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One of the wartime problems of our armed forces is the rotting of
fabric articles. Tents, sandbags, hammocks, and insect netting, as well
as other items used in jungle warfare, are subjeet to attack by miero-
organisms. The information here presented concerns the testing of
fabric for resistance to such attack and may be summarized as follows,

SCMMARY

A simple apparatus is described for subjecting fabric treated with
mildew preventives to water leaching under controlled conditions.

Several fungi have been found capable of tendering treated fabric of
higher copper content than that attacked in similar tests by the common
test organisms Chaetomium globosum and Metarrhizium sp. The evidence
presented suggests that the copper tolerance of soil fungi contributes to

“the severity of soil-burial tests on sueh fabric.
i Steam sterilization of fabric containing certain common organic pre-

servatives, even for as short an interval as 15 minutes at 15 pounds’
Eteam pressure, in n number of instances decreased the mildew resist-
ance of the fabric, as indicated by subsequent culture tests. Experience
with several fungi indicates that Chaelomium globosum is more satis-
factory than certain other forms for use in tests on nonsterile fabrie.

'l
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&€, for uupslyin the mildew-preventive materials; and to the Divisivn of Soil and Fertilizer Inveatigations, of this
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A filler-paper-mat technique is described in which the test fabric is
planted on a mat of fungus myeelium growing on a filter-paper strip
supported on a salt agar medium. When the fungus Chaetomium globo-
sum is used in this test it is found o be much more severe on treated
fabrics than when it is applied by the pipette-inocutum procedure. The
presence of independently nourished mycelial inoculum capable of
attacking and reattacking the strip at many points is believed to simu-
late in part the conditions of soil burial.

Seil-burial tests have been found to he much more drastic on a variety
of treated fabrics than the usual pipette-inoculum Chaelomiwm tech nique.

Data are presented on the minimum air volume required for the
break-down of fabrie in tightly sealed containers by Chaelomium globo-
sum, Metlarrhizium sp., and Stemphylium sp.

It is concluded that the choice of the best test or combination of tests
to determine mildew resistance of a fabric depends on the service condi-
tions under which the fabric is to be used. While the tests now avail-
able are still admittedly inaceurate in certain respeets, they are capable
of yielding much useful information when judiciously interpreted.

Data are presentod on the fabric-preservative properties of & number
of fungicidal compounds. A new material of commercial origin, 2,2'-
dihydroxy-5,5"-dichloro diphenylmethane, has unusual fungicidal prop-
erties and offers promise as a fabric preservative. Copper naphthenate
has been consistently more effective per unit weight on fabrie than have
several other copper compounds.

REVIEW OF LITERATURE

In 1934 Thom, Humfeld, and Holman {17)* described a pure-culture
test by which the fungus Chaeiomawm gloebosum G. Kunze could be used
to determine the mildew resistance of fabrics. The procedure consisted
essentially of placing a small piece of sterilized fabric on & mineral-
salts agar mediem, inoculating the fabric with sporeg of the cellulose-
decomposing fungus, and determining the residual strength of the fabric
after a period of incubation. The test was simple to perform and appar-
ently rested on a more secure scieniific basis than previcus tests with
mixed cultures and natural inoculum. For these reasons it came into
widespread use in both commercial and governmental laboratories {10,
18).

Concurrently there developed a common practice known as the “soil-
burial” test. It had many variations, but its main feature was that the
fabric to be tested was buried in soil and examined at intervals for obser.
vation of rotting,

With the greatly increased interest in mildew-resistant fabrics for the
armed forces, beginning in this country in 1941, attention was focused
on methods for testing such fabrics. The Chaclomium globosum test of
Thom, Humfeld, and Holman (17) quickly found its way into certain
fabric-procurement specifications. Shortly thereafter, in 1942, experi-
mental results with an extremely active cellulose-decomposing fungus
of the genus Metarrhizium were presented by Greathouse, Klemme, and
Barker (8) and a pure-culture test method with this fungus deseribed.
It soon appeared, however, that despite continued use of pure-cuiture
techniques, and in partieular of the €. globosum technique of Thom,

3 Lalic sumbers in parentheses refer to Literaturs Cited; p. 2%
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Humfeld, and Holman (17}, certaln of the milifary agencies placed
increasing confidence in-soil-burial results. This was true, for example,
in the case of copper-treated sandbag fabric; many fests of such fabric
were carried out in collaboration with the United States Department
of Agriculture. Soil burial provided o more severe and presumably a
more relisble test of fabric to be exposed to sei in actual use than did
the Chaetomium test.

