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cert.in ratio.  Amont thece were Pu~lieuc {1913}, who considered the
optimum ratio of iron to manswnesc in the culture solution to be 1 to
2.5 for the grovrth of wheat, Scharrcr rnd Schropp (1934), who found that
with m~ize in water culture the growth of recots ..1i-incd 2 m ximum when
the iron mrngmnese ratio was 7 to 1, and Somers .nd Shive (1912)? who
showed cle~rl: thot in soy: beans, the drr welht and conditicon of the
plrnt was relzted to the iron : manganesce r..tio ~nd not to the absoluwe
concentrations,

The results of Somers and “rive (Table 1) showed thzt, if the ralios
were sbove 2.%, the symptoms wer. or one kind, .nd, if the rrtiocs were
below 1.5, then the symptoms were of another kind. Toth kinds of .ymp-
toms were quite distinct. The former could be described as iron excesc
or manzanese delficiency, and the latter as iron d.ficigncy or mangancse
CXCESS, It was found possible to correct the p tholojiczl symptoms by
altering eithner the iron or manson.se concontriticons in such o wuy as to

bring the iron : man-inese ratic within the ran~e 1.9 to 2.5. Thia
work received support from the report {Somers, Gilbert and Shive, 1942)
that in the recpiration of soya besns, thu respir.tion ratec were alw:yg
lower .hen the iron : monssnese ratio wr. ovuteide 1.5 to 2.5, thin when
it was within 1t.

Tvymon (1951) working with tom-toeg, lettuce ané ozts, found that,
in zeneral, vith a constant level of supply; increase in the supply of
iron ~¢ ferrcus sulphate with tartaric a2eid, ferric citratz or ferric
ammonium citrate led to a reduction in th. minsznese content in the

leaves, These results are summarized in Tble 2.
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TABLE 18, The dry weight yield, in grams, obtained

with Aspergillus niger for ten treatments

of iron, mangonese and iron:manganese ratio.

Metal or lletals Varied

Level of
iiui?;fm. Iron Manmanese Ir;z;?gniaifge
0 0.20128 0.32094 0.21017
0.0004 0.20000 0.24197 0.27843
00,0716 0.19259 0.29080 0.,29000
N.0064 0.27682 0.22%21 0.29672
0.0255 0.296%4 0.22577 0.3%9360
0.1724 0.35965 0.29849 0.58306
7.4095 0.3883%8 0.28041 0.43512
1.63%84 0.59973 0,21590 0.63%236
£.5536 0.63300 0.28581 0.62664

26.2144 0.38430 0.18196 0.60542
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subsequent increases up to C.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 significant.

There is some evidence that increasing the level of iron supply
resulted in a marked pro-ressive inereasc in the wrinkling of the felt,
(Plates 13, 14, 15 and 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 (Plates 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 sporulation,

(b) The overall effect of increasing the manganese
supply, irrespective of the level 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 mangrnese treatment
(Table 19), it is clear that a significant increase in the yield was
only obtained when the level of manganesec supply was varied between
0.0N01 and 0.0027 p.p.mM. 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
C.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 increqsed 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 in determining the degree of wrinkling

or sporulation of the felts, (Plates 13, 14, 15 and 16).

52/¢ 4.
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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 purificd water), and three replications of
each tre~tment were prepared. The concentrated solution of iron and
mrmganese from which a 1 ml. sample in 50 ml., gave a concentration of

51.2 p.p.m., were preparad as follows:

Iron: 1.2742 gms. FeS0 ;THQO dissolved in purified

4
water in a 100 ml. volumetric flnsk. 1 ml.

of this solution in 50 ml. gives an iron con-

centration of 51.2 p.p.m.

Manganese: 1.03%3928 gms. MnSO4.4H20 dissolved in purified
water in 2 100 ml. volumetric flask. 1 ml,
of this solution in 50 ml, gives a manganese

concentration of 51.2 p.p.m.

