squares 

Regression 5 0.81836 0.16367 7 . 89 0ignifico.nt at 5% 

Residual 43 0 .89243 0.02075 

TABLE 57. The results of a rcgrGssion enGlysis of the dry 

wei~ht yi.:ld do.t:::. of Aspt;rgillus (no ch.:ln.ting 

- gent) , in Experim.:n t 8, pe..rt 2, for the iron 

and iron:manganese bal1nce effect. 

Factor Degrees 
Sum squares Iv1~E-.n 

:B' v.:1lue Significance }Jreedom sum squares 

Ret~ression 5 0.36647 ) •. )7329 1.61 Not significo.nt 

H.esidwll ·n 1. 95107 0.0.~537 

TABLE 58. The results ·•f 3. regression CJ.n·:lysis of the dry 

weight yield dat~ of Aspergillus (citric aciu ~s 

chel~tin~ agent) in Experiment 8 9 p&rt 2, for the 

iron nnd iron:m~ng~ese bal~ce effects. 

Fc-wtor Degrees 
Sum squares Mean F value Si.;nificance Freedom sum squares 

Regression 5 0.41103 0.08220 23 . 09 Significant ~t 1; 

Residu:~l 43 0.15319 0.00356 

75/Tnble 59 ••• 
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TABLE 59. The results of a regression analysis of the dry 

weight yi~ld data of Penicillium in Bxpcriment 8, 

part 2, for iron nnd it'on:m".ngcn ese bal:mce effects. 

Factor Degrees 
Sum squares 

Mem F value Significance 
Freedom sum squ~res 

Regression 5 0.84902 0.16980 8.47 Significant ~t 5% 

Residual 43 0.86187 0 .02004 

The results will b0 considered under the following headings: 

(a) The effect of incrensing the level of iron supply, 

irrespective of the level of mang,~ese in the medium. 

(b) The effect of increasing the level of mn.ng::mese supply 1 

irrespective of the l evel of iron in the medium. 

(c) The iron:~l~ganese interaction effect on the yiJld. 

(d) The relation betwe8n growth nnd development and the 

iron:mc.ng:: nesc ratic~ in the medium. 

(a ) The effect of increasing the l evel of iron supply, 

irrespectj_ve of the level of manganese in the medium. 

The effect of rnising the level of iron supply in the culture 

medium on cultures of Aspergillus was not marked, irrespective of the 

presence of a chel~ting agent ( Tables 48 nnd 49). When no citric 

acid w:.ts present in the culture medium, there wns some evidenc e of 

slightly diminished yields ~t high levels of iron supply (T~ble 48), 

but the effect was not signific::nt . From the graph of the r egression 

analysis (gr:lph 6) it was e:vident th:-- t there wo..s 1 tendency for the 

yield t ·, be maximrl at low levels of iron supply, indicating that high 

levels of iron were slightly toxic. Since the contours for each 

yield tended to be p~rallel (predominent manganese effect), rather 

76/tho.n .•• 
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th~n nt right angles (predominant iron effect), to the iron concen­

trction axis, it is evident th -.t the concentr::tion of iron was not the 

major :Cactor determining the ;{L-ld trends. B·'tising the level of iron 

supply in the presence of citric c--cid resulted in a sli._5ht incre·::.se in 

the yield, n.l though the cf;_'ect was not signii'ioont, (T:lble 51) , how.:ver, 

the regression ::tn<.lysic results (gr:..ph 7) indic ·, te that the levels of 

iron and m'1.ng~mese supply arc equally importc.nt in deterraining the 

yield trends . 

In cultures of Pcnicil1ium the overall effect of increasing the 

level_ of iron supply in the culture medium was shown tv be highly 

significent in determining the yield trends, (Table 53). The yicild 

data ('I''lble 50) shows cle:.rly that with each increase in the concentra-­

tion of iron in the culture medium, there was a significnnt change in 

the yield, and that the overall trend was for progressively i ncrea sed 

dry wei1ht yield with increased iron supply. These observa tions w<Jre 

cleA-rly illustr:~.ted by the graph (gr-3-ph 8) of the r agression .:u1.alysis 

results. Thus the yield v2. lues for each contour incre.--.se with in-

cref',se in the iron concentr2.tion 
' 

and the contours tend to be 

orienta ted at right o.n,:,sles to the iron conc entrr•.te, indicating n 

predominnnt iron effect. Thvre is some evidence, tcerefore, th~t high 

levels of iron w0re slightly toxic when no chc. l ::ting a~..:mt was present 

i n the culture medium, but in the presence of c i tric :l.Cid or .6 . :U.'f.A. 

th0r~.: w::s no evidence of diminish<Jd yield<: at high iron l evels. 

Raising the level of iron supply in cultures of Aspergillus 

and Penicillium, irrespective of the presence of a chel a ting ::tgGnt, 

ha d lit t le effect on the pH of the filtrate or the degr8e of sporu­

l ation and wrinkling of the f elts. 

77/(b) ThL o • • 
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(b) The effect of increasing the lev~l of ~~ng~nese 

supply, irrespective of the l t:vvl of iron in the mddium. 

In cultures of Aspero;illus and Pc:YJic:j_llium, irrespectivv of the 

presence of a chel~ting ~gent, raising the level of m~ng~ese in the 

medium did no t h::tve a marked ef,'c;ct, cLl'ld w::.s found, by an ~malysis of 

vari.·~nco to be not cicnific nt (Tables 51, 52 ~nd 53) . With Aspergillus 

when no chel a.ting agent w.qs presen t in th0 medium, r :.isinc the levd of 

m~ngan~se supply to 8.0 p. p .m. resulted in~ barely signific~nt in­

crease in the yield, (T~ble ~8) . Subse~uent incretses, up to 128. 0 

p .p.m.,resulted in s i gnificantly dccr0csed yields. The r ecults of the 

regreF>sion :--.m1lysis (gr:-·ph 6) show clc:1rly thnt the l evel of m<ngMese 

supply was tho major f actor determining the yield and that n~xim~l 

yield was obt~in8d nt low l evels of iron supply and high l evels of 

mn.ncanese. r.'hen citric acid or E.D.T.A., were supplied us chel::l. ting 

ngenwthere wns no evidence of d~1inished yields at high levels of 

r:nng::mese (Tables 49 nnd 50) . The yield trends were determined 

jointl y by the levels of iron rmd mangrmese supplies s in Aspergillus, 

but ma:inJ¥ by the l evel of iron supply in Penicillium. 

The level of mang9.nese suppl y had no effect on the pH of the fil­

tra te at the degree of sporula tion ~nd wrinkling of the felts. 

(c) The iron :ma~ganese inter~ction effect on the yield . 

The iron:mangancse inter~ction effec t was found by analysis of 

vari~nce (T8bl~s 51 ~d 53) to be significnnt in Penicillium .md in 

Aspergillus when no chel e.ting :1gent was suppli€d. In Penicillium 

(grRph 9) r2ising the level of iron suppl y to 4. 0 p.p.m., ~t low 

levels of mnng:'.nese in the medium resulted in diminished yield. 

Further increases to 8 . 0 p.p.m, resulted in i ncrecsed yield . At 

high levels of m;:mg:;tneoe in the medium there wns a tendency for the 

yiel d to incrense when the level of iron supply was r aised to 4.0 

p.p.m. Subsequent incre·'.ses in the iron supply to 8.0 p.p .m, 

78 jresul t f:d ••• 
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resulted in gradually diminished yield. ~1us there was evidence that 

the supplies of iron and manganese were not j.ndependent in detennining 

the yield. 

In Asperr;illus the interaction effect was not v_ery ::;ienificant. 

In graph 10, thwre is evidence that at all levels of manganese supply 

above 4.0 p.p.m., increasing the level of iron to 4.0 p.p.m. resulted 

in a marked tendency for diminished yields. At low levels of manganese, 

the trends were markedly different. When the manganese level was 2.0 

p. ~ .m. increasing the iron supply to 4.0 p.p .m. resulted in diminished 

yields, but further increases had little effect. At the 4.0 p . p.m. 

level of manganese supply 1 increasing the level of iron supply to 8,0 

p.p.m. resul·i:ed in a marked progressive increase in the yield. Thus 

in both A~pergillus and Penicillium the i ron:manganese interac tion is 

most evident when the concentrations of iron and manganese in the 

medium are 4. 0 p . p.m. 

(d) The relation between growth and development and t he 

iron:mang~~ese ratio in the medium. 

Tnere is some evidence (Table 60) that raising the iron:manganese 

ratio to approximately 0 . 5 resulted in increased dry weight yield in 

cultures of Aspergill us when no chel ating agent was present in the 

culture medium. Subsequent j.ncreases resulted in slightly diminished 

yields. These observations were clearly evident in the graph of the 

regression analysis resultss (graph 11). The yield values for the 

contour lines increase with the iron:manganese ratio, to 0.5 and then 

decre .l.se with subseq_uent raising of the ratio to 64.0. Since the 

yield was maximal a t high levels of iron supply, both the level of 

iron supply and the iron:manganese balance were important i n determini ng 

the yield trends. Howevers since the contours are orientated verti-

cally with r~spect to the iron:manganese ratio effect , the ratio and 

not the l evel of iron supply was the major factor det ermining the 

yield trends . 

79/In .• • 
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In cultures of Aspergillus wherC' citric .:.lCid w::.s supplied ~s a 

chelQting agent, thcrv w~s evidence th~t the yield tended to diminish 

as th0 iron:m~!l&ancse ratio appronched l.O. PhuG mo. •• imum yields were 

obtained ~thigh and low iron:m~GP.nese ratios (Tqble 61). T.t1is 

trend is cler.rly evident in the gr ~ph of the regrension analysi s 

(graph 12). Since the contours for the yield values were oricnt."',ted 

diagrmnlly 7 the iron:m:'.n3"lncse r'l.tio ::md iron concentration in the 

medium were equally important in dctennining the yield trends. By 

virtue of the plan of the experiment (Tnble 46), low iron :rn::.n~enese r .. tios 

were only obtained with v•"Jry high levels of Il13.ng~:.nesb supply ood low 

levels of iron, and simil':!.rly high ratios Wl)re obtained with high 

levels of il~on supply .md low levels of rn:::n,3~mese. There w:1s some 

evidence in previous experiments (Experiments 7 ~d 3) that high lcv~ls 

of iron and manganese were toxic when no chulating J.Gvnt w~s pr0~ent. 

'rhus the absence of diminished yields, a t the low ratios (high mnng:.nese 

levels) .r~nd the high r:ctios (high iron levels), c :m be ~xplained by thr:; 

presence of citric 2cid. At high levels of iron and menganesa, oymp-

toms of toxicity are not evident because the presence of citric QCid 

tends to keep the iron and mc.nganese in oolution in the fun0us 7 

thereby preventing toxicity. 

In cultures of Penicillium there i s ~lso evidence th~t the presence 

of a chela ting ~gent r educes symptoms of toxicity (Table 50). In-

cre~sing the iron:manganese r atio resulted in incre~sed yield (Ta ble 

60) Rnd there wns no evidence of an optim-:1.1 ratio, The graph of the 

regression ."lna lysis results (gr a ph 13) 7 however, indic testhat ·;,he 

yield trends were determined equally by thl l0vel of iron supply 

and the iron:m'"n~.2nGse bal"nce. This would sug'3est thc t the in-

cre ...... sing yield obte.ined with increa sing the iron:mang::mese r::.tio may 

be due p:.:.rti3lly to the incrH.st~d iron supply in ardor to incr(; · se the 

iron:m,·mg;.nese r r.tio (T"'.ble 4.6) 

SO/Conclusions ••• 



TABLE 60 . The dry weight yield 9 in gr-nn, obt::.in-:ti ::·or e::.ch iron:m·.ngmlt::Se r .:-.tio with 

Aspergillus ni~er in .:.Oxpt.:rim~nt 3 9 n'".::!:'t 2 •. (No cheL:.tin'"' ··s ent .) 

0.98738 

0.91805 0 J2176 

0.89730 l. ·;3~.J5 0 . 90339 

1.02150 1.46698 0 . 82235 1 . 10224 

0.86378 1.14653 0. 97:~56 0 .85947 l. 45528 

0 . 79615 o. 71493 l. 46577 J . • 52283 1.01009 0 . 76J l7 

0 . 83834 0 . 59433 0.99140 0 . 94275 1.28306 0 .65717 1.14030 

0 . 71301 0 . 82257 l. 25267 j , 88530 1.17912 0 .893.)5 

().83527 0.92D64 1.16...;. 72 0 . 93607 0 . 97884 

0.91621 0.87336 0 . 81636 J.78712 

0. 92734 l. 2146'[ l. 20684 

0 . 92819 0.95l:i95 

1.2..,.300 

----·-----------------·--- ·- ·- .. --.. - .. --- ·--·- --- -- --·- - · ---
Fe/Mn r 'ltio 0.016 0.031 0 . 062 0 .125 0 . 25 l. O 2 . 0 4.0 8.0 16. 0 32 . 0 64 . 0 

Total 0.83834 1 .50916 2 .29338 3.47521 ~~ . 8832~ J .90502 7.86321 5.92555 5.18883 4.0785~ ) . )9129 1 . 65322 1 . 14030 

1,1ean of total 0 . 83834 0 .75458 0.76446 0 . 86880 0 . 9766_. 1.15084 1.12317 0.98759 1.03777 l. J 1964 l. J 3043 0.87661 1.14030 



TABLE 61. The dry weight yield in gr · r:1.:::~ obt.J.incd for - ch iron:m::.ngunese r~ tio~ with Aspergillus niger 

in Experiment 8 7 part 2. (Citric :~ci 1.:i ·.~s c} ~ .. :l .. :.ting -;gent . ) 

1.04!")·.j.4 

1.06772 0 .39209 

l. 037 'rl 1. ou .. :; 5 1. 34115 

1.17474 1. ')8335 0.97327 0.87819 

0 .9')157 1.13287 1.07148 0.97801 tJ. 72516 

1.09605 1. 08259 1.10239 0 .79244 ,).62866 1.08841 

1.23709 1. 04009 1.12~64 1.08572 0.84767 0. 97522 1.24303 

1.24267 1.14914 1. 02943 ::-: .81256 l.J30.6 1.14980 

1.19383 0.84945 0.11577 0. 73811 0 . 96064 

0 . 99691 1.12663 ) . 86158 0 . 64251 

0 .94920 0 . 1:265 ".2 0 . 84933 

1.01171 1.13155 

1.17926 

Fe/Mn r~tio 0.016 0.031 0 .062 0.125 0 .25 i j. 5 1.0 2.0 4 . 0 8.0 16.0 32.0 64 .0 

Total 1.23709 2.33872 3,35249 r• ·'~0338 5.09357 6 . 62123 7 . 82334 5.43659 4 .75527 3.181412 . 65742 2 . 23821 1.24303 

Mean of total 1.23709 1 . 16936 1.11750 1.10084 1.01871 1 . 12020 1.11762 0.90610 0 . 95105 0.79535 0 . 88581 1.11 910 1.24303 

---------------------------------------------------------------------------------------------------



TAB LE 62. The dry wei ght yiel d , i n gr-:.ms , obto.inGd for e. cch ironnnanganese r:1tio wi th 

Penic i l l ium g~o.~ in Experiment 8 ~ pnrt 2. 

1.66478 

1.61331 1. 95399 

1. 72352 1.65987 1 . 87039 

1.67242 1.88269 2.04876 1.80752 

1.62541 l. 73475 2.03392 1.80490 2 0 26921 

l. 73959 1.84500 l. 70~)08 l. 92918 2 . 17417 1.67959 

l. 63154 1. 53351 1 . 90869 1.868~8 2.05584 1.89995 2 . 14926 

1 .79010 1. 93338 l. 94862 1.74431 1.81590 2 . 20221 

l. 765.1-9 1.68745 2 . 01710 1.86421 2 . 14008 

2 . 00998 2 . 05199 1.83273 2.04410 

1.80318 ~ . 06559 2 . ·)5177 

1. 90578 2 . 32567 

2.17357 

- - - ·-·- -· -- - -
Fejr;Tn r atio CJ.Ol 6 0 . 031 0. 062 0.125 0 .25 0. 5 1.0 2.0 4.0 8 . 0 16 .0 32 . 0 64.0 

Total 1 . 63154 3. 52969 ~ - 92541 7. 46078 8.85759 11 . 111~7 13. 48331 11 .83464 9.64711 7 . 84169 6 . 3J924 3 . 88180 2 . 14926 

Mean of total 1 . 63154 1.76484 1.64180 1 .86519 1 . 77152 1 .85191 1 . 92619 1 . 80577 1 . 92942 1.95834 2 . 10308 1.94090 2.14926 



so. 

Conclusions. 

There w2.s some evidence, in both p:1rtc of this .::xperiment, th:-t 

the iron:~ngnnese b:1.l:nce m".'.J be import:mt in th~ det.::rmin.~tion oi' 

the yield trends. Since the numb.;r of yi0ld volucs obto.ined for 

r ·::! tio ducrc.~sec1 progressively towc;.rds the extrerni tiGs of the rant;c 

of r~tios 9 (plan of experiments Tables 34 nnd 46), the effect of 

the iron:mang-:mese bal;-.nces on the yield could not be clap.rly separated 

from the sepqr~te effects of iron and mang~eoe. There was clso 

some evidence thRt the presence of n chelnting ~gent tended to reduce 

the symptoms of iron and mr.-.ngnnese toxicity. 

Thus it WP..S decided to design a further experiment, in which equo.l 

numbers of treatments we::re obtnined for ench iron:mc.nGanese r"..tio. 

EXPERIMENT 9. To determine the effect of ve.rjing the :-tbsolute 

supply of iron and mo.n}anese, ~t fixed iron: 

mangnnese rntios, in the culture medium , on the 

growth nnd d8velopment of cultures of Aspergillus 

niger nnd Pe~icillium glnucum. 

The plan of the experiment is given in Table 63. From this 

T.<:ble it is evident th:..t the experiment wo.s de::signed ~o that the 

numbers of treatments were orthogon:>.l with respect to iron concentrn-

tion, o.nd the iron:m!3.ng,.mese r ati.o in the culture solution. This 

arrangement penni ttf:!d n test of si~nific:!nce , by analysis of v ·:.ria.nce, 

to be performed on the dry weiJht yield dntn, for the effects of 

bot:r the level of iron suppl y, r..nd the iron:mnng.:-tnese r.::tio. 

The iron:mangn.nese r·1.tio in t!'lC culture solution wc.s V·'::lriE:d by 

adding l ml. ~ ?.:l)ples of different concentra tions of iron :::.nd m.'::lngo.nese 

t0 the culture solution. rJ:'he d:LfJ..' erent concentr:ttions of the stock 

soluti ms were prepnrcd by dilution of o. c ncentr.~ted solution of 

e::!ch, iron and mnngn.nese. In the c :tse of iron, the dilution f J.ctor 

w~.s 2 (1 volume soluti ··n in 1 volume of purified water) 9 but for 

81/manganese •• • 



manga nese, several dilution f:::.ctors were us8d. The concentrnt8d solu-

tions of iron and m.::-..ng:.mese won; prepared : c follows: 

Iron: 1.2 4 :~.40 em .• FcS04.7H20 VJ2.S dissolved with 

1.66741 .-~s. E.D . T .A. in purified ~~atl-r in 

a 50•) ml. volumetric flt:.sk. 1 ml. of this 

solution in 50 ol. g2ve r.n iron concentration 

Mnngnnese: 

of 10. 0 p.p.m. 

20.27986 gms. MnSO 
4

• 4H
2
o w.1s dissolved with 

30 .87550 gms . E. D.T.A. in purified w.:J.ter in 

a 500 ml. volumetric fl~sk. 1 ml. of this 

solution in 50 ml. gr.'.Ve h m.:o.n.,"pnese concentr~:~tion 

of 20:) p. p.m. 

Results . The r esults a re given in the followin~ t~tbles: 

Aspergillus niger, Pemicillium gl::!.U~~· 

~ry weight yield 64 65 

pH of filtra t e ( in Appendix ) 15 16 

hn:..llysis of v~rinnc e 66 67 

Regr ession :tn"'.ly:.Jis 68 69 

82/Tnble 63 ••• 



TABLE 63. The pl::n of Experiment 9, shmJing the lev:::ls of supply 

of iron, m:m,}~ese ond the iron :m.:-.nganese rat io, 

ConccntrJ.tion 
of iron in 2.5 5.0 10.0 

p.p.m. 

Iron :Hnng'lnese Concentr.1.tion of 
Ratio l~::m;~nneae in p.p.m. 

500 0.005 0.01 0.02 

50 0.05 0.10 0.20 

5.0 0.5 1.0 2 . 0 

2.5 1.0 2.0 4.0 

1.0 2.5 5.0 10.0 

0.5 5.0 10.0 20.0 

'! .2 12.5 25.0 50.0 

0 .1 25.0 50.0 100.0 

0.066 37.5 75 .0 150.0 

0. 050 50.0 100.0 200.0 

TABLE 66. The recultc of an annlycis of VJ.rirnc e performed on 

the dry Ylei;;ht yi.; ld obt·1.ined from cu1 turcs of 

Aspergillus niger in Exp-::rimunt 9. 

F1.ctor Degrees 
Sum 

Mean F v~.lue Signifier ne e 
Freedom squ~res 

sum sgw:~res 

R:1tio 9 0.08924 0 . 00991 1.03 not signific :.nt 

Iron 2 (), 06284 0.03142 3.2G Significant at~~ 

Rep1icP.tion 4 0.01874 0.004.,3 0 . 46 Not signifj.c<.~n t 

Error 135 1 .30020 0.00963 

83/Tuble 67 . . • 



TABLE 64. The dry weight yield , in gr ams 1 obtr'.ined f rom cultures of Aspergillus niger in l!:xperiment 9. 