Data from the writers’ laboratory, dealing with copper (14 and with
organic (9} fabric protectants and comparing soil-burial results with the
results of Chactonuium (17) and Melarrhizium {8) tests, have already been
presented. DBertolet (8) has advoecated strongly the use of soil-burial
tests. Trurry and Zametkin (8) have recommended as a drastic fest a
precedure similar to previous culture-hottle tests in general bué employ-
ing a thin seil suspension as inoculum. Barker and others {2), raviewing
the test-method situation in October 1943, stressed particularly the need
for experimental analysis of the numerous factors in test procedures.
Work toward that end is deseribed in the present bulletin,

TREATMENT OF FABRIC BEFORE BIOLOGICAL TiZ8T

Waren LeAaciing

In most cases a fabric preservative cannot provide lasting protection
unless it is resistani to leaching in water. No precise method of testing
this property, however, appears to have been widely acceptied.

Thom, Humfeld, and Holman ({7} were concerned pnmaruy with
ather phasos of the problem and suggested merely that the fabrie should
he soaked in several changes of water or in running water for 2 days, in
order to remove water-soluble ankiseptics.

The Amcrican Society for Testing Materials {commonly referred to as
AST.M.) has adopted o tentative method of testing fabrics for resis-
tance to miero-organisms (1), It reguires the leaching of 10 specimens
of the treated and 10 of the untreated fabric on sereens under cold
running water for 30 hours.

Furry snd Zametkin {3) recommend that leaching be done as follows:

Wash approximately one linecar yard of cach teeated labric Lo be tested and one-
hall yard of ¢he same fabrie unlreated under running water for 24 howrs.  The wash-
ing container should provide nbout 1 gallon of water for each ounce of fabrie. The
rate of flow shouid he gentic but provide nt least 3 complete changes during 24 houra,
Direet (all of water on the fabric shonid be prevented.

Goodavapge (7) described two types of tests, a spray test and & leach-
ing test, the choice between the two depending on the type of fabric
under consideration. The spray test is as follows:

A sample is mounted on a board which is placed at & 43 angle. The sample is
then sprayed for onc-hall hour with wafer from a spray noszle placed vertioally
sbove the sample at a distance of 18 inches frem the ceater of the sample. The -
volume ol = i'ar sprayed onio the sample shall be approximalely 2000 ee. per
minute per 60 square inches of sample.  The spray nozsle shall contain 19 holes of
[035 [inch] diameter, spaced approximately 14 inch apart.

The leaching test is carried out as follows:

A sample of netting 612 inches is immevsed in onc gallon of water, temperature
65° . The flow of water is then regulated so as to chanpe the water three times
over o period of 24 hours, after which the sample is sterilized wod then inocculated
for the accelerated mildew test.
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WA ER-LEACHING APPARATUS

The temperature and pressure of water at the tap are usually variable
from time to time, particularly overnight and over week ends in many
buildings; leaching procedures depending on these variable factors may
be expected to be unsatisfactory. For this reason, it seemed desirable
tc devise some simple practieal method of avoiding these difficulties. A
diagram of an apparatus useful for this purpose is shown in figure 1.

= -~ THERMOMETER
IMMERSION HEATERS

1]
—]

e

J . d “- v = ~GLASS SiFHON
=~ FLOWMETER

RUBHER TURING

SLEACHING VESEEL
= CAPILLARY

WATER [NTAKE

Ax |
t B |
WESTE DRAIN ¢
CONSTANT -TEMPERATURE WaTER BATH

Ficure l.—-Apparatus for water-leaching mildew- and rot-resistant fabric under
conditiong of constant temperature and water pressiire,  Only L of & battery of
12 siphons is shown.