TABLE 24, The plan of Experiment 6, Pari 2, giving the levels
of supply of iron and minsunese and the resulting

iron:man~anese ratios.

Manganese Iron Supply in p.p.m.
Suprply in
Pep.si. 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 0.n7039 0.0156 0.0625 0,25

Results. The dry weizhi yields zre given in Table 23, and the re-
sults of the statisiical analysis (snalysis of variance) in Table 24.

The results will be considered under the following
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54,
three mein headings:

(a) The overall effect of increasing the iron supply

irrespective of the level of mnganese in the medium,

(b) The overall effect of increasing the mongsnese supply

irrespective of the level of _-on in the medium.

(c) The relation between rrowth and development and the

iron:mangancvse balance in the medium.

TABLE 24. Results of annlysis of varicnce performed on the

dry weight yield data obtained in Expcriment 6,

P:rt 2.
Factor P  S.S. M.S.  Ratio Significance
Iron 5 0,38802 0.07760 5.63 Significapnt at C.1%

Manganese 5 0.15583 0,03117 2.26 Significant at 5%

Iron:

. R,
Maneancse 25 0,29514 0.0118C 0.86 Not signific=nt

Replication 2 0.01496 0.007+8 0.005 Not significent

Error 70 0.96543 (0.C1379

Least significant difference betwee means for
emch ireatment at the 0.05 probability level

= + 0.13035 grams,

(a) The overall effect of ineressing the iron
supply, irrespective of the level of manganese

in the culture medium.

Incrcasing the concentration of iron in the culture medium,
from 0.05 to 3.20 p.p.m., resulted in a marked increase in the dry
weight yield, (Table 23). This increrse was shown, by analysis of
variance to be hishly significant, (Table 22). There is evidence

that incréasing the level of iron from %.20 to 12.80C p.p.m. had littlie
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experiments the retic effect was investigoted by performing a re-

gresgion snul—rsia,

LXPERTMENT 7, 4 prelimin~ry investigition of the effect of

varying the iron:mmginese ratio, over a wide
rante, on the growth and development of cul-

tures of Pericillium notatum,

This experiment was designed prim:.rily to investigate the effect
of verying the iron:manganese balance in the culture solution on the

growth rnd development of Penicillium notatuwl. As a subsidiary ob-

ject the experiment was designed to investigate the effuct of
supplyinz iron without a chelating agent. The experiment was de-
signed in the form of =z grid (Table 27) to enable a wide r-nge in
ilron:mangnnese bilances to be investizated. The method used was as
described for previous cxperirents: Concentrzted solutions of iron
and manganese were prepared, =nd from these, by conseccutive dilution
(1 volume solution to 3 volumes of purified water) the other solu-
tions in the series were prepared. The concentrztion of the
solutions wzs such that 2 1 ml. somple in 50 ml. gave the reguired
concentration. Stock solutions from which the first dilution was

made were prepared as follows:

Iron: C.65240 gns. FeSOA.7H20 were dissolved in
+
purificd water in 2 100 ml., volumetric
flask. 1 ml. of this solution in 50 ml.

gave an iron concentration of 26.2144 p.p.m,

Manganese: 0.5%321C gms, MnSOA.4H20 were digsolved in
&
purified water in a 100 ml, volumetric
flask. mi. of this solution in 50 nl.

gave o mangancse concentration of 26,2144 p.p.m.
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TiBLE 31. The results of analysis of wvari-nce performed on
the dry weizht yield data obtained with Penicillium

when iron was supplied with an eguivalent zmount of

2.0, T, ..
Factor CF S.8. 1.S. ZRatio Significance
Iron 9 2.19272 .23%3%63 71.01 BSignificant at 0.1

ranganese 9 0.16235 .01804 5.48 Significant at 0.1%

Error 8l (0.26641 .00329

(a) The overall effect of increasing the iron supply,

irrespective of the level of manganese in the medium.