I I Yi eld ·,otals Mean f·,r Iron : Iron Supply in p.p . m. 
Manganese - ·--·- . -- for each each r a tio 

ratio 2.5 I 5.0 10.0 ratio treatment 
I t reatment - ·-I -

500 . 44094 . 54392 .66297 . 44719 . 69755 I . 71929 
l 

. 56978 . 33785 .43919 .67662 .63904 . 54477 .70479 .68563 . 52414 8 .63367 ).57558 

50 .65025 .44706 .57490 . 49827 . 61417 .43081 .4')351 .70331 .30847 .68836 .49784 . 45176 • 51467 .39097 • i J9 )0 7.38335 ).52556 

5 .59225 . 36441 .39898 .59861 . 54264 .46106 .41317 .58002 . 40581 .55213 . 43048 .55865 .59785 . 44290 . 39272 7. 33168 ) .43d78 

2.5 . 54911 .61144 . 60368 . 48095 .59518 . 51220 . 51990 . 48693 .48509 . 26970 .50327 .41948 . 71696 . 49041 .45926 7.70356 ::l.51357 

1.0 . 61930 .52116 .58882 .62898 . 60904 . ..;.7250 . ~1436 .67072 . 50920 . 51642 . 71320 .58417 .52036 .56194 . 47917 8.40934 ·) . 56062 

0.5 . 38626 .56567 . 41097 .62617 • ·i-7999 .71103 . 64399 . 45352 .62366 . 49361 • 52484 .65085 .56347 .51930 .46982 8 .12315 ·) . 54154 

0.2 . 42818 . 56768 . 43313 .53395 . 427 .;.o , / 9746 . 49835 . 48138 .50252 .56192 .48679 .62476 . 53720 . 66483 . 58651 7.83206 ').52214 

0 .1 .53160 . 55291 . 43656 . /~6918 . 65-+24 • 56tt73 .60556 .34457 .47478 • 42767 . 65942 .63261 .63339 .75406 .58663 3 . 32791 ').55519 

0.066 . 57371 .57905 . 37876 .67316 .51867 . .. 6343 .49379 .60514 . 46326 . 52459 . 56446 .67520 .57853 .62033 . 57371 8.29079 ') . 55?72 

0.050 .71181 • 32582 .38662 . 46467 . 59370 .54463 .57112 • 56928 .37598 . 66355 . 50101 • 4 7775 .62843 .49655 .61975 7.93007 0.52871 
.. 

Yield tot::tls 
for e ':-.ch Fe 26.59163 25.71092 28.16363 

treatment 

Mean for each 0.53183 0 . 51439 0. 56327 '!i'e treatment 
-

Least signific~nt difference between me~ns at 0.05 prob-~bili t'.f l evel for Fe tre:::ttments = .±. 0.03845 gms . 

Least significant difference betHeen mee.ns at 0.05 prob~bility level for ratio treatments = .±. 0. J7013 gms. 



The dry weig;ht yield 9 in e;rams 9 obtained ··'ro.n cultures of Penicillium .glaucum in .J:x:peri.ment 9 . 

------· --:- • 

I r on: Iron Supply in p .p.m. Tot al for Mean for 
}lfanganese ---- · each ratio each ratio 

ratio 2.5 5.0 10. 0 t r eatment trea·!.ment . 
----- ---·-

5JO • 71644 . 34834 • 4 7629 . 38666 .73779 . :1047 . 58957 . 60693 . 6.;.025 . 41927 . 46209 . 38326 . 58496 .31009 • 59711 7.66953 ) . 51130 

50 . 39683 . 48629 . 34782 .35964 . )3576 . ; .. ~435 • 46196 . ~6401 • 3021·~ . 49214 . 60212 . 36383 . 63320 . 49790 . 50417 6 . 49216 0.43281 

5 . -~6593 • 3'3136 .38095 .39390 . 3 :~ ::>7 . 53005 . '~C29 3 . 56847 • 'T7602 • ..;.0547 .44785 • -+8607 . G4li60 .45185 .43.)d9 6 .89171 0.45945 

2.5 . 41364 • 41837 . 32685 . 369t~8 • ..;.o .)2 -~ . '~36 38 . 52122 . 504-96 . 50665 • 4-4495 . 55884 • 39156 .37458 ·39644 . 43167 J o49J83 o. 43325 

1.0 • 37655 . 30436 • ~->206 . 40637 • 37150 . 33714 . 35596 . -~'~')59 . 52903 .35957 •. ; 5462 . 39294 . 37154 .38486 • 46954 5 . 99563 0 .39971 

0.5 . 37173 . 34053 • ..;.4~ 36 . 34130 . 37..;.:}'3 . )3902 .)6__,09 •. :.5906 . ).:::J58 • ~8697 • 'r2 59•J . ..;.8663 • 43150 . 54698 . 45665 6.35601 o. 42373 

0.2 .39617 • 30567 . 26128 . 38635 .37506 . 45887 . 37225 • 52728 . ..;.~~7·+1 . 53250 , ;).lE3l o-t9125 • 40907 . 50644 . 42628 6 . ·.:;1449 ) • 42 )97 

0 . 1 .35482 • 37231 . 39693 . 28417 . 3523S .50676 •. :58-~5 o ·r6909 . ~5383 . ,~91')7 . -~5004 . 39805 .51187 . 33953 . 49341 6.33358 J. 42224 

0 . 066 • 38723 • ;.719 ~ .)3976 • ,~1728 .37637 0 !~. -~136 .34908 •<r4J87 . 50 ~.~62 . 4'2087 • ·~92 52 . 33130 . 38669 . 46636 .46961 6.29236 r) , 41949 

0.050 .41590 , 1rl373 . 34357 . 35920 • 320 :,.-0 • 4lc3 ~3 . :' 3)15 . :,3977 • tf4irl5 • S3::,6o . 45431 . 41781 • 42J22 • 43606 .19595 6.1.)264 ), 4·)684 
·-- ----- ----

Total for 
each iron 19.53723 ;~~. c.1l80l 22 . 59170 
treatment 

Mean for 
each iron .j . 39075 0. 45636 J . 45183 
tre?tment 

Least significant difference betvveen mec-mo :::t ,).05 probability level for Fe tre:-~tments =.:!:. 0.09294 _;rams . 

Least significant difference be~teen means <t 0.05 prob~bility level for ratio trP.atments =.:!:. O.lG964 grams . 



TABLE 67. The results of an -~~lysis of v~rinnce porformed on 

thG d.ry weight yiGld obtc:.ined from cultures of Peni-

cillium glr.ucum i n .i:xperimr.mt 9 . 

Factor Degrees Sum squ.1res 
Mean F V8.lue Signific.'J.nc e 

Free:dom sum squares 

Ratio 9 0.13723 0.01525 0 . 27 Uot signific:mt 

Iron 2 0.13·+33 0.06717 1.19 Not significant 

Replic:J.tion 4 0 .02502 0.00626 0.11 Not significant 

Error 135 7.58738 0.05620 

TABLE 68. The results of a regression an:J.lysis of the dry 

weie;ht yields obtained from cultures of A8pergillus 

niger in Experiment 9. 

Factor Degrees Sum squares Mean 
F value Significance 

Freedom s um squ.:J.r es 

Regression 5 1. 4:J790 0 . 28758 50.18 Significant atu~ 

Residual 24 0.13759 0.00573 

The r csul ts of a regr~ssion r>.n::..lyLis of the dry 

wei~ht yields obt-: ir8a from cultures of Penicillium 

gl~ucum i n Exp8rim~nt 9. 

Factor Degrees 
Sum squ3.res Mean Significcmc e Freedom sum squc.res F vnlue 

Regression 5 0.80939 0.16188 3.12 Significcm tat J0'1~ 

Residunl 24 l.2.t670 0.05194 

84/The ••• 



The r Lsul ts n.re considt~red und..::r the follm·1in:~ ht: 1dings: 

( .: ) The :)ffect of v:'.rying th<-: lvv€:1 of iron supply, 

irrespective of thJ iron:"n<:.ng:mese r:"tio in the: medium. 

(b) The effect of v•1rying the iron:m:-.ng<mGse r~tio, 

irrc::spectivc of the lovels of iron ::1nd m·mg.:nese 

supply in the medium. 

(a ) The effect of v~rying the level of iron supply, 

irrespective of the iron:m-:.nganese n.~ tio in the medium. 

In cul turE:s of l 1 ,micillium r,l2.ucum, raising the level of iron 

supply hnd little G:fl Gct :n th-. dry wei3ht yield (Tc.ble 65). The 

over ::J.ll iron effr.wt w~s shown by annlysis of v ric.nce to be not sig-

nificnnt. In Aspergillus niger. incree.sin,?; the concentr<"'.tion of iron 

in the medium resulted in c significr~.nt incre.:~se in the dry \<eight 

yield (T::.ble G0 ) . However, c. study of thH dry wei.::;ht yield d3.ta 

(Tc.ble 64) Ghows thc iron effect as not being very marked. R.:.ising 

the roncentration of iron fr<'m 2 .5 to 5.0 p . p.m., ref·ulted in slightly 

diminisht.d yi<::lds but the dccrc "l.se wo.s not signific '.nt. Subs.:qucmt 

incre:::>.ses of the iron concentr:.: tion from 5.0 to 10.0 p.p . m. r e;sulted 

in ..1. b·:rel.f si.~nific f.~nt incrense in .. thc dry weight yi~ld. A com-

p3.rison of the m;::··m yield for the 2 .5 p.p.m. irop. trec.tm.:mt, with 

that of the 10.0 p.p.m. iron tre~.tment, indic.:- ted .:-n incre2.se which 

is less th· n the value for the lef'st signific:~nt diflerence. Thus 

in cultures of both Penicillium A.nd AsperJZillu::; the level of iron 

supply did not exert a marked effect on the determi~~tion of the 

dry weig~t yield. 

Th··~re v1r. r:, no E-vi.d !:)nco tht". t the l.Jvel of iron supply hcd any 

effect on the wrlnkling o.nd sporulati0n of the felts in cultures of 

Asper~illus and Penicillium. 1'--::.r ·v:ed differonceo in the sporuL:.tion 

between replic .tions of the s- :m~ trer,ment m?.d.J tht:: observ:-- t i on of 

tre~ds difficult. 

85/These ••• 



These results sug~est thct the presence of 3. chel:J.ting aeent 

tends to reduce the m8.rkod incr~ :·se in dry y;eight yidd, which w. s 

obse. ved in the prelimin .. ry vxpcri•n..;nts (Toble:J 6, 7 . 16 .:md 17), 

when the l.Jvel of iron Juppl ,- w:.:w incrL!:J.sed. 

(b) The eff~.:ct of vc.r;-ving the iron:m·ng8.Ilese r'J.t·:.o, 

irrespective of the 1e·1els of iron ::md mar1t;:::.nese 

supply in the mcditun. 

The effect of r~: icing the iron:m·· nc'.:!!lese r :--.tio in the culture 

medium, on tho dry wei~ht yield of cultures of ~~pergillus niger ~md 

Penicillium glaucum w:-..s not m·,rked (Tables 64 nnd 65). The .results 

of t>te test of si.-snific:-:.nce ( 'J.n2.lysis of v .ri-':'.nce ) performed on the 

dry weight yield de.ta showGd the r::Jtio ef: ect to bt: not significant, 

(Tables 66 and 67). The graphs of the recression 2nalycis sh aHs tha t, 

whilst in Asper,~illus, the iron:IT':-Ln3nn2se r~:tio in the culture medium 

played lit ne or no P'=-lrt in the determinn.tion of the dry ·.reight yield 

trends, (:~rHph 14), in Penicillium, there is some evidence of 2. r _,tio 

effect, (graph 15). It is ..;vident in cr·'tPh 15 tha t there ws.s o. 

t endency for the dry wei::;ht yield to incre.~se e.s the :Lron :m8XlJ!;'..nese 

ro.tio incr\3.'"'.sed or decre-:<s~d from 0. 5, i.e. the yield ·.ms lowest when 

the iron:mr.ng.-mese r ::1tio d .• s of the order of 0.5. li. s imilc,r depres.::;ion 

of the yield, when the r<1tio vns O,tf 1w::s observed in E.,xperimcmt 8 , 

p2rt 2 (grcph 11). Th0sc r esults sug~est th~t the pres~nce of a 

chel~..ttin:<?; o.··,.ent prev ents the e ppe2r :.:nce of toxic symptomo, ·;;hich 

w uld norm:.lly 'lppear n.t hi.;h o.nd low r--:.tios , becc.use the high iron: 

mrm,:;anese r :·.tios in the culture medium were obt.<:.ined by u sing high 

concentra tions of iron 1 and the l ow r a t :L oc by usinG hi?;h concentr~l-· 

ti~ns of m~ngan0se. 

The incree.sed yields even with very high concentrations woul d 

sug~est thr.. t the presence of c chelat:i..ng agent does not n cc ecs_.rily 

r educe the nvo.ilc.bili ty of the he.".VY met~, l ions, but r;1ther prevc:nts 

86/precipit2tion ••• 
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precipitution, and thereby a ccumulation in toxic ~~ounts . 

Th..;re vr'..s no evidence thc.t the iron:mnng··.ne:-:e r::-tio in the 

culture medium h -·d ..1n;; cfi'· ct on thb Wl'inklin3 ."l.~d .::;porul:\tion of the 

felts. Considor<:tblc v · ri::-.tion bet\:v.:<m r::plic'"'.tions oi th..: s.l!lle 

Cone l usi om~. 

The results of this .. xpf: riment su..:; .ost that the iron:m"l.nc:-.ncse 

r r.tio in the culture solution pl.:.yo li ttlc or no p-.rt in the Jeter­

mination of the growth ~nd development of cultures of Aspergillus s.nJ 

Penicillium. Hov•ever +.h..::re is some evidence th~t th..: presence of -;. 

chelr.ting f:";ent, may prevent precipi t .tion of the he'JVY meta l i ons 

and th~reby prevent toxicity. This could prevent the uppear~nce of 

a r~tio effect, if such P.n effect exists. 

67/Chapter V. 
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CHAPTER V. 

I ncluded in this chc.pter re three experiments de .ling \'lith the 

effect of V-<'.ryj.n.~ tho Zinc :Copper r'ltio in the cul tur .; m .... dium9 on the 

growth "'nd devE-lopment of cultures of Asper::;illu.s niger .:-.nd Penicillium 

gla.ucum. 

Experiment 10, was css ~ntia.lly prelimin · ry in n~ture , since it wn~ 

designed primarily, t o tnvesti[';."J.te ::1. wid(.; r ::m!je of Zi nc:Copper rc~tios 

in the culture medium . The experiment w~.s orthogonal with r espect to 

copper and z inc treatments , and thus tho effect of vr:.rying the levels 

of suppl y of copper 'lnd zinc could be investigated st~.tistically by 

perfonr.ing an :tn :lysis of v :-ri 1.nce. The effect ::f v :uying the Zinc: 

Copper ratio WLS not ~nnlyced st-:ttistic~lly. 

In Experiments ll and 12 9 the effect of v~ryin6 the Zinc:Copper 

r'l.tio on the dry weicht yield of cultures of .;.spergillus nig8r and 

Penicilliu:n gl.1ucum was invcntier.ted statistically by regression ~mnlysis . 

In .!Experiment 12 which was designed so t he.t it w::,s orthogorl.:".l with res­

pect to level of copper supply and Copper:Zinc r atio , the effect of 

the Copper: Zinc r :;.tio i n the medium v·us rm;::.lysed by -,n-llysic; of 

vf' ri.:lnce . 

EXP:::::RJ:r.ll!:NT 10. A prclimin:_\ry investigr_tion of the effect of 

v-:tryinc the Zj.nc: Copper r ·1 tio 9 ov br c. wide rang.e , 

on ~1c growth and development of cultures of 

Aspergillus niger <'.nd P8nicillium glaucur..;. 

The experirent wc s d .:?si<;ned tn. the form of R ~rid (Tn.ble 70) 9 s o 

thrt "- wide r;mge of Zinc :Copper r a tios could be investig~:. ted. 

"'\. s 3ries of stock solutions of copper and zinc w&re prep::.1red by 

seri::tl dilution of ..., concentr:1.ted solution of ec.ch copper, r.md zinc. 

The dilution fr:.ctor w1.s 4 ( l volume solution to 3 volumes of puri fied 

es;w.'"'..ter • •• 



~1Q 
-~-~BLE 71 . The dry wei7ht yie1d 9 in IS rams 9 obtaj_ned with :.:C?9r:;i1)~8__._P._=!-g_~r in Experiment 10 . 

------- --· 
Level of' Level of Zinc Supply in p.p.m. Total for I.:ee:.n of total for 

C;pper supply -·- e&ch copper each copper 
in p.p.m. 0 .0001 n.o004 0.0016 0. 0064 0 .0256 0.1024 0. 4096 1.6384 6.5536 26.2144 treatment treatment 

---- ---- --·-·· 
) .0001 () . 53342 0 . 30946 0.50345 l.49055 0.54663 0.63589 0 . 66975 0.77313 o. 32654 0.69644 5. 48524 0.54852 

'1 ,1)'))4 !.53331 .') . 5')932 0 .39014 .) . 51685 0 .31587 0.57264 0.83622 C). 90369 0.89018 0.92024 6. 38846 0.63335 

) . 0016 !1,46385 0, 41759 0.39063 0. 46025 0.53585 0.55517 0.79482 0.85598 ·) . 56500 0.85775 5.39639 0.58969 

0 . :):)64 () . 4 792 4 0.47497 0. 55156 'i. 458l j ( . 56384 o. 71627 0.86929 0. 46273 0.85142 0. 88654 6.31359 J.63l34 

0.0250 f),3843l 0.48853 0 .52634 0 .44589 ') . 49122 0.63970 0 . 76150 0.88037 0 .79369 ) . 84482 6.25637 0.62564 

'1.1)24 0.42687 0 .45633 0 . 5')060 0.48:542 0 .52881 0. 00544 0.80185 0.84942 0.81372 J.85874 6. 32720 J.63272 

0.4-·96 0.51329 o. 52124 ':::. 42 170 0.34061 ' j , 58066 0 . 72738 0.70260 0.84216 0.74352 o.G7l54 6 . 06470 0. i..iJ64 7 

1.6384 0. 431 33 0.49618 0 . 22937 0.34867 0 .52541 0.74595 0. 75546 0.74837 0.76986 0.44741 5.49801 J.54980 

6.5536 0.44356 o. 52872 0 .47321 0.58592 0 .51632 o. 77764 0.76962 0.78735 o. 71656 0 . 82670 6 . 42560 o. 64256 

26.2144 0.29737 0.2 7303 0. 18757 0.28464 0 . 30498 0 . 24109 0.47761 0.83919 0.80910 0.51867 4. 23325 ) , 42332 
- ··--- · 

Total for 
each zinc 4 . 50655 4. 47537 4 .17457 4. 41691 4.90959 6.21717 7.43872 7. 94239 7.27959 7.52885 
treatment 

·- ·- -----
Means of total 
for each Zinc '). 45065 0 .44754 o. 41746 0.44169 0.49096 0.62172 0.74387 o. 79424 o. 72796 ;J . 75288 

treatment 
-·----

Least significant difference be t ween means of e c.ch treatment a t C.05 prob~bility level~ 0.09071 6r ams . 



<61-b 
TABLE 72. The dry wei~ht yield~ in grams~ obtained with ?.enicillium ·;laucum. in .2.'xperiment 10. 

·- -- . -·---.. ---- --- . .. - r ' " ' --- -· -
Level of J:,evel of ~inc Supply in p.p .m. Total for : ;ean of total for 

copper supply .. --··-·--·- - --- ~ - - - ·-- - - --·------- each copper each copper 
in p.p .m. 0 . 0001 0. 0-')04 0.0016 0.0064 0 . 0256 0.1024 0. 4096 1.6384 6 .553G 26.2144 treatment treatment 

0.'1001 0.38364 0.37043 o. 32354 0 .35409 (. . 32079 0.30792 0 .36018 0.41774 0.38764 0 .33880 3.56477 0.35648 

0.0')04 0.39420 0 .32632 0 .26576 0 .37919 0 .41956 o. 37262 0.38855 0. 37570 0.37566 0. 4-S 162 3.75918 J .37592 

') .0016 0. 23587 0.36410 1) . 26572 0. 39182 0.36522 0.33805 0 . 46827 0 .47241 0.47712 0. 43120 3.80898 0. 38090 

') . 0064 0 .36665 0.25865 0 . 36922 0 .33005 •.l . 34922 0 .49973 0.42764 0 .53220 0 .48605 ·.) . 55276 4.17217 o. 41722 

0.')256 0 .39849 0. 39301 0 .30178 0 . 37239 0. 28436 0.38903 0 . 66797 0.71821 0 .51755 0.33559 4. 37832 0 .43783 

0. 1024 o. 27282 0. 24608 0 .38848 0.36022 o. 46606 0 . 46626 0 .68098 0.70502 0 . 75355 0. 74132 5.08079 0.5)808 

0. 4096 0 . 37764 0 . 38599 0.24790 o. 33872 0.46389 0.77225 0 .78192 0.85788 0 . 95810 0.57851 5.76280 o. 57628 

1.6384 0.35092 0.24637 0 .35825 0 .31212 0 .29555 0.38845 0. 54952 0.90676 0 . 6'j066 0 . 92700 4. 93560 0 . 49356 

6.5536 0 . 26869 0 .11159 0.32204 0.25190 0.36879 0 . 40882 0 . 47635 0. 63442 0. 70936 o. 57 423 4.12619 0.41262 

26.2144 0.19783 0 .18649 0.30290 0 . 22906 0 . 25917 0.36660 0. 38838 0.36762 0. 31898 0 .40238 3.01941 0.30194 

Total for 
each zinc 3. 24595 2 .88903 3.14559 3.31956 3.59261 4.30973 5. 18976 5. 98796 5. 58467 5. 34341 
treatment 

--·-· 
Means of total 
for each Zinc 0. 32459 0 .28890 0.31456 0.33196 0.35926 0.43097 0.51898 0 .59880 0 . 55847 0 .53434 

treatment 

Least significant differenc e between me8ns of ea ch treatment at 0.05 probability l evel.±. 0.09831 grams . 