Water from & mixing faucet passes through a fowmeter into a small
beaker containing a thermometer. The overflow from the bealker passes
into a large constant-level water bath in which the temperature 1s ad-
justed by immersion heaters that operate in conjunction with a mer-
cury thermoregulator and a tipping mercury rvelay. The water in the
bath is agitated by an electrical stirrer.

Having been adjusted to constant temperature in the hath, the water
passes at constant rate to the several individual leaching vessels through
glass siphons, connecting rubber tubes, and small glass capillaries. Only
1 siphon and 1 leaching vessel are shown in the diagram; a battery of 8
or 12 was used in the experiments.

The capillary dimensions and the head of wauter determine the rate of
water flow through the siphons. A practical point perhaps worthy of
mention is that the glass siphons will not collect air bubbles if their inter-
nal diameter is small enough in relation to the volume rate of flow through
them. The siphons used in the experiments had an internsl dizmeter of
approximately 5 mm. The capillaries arc inserted down through the
center of wire-mesh eylinders in the leaching vessels and held in position
by cross wires (fig. 2). The 6- by 1%-inch samples are fastened in vertical
position with rubber bands around the outside of the cylinders, four
samples to a eylinder.

In the experiments here reported the bath used had a capucity of 90
gallons and the immersion heaters totaled 1,700 watts. The distance
between the water level in the bath and that of the leaching vessels (in
this case l-quart mason jars) was 12 inches. The rate of water flow
through each of the leaching vessels was 10 liters per hour + 2 percent,
This flow could be measured readity by opening the connection below the
sink into which the water flows after passing from the leaching vessel
and collecting this water in a graduated cylinder.
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The water in the constant-temperature bath was kept within +-0.05°
of 30° C. The output of the immersion heaters was sufficient to main-
tain this temperature even if that of theincoming water was as lo“:fas
20°. Owing to the relatively
rapid rate of flew, the tem-
perature of the water in the
leaching vessels did not de-
viate from 80° by more than
0.2°,

Warer-Wase TEsTs

In testing the performance
of the leaching apparatus
described, experiments were
conducted with several or-
ganic and  metal-organic
fabric preservatives. Sam-
ples of pentachlorophenal,
salicylanilide, and 22-
dihydroxy-5,5-dichloro
diphenyimethane were sup-
plied through the courtesy
of the manufacturers. These
samples had melting points
of 188°, 133°, and 179° C,,
respect:vely, and in all eases
were  therefore  essentinlly
pure materials.  All were
applicd to BS-ounce cotton
duck (original Dreaking
strength, 122 pounds) by
dipping the fabri¢ into ap-
propriate solutions of the
preservatives in acetone and
passing it at once through
a household wringer that
had been equipped with
metal rolls. The wet-weight  Freone 2—Leaching vessel (I-quart mason jar)
pick—up of the fabric was contah;}ng \Fill')e-_mesih Ezjflinl(lcr'i(f.sec ﬁgl.) J_)tfolr“
r . " K T11atl supnortinge tabrie uringe leanning, ares 0
kl?gtm(i(l)snigu}ttc};l): St“tii‘%}il;)tr}gs% thélcylinclfcr is cut away to sho%v cupillary

¢ Sl and vubber outlet tube from glass siphon.

sure. Copper naphthenate,

copper "“tallate” (a copper soap of tall oil), and capper oleate were
applied in a similar fashion in a mixture of three parts by volume of
Stoddard's solvent and onc put of acctone. Copper-hydrogenated
resinate was applied in benzene. Al fabries were dricd at room
temperature,