1t low levels of iron supply, 0.0001 - $.00l6 p.p.m., irrespective
of the presence of & chelating agent, increasing the concentration of
iron in the culture medium had little effect on the dry weiszht yield
(Tables 28 and 29). However, subsequent increases resulted in a
marked proaressive incre~se in the yield. This effect was found, by
analysis of variance, to be highly significant, {Tables 30 and 31),
There is some cviderce (Table 28) that,when the level of iron supply
was increased above 12.80 p.p.m., in the absence of a chelating agent,
there wns no significant chenge in the yield. This would suggest that
optimni iron concentration wrs between 12.8 and 26,2144 p.p.m. There
was no evidence of an optimal level of iron supply when a chelating
atent was present., Baising the iron concentration from 12.80 to
26,2144 p.p.m. resulted in a significant increase in the dry weight
yield. However, this evidence, which implicd that iron-toxicity might
be reduced by the presence of a chelating agent is not conclusive,

The level of iron supply exerted 2 marked eflfect on the form and
sporulation of the felt. it low levels of iron supply (Plates 17 and

19) there was very little surface growth, the felts being thin and
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(c) The rclation between rrowth and development ond

the iron:manganesc ratio in th. medium,

Increasing the iron:m.n<nese rmtio in the culture rmedium when:
(i) no ch:l=te wns present (Toble 32), resulted in pro-
gressively diminished dry wei~ht yiclds,
(ii) an gouivalent amount of %.0,.T..A. wns supplied with
the iron resulted in progressively increased yields.

(Table 33,)

There was no evidence in either case of an optimal ratio. This
would suergest that the chelating szent prev: ted iron -~nd, or, ninginese
toxicity.

the iron:mangznese balsnce did rnot have 7 noticeable ceffwct on

the de<ree of wrinkling or speorulation of the felts,

Conclusiouns.

There is some cvidence th-t the presence of - chelzting zgent in
the culture medium influences the yield trends. Thus, when no
B.D.T.% was supplied, there wns a tendency for levels of iron of
approxim-tely 26.2144 p.p.m. to be toxic, but, when it wais present
in the medium, there were no signs of diminished dry weipzht yield.
This was also evideat when the iron:manganuse bal-nece w:s considercd.
In thz absznce of o chelnting agent, incrensing the ratio resulted
in diminished yiclds, whereas the presence « ED.T.A. resulted in
progressively incrersed yicld. Turther experiments were, therefore,
plenned with o view to elucidnting the effect of varying the iron:
mang-nese belance, ~nd also, =5 a subsidizry object, the effect of

the presence of a chelating agent in the culture mediums.
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EXPERIM NT 8. To determine the effect of varying irons

manganese balances in the culture medium,
on the growth and development of Aspergillus

niger and Penicillium glaucum,

The experiment was carried out in two parts:

(i) “here the maximum levels of iron and nan-zanese 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 investigated, the range in each part of the experiment was not so
large as to preclude the replication of each treatment. There were
three replications of each treatment,

Two methods of statistical analysis were performed on the dry

weizht yield data:

(i) Analysis of vnriance. Tnis method . as used to determine
whether the level of iron and manganese, or the iron:manganese inter-
action were sicnificant in determining yield trends. This method
of analysis could not be used in an investigation of the iron:
manganese ratio effect because there were not equal 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. An example of this method of analysis is given

in Appendix II.

(ii) Regression analysis, This type of analysis is not a
significant test for erch effect, although it does supply information
as to whether the experimental data are significantly differenf from
purely chance data, The value of the method lies in its use to
determine the response surfsce of the datz, and thereby, the relative

importance of each factor in determining the yield. The contours on

64/the ...

































67.

and of sporulztion of the felt in cultures of Agpersillusg (Table 43).
Increising the concentration of iron resulted in o projressive increase

in the wrinkling and sporulation,

(b) The efiect of increasing the manganese supply,

irrespective of the level of iron in the medium.