Trl.3LE 70. The plan of Experiment 10 showing the levels of zinc and copper sup}11y 

and the zinc:copper ratio3. 

Level of Level of Zinc Supply in p. p . m. 
copper supply 

in p . ,>.m. 0.0001 0.0004 0.0016 0.006~ 0. 0256 0. 1024 0 .4096 1.6384 6.5536 26.2144 

0.0001 1 4 16 24 256 1024 4096 16384 15536 26.2144 

0.0004 0.25 1 r, ,. 16 24 256 1024 4096 16384 65536 

0.0016 0.0625 0 . 25 1 4 16 24 256 1024 4096 16384 

0.0064 0.0156 0 . 0625 0.25 1 4 16 24 256 1024 4096 

0.0256 0 . 0039 0.0156 0.0625 0 . 25 1 4 16 24 256 1024 

0.102/~ 0.00097 0.0039 0.0156 0.0625 0.25 1 4 16 24 256 

0 . 4096 0.00024 ·J.00097 0 .0039 0.0156 0.0625 0.25 1 4 16 24 

l. 638t~ 0.00006 0.00024 0.00097 O.J039 J.Ol56 0 . •)625 0 .25 1 4· 16 

6.5536 0 . 000015 0.00006 0.00024 0.00097 0.0039 0 . 0156 0 .0625 0.25 1 4 

26. 2lt~·t 0.000004 0 . 000015 0 . 00006 0.00024 0. :.}0097 0.0039 0 .0156 0.0625 0 .25 1 



sa. 

vmter). 'i'he c ·ncentrated solutions wen. prt:p.:tred so th;_:. t <! 1 ml. 

S:1mpl·J in 5() ml. g '.Ve th...: :r;J';.Ximum concentr.::::.tion r equired, 

pr~p"-I'"-'d af' follows. 

'lhey -,ere 

~inc: 0 .35965 gms, Zn[~\ . H2o h ' .:: dis:.-olvt.d in purified 

v.atcr in P. 100 ml. volumetric fl:1.sk. 1 ml. of 

thj.~ ::olution in 50 ml. ··ives a Zn concr:ntr ·.tion 

of 26.21~ · p.p.m. 

Copper: 0 . 5140t JIDS . CuLO_~. 5H
2
o wc.G dissolved in lmrified 

Results: 

water in n 100 ml. volumetric fl~sk. 1 ml. of 

this solution in 50 ml. gives ~ Cu concentr ation 

of 26 .2114 p.p.m. 

The results are r.;iven in the following tc.bles . 

Aspergillus niger . Penicillium gl-3-ucum. 

Dry wei~h t yield 71 72 

17 pH of fil tr<J.te ( L1 Appendix) 

An.::.ly::Jis of vari<nce 73 

The results will be deA.l t with und er tho f ollowing hecdings. 

( ~ ) The over:J.J.l eff . c "t of incrensin._, the lt;vel of 7-inc 

supply, irrespective of the concentr~tion of copper 

in the mediurJ.. 

(b) The ovcr~ll effect of increasinG the l~vvl of copper 

supply , irrespective: of the concentration of zinc in 

the medium. 

(c) 'l'he rel.1.tion between growth _.nd development ".nd the 

Zinc:Copp~r r "..tio in the medium. 

( '1) The overall effe:c t of incre..,_sing the level of zinc 

supply, irrespective of the concen~r~tion of copper 

in the: medium. 

Increasing the concentration of zinc in the culture medium from 

89/().0001 •• . 



Tli.BLE 73. 

Factor 

Zinc 

Copper 

Error 

The r esults of analysis of variance on the dry 

wei3ht ,yield dat"l from Aspergillus niger in 

.2xperiment 10. 

OF s .s . F.S. F value Sic;nificance 

9 2.132019 .23689 20.007 Si:nificant at 0 . 1;,; 

9 .413037 . 04589 3.87 Sicnificant n.t 0.1,' 

81 .959202 . 01184 

TABLE 74. The results of analysis of variance on the dry 

weicht yield dat~ from Penicillium g1aucum in 

Experiment 10. 

Factor OF s . .s. !: . s. F V3.1ue :::;ifnificance 

Zinc 9 1.2261')6 . 13624 11.10 Significant at 0.1;~ 

Copper 9 .590499 .06561 5.35 Jicnificant at 0 .17~: 

Error 81 .994032 . 01227 



89. 

o.oo:::n to 0.0256 p.p.m. had little effect on the dry weight yield ob-

t nincd fr m cultures of AspergilluL niger (T~ble 71). Ho·dever, 

subseq lent incre"l.Pes to 0 . 1024 p.p.m. ~ nd from O.l02,t to 0. ~096 p.p.m., 

resulted in a m::-t rked increase in the yield. These incr~a8es WLre con-

sider'!.bly greater th:J.n tho vc.lue for the l eJ.st si~nific;:nt differenc~.-, 

.~nd thert:fore contributed to thv highly si::;nificnnt zinc efiect, ob-

t ·-ined by nna.lysis of v"lri.~.nc c ( 'l'~tblc 73). H.::.isint; the le·rcl of zinc 

from 0 . 4096 to 26 .2 14~ p.p.m. ha.d no tignific~11t effect on the yield 

(T:· ble 71). 

In cultures of Pt ·nic i llium, incre~ sing the level of zinc supply 

from 0.0')01 to 0.0256 p.p.m., lnd no si,:nific ·~nt effect on the dry 

Height yield (T.~ble 72). E.::.ch subsequent incre1se, 0.0256- 0 . 1024-

0.4096- 1.6384 p.p . m. zinc, resulted in m"' rked incr . '.scs in the yield. 

This effact w::.s found, by an·11ycis of v ·"ri::mce, to be highly signifi-

CL.nt (Table 74). R~iting the concentrJ.tion of zinc in the meoium from 

1 . 6384 - 26.21~4 p . p .~. reRulted in slightly diminichcd yi~lds, but the 

over--•11 decre'lsc W<iS not significant (T3.b1c 72). 

The level of zinc uupply h:-d littl e effect on the sporul:1tion 5 but 

r c isin,:; the conc cmtrc..tion rbsul ted in incr .... :ised v;rinkling of the fcl to 

in both :.sper,n;illus ~d Penicillium. In Penicillium there wcs .J. ten-

dency for the pH of the f'il trr·te to incre-:Lse as th.: conccntr[. tion of 

zinc in the medium v~n.s r :--.i :. ud ( T .. . bl-1 17 of Appendix). 

(b) 'l'he overall effc.ct of increasing the level 01. copp-:r 

supply, irr..;spec ti v e of the cone en tre.tion of zinc in 

the medium. 

In cultures of !spergillus, r~iuing the level of copp~r 3upply 

from 0.0001 to 6.5536 p.p.m. r esulted in c. slight incre1se in the dry 

weight yield ( ?Lblo 72), but the e1fect W!'..s not str..tistic~Llly signi-

fic ::.nt. However, a further incro:·'\Sv in the coppt.r s upply, to 

26 .214:+ p.p.m., resulted in 1. very !Ik'J.rked decre:1ce i n the yield~ uue 

9o/to .• . 
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t o copper toxicity. This is t.."le ro'ljor f_ctor determining the.. highly 

significant copper eL'ect obt~1ined by _,n~·.lyJis of v ::-.rinnce ('l'...:.bl e 7-. ) . 

Incr-:'lsin-:; tho concentro.tion of copper in the medium, from 0.0001 

t o 0.0256 p . p.m., ht'..d little effect on t:1e yi.:ld in culttU'<JG of Peni-

cillium (To.ble 72). Dubscquvnt incr~S~S(:s, 0.0256- 0.102~- 0.4096 

p.p.m., resulted in quite a. marked incre~ts~ in th0 ;icld, 'llthou~h 

e:-ch individunl incrc· se wr.:.s not sicnific·mt . 1b.isin.:; th..: level of 

copper .. mpply, further resulted in rrr:tr~~edly r educed yields. This w .~:: 

pa rticul· rly t~vid:mt when the conc~ntrntion wc.s incre-tscd from 6 . 5536 

to 26 . 2144 p . p . m. (T~ble 72). The marked reduction in the yield ;~ t 

hi;h levels of copper supply, due to copp8r toxicity, i s the m ~jor 

f-:tctor r espons ible for the highly si::,nific=tnt copper effect obtr1ined 

by an~lysis of vnri-~nce (T0.ble 74). 

R'l.ising the level of copper supply in the medium hc.d little effect 

on sporulation and wrinklin3 of the felts 9 in cultures of Aspergillus 

r1nd Penicillium. However there i.> some evidence that sporula.tion wo.s 

reduced ·1t the high l evels (26.211~4 p . p . m.) of copper supply . 

(c) The rel~tion bet\Jer.m e;rowth :md development nnd the 

~inc : Coppcr ratio in the m;diurn. 

Var::· ing the .6inc :Copper r::.tio in thu medium h'ld li ttlll effect on 

the drJ weight yield obt~ined from cultures of Aspergillus and Penicillium. 

In A::pergillus there is some evidence of a. slight incre~se in the 

yield when the r~·tio w:.s ro.ised to 16384, but subsequent incr8.1ses to 

2621 '1-4 r"sul ted in :::. slight decrco.se in thu yidd ( T·.1ble 75). In 

Pencillium the yield increns" d sli "';htl:; ae the r :-!.tio wa ..; r ::lised to 

16~ above which there was :1 tendency for reduc ;d yi&lds ( T:~bl8 76). 

These results do not show ~ cle1r optimal Zinc : Copper r~tio for 

yield. 1he low yield v2lues obtain~d nt low r 1tios ~re prob~bly 

expressions of copper toxicity , since the low r __ tios '.18r0 obta ined by 

using high concentrGtions of copper ~nd low conc8ntr2tion s of zinc in 

91/the •• • 



TABLE 75 . The dry Hei8;ht yiel d? in grams , obt.3.ined for eLch zinc :copper r atio, with Aspergillus_nige~ in ....::xperiment 10 . 

0 . 53342 

0 : 53331 0 . 30946 

0 • -11r( 385 Oo50932 0 .50345 

o. 47924 0 . 41759 0. 39014 0 . 49053 

0 . 38·".-31 o. ·'7497 0.39063 0.51685 0. 546.:3 

0.42687 0.48853 0. 55156 0. 46025 0 .31587 0.63589 

0 . 51329 0. 45633 0 . 52634 0 . 45813 0.53585 J . 57264 0 . 66975 

0.43133 0 . 52124 o. 50060 0.44589 0 .56384 0.55517 0 .83622 J . 77313 

0 . 44356 0 . 49618 Oo42170 o. --l-85 42 0. 49122 o. 71627 0 . 79482 0 . 90369 ). 32654 

0 . 29737 o. 52872 0. 22937 . 0. 34061 0.52881 O. Ci3970 0. 86929 0. 85598 \) . c39018 0.696 44 

0 .27303 0 . 47321 0 .34867 0.58066 0 . 60544 0 . 76150 0. 46273 0 . 565uO J . 92J24 

0.18757 0 .58592 () , 52541 0.72738 0.80185 0.88037 0 .85142 j .85775 

0 . 28464 0 . 51632 · -.7·~5 95 0 .70260 0.84942 0 . 79369 0 . 88654 

0. 30498 0 .77764 Oo 75546 Oo84216 Oo81372 0 . 34482 

("1 , 24109 • • 0 76962 Oo74837 0.74352 0 .85874 

r: . 1: 7761 Oo78735 0. 76986 Oo67154 

') . 33919 0.71656 0. 44741 

0.80910 0.82670 

0 . 51867 

------- - - ---· -- . ------- ---·---
Zn/Cu ratio 0. ':Y:'·J004 'J o 000015 ~'). '1') 106 0. 00'124 ""~. ') 1097 0. )039 0. :)156 ) . 062 5 0. 25 l.O 4.0 16.0 6 4.0 256 1024 4096 16384 65536 262144 

Total 

Mean 

0. 29737 ~ .71659 1.14722 1 .76732 2 .06838 2 . 36812 3o58964 4.88600 5. 55645 5. 67436 5. 60396 5. 07427 4o59649 4oJ2925 4o02433 3. )2498 2 . 52106 1.24678 ).69644 

0 . 29737 0. 35829 0 . 34927 0. 44183 0 .41368 0 .3947~ 0 . 51281 0 .61075 0 . 61738 0 . 56~~ 0 .62266 0 . 63428 0 . 65664 0 .67154 0 .80487 0. 75624 0,84)35 0 . 62339 0.69644 

--------- --- ------------------



TABLE 76. The dry wei~ht yield, in gr::mc, obt;- ined for e,,ch zinc :copper r a tio, with 5enici1lium g1•:;..ucum in ..:..:Xpe.ciment 10. 

0 .38364 

0.39420 0 . 37043 

0 . 2)507 0. 32632 o. 32354 

:J. 36665 ·J . 36410 0 . 26576 U.35 409 

0.39849 0 . ~ 5:J6 5 0 . 26572 0 . 37919 0 . 32079 

0 . 27282 0 . 39301 0 . 3J922 0 .39182 0.41956 0 . 30792 

0 .37764 C. 24608 ') . j0178 ~ . 33005 0. 36522 0 . 41956 o. 36 )18 

0 .35092 0 . 38599 0.38848 J. 37239 0 . 34922 0 . 33805 0 . 38855 o. 41774 

0 .26869 0 .24637 0 . 24790 0 . )6022 o.2a436 0 . 49973 0 . 46827 0 . 37570 J .38764 

0 . 19783 0 .11159 0 . )5825 c. 33872 o. ~6uo6 0. 38903 0 . 42764 0 .47241 0 . 37566 J . 338JO 

0 .18649 ·) , 32204 0.31212 .-.• ,. J389 o. ,:,6626 0 .66797 ·::; . 53220 -) .47712 0 . 46162 

0 . 30290 0 . 25190 0 . ;29555 o. 77225 0 . 53098 0 . 71821 J . 43605 () . 43120 

0.22906 0 .36879 \..1 . :..,3945 0.78192 0.70502 0 . 51755 0 . 55276 

0 . 25917 o. ';.(.882 0 . 5~952 0 .85788 0 .75355 0 .33559 

0 . 36660 :1 . 'T 7635 0.90676 0 . 95810 :.) . 74132 

0 . 38838 C. G3442 0 . 60066 0 . 57851 

G. 36762 0 . 70936 0 . 92700 

0.31898 a. 57423 

o. 40238 

Zn/Cu ratio 0.000004 rl. 000015 0.00006 0 . 0'024 0.0'097 0.0039 i. .0156 ).0625 0 . 25 1.0 4.0 16 . 0 64.0 256 1024 4096 16384 65536 262144 

Total 0 .19783 0 . 45518 0 .76541 1. 17511 1. 52813 1. 93998 ~ .57961 2.85203 ~ - 2 -~114 4.85677 4 . 48001 ~ .82577 3. 58961 2.95275 1. 99052 1 . 76576 1.22460 J . 84926 ) . 33880 

~ean 0 .19783 0 . 22759 0 . 25514 0 . 29378 0 . 30543 0 .32333 O. )SG52 0 . 35650 0 . ~73~6 0.48568 S . 49778 0 . 60322 0 . 51280 0 . 49212 0 . 39310 0 . 44144 0 . 4J820 J . 42463 J . 33880 



the culture solution. Similnrly9 the slightly diminished yi elds at 

high ratios may rupresent slight zinc toxicity. 

Tl1ere is no evidence that the Zinc:Copp~r ratio pl~yed any role in 

determining sporul.".tion 9 wrinkling, or the pH of thu filtrate. 

Conclusions. 

The responses of Aspergillus ana Penicillium to vnrJing concentr~-

t ions of copper or zinc in the medium ~re simil~r. Raising the level 

of zinc supply to r>.pproximnteJ.y 1.6384 p.p.m. resulted in a mo.rked in­

crease in the yield, but further increases ho.d little effect. Thus 

no zinc toxicity w~s evident, nnd therefore no optimal zinc concentration 

was apparent. With copper the response wo.s different . RAising the 

level of supply to approximately 6.5536 p.p.m. had little effect on the 

yield, but further incre~ses resulted in markedly reduced yields due to 

copper toxicity. 

evid ent. 

Thus an optimal r2.nge of copper concentr:ttions wn.s 

There is no evj.dence th:J.t the Zinc :Copper ratio is important in 

determining the yield trends or the general condition of the cultures . 

The experiment w::..s howevE:r somewhat limited,because there were not 

equal numbers of treatments for each ratio. 

It vm.s decidod to conduct further experiments in which the tre:::tt­

ments could be replicated <'nd in which the efi'ect of the Zinc: Copper 

r o t i o could be studied statistically. 

EX~ERIMENT 11. To determine the effect of varying Zinc:Copper 

ratios, in the culture medium, on the growth 

and development of cultures of AsEergillus niger 

and Penicillium glnucum. 

The experiment was carried out in two parts; 

1 . where the mnximum levels of zinc nnd copper 

supply in the culture medium were 4.096 p.p.m., 

'md 

92/ 2. wh<;re ••• 



J . where the m~ximum levels of zinc nnd copper 

supply in the cul turc m~;dium ... ore 128. 0 p.p.m. 

Thus al thou1h :t wide r"\.nge of zinc and copp_;r concentr.:t tions H .J.S 

investi:";J.ted, the r ::mge in e -:1.ch experiment ·.vets not so l argu r·s to pre-

elude th~ use of replic~tions of treatments. 

replic~tions of ecch tre~tmont. 

Two methods of st:"'.tistical <.nnlysis w:~rc used. to analyse the dry 

weight yield dnt:t . A brief description of en.ch method is given on 

paee 63, nnd detailed exampl es a r v biven in Appendix II. 

Pqrt l. 

The pb.n of Part 1 of the experimant i s given in Table 77. 

A series of stock solutions of copper .~nd zinc were prcp·:tr..Jd by 

1:1 dilution, (1 volume s olution to 1 volume of purif'ie:)d .,.,_ter ), of a 

concentrated s olution, from which ~ 1 ml . c~nple in 50 ml. g ve the 

maxtmum concentration required. The concentr~ted solutionL of copper 

and zinc, from which the other solutions v'l-re pro.::pnred 1 were made up 

1:\S follows : 

Zinc: 

Copper: 

0 . 56215 gms. Znso
1

. H
2

o wo.;:, dissolved \lith 

1.16610 .:;ms. E.D.T.A. in purified W"'..tor in a 

1 litre vol~~ctric fl•sk . 1 ml. of this solu-

tion in 50 ml. civ es a Zn concentration of 

1r.096 p.p.m. 

0.80441 gms . Cuso
4

.5H
2

o \08 dissolved Hith 

1.19930 gms. E.D .T. A. , in purified vnter i n a 

1 litre volumetri c fl,~sk. 1 ml . of this solu-

tion in 50 ml. g ives a. Cu concentration of 

t, .• og6 p . p . m. 



TABLE 77. The plan of Experiment 11 9 part 1 9 showing the levels of copper ~d zinc supply 

and the zinc~copper r~tios . 

Level of Level of Zinc Supply in p.p.m. 
copper supply 

in p.p.m. 0.064 0.128 0 . 256 o. 512 1.024 2.048 4 . 096 

0.064 l.O 2 . 0 4.0 8 . 0 16 . 0 32 . 0 64.0 

0 .128 0.5 l.O 2 . 0 4 . 0 8.0 16 .0 32 .0 

0 . 256 0 .25 0 . 5 l.O 2 . 0 4 . 0 8 . 0 16.0 

o. 512 0 .120 0 . 25 0.5 l.O 2.0 4.0 8.0 

1.024 C.0625 0 . 120 0.25 0 . 5 l.O 2 . 0 4 . 0 

2.048 0.03125 0 . 0625 0 . 120 0 . 25 0.5 l.O 2.0 

4.096 0.01562 0.03125 0.0625 0.120 0 .25 0.5 l.O 
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Results. The results nrc given in the follonin~ tables . 

Aspergillus niger. Penicillium gl~ucum. 

Dry ·nci.:;ht yield 7J 79 

pH of filtra te (in App8ndix) 18 19 

:.m.lysis of varif'nce 80 81 

R· .rc:::sion ~n~·lysis for Copper 
and Zinc effects 82 83 

Re;;ression a.rnlysi:.; for Zinc :Copper 
ratio effl.-Ct 84 85 

'l'n.BLE 30. The results of .1.n:'.lysis of v .. :ri .. ncc perform(:;d on the 

dry weicht yield date. from "'.sper,·;illus ni,~cr in 

.c..'xp crimcnt 11. 

F8ctor Dcgrecc Sum 
~.1E: :m F v::.lue 3ignifi cancc 

]'r ccdom sq_u:.: re.J 
C1lm ::.qu· .. r ~s 

Zinc 6 0.68193 0.11366 7. t5 Si Gnific:-nt at 1> 

Copper 6 0.42844 0.07141 4.68 Signific~nt nt 5/, 

In ter:-.c tion 36 0.66325 0.01842 1. 21 not signii'ic:.Lnt 

Rep lie _,tion 2 0.01839 0 .00969 0.63 Not significnnt 

Error 96 1. 46545 0.01526 

The r esults of o.n:\lysis of v.H'i :mce performed on the 

dry weight yield d~t~ from Penicillium glJucum in 

Experiment 11. 

F ... 1.c t or Degrees 
Sum Bqu.."l.res MlJD.n F vnlue Signific~nc~:: Freedom sum squ,~res 

Zinc 6 0.28089 0.04681 8 . 59 &ignific~nt at li" 

Copp c.: r 6 0.03940 0.00656 1. 20 Not significant 

Int eraction 36 0. 59243 O .Ol6L'~5 3. 02 Si0nific ~!.l1 t :1.t 1,-. 

R8plic~ tion 2 0 . 01588 0.00794 1. 45 Not signific .. nt 

I;rror 96 0 . 52313 0.00545 

94/Tnble 82 • .• 



TABLE 78 . The dry wei h t yield Y in ~re;nn 1 o bt _i ru ·d v-1i th ;Aspergillus ni ger in ...xperimen t 11. 