In several cascs the treated samples were then subjected te ehemieal
analysis to check the concentration of the protectant on the fabrie. In
some instances the percentages of the organic preservatives found on
the fabric by analysis differcd by as much as 10 percent from the
calculated values at the 0.25- and 0.50- percent levels, The importance
of this error appears to be minimized, however, by the wide range of
concentrations uscd in the experiments and the large experimental differ-
ences noted.
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As a backgreund to studies on leaching, deferminations of the original
fungicidal effectiveness of three phenolic preservatives were made. As
shown by the data in table 1, low concentrations of any of the three
materials on the fabnc—-—penta.chlorophenol salicylanilide, or 2,2-
dihydroxy-5,5'-diehlero diphenylmethaﬂe-—wem found effective against
Chaetomium globosum. In these fests the specimens were wet in water,
placed on mineral-salts agar in 16-ounce flat-sided glass bottles, inocu-
lated by pipette with 1 cc. of a suspension of spores of C. globosum, and
incubated at 80° C. for 12 days. The culture medium contained 2.22
gm. Mg80,.7H.0, 2.08 gm. K.HPO,, 2.68 gm. KH,PO,, 3 gm. NHNOy,
and 20 gm. agar in each liter. In these and all other biological tests
here reported “the standard A.S.T.M. (1) procedures for preparing and
hreaking raveled strips were followed.

TABLE 1.—Residual sirength of proteciant-reaied, §-ounce, nonsterile, unleached cotton
duck, after pipette-inoculation and 12-day incubation with Chaetomium globosum

Cantent {percent) of protecinnt in fabric
Fabrie protectant

0.04 G.08 G.08

Residual Eevidual Baaidual
sirenglh rrength arength
pereend poreent
L1 ] 1606
Snllcylamhde 162 160
Dikydroxy dichloro dipheaylimethane 8 68

Pantachloront

Speecimens of treated fabric were then similarly tested with €. globosum
after a 24-hour running-water leach. As shown by the dafa in table 2,
the combined water-wash-mildew test was more severe than the mildew
test alone (table 1}. 1t is appurent from the data of tables 1 and 2 that
there was leaching loss of each of the compounds, especially penta-
chlorophenol. Similarly washed samples were tested with Melarrhizvum
sp.; the results of this test are also recorded in table 2.

TaBLe 2 —Residual strenglh of protectani-treated, S-ounce cotion duck after water leach~
ing and subsequent cullure fests; pipelle inoculation of nonsierile fabric; and 12-dny
incubalion at 36°

RUNNING-WATER LEACH!

Content {pereent) of compound in fabric before leaching
Tesl organism Fabric proteclang

0.2 0.3 0.4 0.5 0.5 0.3 1.4

Residucl| Resid ResiducliResiduaiiRerid Roniduai|Residunt
strength | strength | sirength | sirengfh | sfrenth | sirength | afrength
pereent pereent | pereent

I’entuchlornphcnol [ 2] Q
Chottomium globorum_ 1 18alicylaniitde____._.__ o 50
Dihydroxy dichloro a% 88

diphenyimethane,
Pentachlorophensl . 9
Maarrkizium sp Salicylaniiide. - 2
Dihydroxy dichlore i jh

diphenyimethane.

STATIC-WATER LEACH?

TliDihydroxy dichloto
diphenyimethnne.

{é’entnchiomphenoi

1 Hi}z Liters of water per hour at 30° C. passing over 4 experimental strips; cach breaking.strength figure is an avernge of
4 raphicates

23 guccemsive 24-bour fenches, each with 5 250-to-1 weight ratio of water to fabric; eseh bresieing-strength Fgure is ap
arerage of 3 replicates,
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The water-wash-biological tests mentioned were carried ocut on
fabrie unprotected by waterproofing or water-repellent treatments.
They therefore do not represent the behavior of mill-run commereial
samples containing waterproofing materials. It was noted, however,
that even a static-water leach with small volumes of water brought about
major losses of the preservatives from the laboratory-treated fabrie.
In an experiment of this kind, 8-ounce cotton duck samples, already cut
snd raveled for biclogieal test, were placed in distilled water in 2-liter
glass vessels at 20° C. A weight ratio of 250 parts of distilied water to
1 part of fabric was used, and the water was drained and replaced at the
end of 24 and 48 hours, providing 3 days of leaching and a total water-to-
fabric ratio of 750 to 1. The unexpectedly high leaching losses that
obviously oceurred in the static-water leach may have been due largely
to poor adberence of the erystalline organic protectants to the fabrie and
consequent mechanical loss.