In cultures of Asperzillus, increasing the concentration of
manzonese in the culture medium to ©.256 p.w.m, had 1little eifect on
the dry weizht yield (Table 35). A furtier increase to 0.512 p.p.m.y
however, resulted in a sisnificartly increased yizld. There was no
evidence thzt,in cultures receiving bet.een 0.512 p.p.m. and 4.096 p.p.o.
of wanganese,the level oPsupM1 was important in determining the yield.
Thus, although the yields obtained at high levels of manganese were
significantly dilforent {fror those at low levels of menzcnese supply,
the manzanese effect as a Jhole was found to be not zicnitficant
(Table 38). There wies evidence in Tebl. 36 that increzsing the level
of manganese supply up to 1,128 p.p.m, had little effect on the dry
weight yield in cultures of Penicillium but that subse uent increnses
resulted in prreresgively diminished yields. However, th: effect
was also found to be not sirnific-nt (Table 33).

That the ¢ neentration of mangsnese in the culture medium was
not importont in the Jletermin-tion of the dry weisht yicld trends,was
confirmed by the resrersion analysis resulis (graphs 1 and 2). From

zrzphs 1 and 2 it can be scazn that:

(1) the contours of the response curf ce given by ihe yield
values (y) are not markedly influenced by the level of nan nese
supply, since they tend to be par:1lel tc the meong.nese conceniration
axis. In Agperzillus, however, the l.vcl of manzenese vias of some
importance in determinins the yield, when the yield was low. Thus

for low yield values, approximately 1.7 gms., there was a tendency
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TAELE 43, The effect of increasinsg the iron and manganese
supply on the form and sporulation of cultures
of Aspergillus ni:er.

Manganege ITron Supply in p.p.m.

 supply in

P-P-fe 0,064 0,128 0,256 0,512 1.024 2,048 4,096
| S N .. HaT, 3.1 LW, VOHLY
0.064 2,654 533,54 1,2,6 4,4,5 T,4,2 G,7:4 4;457
oM. S, VL,E,T. 0 HlW. M. 5.7 H.UW.
0.128 596,5 73793 33392 39495 63596 394?7 9989
SM. V.31, V8.7, EU. », SN FAPR TN
0.256 2,4,4 3,2,5 4,5,3 Ty6,4 T,37435 9,2,7 9,2,9
S.M. [N 5.7, L O H.Y, Il
2.512 245,55 Tedy6 5,5,4 3,6,6 T,7:5 9,94 9,9,2
T.3.0. 5.0, Sl Sa LW, V.d.Jd. Bad.
1.024 35294 453,60 6,3,3 2,5,7 4,4,5 2,9,2 6,6,9
V.50, Ga H. 1, Hode  Volod. HOT. Vodaod
2.048 35595 58,3 4,6,9 6,6,4 5,6,8 5,2,5 2,9,2
V.. T 8. i d. fo VHOIL T Hetle
4.096 4,5,4 5,2,7 1,3,6 1,6,6 1,5,7 2,10,5 8,7,8
KEY .
1t SMOOTH.
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Part 2.

The plan of part 2 of Experiment 8 is given in Table 46.

A geries of stock solutions of iron and manganese were prepared,
by serial 1:1 (l volume solution to 1 volume of purified water) dilu-
tions of a concentrated solution, from which a 1 ml. sample in 50 ml.
gave the maximum concentration required. The concentroted iron &nd
manganese solutions, from which the other solutions were prepired,

were made up as follows.

Iron: (i) Prepared without a chelating agent.

6.371 gms. of FeSO4.7H20 was dissolved in
purified water in a 200 ml. volumetric flask.
1 ml. of this solution in 50 ml. gives an
iron concentration of 128 p.p.m.

(i1) Citric acid as chelating zgent.

6.371 gms. FeSO4.7H20 was dissolved with

4,8154 gms. citric acié in purified water
in a 200 ml. volumetric flask. 1 ml. of
this solution in 50 ml. gives an iron con-
centration of 128 p.p.m.