Level of Level of line Supply in p.p.m. Total for Hean of 
Copper supply ----each copper each copper 

in p.p .m. '). 06 1,. 0.128 0 . 256 0 . 512 1. 0~4 2. 048 4.096 t reatment t rentment 

• 5245~- . 5f3629 • 73698 • ?: ·:)00 • 7 41,~5 . 99-~00 .90433 

Oo064 . 1',3791 o74053 . U2 275 • 63 -~4 7 . 70326 . 69489 .85642 15 .16327 2.16618 

.36780 o55990 . 63277 • r; 'J669 .65301 .86215 . 32]07 

.35438 .64763 . G3798 . 8402/;. . 65499 . 75408 .52437 

·') .128 . 36482 o61112 • 7273 -~ • -.:.137 0 ·~ 7012 .83290 . 94634 13.53437 1. 93348 

. 34575 • 46215 . 7~3473 • (;(lOll o C:· 5 ~ 75 .69340 . 63580 
-·---

.38632 • 54911 .79n98 0 42236 .8')098 . 61126 • 76035 

0 . 256 . 53160 . 47740 . 53161 . ;)G240 . 73389 . 91251 . 453.;.7 12 . 66039 1.80863 

.39674 • 51417 . 5482G . JOOl O . 51409 . 62938 . 63341 

. 50226 . 70508 . 01321 . 71682 . 54367 . 76032 . 65407 

0. 512 . 62777 . 66778 . ',20.~9 . 639.;.5 . 65287 . 57417 . 641'.10 12 . 97281 1.85326 

. +5370 .55394 0 72390 .58555 . 53332 . 621~2 . 78112 

. 61289 • 78571 . 60-~37 . 7092) • 71117 .J5035 . 53 ,~08 

1 .024 • :;0285 • 696 77 .84822 • 72838 . 53967 o76843 , .f8629 13. 97547 1. 99650 

. 531,;.8 . 67107 • 8. ~515 .73337 . 59001 • 481,54 . 6 41~4 

. ,-~.3785 .69738 . 78738 . 51717 . 43993 . 59183 . 56175 

2 . 048 • fi l732 . 75008 .61500 .79802 . 68767 . !t2772 . 55528 12 . 11609 1. 73087 

• 36 ~39 .39815 • t;..~6 72 .70691 . 58101 • ·+9091 . 64362 

. 52487 . 5238J . 49963 . 39467 . 90606 • 53781 . 52519 

4. 096 . 19062 . 61022 • 52929 . 50403 . 6~718 . . J-80-34 . 895~1 11 . 48707 1.64-101 

. 41083 . 62212 . 36220 •. :.0132 • ~82,~3 . 55821 .58026 
----· 

Total for each 
9 . 88669 12 .83048 13.50896 14.22266 1) . 24153 14.18112 Zn tre!J.tment 14. 03803 

----
Mean for et>.ch 

1 . 41238 1.8)293 1 . 92985 2. 03181 1.89165 2.02587 Zn treatment 2. 00543 

Least si~ii.'icant difference between means .t 0.05 probabil i ty level .± 0.07929 grams . 



TABLE 79. The d.ry weir;ht yiel d , i n grams , obtained ·. :~ ~ Peni dlli um e;l aucum i n ..:.Xper iment 11. 

Level of Level 0f Zinc Supply i n p . p .m. To t3.l for :lean fo r 
copper supply - each copper each copper 

i n p. uom. 0 . 064 0.128 0. 256 0 . 512 1. 024 2 . 048 4. 096 t reat ment trea tment 

0 .9934 • 42223 . 53425 . 590')1 . -i-9035 .54501 .45601 

0. 064 . 41702 . 42205 . 57563 • 5189-:. 0 ·6056 .40957 o37093 10.2 9014 1. 47002 

. 33985 .50191 . 59925 . 669 ,3 . 45079 . 5222~ . 39387 

• 41651 • 47191 . 65007 • 52221 . 5 ~413 o62G7G 0 :.5191 

0.128 . 47175 . 50689 • ·~ 072 3 . 5L'rl( 3 . 57559 .53219 . 54892 10.88651 1. 55522 

.450~9 . 47301 • 53 :~60 . G3728 . ) 7.1393 . 55867 . 33..;.98 

. 3C645 • -~ 7602 .69938 • :~5500 . 59371 .G2033 • ~-1224 

0 . 256 . 0213 • <.57:i9 . 54S77 . 6752 ·~ 0 .•2034 o53691 . 32805 11. 27-~02 1. 61057 

. 47622 . 57031 • 5 ~0 '3 7 • )5692 • 7673 <- o51917 o !r8355 

• ·~1976 .t\.8599 . 50043 . 59496 . 57389 0 ·:2661 . ·~2 501 

0 .512 . 37582 . 41764 .so 191 .52997 . 62098 • ~6998 . 57894 10 . 2182 5 1. 45975 

. 36335 • 406 70 • 53lt'r7 • 51809 . 65656 . 3J358 . 42761 
-- - ··· -

. 37286 . 47~ 51 . 63285 • 55377 . 59793 • :3 ..;.37 . 36051 

1. 824 . 48116 . 48880 . 61151 • 44632 • ~:"rl42 . 49979 . 399..;.6 10.64223 1. 52032 

. 52755 . 48736 . 62357 . 0227-t . 73608 • 47739 . 37178 

. 39406 • 42 96 5 . 59064 . 5720'; •. :6931 • ~3 798 . 56071 

2 . 048 . 39565 • 37187 . 5'2849 . 70397 . ·~9370 . 55025 . 42881 10 . 68886 1. 52098 

. 4()931 . 43930 • S2676 . 66921 . 6529.;. • 42621 . 53295 
----

. 33708 . 4599 3 . 77688 • + 79 ~ 7 . ·18911 • 42529 • 4 7696 

4. 096 . 40367 • 46743 • 579 52 • C6n .: . 73tt 7 4· . 62804 . t0083 11. 34968 1. 6~ 1J8 

. 43324 • :.5959 . 58791 • 71G ') ~; . ~9~32 • 77 491 . 50303 

Total for 
each Zn 8 . 78327 9. 69059 12 . 37929 12 . 34101 12 . 04272 10.81575 9. 29706 

trea tment 

lie an fo r 
each Zn 1.25475 1. 38437 1. 76847 1. 76300 1 . 72039 1. 54511 1.3282 

Treatment 

Least s i gnifi cant di fference between means . t 0 .l)5 prob:-.bi1i ty l evel .± 0 .o.n 38 grams . 
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T.':BLE 82. The ro.;sults of a. r egr ecsion an.:;.lysis of the dry weight 

yield d~~ta obt11ined from cultures of ••Spergilluo niger 

in Experiment 11 9 for the copper and zinc effects . 

Factor Degr ees 
Sum squ::tres 

fie an 
F' vc luc Signific:.mce 

.Frezdom sum squ:~rc::o 

Regresf"ion 5 3.16270 o. 6325-l- 11.20 Signific.:m t ::. t l~ 

Residual 43 2 . 42817 0.05647 

TABLE 83. The results of a rcgreGsion n.nal ysis of the dry weisht 

yi~ld d~t~ obtained from cul tures of Penicillium gl~ucum 

in Experiment 11 , for the zinc and copper effec ts. 

F::tctor Degrees 
Sum squares 

Me:1n 
F va.luc. Si jnific.:::.nce 

Freedom sum squares 

Regression 5 1.85658 0.37132 l7o20 Sir;nifican t ::J.t l~ '; 

Rcsidu"J.l 43 Oo92828 0.02159 

TABJ.£ 84 o The rt;Sul ts of 2 re.::;rcssion c.n.:-.lysi.::; of the dry Height 

yield d'lt3.~ fro.n !..·~per:~illus niger in Ex:periment ll ~ 

for the zinc and Zinc:Copper r~tio effects. 

P-'lctor Degrees 
Sum 

Mc : '1. 
F value Signific"J.nce li'recdom squ:"reo sum squares 

Regression 5 2 .15903 o . . 'J-3181 50 t.j.l c • ' . ' . t _.. 5< • uJ.gnJ.lJ.C-.. n ~-" 1 .' 

:ilesidu2.l 43 3 . 43184 0.07981 

95/T·""~.ble 85 0 • • 
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T!-tBLE 85. The rcsul ts ·f '1 re ~ression 'ln.."..lysis of the dry weight 

yield dato. 7 from Penicillium glaucum in Experiment 11, 

for the zinc and 6inc :Copper r ·tio effects. 

Factor Degrees Sum 
Mean 

=~ vn.lue Si.:;nH'ic:mc.:e squ2res l.' 
Freedom sum squ.:::.rcs 

Regression 5 1.86375 0. 33275 1).54 Si gnific<m t at 1~ ) 

Residual 43 0 .92111 0.021..;.2 

The results will be considered under the followi!lg headings . 

( ~) The overall effect of incrensing th~ level of zinc 

supply 7 irrespective of th0 concentration of copper 

in the medium. 

(b) The over~ll effect of increasing thL level of copper 

supply , irrespective of the concentr . .1tion of zinc 

in the medium. 

(c) The Copper:Zinc interaction effect on the yield. 

(d) The re12.tion betwe~n growth o.nd development, :md 

the Zinc~Copper r:ttio in the medium. 

( ~) The overall effect of increasing the level of zinc 

supply 9 irre~pective of the concentration of copper 

in t.."le medium. 

In cul turcs of l~spcrgillus niger 7 increasing tho concentration 

of zinc in the culture medium from 0.064 to 0.512 p.p.m. , resulted in 

a mnrked incre'\se in the dry weieht yield, ( Tc.ble 70). This effect 

is responsible for t he significcnce of the zinc efi'ect ~s shmm by 

The over~ll effect of subse~uent 

incre"..ses in the l evel of zinc suppl,{ to ..j..096 p.p.m., W?.P. not marked. 

The signific'l.nt decre"..se in the yiC;lci 7 wl10n the concentration of zinc 

96/was • •• 
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w2s increcsed fr:)m 0 .512 to 1.024 p. p.m., in considered t o be :::.typi­

Cl.l nnd due to some error, becnuse :t further increc;se in the level of 

supply to 2.048 p.p.m. resulted in:;. oignific.2nt incr<.:.~se in the yield, 

o.nd :-.lso bccnuse the difference be t 1:c<m thl- yi t:: lds obtGined <::. t the 

0.512 und 2 . 048 p.p.m. l evels of supply is l~..; s th_;.n the vo.lue ob-

t ~:Lned for t he l:.: ·.:::t signific:mt difJ.'er-.:nct... 

of zinc toxicity. 

There ' ' · s no cvidencL 

IncrGJ.sinc t he concentr~tion of zinc in thE- cul turo medium from 

0 . 064 to 0 . 256 p .1 .m., in cultures of Penicillium slo.ucum9 resulted in 

:-.. significant incre.:.Ee in the dry wei13ht yie ld ( T~1.ble 81). 1~ subse-

quent j.ncre-·.oc to 0 .512 p.p.m. h:td no efi'8ct, but Hhen the level VID.S 

r niscd further t o 4.096 p.p.m. there w-:..:., "1. hichly signific;·nt uecre::tse 

in t h e ;;·ield ( T:tble 79). The over-..11 zinc effect w~.f: found by ono.-

lycis of V!lriance to be si:snific:mt (Tr.:.ble 81) . 

~ising the level of zinc supply resulted in incre&sed wrinkling 

of the felts, but there w:ts no evidence th:tt the level of zinc supply 

was import1.nt i n determining trends in the sporulc.tion or the pH of 

the f iltr ate, obtained from cultures of Asper~illus ~nd Penicilli um. 

(b) The overo.ll effect of r o.isinc the level of copper 

supply irrespective of the levol of' zinc in the medium. 

In cultures of Aspergillus incre~sing the concentr~tion of copper 

in tho medium from 0.06 4 to 1.024 p.p.m. resulted in o. mo.rl:ed incre .. se 

in the dry weight yield (To.blo 78). Subsequl.nt incre .sec to 4.096 

p.p.m. r csult )d in si3nificantly diminished yields. The overall 

copper ef fect ·:1:·.s found by o.n -:1.lysis of vCLrio.nc e to be si cnificont 

(Ta ble 80 ). The effect of r .:-> ising the level of c opper supply in 

cultures of Penicillium wa s shown to be highly si~ificnnt ( To.ble 81). 

The over:-.11 t endency wo.s f or the dr,;· weight yield to increase o.s the 

level of supply li:".s r :;.ised to 4 . 096 p . p.m. ( T:-,ble 79). The si§;nifi-

CP.nt decrease in t~e yield when the conccntr .tion w;:1s incre .oed from 

97/0 . 256 .• • 



97. 

0. 256 to 0 . 512 p.p . m. 9 ro3y be due to cxperir.:lent··-1 error. 

The concentrntion of copper i n the culture medium h~-:.d l ittle effect 

on tht:o uppe1.r .·:mce a nd sporul:::.Lon o~· the f0l t~• of A:.:pc ·gillus :::.nd Peni-

cillium. 'lnere •:1 ~s some indicntion ~hat sporul .. tion wc.s slightly 

supprecsed at high h;ve:ls of copner suppl y , but this w:::.s not ne_uly 

')S mnrked :J.G in the previou::; exp ·:)rimcnt ( p-:: :e 91). 

(c) The Copper:Zinc intc!l~.J.ction effect on t '1e yield. 

The Copper :Zinc inter~ction effect w~s fo1md by nn~lysic of 

V.\rL-.nce to be highly signific:mt in determininJ the dry wei::_ht yield 

trends in cultures of Penicillium (T::tble 81) , but not in cultures of 

Aspergillus ( Table 80). Prom e:nlph 18, it cnn be seen th . t :-.t zinc 

c0ncentr:.1.tions of up to 0.512 p.p.m., raising the concentr o.tion of copper 

to 4.096 p.p.m. had a fairly uniform eff :::ct on the yield . !ti~ing the 

level of copper supply t o 0. 256 p. p . m. results in iucre: .sed yield, •.1hile 

n further increese t o 0 . 512 p.p.m. results in diminished yield. 

Similarly 2 subsequ:.nt i ncre2se i n the copper concentrc.tion to 1 . 024 

p . p . m. r~ises thL Jield , but n further incr o.·1se to 2 . 0..,.8 reducos the 

yield . 

yield • 

A fin.1l incre.""Je to ~~ . 096 p.p.m. ru ults in sli:;htly incre:::.sed 

. ~. t higher levels of zinc cupply, the yield trend s w.;rc somch·;n t 

differ ent. Vhcn the zinc concentr3.tion in the med i um was hi ];h (~.096 

p.p.m.), the yield trends were a lmos t the opposite of thooe observed 

~ t l ow zinc levels. Raising the copper concentration to 0.128 p . p . m. 

incre.~.sed the yield , but <t further incrc· se to 0.256 p.p . m. r ..:duc ed 

the yield. 3imil.".rly -~ subsequent incre -:se to 0 . 512 p.p.m. r ::::.ised 

the yield, and a further incre ·.~se in the copper c oncentration to 

1.024 p.p.m. reduced the yield. 'fuen the l evel of copper supply 

was incre~sed further, to 2.048 p . p.m., the yield diminished. A 

subcequent incre?.se i n copper concentration to 4. 096 p. p . m. resulted 

in slightly incre~:sed yi~ld. 

98/'l'hi s 0 0 • 
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Thi:.:. evidence shows clLnrlJ th:. t in cultures of Penicillium 

there is n.n interr.-.ction effect bE"~tr•ecn coppor .:)nd zinc in the deter­

mination of the dry weight yield trendL. 

(d) The rel~tion be~1een growth ~nd developm~nt ~nd the 

Zinc:Copper ratio in the medium. 

In cultures of Aspergillus niger raising the Zinc:Copper ratio in 

the cultur e medium betvveen 0.01562 nnd 64.00 resulted in a marked in­

cre~se in the dry weieht yield, (Table 86). There is no evidence of 

n.n optimal Zinc : Copper r~.tio. It is clearly evident from the re­

gression :m~.lysis results (Table 84 9 grJ.ph 19) 9 th;-, t at high levels 

of zinc supply in p~rticular, the Zinc:Copper ratio was the ~~jor 

factor determining the yield trends. At high levels of zinc supply 

the contours, for each yield v:llue 9 are orientated vertically with res­

pect to the Zinc :Copper r . .ttio effect, but they tend towards a pe.rr..1.llel 

orientation as the level of zinc supply in the culture medium decre~ues. 

T'nus at low levels of zinc supply , the concentration of zinc in the 

medium is ~:;he major factor determining yield trends. 

In cultures of Penicillium glaucum 9 raicing the Zinc: Copper r .J.tio 

to 0.0625 resulted in incre-LS·-d dry weight yield (Table 87). Subse­

quent increases to 16.0 hod litt l e effect, but there is some evidence 

tlli~t further incre~ses to 64.0 resulted in diminiched yieldc . The 

trend for increased yield ~t low Zinc:Copper ratios (0. 01562 - 0.0625) 

and for decreased yield at high r~tios (16.0 - 64.0) must be reg~rded 

with suspicion since the number of yield values obtained f or these 

ratios were small. The graph of the regression equ:'ition (graph 20) 

indic:J.tes th-.t the Zinc :Copper r~tio was import~·.nt in determining the 

yield trends, when the level of zinc supply wan low, and that, as the 

concentr<tion of zinc was increased, the Zinc : Copper rctio effect 

becomes less marked. 

99/l'h.:..re ••• 



TABLI.: 86. The dry wei'"';ht yield, in grams, obtained for e<:.c'~ zinc ~ copper r :tio, with Penicillium glaucum in Experiment 11. 

1.15621 

1. 33875 1. ~~ - : ~19 

1. 31480 1. 45131 1.70913 

1.15893 1 . 50382 1. 79270 1. 77928 

1. 38157 1.31033 1. 78652 1 , 70117 1.60170 ~. 

1.19902 l. 45067 1. 53281 L 7d7~~4 1 •. ~9865 1. 47682 

1.23399 1. 24082 1.86793 1.6 :-302 1.93139 1. 71762 1.22081 

1.38695 1 . 7.1589 L6~2a;. L35Vr3 1.67641 1.38581 

1.94431 1 . 95027 1. 7754j 1.29017 1. 22384 

1.85720 l.Gl595 ]_ . 41205 1. 43156 

l. 71817 1. ~-1 4-'.<i- 1.13175 

1.82824 1. 522,.;.7 

1 . 38082 

---------------------- ---------
Zn/Cu r atio 'J.01562 1.03125 ').0625 0 .1250 0 . 250 0 . :50 1.0 2 . 0 4.0 8 . 0 16. 0 32 .o 

T0tal 1.23399 2 .58597 4.56670 6 . 21269 3.16150 9 . : ~2~0 10 . 6~825 9.71208 7.81361 6.38590 4 .54316 2.86263 1 . 22081 

r~ean 1 . 23399 1.29298 1.52223 1.55254 1.53230 1.57373 1.51546 1. C1868 1 . 56272 1.59647 1.54772 1 . 43131 1.22081 . 



TABLE 87 . The dry weight yield 9 in sr.:-"':ls 9 obtc..ined for e ~cL zir c :copper ratio with Aspergillus niger in t.:Xperiment ll. 

l. 33025 

l. 06495 1. ...::30 72 

1.31466 l. 720~ .... 0 2 . 12950 

l. 58373 l. 54068 2.51005 2.52116 

l. 74722 1 . 92680 1.87085 2. 38172 2 . 09772 

l. 41956 2.15355 l. 75760 1.88486 l. 77986 2 . 55104 

1.42632 1.84561 2.29774 1.94182 2. :).',896 2.33038 2 . 58388 

1 . 75622 1.84910 2 . 17098 l. 72986 2 . 15315 2 . 106 51 

1 . 39112 2 .02 '210 1.8..;.085 1.95591 1.84723 

l . 30002 l. 70861 2 .10332 2 . 07709 

2 . 03567 l. 51046 l. :>6181 

l. 57686 l. 760u5 

2 .00086 

---------·------------ ----
Zn/Cu ratio 0 .01562 o.n3125 0 . 0625 0.125 0 . 25 1.0 2.0 8 . 0 16. 0 32 . 0 64 . 0 

Total 1.42632 3.17578 4. 98395 6.886~.0 9 .59~97 ? . 81953 12.21599 11.07546 10.17790 8.53126 6 . 27533 4. 6)755 2 . 58388 

IIean 1 . 42632 1.58789 1 . 65132 1.72160 1.91939 1.S)6:il 1 .74514 1 .7~591 2.03558 2.13281 2.09178 2 . 32877 2.58388 
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99. 

There w~c no evidence in cultureA of Aspergillus or Penicillium 

th'J.t the :6inc: Copper r:1tio in the medium w.:ts import mt in determining 

trends in sporul.<t tion or wrinkling of the fe:l ts. 

Part 2. 

The pl~ of pnrt 2 of Experiment 11 is given in T~ble 88. 

A. s eries of stock solutions of copper n.nd zinc were prepc.red by 

1:1 dilution9 (1 volume solution to 1 volume of purified w::tter) 9 of 

a concentrrtted solution, from which a 1 ml. sc:·!ple in 50 ml. ::save the 

maximum concentr~tion required. The concentr2.ted solutions of copper 

and zinc 9 from which the other solutions were prepared 9 were made up 

a.s f ollows. 

Zinc: 

Copper: 

3.51544 gms. ZnSO .H,...o Has dissolved with 7 . 28786 
4 .c. 

gms. of E.D.T.A. in purified v•mter in a 200 ml. 

volumetric flack. 1 ml . of this solution in 

50 ml. g2ve a Zn concentr a tion of 128.0 p.p.m. 

5.02757 b:mc. Cuso
4

.5H
2

o was dissolvtd with 7.45536 

gms. E. D. 'LA. in purified w.:tter in ~ 200 ml. 

volumetric fl.'J.sk. 1 ml. of this solution i n 

50 mls. give~ a Cu concentr1tion of 128.0 p .p.m. 

Results. The results obta ined with Penicillium glaucum .:tre civen 

as follows , 

Dry weight yi P.ld 

pH of f il tm. te 

Analysis of variance 

Regression analysis for copper and zinc 
effects 

Regression analysis for Zinc : Copper rrtio 
effect 

Table No. 