Chemical analyses of fabrics after leaching were carried out to check
the resulls of the water-leach-biological tests. The results of such
analyses are shown in table 3.

Tanue 3.—Perceniage of 8 organic fabric proleclants remaining on 8-ounce cotfon duck

afier standard running-water leach, at a flow of 10 liters per hour and a water fem-
peraiure of 30° C.; determinalions on duplicale samples

Content {percent) of protectsat in febric

After leacking—

TFabrie praotectant
24 hours 48 hours

Sample 1 T Sarple 1 Samph T Sample 2

Percent Percent
0.54 . 1 ¥

o . (L

ylanilide___ ———— 48 . . . 0.82
Dibydroxy dichlors  diphenyt- A8 . . . . .10
methane.

1 Trace.

Tabric to be analyzed for organic mildew preventives was thoroughly
acetone-extracted before application of the preventive. After leaching,
it was air-dried and then extracted with several portions of acetone, the
extraets were combined, the acetone was evaporated off at low tempera-
ture, and the analyses were carried out on the residue.

The pentachlorophenol analyses were carried out by a procedure
recommended by one of the manufacturers. In this procedure there
were added to the acetone extract in a beaker 30 cc. of benzene and 10
cc. of 2-t0-1 nitric acid. The beaker was heated on a steam bath for 12
minutes. The benzene layer was then washed with water in a sepa-
ratory funnel, dried with anhydrous sodium sulfate, diluted with further
benzene, and s color measured n a }}hotoelect.ric colorimeter.

Analyses for 22'-dihydroxy-5,5"-dichloro diphenylmethane were
carried out on the acctone extract by the semimicro method of Willard
and Thompson (18) for determination of halogens in organic_halogen
compounds. Salicylanilide was determined by the micro-I{jeldahl
method for nitrogen, as described by Niederl and Niederl (15, p. 54); 2
few drops of 60-percent perchloric acid were found to aid in the digestion
of the sample,
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When samples of four different copper-treated fabrics were leached for
72 hours under the conditions specified for the running-water leach, the
percentages of coppet in the fabries were found to have changed less
proportionately than had been the case with the pure organic preserva-
tives. The copper-leaching analytical data areshown in tabled. Copper
analyses were made by the lodometric method as deseribed by Koit-
hoft and Sandell (11, p. 604), ashing of the fabric being carried out in a
muffle furnace at o temperature helow 475° C.

Tasrue 4. —Copper contenl of treated fubrics before und afier Y2-hour waler leaching, al
a flow of 10 FHiers per howr end ¢ water temperalure of 80° ¢

Caopper in fabrie

Treatinent Method of upplication Falirig
Hefore Alber
] leaching ieaching

Pereent Pr.rccnl
0.
: K1 :‘H
Goppee naphthenate.. . ... [ Cominercial, applied with ._.._l!o__“.....__{ 1.0% )
naphalt hentonile from l
boammonia selation. i
[ 2,00

Cupt inm hydroxide Commercial. oo I G-nunee dock .. 2.18

A number of different commerecinlly treafed fabrics have been tested
with the leaching apparatus described.  Although the complete com-
position of such samples is seldom known, the test results are nevertheless
mportant for comparison with laborntory-treated samples. Tesulls
of o few tests of such fabries are discussed in connecetion with experiments
in a later seetion and are presented in table 15 (p. 15).

STEA STERILIZATION

Bteam sterilization is a feature of most pure-cutfure experiments with
micro-organisms.  Thom, Humfeld, and Helman (17), for example,
used steam sterilization and lald particular emphasis on the maintenance
of pure-culture conditions in their mildew-vesistance tests. Bertolet
(3} and many other workers, however, believe that steam sterilization
may represent an abnormul hazard for certain fabric preservatives, a
hazard baving no counterpart i actual service.