(iii) E.D.T.A. as chelating agent.

6.371 mus. FeS0 .THZO was dissolved with

4
8.53095 gms. £,D.T.A, in purified water in
2 200 ml., volumetric flask. 1l ml. of this

solution in 50 ml, gives an iron concentra-

tion of 128 p.p.m.

Monganese: (1) Prepared without a cheluting agent.
5.1964 gmsg, Mh804.4H20 was digsolved in
purified water in a 200 ml. volumetric
flask. 1 ml, of this seclution in 50 ml.

gives a Manganese concentration of 128 p.p.m.
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TABLE 51. The results of an analysis of variance performed on
the dry weight yield d~ta of Aspergillus, (No chelate
supplied) in Dxperiment 8, part 2.
Factor Degrees Sum sgunres Hesn F value  Significance
Freedcom sum squares
Iron 6 2,06815 0.01139 1.287 Yot significant
Manganege & 0.14707 0.02451 2.759 Mot si_nificant
Interaction . 36 0.55723 0.015:8 1.749 Significant at 5%
Heplication 2 0.,00445 0.00224 0.25 ¥ot significant
Brror 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 chelating agent)}, in Experiment 8, part 2.

Factor giizgsz Sum sguares sumM:zﬁares F value Significance
Iron 6 0.10689 0.1781 1.580 Not significant
Manganese 6 0.,05927 02.00988 0,088 Not significent
Interaction 36 D,02217 0.000616 0.005 Not significant
Heplication 2 0. 72079 0,01048 0.930 Not significant
Error 96 1,07724 0.01122
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.

In cultures of Aspergillus wherc citric acid w-s supplied 2s a
chelating agent, therc was evidence that the yicld tended to diminish
as the iron:mongancse ratic approached 1,0. Thua me.imum yiclds were
obtained nt high and low iron:mmngenese ratios (Table 61).  Tais

trend 1s clerrly evident in the gr:.ph of the regression znalysis
(graph 12). Since the contours for the yield values were orient~ied
diagonally, the iron:mrn-nese r~tio and iron concentration in the
medium were equally important in determining the yield trends. By
virtue of the plan of the experiment (Table 46) low iron:mungonesce T.tios
were only obtained with very high levels of mongnnese supply and low
levels of iren, 2nd similarly high ratios were obtained with high
levels of iron supply nd low levels of monganese, There was some
evidence in previous experiments (Experiments 7 and 3) that high levels
of iron and mongznese were toxic when ne chelating agent wos preeent.
Thus the absence of diminished yields, at the low ratios (high mng ‘hese
levels) ~nd the high r-tios (high iron levels), can be explained by the
presence of citric ncid. At high levels of iron and manganese, oymp-
toms of toxicity are not evident bectousc the presence of citric acid
tends to kcep the iren and monganese in wolution in the funus,
thereby preventing toxicity.

In cultures of Penicillium there is :1so evidence thot the presence
of a chelating agent reduces symptoms of toxicity (Table 50). In-
crersing the iron:manganese ratio resulted in incrensed yield (Table
60) and there was no evidence of an optimol ratio. The graph of the
regression analysis results (graph 13), how.ver, indic testhat ihe
yield trends were determined equally by the level of iren supply
and the iron:mhngonese bal-nee. This would sug=zest thot the in-
crensing yield obtoined with incronsing the iron:imonganese ratio may
be due purtially to the increcsced iron supply in ordor to incre se the

iron:mang wese retio (Table 16)
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TABLE &7, The results of an 'nnlysis of variance performed on
the dry weight yield cbizined from cultures of Puni-

cillivm gloucum in dxperiment 9.

Factor gigzgsz Sum sgures sumMz:Eares F value Significance
Ratio 9 0.13723 0.01525 0.27 ot significant
Iron 2 0.13%133 0.06717 1.19 Not significant
Replieation 4 0.02502 0.00626 0.11 Not significant
Error 135 7.58738 0.05620

TABLE 68. The results of a regression annlysis of the dry
weight yields obtained from cultures of Agpergillus

niger in Experiment 9.