89 

20 (Appendix) 

90 

91 

92 

100/'.i'able 90 0 0 • 



TABLE 88. The plcn of Experiment 111 part 2 1 showing the levels of copper and zinc 

supply 1 and the zinc zcopper ratios. 

Level of Level of zi.nc supply in p . p.m. 
copper supply 

in p.p. m. 2.0 4.0 8.0 16.0 32.0 64.0 128.0 

2 . 0 1.0 2 . 0 4.0 8.0 16.0 32 .o 64.0 

4.0 0.5 1.0 2.0 4.0 8 . 0 16.0 32.0 

8 . 0 0 .25 0.5 1.0 2.0 4. 0 8.0 16.0 

16.0 0.125 0 . 25 0 .5 1.0 2.0 4.0 8 . 0 

32. 0 0.0625 0 .125 0.25 0 . 5 1.0 2.0 4 . 0 

64.0 0.03125 0.0625 0.125 0.25 0.5 1.0 2.0 

128.0 0.01562 0.03125 0.0625 0.125 0.25 0.5 1.0 



TABLE 89. The dry weight yield 1 in cram!J 9 obtairh.d ,,ith Penicil lium glaucum in .Gxperiment 11 1 part 2 . 

Level of Level of Zinc Supply in p . p.m. Total for 
Copper supply each Cu ll'iean 

in p.pomo 2 . 0 4o0 8 . 0 16 o0 32o0 64 . 0 128 . 0 treatment 

. 41201 .43186 . 45996 . 53512 0 ..;.2795 • ..;.3276 . 46001 

2. 0 . 43620 • 47416 .378r'l0 . 5~011 • 36554 • 1.~5371 • 50418 9. 22035 l. 31719 

. 36702 • 't9268 0 42170 0 ~~2506 . 34673 • 44214 • 40345 

o43094 . 41170 . 43368 • ·~532..:. 0 ~1835 . 48166 .38102 

4. 0 • 55476 .50782 . 34751 0 ,~;.;. 786 • 360(:.', . 42138 • ~3637 8. 95427 1.27918 

. 34537 . 37914 .45051 -39936 • 40471 • 42631 . 46324 

• 38406 . 43754 • •,9108 o50975 • 50238 . 31848 .39112 

8.0 . 46739 . 47681 . 33661 . 49827 . 40958 • .:).2860 • 50540 9.27554 l. 32508 

. 46692 . 40238 . 56217 . 42456 • ,+0170 . 42339 . 43835 

. 37518 . 48051 . 40669 . 44504 • <-383!, . 3563-J. • 42356 

16 .0 .41993 . 35245 0 4531-+ 0 ].8090 • ~1956 . 48893 • 42712 8 . 98616 1.28374 

. 55077 • ~734·~ . 5299) • !c5971 • ..;.2255 .39685 . 19522 

o33058 0 38<-1.~3 .)7353 .36523 • .)9219 . 614.:.3 • 46516 

32 .o • 39243 • 3559L', . 35527 . 8526 . ~:)12 5 . 37948 • 52705 8 .86663 1.26666 

. 35809 • 3 ;~2 0+ o 35,H-'~ .39.333 . 45065 • 52436 o56329 

. 42738 • 37249 . •t7834 . 53857 • 41270 . 48061 . 37361~ 

64.0 .32650 .36537 • !;.2109 . 00629 . 45889 . 47512 • 42312 9 . 12432 1. 30347 

. 3·3444 . 39155 .36976 . 63897 • 41148 • 44722 • 42079 

. 36479 . 38271 . 1,.3813 . . :1356 . 50860 . 48002 . 38901 

128. 0 . 45258 . 42861 . 41<384 • L',l281 , )6991 . 38991 .37470 8 . 76308 1.25187 

. 45281 .37190 • ~~5541 • -~'J5ll . 32681 • ·~-~2H • 40472 

Total for each 
8 . 70J05 8.61553 8 . 93799 9.97411 8.70031 9 . 29184 Zn treatment 8o97052 

Mean 1.24286 1.23079 1. 27686 l. -~2487 1.2L',290 1. 32741 1 . 28150 

Le·~st significant difference bet\'n~..on mE ns <. :: 0. 05 prob:::.bili t-; l evel .± 0 .066.~8 ::;-r''llllS. 



100. 

TABLE 90. The results of analysis of variance , performed on the 

dry weieht yield data from Penicillium gl~ucum in 

Factor Degrees Sum 
Me.~n F value Signific :111c e 

Freedom 
squ.."lres sum squnres 

Zinc 6 ·').07151 0.01192 1.11 Not significant 

Copper 6 0.01035 0.00172 0.16 Not signific:mt 

Interaction 36 0.21361 0.00593 0.55 Not signific:mt 

Replication 2 0 .01939 0.00969 0.90 Not significa.nt 

Error 96 1.02920 0.01072 

TABLE 91. The results of r rcgreasion analysis of the dry weight 

yield data from Penicillium glauGum in Experim8nt 11 9 

part 2, for the zinc and copper effec ts. 

Factor Degrees Sum squa.res 
Mean F vJ.lue Significance 

Freedom sum squ£J.res 

Regression 5 0.09109 0.01822 4.99 Significant at 5~., 

Residual 43 0.15706 0.00365 

'l'ABLE 92. The results of a rec~ession analysis of the dry wei3ht 

yield datn9 from Penicilli~~ g1aucum in Vxperiment 11, 

part 2, for the Zinc : Copper ratio, and zinc effects . 

Fe.ctor Degrees Sum Me<n F value Significa.nce 
Freedom 

squares sum squares 

Regression 5 0.19035 0.03807 28.41 Significant at .1~~ 

Residu?.l 43 0.05780 0.00134 

101/Thl..l ••• 
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The results will be considered under the follov.ing he::tdin~s. 

(a) The overrll effect of increasing the level of zinc 

supply, irrespective of the concentration of copper 

in the mediwn. 

(b) The over::tll effect of increasing the l0vel of copper 

supply, irrespectl.ve of the concentr::ttion of zinc 

in the medium. 

(c) The rel:J.tion between growth ancl development m1d the 

Zinc:Copper r~tio in the medium. 

(a) The overall effect of increasing the level of zinc 

supply, irrespective of the concentration of copper 

in the medium. 

The overall effect of increr-.sing tJ::..; concentration of zinc in the 

medium, in cultures of Penicillium &~ 1w£.s found by 

analaysis of vari -nce to be not significant in the determination of the 

dry wdght yield trends 9 (Tnble 90). However it is clearly evident 

from the dry weight yield d2t~, (Table 89) nnd the reGression analysis 

graph (gr:?..ph 21) 9 th2t there w:::.s a slight tendency for the dry weight 

yield to increcse when the concentrntion of zinc in the medium w~s 

r~ised to 16.0 p.p. m. Subsequent incre:::.sos resulted in diminished 

yields. Th~t this trend w~s shown t o be not signific::1nt, may 9 in 

p::1rt, be due to the f nct that the reduction of the yield with in­

cre3.cing zinc concentr:1tion above 16.0 p.p .m. W-l.S not n u11if orm 

trend . Rnising the level to 32 . 0 p. p.m. resulted in ~ significant 

decre~,se, but :1. further incre....:se in the zinc concentration to 64.0 

p. p .m. resulted in "' sigP..ific::'.nt incre:--.se in the yield. However, 

2. comp~rison of the yields obtqined r t the 16.0 nnd 64.0 p.p.m. 

levels of zinc supply 9 shoHc the l :::.t ter to be significnn t ly less than 

the former. It is possible tha t there w::1s s ome experimentnl error 

102/;.t 0 0. 



TABLE 93. The dry weir,;ht yield 1 i n grams~ obtained for each zinc:copper ratio with Penicilli~~aucum 

in Experiment 11 9 part 2. 

1.21523 

l. 33187 1.39870 

1 .31837 1.29066 1.25966 

l. 34588 l. ::,16 73 1.23160 l. 51029 

1.08100 l. 306 <~0 1. ·:3986 l. 30046 1.14022 

1.13832 1.08241 l. )3C)7~ l. t3258 1.18350 l. 32861 

1.27018 l. 02941 1.0855~ l. .5756 5 l. 31366 l. 32835 l. 36764 

1.18322 1.26919 l. 2 .. 8~'~ 1.23045 1.16947 1.28063 

l. 31238 1.78383 l. 2~409 1.24212 l. 33487 

l. 32148 l. 28.:': ')7 l. 51827 1.0:;.590 

1.20532 1 . L'r0295 l. 55550 

l. 30::•)7 1. 21755 

1. 16843 

--- --------------------------
Zn/Cu ratio 0.01562 ·') . 03125 J .0625 '~. 125 0.25 0 . 50 l.O 2.0 8 . 0 16 .o 32 . 0 

Total 

I~ean 

1.27018 2.32154 3.42279 5.01896 6.69946 7 .07152 9.14.187 ::: .07915 6.67410 4.90916 3.80344 2 . 609241.3676 4 

1 . 27018 1.16077 1.14093 1.2547~ 1 . 33989 1 . 31192 1.30641 1.34652 1 . 33482 1 . 22729 1.26781 1.30462 1 . 36764 
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at the 32.0 p.p .m. level of zinc supply. 

There was no evidence that the level of zinc supply w~s import~t 

in determining sporul::ction wu wrinkline of the felts 7 or the pH of 

the filtr.~te (Tn.ble 20 of Appendix). 

(b) The overall effect of increasing the level of copper 

supply, irrespective of the cone en tr:1 tion of zinc in 

the medium. 

The over~ll effect of increasing the level of copper supply, from 

2 .0 to 128 p. p.m. , in cultures of Penicillium glaucum7 had l ittle 

effect on the dry ,.,ei,~ht yield (To. ble 89) 9 nnd was found by analysis 

of variance to be not significn.nt (Table 90). There is some evi­

dence, however, of copper toxicity resulting in reduced yields, at 

the high levels of copper supply, particularly when the concentration 

of zinc i n the culture medium was low (graph 21) . 

There is no evidence th~t the level of copper supply was import­

en t in detemining sporub. tion and wrinkling of the felts, or the pH 

of the filtrate (T:::tble 20 of Appendix). 

(c) The r elation between growth and development and the 

Zinc : Copper ratio in the medium. 

That the Zinc:Copper ratio in the culture medium was the ma jor 

f~ctor determining t h e dry weight yield trends, in cultures of Peni­

cillitw glaucum, i s cle~rly evident from the regression anRlysis 

graph (graph 22). From this graph it is apparent tha t, at l ow 

levels of zinc supply (2.0 p.p.m.), raising the Zinc:Copper ratio 

from 0.0156 to 1.0 resulted in i ncreased yi eld, but a subsequent 

i ncrease to 64.0 p.p.m. resulted i n diminished yield. At higher 

levels of zinc supply (32.0 p.p.m.) the optimum Zinc:Copper ratio for 

yield W8.S 4.0, and n.t 128. 0 p.p.m., approxime .. t ely 16. The r1ti o 

103/effect ••. 
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effect becomes lese m:-.rked with incrc:-.:::e in concentr:-.tion of zinc in 

the medium. Thus , while the Zinc:Copper r~tio in the medium w~s 

importMt in the detennin"tion of the dry wei3ht yield trends, no 

single optirncl Zinc:Copper r:-tio wJ.s 'J.~Jp8.rent. Hortever Zinc: Copper 

r::tios within the rnnge 1.0 t o 16.0 w ..;re optimal for dry weight yield . 

Ther e H ilS no evidence thn t the Zinc :Copper r .tio wc..s irnport:.mt 

in determining the wrinkling or sporulation of the felts, or the pH 

of the f 2..1 t r ate (Tn.ble 20 of ,·,ppendix), in cultures of Penicillium gl<mcum. 

Conclusions . 

The results of Experiment 11, supply some evidence t hat , whilst 

in Aspergillus niger the Zinc:Copper ratio in the culture medium 

appe~rs to have little direct effect on the determinRti on of yield 

t r ends , in Penicill ium glaucum a mar ked Zi nc:Copper rntio effect is 

evident. In p~rt 1 of the experiment, the evidence suggested thut 

the optimc.l Zinc: Copper rn tio l <".y wi thin the range 0. 0625 to 16.0. 

I n p1rt 2 the optimal r~nge was found to be 1.0 to 16 . 0. I t was also 

evident thct, ~s the level of zinc in the medium incre !sed, the Zinc: 

Copper r~tio had to be r"is~d to nttnin optimal conditions for dry 

weight yield. 

The design of the experiment (Tn.bl3s 77 2nd 88), w~s such that the 

number of yield vnlues obtained for r3tio decre~sed progressively to-

wards the extremities of the range of r :-- tios. It w:::.s therefore 

decid ed to c2.rry out a fur·thcr experiment in which equi".l numbers of 

tre~tments were obtai ned, for each Zinc:Copper r Qtio. 

EXPERIMENT 12 • To determine the effect of v~rying the ~bsolute 

supply of copper and zinc, ~t fixed Copper:Zinc 

r:1tios in the culture medium, on the growth .:md 

development of cultures of Asp0rgillus niger nnd 

Penicillium gl.mcum. 

104/The ••• 
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The plan of the experiment ic ~iven in Table 94. From this 

Table it is evident thJt the experiment was designed so that the 

numbers of treatments were ortho>~onal with respect to the copper con-

centration and the Copper:Zinc ratio in the culture solution. This 

arrangement permitted a test of significance, by analysis of vari~nce, 

to be performed on the dry wei:ht yield dat.:-~, for the effects of both 

the level of copper supply, and the Copper:Zinc ratio. 

The Copper:Zinc ratio in the culture colution was varied by 

addinc; 1 ml. samples of different concentrations of copper <.1nd zinc 

to the culture solution. The different concentrations of the stock 

solutions were prepared by dilution of a concentrated solution of each, 

copper and zinc. In the case of copper? the dilution factor was 2 

(1 volume solution in 1 volum~ of purified water), but for zinc several 

dilution factors were used. The concentrated solutions of copper and 

zinc were prepared as follows. 

Copper: 0.98195 gms. CuSO .5H 0 was dissolved with 
-'l 2 

Zinc: 

Results. --·--

1.46395 gms . ":. D. T.A. in purified wuter in a 

500 m1. volumetric flask. 1 m1. of this 

solut ion in 50 ml. £ave a copper concentration 

of 10.0 p.p.m. 

? .74488 gms. znso4 .H~O W<>S dissolved '.'lith 

5.G9364 gm::; . E. D. T.A. in a 100 ml. volumetric 

flask. 1 ml. of this solution in 50 m1. gave 

a zinc concentration of 200 p.p.m. 

The results are given in the fol1or1in3 tables. 

Aspergillus niger. Penicillium 

Dry weight yield. 95 96 

pH of filtrate (in Appendix) 21 22 

Analysis of varic..nce 97 98 

Regression analysis 99 100 

glaucum, 

105/Table 95 ••• 



The p1nn of Experiment 12, showinc: the levels 

of supply of copper and zinc ~und the copper: 

zinc ratio. 

Concentration 
of copper 2.5 5.0 10. 0 
in p. p.m. 

Copper: 'Zinc Concentration of zinc 
ratio in p . p.m. 

'500 0 . 005 0,01 0.02 

50 0.05 0 .10 0 . 20 

5 .0 0 . 50 1.0 2.0 

2 . 5 1.0 2.0 -~ . 0 

1.0 2.5 5 . 0 10.0 

0.5 5 . 0 10.0 20.0 

0 . 2 12. 5 25.0 50.0 

0 .1 25 . 0 50 . 0 100.0 

0 .066 37 . 5 75 . 0 150.0 

0 . 05 50 . 0 100.0 200.0 



tot() 
TABLE 95. The dry weight yield 9 in grams 9 obtained f r om culture::; of Asper gi llus niger in ~xperiment 12. 

..... ___ 
Copper: Level of Copper Suppl y in p. p.m. Total for 
Zinc each ra tio Mean 
Ratio 2 . 5 5.0 10.0 treatment 

500 . 2,1-451 .45956 . 29664 .27430 . 36913 • . ! ./669 .33870 . 41004 . 43883 . 62659 .95401 . 78086 . 56386 . 6d100 . 65332 7.428J4 ) . 49520 

50.0 .58385 .61529 .. 49353 .50132 .)0593 .50392 . 74382 .59530 . 61137 . 72993 .98518 . 69928 .99964 .89018 .9J732 10.24586 J . 68306 

5.0 .80234 . 87256 . 5~476 . ~2 592 .89 /?7 .90572 .66 488 • 5.;.380 . 59<t58 • 805£~8 .99349 .78490 • 442)7 . 9d)40 . 93593 11.69..t40 0 . 77962 

2. 5 .97187 .73638 .78782 .656C9 . ~66::;0 .93204 . 77501 . 6G340 . B23uo .79814 .92899 .86535 . 47523 . 91542 l. 02601 12 .J267l 'J .8Jl78 

1.0 .51794 . 84827 . 80181 .67567 . 73303 . tt:,s,n .71500 .70819 . 6l<i-JO . 60124 . 93150 .73301 -95126 .89192 .89747 11.12:;14 J.64168 

0.5 . 84722 • 77721 • 97172 . 87401 . 52 C02 . 92746 . 9.+878 . 67461 • 7,~875 . cG015 .82184 . 91500 . 79210 .8J719 . 89453 l2.18G59 0.81244 

0.2 . 65371 .73510 .95082 • 510:)0 • 77755 . g::.J48 . 85304 .35860 . 78520 .C4934 . 43193 .81685 .91690 .81843 . 90338 11.79433 ) . 78629 

0 . 1 . 60811 . 62287 . 90213 .79067 • . 8701 • 72670 • 95-: 59 .49802 .86795 . 42662 .86232 .80197 .89892 • 94172 . 89177 11.5.;137 ') . 76942 

1"),1)66 . 92955 • 93721 .68054 . 61489 . 7175~ .87823 .87384 • ·r5457 . 80715 . 70602 . 75645 . 43668 .85292 .50731 . 82117 10.97406 J.73160 

·) .050 l. 03758 • 75369 l. rJ0614 .61166 0 5451-T .96747 .8.;.237 .6:J746 . 67121 .62891 . 38-+45 . 31284 .3G851 . )2909 . 33306 9 . 31958 0 . 62130 

Total for 
each Cu · 34 .65223 35. :)9502 38.59883 

treatment 
_ , ____ --

Mean 0.69304 0 . 70170 J . T1l98 

Least significant difference be ~ween means r.t 0.05 probability level for copper treatBent = ~ 0.15627 grams. 

Least si~nificant di ffe r ence between means at 0. 05 prob:-.bili ty level for ratio treatment = ..:!:. 0 . 28479 grams . 



TABLE~· The dry wei 1ht yield~ in ::r!"'.ms? obt-:ined :from cultures of Penicillium gl~~-c~ in :2,xperiment 12. 

------·- - - - ··--- --·-·-- - -·- ---------------
Copper: Level of Copper Supply in p.p .m. ~otal for 

Zinc each ratio He an 
Ratio 2.5 5.0 10.0 t r e< t:.1ent 

500 . 31852 .29519 .312?.3 . 31532 . 36974 . 39635 . 34331 • ~-0-~86 • 42547 .33831 . 65206 . 32003 • 53112 • ';)4355 -39033 0 . 03v39 .J . 40243 

50.0 . 41226 . 37876 • 40351 . 1+1 :Go • 3':'120 c36"T98 • 57372 . -i-4969 . 53083 . 4114-2 . 5)268 • 38632 .45443 • GY396 . 42b -~4 6.84430 ;).45632 

5.0 . 59787 . 53971 .~36::5 . 83809 • 817:5 . 55 ·~25 .7369;) .62481 .65890 . 59623 . 39643 -~9288 .66023 .65036 . 415:33 9 . 2 7645 0.61843 

2.5 . 62503 . 54915 .70476 . 61210 . 30 :81 .60176 . 7G :85 . 67367 . 50.,.56 . 51C·J6 .59091 •. ~1828 • 76!;.51 . 51:,09 . 4771) 9.12197 ) .6:)813 

l.O .6 )804 . 55525 • 4:/)'70 . 6838G . 64927 . 60575 • co., 73 . 52131 .62070 • 52 <ts.;. .58760 • .:t-6376 .63746 • C439l -43011 0 . 7)o99 .) • 58247 

0 . 5 .!~27 42 . 5-898 • 71Vr5 . 7013~- • 7.;. 7 .;•) • 7-"•015 . ·::59~3 . 48178 .75054 . 599l:J .52052 . 59054 .::,1322 . 57336 . 52206 3.839)8 J .53929 

0.2 .59935 .65214 .58')83 • 5J732 . H 02 7 • 37727 .5.,.078 . -S323 . 56298 . 63684 .56599 . 35638 . 58129 -35614 . 63221 C. 363J2 ;) • 55830 

0.1 .55856 • 5::'129 . 69961 . 65860 • 5 391 1: . :; .: lr ~'; .l • 36 ... 38 • 41369 . 60554 . .:i l 8<32 . 36160 . 35101 • 42219 .36153 . 57946 /.57883 0.50526 

0.066 . 48721 . 53552 • 51)702 . 58351 • 5380.2 • )'jJ21 • ~-S285 . 55:J06 . 51626 • 37943 .)5051 .392Jl . 42100 . 39206 . 51434 7.46387 J . 49759 

0.050 . 63401 • 55.!',86 .40480 • 61 T52 • 557?;:· • 3'3629 . 39298 .3541~ . 42260 .41093 .36415 .39615 • 43416 • 42569 . 5067 4 S. :JG214 0.45748 

Total for 
each Cu ~8.07881 26 .18516 24.879..)7 

treatment 

!.1ean 0. 5S158 0 . 52370 0 .49760 
-----

Least si~nificant difference between me~nL <..t 0. 05 probab::.lity level for copper tre:: .. tJI!ent = ± ;) .. j 3930 grams. 

Leas t si._3nificant difference betwer.n 1'18 '-'.ns :.t :.) . 05 pro b.t bili ty level for ratio treatment = ± v.u7175 grams . 



TA:'::LE 97 . 

Factor 

Ratio 

Copper 

105. 

The results of an analysis of variance, performed 

on the dry weight yield data, obtained from cul-

tures of Aspergillus niger in Experiment 12. 

--------- - ---·-·---··---------·------ --
Degrees 
Freedom 

9 

2 

Sum squares 

1.31741 

0 . 18744 

1-"ean 
sum squares F value Significance 

0.14638 1.38 Not si6nificant 

0.09372 0 . 88 r~ot significant 

Replication 4 0.09429 0.02332 0.22 Not significant 

Error 

TABLE 98. 

Factor 

Patio 

Copper 

Replication 

Error 

Factor 

Regr ession 

Residual 

135 14.29568 0.15890 

- --·-- -----

The results of an analysis of variance performed 

on the dry wei~ht yield d~ta, obtained from cul-

tures of Penicil l ium gl aucum in Experiment 12. 

Degrees Sum 
Mean 

F value Significance Freedom squares 
sum squares 

9 o. 74377 0.08264 8 . 22 Significant at OJ.~o 

2 0.10350 0.05175 5.14 Significant at 1~'; 

4 0 . 1')058 0 . 02514 2.50 SiGnificant at 5.· 

135 1. 35785 0 . 01005 

The re$ults of a regression analysis of the dry weight 

yield data obtuined from cultures of ~erE.;illus niger 

in Experiment 12 . 

Degrees 
Freedom 

5 

24 

Sum squares 

10.1183 

6 . 22948 

Mean 
sum squares 

2 .02237 

0.25956 

F value 

7.79 

Significance 

Significant at O.J,., 
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TABLE 100. The results of a reGression analysis of the dry 

weight yield data, obtained from cultures of 

Penicillium glaucum in ~xperiment 12 . 

-----------· 
Fac tor Degrees 

Freedom 
Sum squares Mean 

sum :::;quares 
F value Significance 

·-----------------·------·-------------------------
Recression 5 3.93224 0.78445 9.79 Significant at 0~ ) 

Residual 24 l. 92268 0.08011 

The results are considered under the following headings: 

(a ) The effect of varying the l~vel of copper supply, 

irrespecti ve of the Copper :Zinc ratio in the medium. 

(b) The ef:l:'ect of varying the Copper: Zinc ratio, irrcu-

pec·tive of t he levels of copper and zinc supply 

in the medium. 

(a) The effect of varying the level of copper supply , 

i rrespec tive of the Copper : Zinc ratio i n t he medium. 

In cultures of Aspergillus niger, r aising the level of copper 

supply from 2 . 5 t o 10 p.p.m. had little effect on the dry v1eight 

yield ( Table 95) . The overall copper effect W.J.S shown by analysis 

of variance to be not significant (Table 97). In cultures of 

Penicil~ium glJucum, however, raising the l evel of copper supply 

f rom 2 . 5 t o 10 . 0 p. p .m. had a significant effect on the dry weight 

yield (Table 98). It can be seen from the dry weight yield data 

(Table 96) that rais ing the copper concentration in the medium 

results in diminished yield. The amounts by which the yield is 

dec r eased, with each successive i ncrease in copper conc entration, 

are ·-mly slightly less than the value obtained for the least 

significant difference . Thus the copper effect is consi dered to 

107/be ••• 
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be hi~hly significant in the determination of the dry weight yield 

trends. 

'fuere is no evidence that the level of copper supply was important 

in determining the wrinkling, or sporulation of the felts 9 and the pH 

of the filtrate 9 in either cultures of Aspergillus or Penicill ium 

(Tables 21 and 22 of Appendix). 

(b) The effect of varying the Copper:Zinc ratio irres­

pective of the levels of copper and zinc supply in 

the medium. 

The effect of the Copper:Zinc ratio 9 in the ddtermination of the 

dry weight yield trends 9 was shown to be highly significant in cul­

tures of Penicillium glaucum (Table 98) 9 but not significant in 

cultures of Aspergillus niger (Table 97). The yield trends, due to 

varying the Copper: Zinc ratio in the culture medium 9 are not noticeable 

in a study of the mean yield for each ratio treatment (Table 96). 

However, study of the regression analysis graph (~raph 24) shows the 

effect of the Copper:Zinc ratio in the determination of the dry weight 

yield trends . At low levels of copper supply (2.5') p.p.m.) raising 

the Copper:Zinc ratio in the medium to 5.0 resulted in increa2ed 

yield. Raisin-: the ratio further to 500.0 resulted in diminished 

yields. At high levels of copper supply (10.0 p.p.m.) 9 the optimum 

Coppor:Zinc ratio was 1.0. Thus maximum dry wei_:;ht y i eld was ob-

t3ined when the Copper:Zinc ratio wqs in the range 0.5 to 1.0 9 or9 

in other words, when the Zinc:Copper ratio was bet¥1een 1.0 and 2.0. 

There w~s no evid ence that the Copper ~ Zinc ratio in the medium 

was important in dete~ining the wrinkling ~nd sporulation of the 

felts 9 or the pH of the filtrate (Tables 21 and 22 of the Appendix). 

Conclusion. 

These results suggest thRt 9 in cultures of Aspergillus niger9 
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the level of copper supply, possibly due to the presence of a chelating 

agent, and the Copper: Zinc ratio in the culture medium do not play 

major roles in the determination of the dry w~i3ht yield trends . In 

cultures of Penicillium e~aucum however , both the level of copper 

supply 7 :1nd the Copper: Zinc ratio are important in determining yi eld 

trends . The optimum range of Zinc:Copper ratios 1.0 to 2 . 0 l i es 

within the range shown in parts 1 and 2 of ~xperiment 11. 

109/Chapter VI . •• 
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CHAPTER VI. 

Discuscion and Conclusions. 

It has been well established by numerous workers that the level 

of nutrient ~upply markedly influences the visual appearance and dry 

wei~ht yield of fun~al cultures. It h3.s also bcun demonctrated that 

different funei, and indeed different str::tins of the ::'3.IDe fungus, may 

react differently under similar nutritional conditions. 

In the Preliminary Investi3ations, \there the level of supply of 

one heavy metal was varied , while all other nutrients \tore present in 

ample suppl;y, the effect, on the visual :1ppearance and yield , of 

varying tho concentration , .,-,as deuonstrated . Under thes ... conditions 7 

optimum levels of supply were demonstrated for n1'lnganese and copper in 

cultures of Aspergillus and Penicilltum, and possibly for zinc in 

Penicill ium. It ,-,as found that ap3.rt from the efl'ect on the dry 

weight yield, the Tirinkling of the felt of cultures of Aspergillus 

and Penicillium could 9 to a c .rtain extent , be correlated .d th the 

level of heavy metal supply. '.:rinkl ing became progressively more 

evident with increase in the heavy metal concentration. At low levels 

of supply this effect did not appear to be markedly influenced by 

the presence of a chelating agent. At hi~h levels of supply , however, 

increasing the level of supply in ti.1e presence of 2. chelo.ting a.:;ent 

had li ttle effect on the wrinkling of the felt. Trendc in sporu­

lation were evident in the Preliminary Investigations, and tenued to 

parallel the effect of the level of heavy metal supply on the dry 

weicht y ield . The precen~e of a chelatinG a~ent r educed the appear-

::tnce of diminished sporulntion ~t high levels of supply . 

It is noteworthy that? :1h~n the levels of supply of t\:o heavy 

metals were varied simultaneously, there was :1 marked ten<.i.ency for 

the reduction of symptoms of toxicity. Thic was particul.1rly evi-

dent in cultures of Aspergillus, nhen the levds of supply of 

110/copper ••. 
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copper and zinc were va ried simultaneously. These results suggest 

an interaction between the heavy metals, \:hich controls either the 

uptake or precipitation of the met~ls in toxic quantities in tho 

mycelium. 

There is come evider.ce that the prvs~nc~ of u chela tillb Ggent, 

in particub,r l!;thylcne di llllinetet~1cctic acid 9 r 3duces hovy metal 

toxicity. This was demonstrnted for the four he:tv~' metals studied 9 

but in particular for iron and manganes~ in cultures of h.spergillus. 

';,'hcther the E.D.'i1.A. function:::; to rcduco metal uptake is not clear7 

but it seem:::; more likely that it prevents the precipitation of heavy 

metals in. the mycelium, and thcrcb~r r<•ducec or prevents toxicity. 

The evidence in favour of the Iron:rt.::mcanese r c. tio in the 

medium being important in the detenaination of gro\'vth and development 

of culturer of !spergillus and Penicillium is not conclusive. Ther·e 

is some evidence which would su~gest the ratio effect may be important, 

but less important th~n the individual effects of iron and manganese. 

It may also be that the use of a chela ting agent, ~thich is necessa~ 

at high levels of met~l supply , s erves to r~duc e the ratio effect, if 

such an effect exi3ts, and thereby m3kes it difficult to distinguish 

the ratio effect from the individual effects of iron and manganese. 

The Zinc:Copper ratio in tho culture medium WdS shown to in­

fluence t he dry \':ei:;ht yield obtained from cultures of Pencicillium, 

bu~ not in cultures of Aspergillus. It was found that the dry 

weight yield was r elated to the absolute concentration of copper and 

zinc, and to the Zinc:Copper ratio in the culture medium. Thus at 

low levels of supply the optimum Zinc :Copper r a tio f or yield was of 

the order 0.06, but as the absolute level of supply was raised, the 

Zinc:Copper ratio in the medium had to be increasLd to 16.0 , f or the 

maintenance of optimal nutritional conditions. There WQS no con-

elusive evidence t hat the Zinc:Copper ratio in the medium was 
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important in determining the sporulation and wrinkling of the 

felts or the pH of the f iltrate. 

The symptoms of too low a Zinc:Copper ratio in the medium 

were indistinguishable from those when the ratio was too high for 

optimal growth. It was therefore impossible to determine whether 

the effect of too low a ratio, or too hi gh a ratio, could be re­

medied by the addition of zinc or copper respectively. 

The precise relationship that exists between zinc and copper 

in determining the optimum r atio for growth is not understood, and 

it st~fices, with the present information, to note i t s occurrence. 



API' END IX. 

pH OF FILTRATE. 

TABLE l . The pH values of the filtrate obtained from cultures of 

Aspergillus nj.r;or in Experiment 3. 

Level of !-ietal varied 
supply in 
p . p .m. Iron r..ranganese Copper Zi nc 

o. 0·104 2 . 29 2. 04 2 . 06 2. 62 

0.0016 2.36 2 . 01 2 . 01 2 .52 

0.0064 2.06 2.08 2.00 2.62 

0.0256 2.09 2 . 02 1.99 2.41 

0.102 4 2.18 2 . 01 1.98 2.23 

0 .4096 2.14 1.96 1.95 1.99 

l. 6384 1.98 2.09 1.97 2 . 46 

6. 5536 1.99 1.97 2.12 2 .06 

26 . 2144 2.'01 2 . 01 3. 39 1.96 

TABLE 2 . The pH values of the filtrate obtained from cultures of 

PenciJ.lium notatum in Experiment 3. 

Level of Metal varied 
supply in 
p.p .m. Iron Manganese Copper Zinc 

0.0004 2.61 2 .55 2 . 50 2 . 88 

0.0016 2 . 72 2.58 2 . 59 2 . 71 

0 . 0064 2 . 58 2 . 54 2 . 38 2. 77 

0.0256 2 . 41 2 . 51 2 . 35 2 . 65 

0 . 1024 2 . 36 2 . 66 2 . 39 2 . 61 

0 . 4096 2.38 2 . 46 2.45 2.48 

l. 6384 2 . 49 2.45 2 . 50 2.51 

6.5536 3 . 32 2 . 42 2.45 2.62 

26 . 2144 3 . 31 2 .52 2 . 52 2.47 



II 

TABLE 3. The pH values of the filtrate obtained from cultures of 

Aspergillus ni~er in Experiment 4. 

f,Tetals v.:1ried 
Level of Ratio = 1.0 
supply 

in Iron and Iron and Iron and Manganese M~m3anese Copper 
p . p.m. Manganese Coppor Zinc and Copper and Zinc and Zinc 

0.000 ~ 2.21 2.37 2.28 2. 07 2 .28 2 . 29 

0.0016 2.02 2.42 2. 71 2.11 2.58 2.57 

0.0064 1.99 2.21 2 . 48 2.03 2.63 2.31 

0.0256 2.02 2.22 2.59 1.95 2.49 1.91 

0 .1024 1.99 2.15 2. 41 1.92 2.22 1.98 

0 .4096 1.95 2.02 2.01 1.92 2.02 2.07 

l. 6384 2 . ')0 2.08 1.99 1.95 2 .38 2 .00 

6.5536 2. 02 2.22 1.86 2.10 1.90 1.98 

26.2144 2.20 2 . 36 2 .06 2.68 1.88 2. 00 

TABLE 4 . The pH values of the filtrate obtained from cultures of 

Penici llium notatum in Experiment 4. 

Level of Metals varied 

supply Ratio = 1.0 

in Iron and Iron and Iron and Manganese Manganese Copper 
p . p.m. 

Manganese Copper Zinc and Cower and Zinc and Zinc 

0.0004 2. 72 2 . 46 2 . 63 2 .66 2 . 89 2 . 90 

0.0016 2.56 2 . 39 2.64 2.98 2 . 92 2 . 90 

0.0064 2 . 56 2 . 48 2 . 58 3. 60 2 . 78 2.82 

0.0256 2 . 48 2. 32 2.55 2 . 45 2 . 60 2 . 68 

0 .1024 2.36 2 . 38 2.38 2.35 2.58 2 . 48 

0 . 4096 2.41 2.41 2,48 2. n 2.41 2.32 

1.6384 2. 46 2 . 32 2.43 2 . 35 2 . 45 2 . 33 

6.5536 2.51 2.56 2.59 2 .29 2.37 2 . 31 

26 . 2144 3. 24 3.23 3.78 2 . 42 2 . 46 2.58 
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The pH values of the filtrate obtained from cultures of 

Aspergillus niger in Experiment 5. 

Level of Metal or metals varied 
supply 

in p.p .m. Iron Man.3anese Iron : Manganese 
Ratio = 1.0 

0 3.12 3 .17 3.18 

2 . 67 2. 65 3.25 

0.0)04 2 . 83 2.49 2.83 

2 .68 2.53 2 . 94 
--- ---

2 .50 2 . 96 2.88 

0 . 0016 2 .68 ). 01 2 . 63 

2 . 45 2.99 2 . 82 

2.62 2 . 97 2 . 69 

0.0064 2 . t1-l 2 . 98 2 . 58 

2 . 51 2. 99 2 . 46 

2 . 35 3 . 01~ 2 . 29 

o. 025 ·~ 2 .34 3.20 2 . 33 

2.31 3. 30 2 . 25 

2.52 3.14 2 . 51 

0 . 1024 2 . 43 2 . 98 2.61 

.2 . 42 3 .12 2.48 

2 . 47 3.08 2.52 

0 . 4096 2 . 48 3 . 02 2 . 49 

2.65 3 .12 2 . 50 

2 . 62 3.10 2 . 39 

1.6384 2 . 63 3. 05 2 . 32 

2 . 66 3. 15 2 . 33 

2 .61 ) . 22 2 . 36 

6 . 5536 2 .lr7 3.19 2 . 45 

2 . ~9 3. 21 2 . 49 

2.53 3.14 2 .31 

2G . 2V,4 2 . ·1-3 3. 22 2 . 52 

2 . 39 2 . 68 2 . 51 



IV 

TABLE 6 . The pH values of the filtrate obtained from cultures of 

Penicillium notatum in Experiment 5. 

Level of Metal or metals v<:t ried 
supply 

in p . p . m. Iron Manganese Iron : Manganese 
Ratio = l.O 

0 2. 62 2 . 63 2.53 

3.78 2 . 52 3. 51 

0.0')04 3. 40 2.78 3. 43 

3 . 48 2.54 3. 46 

3.34 2.46 3.22 

0.0016 3.25 2.47 3. 25 

3. 30 2 . 56 3.26 

3 . 29 2. 49 3.21 

0.0064 3. 58 2. 42 3.21 

3. 21'. 2. 53 3. 22 

2.81 2. 49 3.21 

0.0256 2 . 62 2 . +8 3.20 

2.79 2.56 3.21 

2 . 50 2 . 65 3. 28 

0.1024 2. 47 2.60 3.25 

2 . 51 3. 17 3.24 

2 .44 2.56 2.39 

0 . 4096 2. 46 2.58 2 0 42 

2 . 47 2.51 2 . 49 

2 . 44 2.51 2. 39 

1.6384 2.58 2 . 56 2. 48 

2 . 41 2.53 2.48 

2. 53 2.45 2. 32 

6. 5536 2.62 2. 42 2.41 

2.61 2. 48 2. 49 

2 . !~3 2. t!-5 2 . 42 

26 . 2144 2. 39 2 . 48 2. 46 

2 . 58 2 . 65 2. 45 
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TABLE 7 . The p~ values of the filtrate obtained from cultures of 

Asper;~illus niger (no cheln.te supplied) in Expe:riment 5 . 

Level of Metal or metals varied 
supply 

in p. p.m. Iron rlnnganese Iron : M:mgant;se 
Ratio = l.O 

0 2 . 72 2 . 80 2 . 68 

0.0004 2 .65 2.70 2.60 

0 . 0016 2 . 63 2 . 65 2.80 

0.0064 2 . 59 2 . 70 2 . 75 

0.0256 2 . 50 2 . 65 2 . 55 

0 . 1024 2 . 45 2 . 67 2 .60 

0.4096 2 . 52 2 . 68 2 . 50 

1.6384 2 . 61 2 . 68 2 . 60 

6 . 5536 2 . 54 2 . 68 2 . 62 

26 . 2144 2.50 2 . 65 2 . 65 



TABLE B. 

Level of 
Manganec;e 
supply in 

p.p.m. 

0.0001 

o. 0:)10 4 

0. 0~)16 

0. 0064 

0.0256 

0.1024 

0 .4096 

l. 6384 

6 . 5536 

26.2144 

TABLE 9. 

Lev :>l of 
Manganese 
supply in 

p.p .m. 

0 . 0001 

0.0004 

0. 0016 

0 .0064 

0.0256 

0 .1024 

0 . 4096 

l. 6384 

6 . 5536 

26 . 21,~4 

VI 

The pH values of the: filtrate obta.in~d vtith 

_::'_enicillium nota tum in Expcrimant 7. 

rl 
0 
0 
") . 
0 

. 
0 

Level 

ill 
rl 
0 
0 . 
c 

of Iron Supply in 

.;j- ill 
ill Ll'"\ 
0 N 
() 0 . . . . 
0 ::; a o 

p.p.m. 

. 
ill 

.;j­
~· 

rl 
N . 
ill 
N 

2.64 2.62 2.61 2 .39 2.32 2 . 25 2 . 27 2 . 23 2. 25 ~.31 

2 . 74 2 . 62 2.55 2 . 51 2 .34 2 . 25 2.22 2.25 2 . 29 2 . 29 

2.70 2.73 2 . 66 2 . 51 2 . 42 2 .26 2 . 25 2 . 28 2.73 2 . 35 

2.69 2. 88 2 . 51 2.48 2 . 46 2 . 30 2 . 23 2 . 31 2.28 2 .39 

2.85 2.62 2.69 2 . 50 2.39 2 .31 2.22 2 .30 2.21 2. 25 

2 . 76 2 .75 2.7G 2 .47 2.55 2.32 2.21 2.28 2 . 33 2 . 51 

2.89 2.8J 2.67 2 . 52 2.42 2 .38 2 . 38 2 .32 2 .31 2 .33 

3.02 2 . 87 2 .75 2.55 2.50 2.40 2 . 50 2 .48 2 .30 2.32 

3. 06 2.88 2.71 2 .63 2 . 47 2 .51 2 .47 2.48 2 .42 2 . 47 

The pH values of the filtrate obtained with Penicillium 

rl 
0 
0 
0 . 
0 

«T 
0 
0 
0 . 
0 

( .~ . D.'i'.A . an ch-l~·.te.) 

Level of Iron Supply in p . p .m. 

ill 
rl 
0 
0 . 
0 

~ 
ill 
0 
0 . 
0 

\0 
U\ 
('J 
0 . 
0 

..-j­
N 
0 
rl . 
0 

. . 
0 rl 

ill 
('("\ 

U\ 
U\ . 
\0 

3. 16 3.18 3.02 2 . 91 2 . Go 2 .75 2.82 2 . 11 2 . 90 3. 60 

3.11 3.02 3.05 2 . 36 2 .64 2 .71 2 .75 2.73 3. 58 3. 51 

2 . 88 3.02 3.00 2 .82 2 . 65 2 . 68 2 . 60 2 . 70 2 . 92 3.58 

2 . 79 3.11 2.SJ 2 . 76 2.50 3 . 52 2 . 58 2 . 63 2 . 69 3 . ~5 

~.82 2 . 66 2 . 82 2 . 69 2 . 49 2 . 55 3. 51 3 . 45 3. 28 3. 34 

2 . 84 2.70 2 . 53 2 .68 2 . 54 2.51 3.02 3.45 3.30 3. 35 

2 . 66 3. 02 2.78 2. 72 2.51 2 . 50 2.85 3. 48 3. 28 3. 41 

2 . 85 3. 10 2 . 71 2.71 2.55 2 .51 2 .67 3.56 3 . 21 3.28 

2.58 2 . 98 2 . 70 2.63 2 . 58 2 . 53 2.56 3. 23 3.42 3. 32 

2 .75 2 . 72 2 . 65 2 .54 2 . 61 2 . 59 2 . 62 3.02 3 . 41 3.32 
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TABLE 10. Th e pH values of the filtrate obtained with cultures of Aspergillus niger in Experiment 8 part 1. 