Menn

Factor Degrees  gin 5qQUares _ F value Significance
Freedom Sum sguares
Regression 5 1.45790 0.28758 50.18 Significant atQ1%

Residual 24 0.13759 0.00573

¥y = 2.699 - 0.042x + 0.330%,+ 0.004x3+ 0.167x ,+ 0.054x%; (Graph 17%).

TABLE €9, The results of o regrnesion ~nalycis of the dry
welsht yields obtriped from cultures of Penicillium

glaucum in BExperiment 9.

Degrees Mean B,
Factor Frecdon Sum squares SUm SQUATES T yalue Significance
Regression 5 0.8093% 0.16188 2,12  SignificantatlD)
Residunl 24 1.245670 0.05154

¥ =2.545 - 0.140x + 0.128x,+ 0,011x3— 0.018x,+ 0.005%; (Graph 15).
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The rusults nre congidered under the followins hexdings:

(.) The offect of vrrying the lovel of iron supply,
irrespective of tho iron:mansonese ratio in thi medium,

{b) The offect of varving the iron:mrnganese ratio,
irrespective of the lovels of iron =nd mung .nese

supply in the mcdium,

(a) The effect of varying the level of iron supply,

irrespective of the iron:m-nganese riio in the medium,

In cultures of Punicillium glaucum, raising the level of iron

supply had little el ect n the dry weitht yicld (Tzble 65).  The
overnll iron effect wns shown by annlysis of v riance to be not sig-

nificant. In Aspergillus niger incressinz the concentroation of iron

in the medium resulted in ¢ significrnt incre.se in the dry ..eight
yvield (Table 4J). flowever, o study of the dry weisht yield data
(Table 64) shows the iron effect as not being very marked. Roising
the concentration of iron frew 2.5 to 5.0 v.p.m., resulied in slightily
diminished yields but the decrcnse wos not signific nt. Subaequent
incresases of the iron concentrition from 5.0 to 10.0 p.p.m. roesulted
in . bmrely significmnt incrense in.the dry weisht yield. A com-
pirison of the m:swn yield for the 2.5 p.p.m. iroxn treatment, with

that of the 10.0 p.p.m. iron trectment, indiecrted -n increase which

is less th'n the value for the lerst significant dificrence. Thus

in cultures of both Penicillium and Aspergillus the level of iron

supply did not exert a marked effect on the determinntion of the
dry weight yield.
Thare was no evidence thet the lsvel of iron supply hed any
effect on the wrinkling 2nd sporulation of the felts in cultures of

Aspergillus ond Penicillium, Moried differcncec in the sporul.ation

between replic tions of the z e tre~tment m:dz the observeotion of

trends difficult.
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TABLE 17, The pH values or the filtrate obtuined with cultures of

Penicillium glaucum in Experiment 1C.

Level of Level of Zine Supply in p.p.m,
Copper
supply @ 3 3 8 O = S S &
. o o o Q o O O 0y Ly —
in p.p.m.,. & & S D o — <+ 0 0 Y
o o S o o o o — 9 W
_— ol
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 2.5%2 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 2.5% 2,48 2,32 2,33 2,21 2,40 5.88 3.79 3.15 2.49
0.1C24 2.59 3,02 2.87 2.45 2,31 2,32 4,25 4.38 3,75 £.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 2052 2-35 25’59 2-52 2u29 2-39 3!54 4065 3072 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 2.63 2.73 2.68 2,65 3.00
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0.60000
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Q. 40446
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0.47140
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0.43882

C.41511
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0.55250
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0.30806
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0.53085
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O [ 32‘?45

0.65735
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0.55215
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0.71257

0.69536

0,65220
0.74140

G. 77307

0.65425
0.65609

0.50935
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0.40600
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