Level o:f ~ Lev0l of Iron Supply in p.p.m. 
Mn s~~ ~----- ---------------------------------------------------.---------------r-------------~-------------
i n p.p.m.j 0 . 064 I 0 .128 I 

0.064 1 1.88 1. 76 l. 731 1.81 --1-. 7_4_ 1_._7_6__.i_l_._8_1_ 1_._7_8_ l_.-88-+-\ 1.82 l. 78 1.82 l. 79 1.80 1.81 1.82 l. 98 l. 71 : 1.86 1.86 1.91 

0 . 256 4. J96 0.512 1. 024 2.048 

0 . 128 IL 75 l. 72 l. 75 l. 85 l. 82 l. 78 I l. 79 l. 77 l. 7 4 j l. 73 l. 79 l. 7 41 l. 79 l. 82 l. 81, l. 78 l. 81 l. 78 l l. 91 l. 82 l. 90 
I I ! ' 

0.256 1.71 1 .72 1 .70 1 . 75 1.79 1 . 70 11.81 1.84 1.86! 1.78 1.89 1.77 1 . 84 1.87 l.78j 1.32 1 . 90 1 . 80 j 1 .85 1.89 1.82 

0 . 512 

1.024 

2.048 

4. 096 

11. 70 

11.72 

I ,1. 78 

I 
! l. 78 

1 .72 1 .76 1 . 82 1 . 82 

1.72 1 .75 1 . 76 1.80 

1.84 1 . 95 I 1 . 83 1 .s2 
I 

l. 77 1.85; l. 74 l. 75 

1. 92 l1.s3 1. 78 1. 7{) \1. 78 1. 98 1.s2 1.so 1. 99 1.89 I 1.12 1.81 1.85 ! 1.83 1.82 1.82 
I I • 

1.82 ! 1.02 l. 78 l. 7c.. ll. 7u l. 79 1.32 l. 79 1.82 l. 79 l. 76 1.81 1.82 i 1.89 1.82 1.88 

I 
l. 7511.79 1.82 l . ~~ j 1.78 1.80 1.75\ 1.80 1 .79 1.85 1.80 1.76 1.82 ~ 1.91 1 . 92 1 . 92 

1 I 
1.83 ! l. 76 

--------~·------------------------------~ 
L 78 l. T ; l. 73 l. 89 l. 85 j 2 . 02 l. 79 l. 81 ! l. 89 l. 81 l. 92 : l. 96 L 95 1. 89 

I I 

TABLE ll. 'I'he pH v·.! l ues of the fi1 t ratc obtained with cultu::::--:·3 of Penicillium gl:.Lucum in Experiment 8 part l. 

----- -- ---·-- - - ·--------- · -- ...... - . -----
I 

Level of j LevGl of I ron Supply in p.p .m. 

-~-n_:_~_~_:_!:.~,~=====o=·=o=6=4===========-o_-._l_2_8 __ -+·~-~---o-.?-_5-_6- -·-· -;-----~ --~l~·=o-2_4====~:·,~~~~~-2=·=o_4-8=====~~------4-.-0-96 ____ _ 

I l -+-- I 
0 .064 12 . 30 2 . 32 2.70 2 . 60 2.66 3.1613.62 3.25 3 • . qi 3.48 3. 62 3 .19 3.40 3. 82 3 . 74! 3. 52 3.64 3.78 3.35 3. 60 3.90 

2 . 391 3.51 3 . 32 3-~ 0 1 3 . 20 3-14 3 . 38 3. 53 3- 32 3.20! 

2 .48 2 . 54 2.65 2 . 43 2 . 63 2.85 3.30 3.65 3. 1313. 58 3.75 3.48 3.12 3.10 3 . 32 1 

2 . 40 2 . 41 2 . 37 2. 60 3. 10 2 . 42 3.16 3.12 3. 31 \ 3. 40 3.15 3 . 48 3.16 3.12 3 . 221 

0.128 

0 . 256 

0.512 

1 . 024 

2.048 

4.096 

2.70 2 . 80 2 .15 2.54 2 . 64 

12 . 32 

12.18 
! 
i 
;2 . 30 

2 . 45 

2. 40 

2.24 

2.38 

2 . 521 
l 
I 2.19 i 
' 

2 . 48 2.4o 2.101 3.28 3.2o 3.41 3.40 

I 

2.40 2.59 2.30! 2.80 2.88 

:; ,32 3 .08 

I 
) . 28 : :; . 30 

2.55 2 . 60 2 . 64 3.39 3.14 

3 . 60 3.75 3. 89 3 . 60 3-59 3 . 35 

3-55 3 . 82 3 . 83 3 . 75 3.90 3.65 

4.21 3.69 3.78 3.51 3.30 3.75 
I 

3. 12 1 
I 

3. 35\ 

3.08 3 .18 3.18 3.42 3 . 45 3 . 35 3.1~ 3.40! 

3.31 3. 23 3.28 3.70 3. 80 3.55 3.61 3 . 4) 4 . 01 

3.30 3. 35 3.b0 

3. 15 3.19! 3.29 3. 31 3.11 3-40 3 . 38 3.15! 3.40 3 . 10 3.30 
l ---------------



TABLE 12 . 

2.0 

4.0 

8.0 

16. 0 

32.0 

64.0 

128 . 0 

TABLE 13 . 

Level of 

VIII 

The pH val ues of the filtrate obtained with cultures of Aspergillus niger in ~xperiment 8 part 2 . (No chelat e suppl i ed.) 

Level of Iron Supply i n pop.m. 

16.0 32 . 0 64. 0 128 .0 

: J 
1.85 1 . 75 1. 99 I 2.05 1 . 95 1 . 8~ 

1 .80 2 . 00 1.80 1.78 1 . 78 1 . 7~ 
1.80 1.95 1.80 1.85 2.00 1.851 1.80 l. 75 l. 75 l. 75 2.15 2 . iXl 1.91 1.96 2 . 00 

I 
I 

1.80 

1 1. 95 

12 . 05 

12. 10 
I 
\ 2.05 

1.90 1 .90 1.85 1.90 1.94 l . 95i 1 . 70 1. 75 1.75 lo80 1.85 1 . 80 1.99 1 . 93 1 . 93 

1.90 

2.05 

l o75 1 . 80 1.70 lo80 1 . 7, lo83 1.75 1.80' 1 . 90 

1.85 1. 79 1. 79 1. 79 1. 7~ 1. 75 1.10 1. 7C" 2 . o . ~ 

l .Goj 1 . 99 2 o10 

l.J~ I 1.93 2 . oo 

1 .79 l o80 1.90 2.50 1.99 1.75 1.98 
, I 

l. 90 l. 9511. 95 2. 09 2 .15! l. 90 l. 90 

2 . 15 2 . 07 j 2.18 2.30 2 . 25~ 2.15 2.15 l - J 2 ,, r.:: 2 .10 o ~_i } o t::. J 

I 

I 

1.95! 1.70 1 . 70 lo75 lo70 1 . 75 1 . 75, 1 . 80 1.82 1.80 

2.10\ 2 . 05 1.90 1.80 1.80 1.85 1.751 1 . 91 1 .99 1 . 89 

2. 05 i l. 70 l. 75 l. 70 2. 30 2 0 0 0 2 . oo 2. 0 0 2 0 0 0 l. 9 
I 

2.1011.85 1.95 2o00 t 2 . 10 2.18 2.081 2.1 2.1 

2 . 40 2. 12 t 2.10 2.Jl 

2 . 00 

2.01 2 . 05 \ 1 . 90 2 . 25 2.01 1 2o00 
------ _ _____ _ ...,:__ _______ L_ - ----

The pH values of the filtra te obt .ined with cultv.:-._·· of Asper gillus niger in :;i,'xper i ment 8 part 2 7 (Citric acid sup1.Jlied a s chelate) 

- ----·- --·--
Lt::Vel of I ron Supply in p . p.m. 

1m supply -----------------------------.1 ----------------------------------~-------------
i n p. p.m. 2 . 0 4 . 0 8.0 

1 

16 . 0 32.0 64 . 0 128 . 0 

2.0 2.01 l o98 lo95 2 . 03 1 .92 1.94 2.00 1.95 l.96 i, 2.02 2.01 2 . 05 2 .15 2.10 2 . 05 2 . 04 2.04 2. 09 2 . 15 2 . 15 2 . 08 

l 4.0 

8 . 0 

16. 0 

32 .0 

64. 0 

L28. 0 

2.03 2.00 1.98 2o00 1.97 

2 . 10 2. 00 2.02 2 o00 2 . 05 

1.95 1.95 2.05 2 . 00 2.05 

1. 95 2 . 06 1 . 97 2.01 2 . 05 

2.00 2 . 03 2 . 06 1.98 2 . 08 

1 . 91 I 2 . 01 2 . 0 1.98 1 

1.951 1.99 2.09 1.981 

1.94,1.95 2.02 2 . 011 

1. 90 11. 95 2 . 08 2 0 00 ! 

1.92 lo99 2 ol2 lo99 I 
I 

2. 01 l. 98 1. 99 ' 2 .10 2 . 10 l. 89 2 . 00 2 o02 2 .o1! 

2 . 12 2.10 

2 .11 2 . 01 

2 . 12 2o02 

2 . 0:2 2 o13 

2 .01 2 . 05 

2 . 05 2.02 

2.08 i 2 o00 2 . 06 2 . 00 2.10 2 . 09 2.05 2 o09 2 . 17 2 .00 

2 .12 I 2 . 10 2 . 02 2 . o5! 2 . o8 

2 0 o9 ! 2 0 o1 2 . 02 2 0 12 I 2 . 12 

2.10 2.09 2 . 19 2 . 17 2 .02 

I 
2.08 2.09 2.12 2 . 12 2.04 

1.98 I 2.03 2.oo 2. 11 2.10 2 . o5 2 . 12 2 . 11 2ol5 2 . 03 
I 

I 
2.06 i 2o10 2 . 02 

I 
2.10! 2.00 2.01 

I 

i 

2.12 ! 2.17 
i 

2 . 03 I 2.01 
I 

' 

2 .03 2 . 02 2.19 2ol7 2 . 02 

2o03 2 . 22 2 . 21 2. 17 2 . 29 
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TABLE 14. The pH values of the filtrate obtained with cultures .yf Penicillium glaucum in Experiment 8 part 2 . 

Level of I Level of Iron Supply in p.p.m. 
Mn supply ------------~~------------~-----------------------------~-------------~-------------~;~------------~ 

in p.p.m. 2. 0 _4_.o ____ --t ______ 8_.o _______ !-- 16.0 ~ 32.0 J 04.0 I l28. J 

2.0 3.63 3. 60 3.51 3-79 3.91 ).76 3.76 3.82 3.72! 3.69 3.64 3.73 14.26 3.70 4.01, 3.11 3.52 3.01 3.60 3.22 3.52 
I 

4.0 3. 60 3.42 3.72 3.61 3.52 3.46 3.79 3.83 3.91 3 . 72 3.89 3.84 3.71 3.83 3.56 3.32 3. 56 3.69 3. 61 3-53 

8.0 3. 62 3. 41 3.72 3.76 3.78 ) . 72 3.80 3.81 3.82 I 3. 75 
! 

3 -17 3.91 3.60 3.91 

4. 011 

I 3. 76! 3-55 3.58 3.46 . 3. 75 3. 60 3-49 

16.0 3.62 3.58 3.11 3.68 3.71 

3.37 3. 71 3.31 3. 72 3.62 

3 . 76 i 3. 39 

3.69,3.82 

3. 53 j4.07 

3.62 3. 72 I 3. 88 3. 40 3. 7l 3. 53 3. 59 3.49 3.42 3.68 3.49 3.51 3. D4 3.68 

32.0 

64.0 

128.0 

TABLE 15. 

Iron : 

3.81 3.38 2.96 3.12 2 .88 
I 
l3-28 2. 68 2.72 3.48 3.77 

I 

3. 79 ! 3. 72 

) .81 

3. 64 

) . 62 

::,.91 1 :; . 63 

3 . 30 I 2 . 82 
! 

3. 5G j 3 . 86 
I 

).79 

3.73 

3.68 

:;.63 (3· 72 

3.59 3.46 

3. 78 ! ).65 

3-53 3.80 3.65 

3.98 3.79 3. 72 

3-51 3.42 : 3.60 

The pH values of the filtra te obtained with h~per. il~uc ni;~er in Experiment 9 . 

Level of Iron Supply in p.p . m. 

3.57 

Manganese 
Ratio 

______ .. _ - . 

2.5 5.0 10.0 
---------+ -----------------------+--------------------- . 

500 1 .68 1.60 1.72 1 .71 1.64 1 .89 1.72 1.71 1 . 75 1 . 911 1.58 1.71 1.77 1.75 1.73 

50.0 1.77 1.76 1.68 1 . 61 1 . 75 1.89 1.76 1.82 1.73 1.72 1.76 1.71 1.70 1.75 1.77 

5.0 1.67 1 . 76 1.72 1.91 1 .86 1.84 1. 69 1.81 1.73 

2.5 1.77 1.68 1.78 1 . 75 1.72 1.82 1.81 1 . 78 1.88 

1.0 1 .76 1.77 1.77 1.72 1.76 1.76 1 . 78 1.85 1.81 

0 . 5 1 .68 1.77 1 .69 1.71 1 . 76 1.81 1.81 1.78 1.91 

0.2 1.72 1.72 1.68 1.71 1.70 1 . 72 1.77 1.72 1.81 

0. 1 1.81 1.71 1.78 1.73· 1 . 72 1.75 1.78 1.72 1.78 

0 .066 1.79 1.75 1.82 1.82 1.77 1.77 1.73 1.80 1.6~ 

l. 72 

I 
1.86 1 

l. 77 1 

1.96 1 

1 . nl 
1. 751 

I 
1.681 

: 
I 

1.71 1.71 1.81 1 .80 1.75 

1.69 1.72 1.83 1.69 1 .72 

1.95 2.09 1 .95 1 .81 1.77 

1 .80 1. 85 1.82 1.78 1.78 

1.76 1. 91 1.81 1.87 1.92 

1 .90 2.04 1 .82 1.82 1 . 98 

1.80 2.08 1.98 1.82 1.82 

0.050 1. 72 1.70 1 . 72 1 .88 1.76 1.88 1.74 1.85 1. 78 1.75 i 1.78 1.79 1.92 1.78 1.85 

3. 62 3.67 3.53 3.52 

).76 3.55 3.72 3.65 

I 3 • 68 1 3 . 61 2 . 82 3 , 92 



X 

TABLE 16. The pH values of t he fil t r ate obtained with Pentcilliu n :;lc.ucum in E:x:per:iment 9. 

I r on : LevE::l of Iron Supply in p . p.m. 
:Manganese 

Ratio 2.5 5.0 10. 0 

l 
500. 3. 99 3.84 2.50 2.56 3. 59 2 . 52 3.82 3 . 81 3 •. :.)._3 2.98 3 . 02 2.51 2 . 37 2 . 32 3. 43 

50 . 0 2 . 21 2 . 62 2 . 22 2.21 2 . 20 3. o~~ ?. • 72 2.29 2. :.;4 2. 67 3. 4-2 2. 47 3.97 2.68 2.59 

5.0 2.30 2 . 16 2 . 22 2.21 2 . 15 3. 04 2 .58 2 . 91 2. 29 2 . 42 1 2 . 52 2.78 3.61 2 .48 2 . 35 

2 . 5 2 .21 2.20 2 .16 2 . 12 2 . 12 2.')1 3.12 2.99 2 . ",2 2.41 2.37 2.22 2 .25 2 .26 2.28 

1.0 . 2 ·15 2 . 18 2.16 2. 18 2.11 2.12 2.12 2.29 2. 42 2 . 21 2 . 32 2 . 19 2 . 21 2.26 2 .34 

0 . 5 2. 17 2.14 2 .21 2.12 2 .14 2.12 2 .12 2 .15 ~ - .11 2.11 2 .30 2 . 48 2 . 42 3. 31 2.31 

0 . 2 2.18 2.11 2.15 2 . 26 2. 12 2 . 16 2 . 19 2. 2 'T 2. 18 2.18 2. 17 2 . 24 2. 17 2 . 22 2.15 

0. 1 2. 11 2 . 06 2 .13 2.12 2 .11, 2.12 2.09 2 . 13 : . 03 2 . 04 2 . 22 2 .13 2.17 2 .18 2 . 19 
I 

0 . 066 2 . 13 2.08 2 . 07 2 . 09 2 .081 2 .10 2 . 12 2 . 12 2 .12 2 .06 2 . 12 2 .03 2 . 11 2 . 22 2 . 21 

0.050 1 2 o 22 2.18 2.13 2 .14 2 .14 I 2 . 02 2 . 10 2 . 12 . 15 2 .15 1 2. 29 2 . 29 2 . 29 2.37 2 . 48 
' 
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TABLE 17. The pH v::tlues oi the fil t r .:1 te obtt.ined with cultures of 

Penicillium glaucum in Experiment 10, 

Level of Level of Zinc Supply in p.p.m. 
Copper 

rl ~ ~ supply ~ 1.0 ~ 1.0 ·<T 1.0 1.0 
0 0 r-1 1.0 t..r\ N m co t<"\ ~ 

in p. p .m. 0 0 0 0 N 0 0 t<"\ t..r\ r-1 
0 0 0 0 0 r-1 ~ 1.0 !.!""\ N . . . . . . . . . . 
0 0 0 0 0 0 0 r-1 1.0 \0 

N 

0.0001 2.29 2.64 2 .70 2. 76 2.62 3.17 3.02 2.45 2. 52 2.70 

0. 0004 2. 49 2 . 63 2 . 52 2. 57 2.57 2. 48 2. 55 3.17 3.01 2. 45 

0 . 0016 2.53 2.60 2.52 2.38 3.02 2.41 2. 52 2 . 69 2.45 2. 43 

0.0064 2.57 2. 49 2 . 36 2 . 32 2.33 2 . 59 2 . 53 3. 16 2.44 2 .86 

0.0256 2.53 2.48 2 . 32 2.33 2.21 2-.40 5.88 3.79 3.15 2.49 

0 .1024 2.59 3. 02 2.87 2.45 2.31 2.32 4. 25 4.38 3. 75 4.20 

0 . 4096 2.78 2. 52 2 . 42 2. 35 2.40 3.40 4.21 4.62 4.59 3.98 

1.6384 2. 52 2.35 2. 39 2. 32 2. 29 2.39 3. 54 4.65 3. 72 4.90 

6.5536 2.49 2.34 2.56 2. 39 2.38 2.68 3.18 3 . 93 3.80 3. 51 

26.2144 2.72 2. 62 2.82 2.98 2. 45 2 . 65 2.73 2 . 68 2. 65 3 . 00 
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TABLE 18. The pH values obtained with cul turcs of Asperr;illus lll.j;er in Experiment 11, part l. 

-· 

Level of 
Copper 
supply 

in p.p.m. 

0.064 

0.128 

0.256 

0 . 512 

1.024 

2.048 

4.096 

0.064 

1.81 l. 73 

1.81 1.80 

1.98 2 .oo 

1.81 2.03 

2 . 05 2.01 

1.89 2.12 

2.02 2.04 

0.128 

l. 76 1.91 1.89 1.82 1.84 

1.82 1.81 l. 79 1.80 1.80 

2 .02 1.98 2.01 2.01 1.98 

2.11 2 .11 2.10 2 .06 2 .12 

2.03 2.00 2.01 2 . 01 ?. . 00 

2 .13 2 . 12 2 . 01 2 . 18 2 . 12 

2.09 1 2.10 1.90 2 .12 ! 2 .10 

Level oi' Zinc Supply in p.p.m. 

0.256 
i 

0.512 1.024 

l. 77 l. 7l l. 79 l. 73 1.72 l. 78 1.85 

1.82 1.82 1.66 1.88 1.83 1.89 Lc3 

1.96 1.89 2 . 00 1.94 2.00 1.90 1.95 

2 . 01 l.S9 2.04 2.02 2.12 2.09 2.11 

2.02 ? . (i:, 2 .00 2.04 2 .02 2 . 01 2.03 

1.85 2 . ;_. 2 .08 2.09 2 . 07 2 . 02 2.02 

2 .11 2. 12 1 :2 . 16 2.13 2 .15 2.16 2.18 
I 

l. 78 1. 95 

1.82 1.96 

2.00 1.99 

2.09 2 . 06 

2 . 06 2 . 02 

2.01 i 2.03 

2 .211 2.20 
t 

TABLE 19. The pH values obt::l.ined wi t...""l cultures oi' :Penicill:.\1-_ glc..ucUiil in Elcperiment 11, part l. 

Level of 
Copper 
supply 

in p.p. m. 

0 .064 

0.128 

0.256 

0.512 

1.024 

2.048 

4.096 

0.064 

2. 48 2. 39 2.27 

2.32 2.35 2.28 

2.32 2.31 2.41 

2 .31 2.25 2.24 

2.28 2.31 2.22 

2.22 2.27 2.31 

2 .27 2.25 2.22 

I 

0 .128 

2 . 29 2.41 2 .32 3.40 

2.51 2 . 52 2. 42 2.95 

2.69 2.36 2 . 34 4.11 

2.22 2 . 26 ? • 32 3.21 

2.23 2 . 42 2 .56 3.69 

2.32 2 .29 2.33 3.78 

2.51 2.53 2 .32 . 3. 66 
I 

Level of Zinc Supply in p . p .m. 

0.256 0.512 1.024 

3.65 3. 32 3.88 3.32 3.68 2.36 3.31 2 .25 2. 72 

3.78 ".;.79 3.51 2 . t 4 2.59 2 . 41 2.61 2.39 2.97 

3.76 ).31 3.90 4.13 2.55 3.40 3.68 4.08 2.62 

).09 '2.50 3 . (.~3 2.74 2 . 72 2 . 71 3.21 3.14 2.16 

3.89 :; • 72 . 3. 41 2. 49 3.10 ! 3. 72 
I 

2 . 31 3 .52 2. ~-4 

3.01 3. 7l 2 .62 3.11 3 . 7212.31 2 . 43 3.67 2 . 72 
I 

12.40 3. ;?8 -~. 12 I 2 . 52 3.71 3. 96 12.78 4 . 21 2 .66 

2.048 4.096 

l. 79 1.86 1.94 1.98 1.82 

1.85 1.84 1.86 1.84 1.88 

2.02 2.01 2 . 00 1.98 2.01 

2 .09 2.01 2.09 2.06 2.05 

2.06 2 .01 2 .02 2.02 1.80 

2 . 05 2.08 I 2.06 2.07 2.06 

2. 16 2.18 !2.21 2.06 2.25 

I 
2.048 I 4.096 

3.08 2.52 2 . 33 2.39 2.34 

3.52 3.15 2.36 2.61 2.35 

3.17 3.60 2.40 2.38 2.35 

2. 48 2. 46 2. 41 3.34 2 .21 

2.85 2. 72 2 .48 2.50 2.29 

2.55 2 . 62 3.08 2.75 2.52 

3. 51 4.13 i 2. 92 2.49 2.90 
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TABLE 20. 'lhe pH v:11ues of the filtro.te obtained wi t h cultures of Penicclium. glc.ucum in ExpGriment 11, part 2. 

Level of 
Level of Zinc Supply in _I Copper p .p.n. 

.supply j . 
' ' 2 . 0 4.0 ! 8 . 0 16.0 I ·32.0 64.0 J.n p.p.m. I 
i : .. 128.0 I 
! : 

2 .091 
! 

2.0 2.22 2.22 2 .19 2.19 2.64 2 .69 2 .47 2 .17 3.51 . 2.92 2.20 i 2.11 2 .20 ~ . 22 2 .16 2.16 2 . 14 2 .16 2.18 2 .12 

2.1412.14 4.0 2.12 3 . 32 2 . 22 2 . 21 2 .90 2 . 48 2 .13 2 . 22 2 .16 2. 11 2 . 08 2.18 2.22 2. 12 2.11 2.17 2 .17 2 .14 2 .16 

8.0 2.86 2.12 3 .19 2 . 49 2 .40 ?. .16 ?. • 36 2 . 11 ·; ::.12 2 . 31 2 . 11 2. 82 2.08 2.09 2 . 12 2 .10 2.12 2 .11 2 .21 2.12 .) o :__, 

16. 0 3 .35 2 . 26 2.23 2 . 12 2.11 2 . ,.9 - 2 . 98 2 . 18 ') . -. ·, ./ 2.79 2 .13 2.27 12.10 2 .12 2.31 2 .18 2 . 08 2 . 1G 2 . 46 2.13 2 .18 

32.0 2 .11 2.09 2.21 2 . 08 2 . 09 2 o 0 -r ?. • Hi 2 . 08 ·::. !) 3 2 . 15 2. 12 2 .10 2.12 2 .10 2. 11 2 . 14 2.19 :-::: . 21 2 . 20 2 .16 2 . 21 

64.0 2 . 09 2.10 2 .12 2. 12 2.09 2 , 10 I 2 , 0 ) 

I 
2 . 11 2 0 /~; 3 h1 • -'- 3 . 17 2.22 2.16 2.15 2 . 15 2. 18 2 . 14 2.15 2 .16 2.15 2 .19 

128.0 2.11 2.07 2.09 2.04 2 . 09 2. 09 l 2 . 06 2.12 ') l ' ' i ~- .. ~ ! 2 .13 2 .15 2 . 11 ! 2. 15 2 .15 2 . 15 2 .18 2.14 2 .15 2 .19 2.26 2 .22 

TABLE 21. The pH values of the fil tr2.te obt.-.in&d with cul tur0c of A:::;p err;i llus nige:r in .L:xperiment 12. 

Copper : Level of Supply of Copper in p . p . tl . 
Zinc 

Ratio •. 2 .5 5.0 10.0 

500 2.01 1.99 1. 82 1.89 1. 78 1.72 1.60 1.69 1.72 1.62 1.81 1. 57 1.51 1.53 1.57 

50.0 1.82 1. 50 1.51 1.51 1. 5'( 1. -i-2 1. 48 1.39 1.32 1. 49 1. 82 1.96 1.72 1.89 1.84 

5.0 1. 67 2.00 1.91 l. 72 l. GS l. 79 1. 69 1.61 1. 72 l.G5 l. 78 1.71 1.88 ..: . 18 1. 71 

2.5 1.86 1.81 1.90 1.87 1. 92 1. 76 l. 78 1.89 1. 92 1.67 2 .11 1.96 1.88 2. 11 1.86 

1.0 1.86 1.98 2.01 2 . 05 l. 7£. 1. 82 l. ':)0 1.93 1.92 1.82 1.82 1.98 1.72 1.92 1,97 

0 .5 1.82 2 . 01 l. 76 1.96 1. 96 1.92 1. 9 ~~ 1.86 1.82 1.58 1.96 1.96 2 . 05 1.81 2.11 

0 .2 1.81 1.69 1. 67 1.89 1. 136 l. 78 1.88 1.72 1..86 1.68 1.82 1. 72 1.92 1.99 1.86 

0.1 1. 79 1.88 1.85 1.82 1.81 1. 79 l.. 'J8 1. 73 1.89 2.01 1.83 1..85 2.10 2. 03 2.02 

0 . 066 1. 78 l. 70 l. 74 1. 59 l. G8 1.93 L 79 l. 72 1.77 1. 72 2 . 02 1.89 l.J9 1.89 2. 22 

0.050 1. 59 1.69 l. -+5 1. 69 1. 4-2 1.84 1 •. 78 1.69 1. 52 1.48 2 . 28 2. 28 2.22 2 .51 2.48 
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TABLE 22. The pH values of the filtra te ob~ained with cultures of penicillium glaucum in Experiment 12. 

·--· 
Copper : Level of Sup_.:1y of Copper in p.p.m. 

Zinc i -
Ratio. 2.5 5. 0 10.0 

500 2. 48 2.51 2.41 2.45 2 . 44 2.77 2 . 75 3. 36 2 . i.J4 2.79 3.82 3.88 3. 42 2.64 3.49 

50.0 2.58 2.56 2.50 2 . -1-5 2 . 42 2 . 71 3. ~- -~i 2 . 97 3. lJ.3 2 .58 3. :.)6 3. 92 3. 62 2.92 3.79 

5.0 4.12 4. 26 ).98 3.87 3.39 3.82 4. lj.(J 4.18 4. 22 4.16 3. 98 4.08 4.29 3.79 3. 20 

2.5 4. 19 3. 91 4. 09 3. 33 3.08 4.35 4. 50 4.22 3. 72 3.70 4. 02 3.28 4. 20 3.01 3.81 

l. O 3.92 4. 14 2. 89 3.82 4 .00 ) .60 4. ·."3 4 . 08 4.11 4. 06 2 . 99 3.98 4. 20 3.42 3.78 

0.5 4.01 4.10 4. 16 2 . 90 2 . 08 4. 05 4.12 2.3 ::; 2 .5-..l 4.20 3 .43 3.08 4.18 3.92 3.91 

0.2 4.12 3. 02 3.67 3.97 3. 55 4. 02 3 •. )3 4. 03 3. 67 2 .70 3. 60 2.65 3.48 2.57 2.63 

0.1 3.38 3.74 4. 01 3.40 3. 49 13. 23 ) .37 2 . 58 2 . 76 3 .00 2. 72 2. 69 2 . 66 2. 71 2.64 

0.066 3.76 2 .86 2. 64 2.58 3. 7l 3. 39 3.70 3.21 l 2 . 48 .·· .09 3 . 01 2 .81 2. 72 2.68 2.52 
) 

0.050 2.89 3.72 2 .88 3.41 3. 7l l2 .45 : . 41 L o .. ~2 2 . ~9 2 .8) 2.67 2.60 2. '37 2. 61 2 .59 
! . . 
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STATI STI CAL METHODS . 

1. ~LYSIS OF V.Ai11A~:'CE. 

Treat- I RON 

m1mt. A B c D E F TOTAL: _____ .,. ______ ______ ...... -·---
a 0.45505 0. 6')996 0 . 49590 0. 47070 0.48990 o. 32495 

1 b 0. 373t1t0 o. 40505 0.62895 o. 52140 0.61284 0 . 49946 8 .83900 

c 0.31495 0.47464 0.38256 o. 54895 0.61721 0.61305 

a 0 . 41846 0.5 4600 0.33755 0. 60443 0 . 60000 o. 40446 

2 b 0 . 33021 0 . 42330 0.59621 0.48506 0 . 73760 0.45020 
g. 00764 

c 0 . 56141 0. 69015 0. 33785 0. 54745 0.66590 0.47140 

a 0 . 62195 0 . 60730 0.4241~8 0. 53760 0.61430 0.48770 

3 b 0.5)716 0.71435 0 . 43882 0.59761 0 .60975 0.45005 9 . 58967 

c 0.42860 0 .31400 0.41511 0. 707 49 0.59485 0.48855 . 
r:r:l 
Cf.l 0.55250 0.389Ei5 0.30806 0 . 53085 0.50511 0.52704 r:r:l a 
~ c 4 b 0.38800 0.51620 0, ·~r/;.012 8.98347 ~ 0.97034 0.32725 0 . 51290 

""' 
c 0.50320 0 . 50955 0.31055 0.54560 0. 68750 0.45905 

-- · 
a 0 . 51245 O.G9397 0.58816 0 . 65220 0 .65425 0 . 40910 

5 b 0 0 32 ·t45 0. 73031 0 . 71257 0 . 74140 0. 65609 0 .40600 10.791l32 

c 0.65735 0.55215 o.G95:J6 0.77807 0. 50935 0. 46809 
----·- .. ·------· -

a 0.28920 0 .66251 0 .36945 0.68410 0. 73212 0 . 53150 

6 b 0.42096 0.68149 0.66010 0. 65125 0.59t,46 o .. nno 9. 930-~1 

c 0 .416·')0 0. )8635 0.64775 o. 72497 0.59170 0 . 44880 

TOTAL: 8 .10530 9.75693 9 .32027 10.65638 10.98591 8 . 31722 
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Correction factor. 

_Total yicld2 .27.l,t2012 
= 

108 = 108 

Sum of squares for all analysis. 

Total sum of squarec - Correction factor 

= 32 .03'709 - 30.2334-1 = 1.00448 

Sum of squa~cs Jor iron eifect. 

(8 .10530)2 + (9.75693) 2 + (9.32021)2 + (10.65638)
2 

+ (10.98591)
2 +(a31~2 

18 

- Correction factor. 

30.62143 - 30.233~1 = 0.38802 

Sum of squares for maneanese effec t 

1§..83900)
2 

+ (9.00764)2 + (9. 5_~967)2 + (8 .9831;-7 )
2 

+ (10. 79182)
2 

·l-\993041) 
2 

18 

- Correction factor. 

30.38942- 30.23341 = 0.15583 

Sum of squares f or replication effect. 

(Sum a)2 + (::>um b)2 + ( Sum c)2 - C.F. 
-· . 36 
= (18. 64299 )

2 
+ (19. 63301~+ (18.86601)

2 
- 30 .23341 

36 

= 30.24837 - 30.23341 = 0.01496 

Sum of squares for Interaction effect. 

IRON 

A B c D E F 

1 1.14340 l. t1-8965 l. 50741 1.54105 1. 72003 l. 437 46 

2 l. 31008 l. 45945 1.27161 1.63694 2.00350 l. 32606 

r:i:l 3 1. 58771 1.63565 1.278-U 1.8-~270 1.81890 1. -~2630 U) 

~ 
j 4 1. -1-~3'70 1. :a485 l. 58895 l. L~0370 l. 70551 l. 42621 
3 
"'" 5 l. · t9 •~25 2.02643 1.99659 2 .17167 1.81969 1.28319 

6 l.1261G 1. 73035 1.67730 2.06032 1.91828 1. - ~1800 
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Sum of squares = 93 .21717 

Sum of squares for interaction ef.fect = 93.21717 
3 

C.F. - S,S, Fe. effect - S.S. }~. effect 

= 0.29514 

Sum of squares for error. 

Total sum of squares - C. :B', - S. S. Ji'o. effect - S. S. r1J.r1, ef1 ec t 

S.S. Rep . effect. 

= 32.03789 - 30.23341 - 0.15583 - 0.38302 - 0.29514 

= 0.96549 

An~lysis of Variance. 

Factor Degrees Sum of squares J',1ean sum F 
Significance Freedom of squares Value 

Iron 5 0.38802 0.07760 5.63 Sig . at 0.1;~ 

Manganese 5 0.15583 0.03117 2.26 Not . sig. 

Interaction 25 f). 29514 0. •)1181 0.86 r·rot sig. 

Replication 2 0.01496 0.00748 0.005 Not sig. 

Error 70 0.96549 0.01379 



.~VIII 

2 . RSGRESSION AUAIJYSIS. 

Postulr.~ te Quadratic Surfc.c e . 

Code : xl = Balc.nce effect 

x2 = Copper effect 

x3 = xl
2 

quadratic balance effect 

x4 = x2
2 

quadratic copper effect 

xh = xl x2 quadratic balance nnd copper effects 
) 

Code x4 +1 0 +1 
-·1 0 +1 x2 Yield 

Concentration 2 . 5 5. 00 10.00 Totals 
Copper p.p.m. p.p.m. p.p .m. p.p.m. 

Code Ratio 

x3 xl 

1 l 5:"'\0 1.64414 2. 15085 3. 63305 7. //~8'..) 4 

4 2 50 . 0 2 . 49992 3.184)4 4. 56160 10. 24)06 

9 3 5.0 4.03988 3. 51<~4G 4.14009 11. 69.;.40 

16 A 
'-t ;2 . 5 3. 31852 3.99719 4. 21100 12.02671 

25 5 1.0 3.58172 3.87660 4. 45576 11.12514 

36 6 0.5 3.99618 3. 95975 4-23066 12.18659 

49 7 0 .2 3. 62718 ,., •• 27966 3 . 887-~9 11.79433 

64 8 0 .1 3.61079 3.47388 4.45670 ll. 51rl)7 

81 9 0.066 3. 87')72 :; . 71981 3. 37453 10. 97406 

100 10 0 . 05 3-95421 3 . 71742 1.64795 9.31958 

Yield Totals 34. fi5223 35 . 08502 38. 59883 

Total Yield 108. 33608 

Sum of Sq~~~s of Yield 407.59296 

Sums: 
/ 

L.. x1 = 165 

~- x2 = 0 

{x3 = J.l55 

!.x .: 4 = 20 

7_x
5 = 0 
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Crude sums of sg,uares: 

L 2 (1)2 + (2)2 + (10)2 
X 3 1155 !_ xl = 0 "' •••• = 

~ v 2 (1)2 + (0)2 + (1)2 X 10 20 .. 2 = = 

i x3 
2 (1)2 + (4)2 • •••• + (100)2 

X 3 75999 = = 

~ 
x4 

2 (1)2 + (0)2 + (1)2 X 10 20 -- = = 

i x5 
2 (-1)2 + (-2)2 •.•.• 

. 2 2 2 
+ (-10) + (1) + (2) = 

Correction factor: 

Sum x Total yield 
30 

Corrected sums of squares.: 

Balance: xl = 1155- 907.5 

x2 = 20 - 0 

x3 = 75999- 44467.5 

x4 = 20- 13.3333 

x5 = 770 - 0 

Sums of Eroducts: 

= 

= 

= 

= 

= 

t, 
L xl x2 = o. f x2 x

3 
= o. 

I 
z__ x1 x

3 
= 9075 L, X X = 0 ·- 2 4 • 

z x1 x
4 

= 110 z x2 x
5 

= 110. 

£ x1 x5 = o. 

Correct~~~ factor sums of products : 

247. 5 

20 

31531.5 

6.6667 

770 

ix
3 

x4 = 770 

f. x
3 

x
5 

= o 

£x4 x5 = o 

Sum of 1st factor x Sum of 2nd factor. 
30 

Corrected sums of Eroducts: 

Balance: xl x2 = 0 

xl x3 = 9075 - 6352.5 = 2722.5 

xl x4 = 110 - 110 = 0 

xl x5 = 0 

x2 x3 = 0 

•••• + (10) 2 

= 770 
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x2 x4 = 0 

A2 x5 = 110 - 0 = 110 

x3 x4 = 770 - 770 = 0 

x3 x5 = 0 

x4 x5 = 0 

Matrix of corrected sums of oquares and go~uc ts. 

xl x2 x3 

xl 247 . 5 0 2722 . 5 

x2 0 20 0 

x3 2722 . 5 0 31531 . 5 

xt,. I 
0 0 0 

:;.,:5 
I 0 110 0 I 
I 

Coded matrix. 

f all al2 a l 3 I a2l a22 a 
23 

a3l a a 
32 33 

a4l a a 

\ 
42 t,. :J 

a 51 a 52 a 53 

Cm.'lPUTA'I'IO~J Qli' I:NVERSE MATRIX. 

Result of Forward Solution. 
2 . 2· 

Al j 247.5 0 2722 . 5 

Blj l 0 11.000 

A2j 20 0 

]32j l 0 

A3j 1584. 0 

B3j l 

A4j 

B4j 

A5j 

B5j 

x4 

0 

0 

0 

6 . 6667 

0 

Rl4 

a 
2!r 

a 
34 

a 
44 

a 
54 

.1 
0 

0 

0 

0 

0 

0 

6 . 6667 

l 

x5 

0 

110 

0 

0 

770 

a 
15 

a 
25 

a 
35 

a 
45 

a 
55 

.2.· 
0 

0 

110 

5. 5 

0 

0 

0 

0 

165 

l 



Computation of forward uolution. 

j = indicates position in matrix 1- 5 

Alj write down first row of matrix 

Blj divide each of these fi~ures by a 11 

A2 j is computed from Lhe formula: 

.n.2 j = a2 j - c·l12 Blj) j = 2 1 ••• , 5. 

is computed from the formula: 

A3j = a . -
3J (Al3 Dlj + A23 B2j) j = 

A3j 

A33 

is computed from the formula: 

3, ... ' 5. 

B4. .J 

A4j = a4j - (Al4 Blj + A24 B2j + A34 B3j) j = 4, 5. 

= A4j 

A44 

A5 j is computed from the formula: 

A5j = a5j - (\15 Blj + A25 B2j + A35 B3j + A45 B4j) j = 5 • 

B5j = A5j 

A55 

Result of backward solution (inverse matrix) 

cl c2 c3 c4 c5 

cl 0 . 08CH2891 0 -0.00694441 0 0 

c2 0 0.23333348 0 0 -0.0333))36 

c3 -0.00694-+41 0 0 . 00063131 0 0 

c4 0 0 0 0.14999925 0 

I c5 0 -0.03333336 0 0 0.0060601 
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Inverse matrix (Code) 

I en 012 0
13 

014 
015 

I 021 022 
0
23 

024 
025 

I 

I 0
31 

0
32 

0
33 

0
34 

0
35 

I 
I 

c t~4 0
45 I 0

41 042 
0

43 I \ 0
51 052 

0
53 

0
54 

0
55 

I 

COlVIPUTATI<Jl" OI' :t3AClt::' ARD SOI,UTimi. 

0
55 

1 
= 

A 55 

c45 = - c55 B45 

0
35 = - 045 B34 - 055 B35 

0
25 = - 035 B23 - 045 B24 - 055 B25 

015 = - 025 ~2 - 035 Bl3 - 045 Bl4 - 055 Bl5 

0
54 = 0

45 

0
44 

l 
= A- 045 B45 

44 

c. 4 = - 044 B34 - 045 B35 ) 

0
24 = - 043 B2) - 044 B24 - 045 B25 

014 = - 042 B12 - 043 Bl3 - 04~ Bl4 - 045 Bl 5 

023 = - 033 B23 - 034 B24 - 035 B25 

0
13 = - 023 Bl2 - 033 Bl3 - 034 Bl4 - 035 Bl5 

0
52 = 0

25 
0

42 = 024 

0
32 = 0

23 

0
22 

1 
A

22 
- 023 B23 - 021 B24 - 025 B25 

012 = - 022 Bl2 - 023 B13 - 02 .~ Bl4 - 025 Bl5 
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e5l = el 5 

e.n = el4 

r31 = el3 

c21 = e12 

ell 
l 

e12 B12 - cl3 Bl-z - cl" :sl . -= All - . :; ~T 'r 

co:.iPUTATim: OF HEGREGSION eou::nciEFTS . 

t X Y 1 = 606.70865 

i X')Y = 3.94660 
<.. 

Z X Y 
3 

4200 . 36089 

l x
4
Y = 73 . 25106 

l..XhY 
::> 

= - 5 . 25996 

Corr ection f~ctor for y ield. 

Sum of fac t or x Total yield 
30 

Corrected sums of ,)roductG (P .) 
l. 

el5 1315 

Yield x Lal::mc e: P1 = 606.70065- 595.0:~844 = + 10.86021 

F -2 - 3.91660 - 0 = + ) , 9tr660 

P
3 

= .1200.36089 - -~r,0.9j908 = + 29.42181 

p1 = 7~ . 25106 - 72 . 22~05 = + 1.02701 

p~ = -5 . 259~6 -
J 

0 = - 5. 25996 

Reg:;-ession c·oufficients (B
1
. = /j p. c .. ) 

J l.J 

Bl = pl ell + Pl el3 = + 0.66916 

B2 = p2 e22 + p e25 5 
= + 0 .88664 

B" = pl 
"J c3l + p3 c33 =- o. 05684 

B4 = p c 
·t 1~4 

= + 0.15405 

:Bh = P2 c52 + p5 e 
::> 55 

=- O.lG343 

pi I + 10.86021 

+ 3.94u6o + 0.88664 

B . + 0. 66916 
l 

+ 29 . ~2181 - 0.05684 

+ 1.02701 

j - 5.25996 - 0.16343 
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XXV 

Using different values of Y, substitute in equc.Hons (i), (ii) 

and (iii) and then s olve for X according to: 

X = 
r 2 

- b + .J b - 4ac 
2a 

This gives values for x
1

. 

Plot values for x
1 

(balance effect) a~ainst values for x2 

(concentration effect). 

These results are gi.ven in Gr. ph 23, 
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