In order to determine the magnitude of any influenee that steam
sterilization might have on fest results, two similar sets of laboratory-
treated fabrics containing organic preservatives were tested. The
usual Chaetomium test (p. 6} was cemployed, both with and without
sterilization. The test results are shown in table 5. The shift in mini-
mum profoctive concentration caused by stenm sferilization actually
turned outf in this experiment to be less than hiad been antizipated for
the first threc treatments listed. Tt is seen, however, that in certain
cascs steam sterilization made the difference between complete res.«i-
anee to growth of C. globesum and little or no resistance.
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TaBLE 5.—Residual strength of proteciani-ireated, 8-ounce cotlon duck, afler pipetie-
inggulation and 12-day incubalion with Chaelomivm globesum; steam sierilization
under 1§ pounds’ pressure for 15 minules; 3 replicates

Bterilization Coatent {percent) of compound in fabrie

Pabric protectant of
fabrie 002 | 601 | oos | oos | et | 616 | 024

Kesidunl|Residnall Heatd eaf|Residuall Residual| Residua!| Rexiduat
dranptd | strenpth | strength | strength | strength | trength | strenpth
pereend | pereenl | percent peroent

2 q a2 4 £8

Pentachioropheant 2
3 { 1
- 4 r ey
i }Nonsleriic_._ . i} 162
Dibydrexy dichloro Sterde. ... 4 3 34
diphenylmethone, 1Nnnslcriie . 185

7

Salicylanilide

b
Tetrabrom-o-crezol Sterile._ .. 33
Wonslerte. 1] &0

Chaetomium globosum appears to be better adapted to use under
nonsterile test conditions than any of the several other fungi that have
been tried. Tests of nonsterile fabrie by the pipette-inoculum technique,
described on page 6, with representatives of the genera Heormodendrum,
Stemphylium, Cladosporium, Cephalosporium, and Graphium, have proved
rather unsatisfactory. This is apparently due in large measure to the
fact that the growth of these fungi on the fabric is inhibited by hacteria
during the first 24 to 48 hours of incubation.

FACTORS IN BIOLOGICAL TIESTS

Semsitivity oF TEST Oroanisms to FUNGICIDES

Previous work has shown (74) that as little as 0.1 percent of copper on
an 8-ounce cotton duck is sufficient to provide a considerable degree of
protection against Chaetomium globoswm in the test procedure of Thom,
Humfeld, and Holman (27) or against Melarrhizium sp. in the method of
Greathouse, Klemme, and Barker (§). The copper in these cxperiments
was applied as copper naphthenate, copper oleate, copper tallate, and
copper-hydrogennted resinate,  Jarrell and others (10) had previously
reported 0.11 pereent as the minimum coneentration of copper required
for protection n the C. globoswn tost (I7).

The soil-burial procedure, on the other hand, is much more severe,
causing break-down of cerlain copper-trented Tabries containing as
much as 0.8 percent of copper. It scemed possibie that the severity of
the soil-burial procedure might have been due in part to the presence in
solls of copper-tolerant cellulose-decomposing fungi.  The copper tol-
erance of Aspergillus niger has been mentioned previously (74), and,
although the several isolates of this fungus used in the experiments failed
to decompose collulose, it scemed thas among the numerous related
forms in soils copper-tolerant ecllulose decomposers might be found. A
few cxperimen{s to investigate this possibility have shown thot sueh
fungi do exist. Pure-cullure tests of copper-treated fabries with
these fungi have yiclded results more closely approximating soil-burial
results than are obinined with cither the Chaelomivm (17) or the Metar-
rhiziwm {8) procedures. .
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Table 6 shows the results of soil-burial tests on copper-treated fabric
strips buried in four different soils at 80° C. for 2 weeks. In these and
all other burial tests here reported the soil was placed in enameled con-
tainers the size of ordinary dishpans. The soil moisture was maintained
at such a level as might be used in the growing of plants. The samples,
cut and raveled s for culture tests, were wet in water and planted in a
vertical position with about ¥% inch projecting above the soil line.

TaBLE 6.—Residual sirength of copper-treated, S-ounce cotton duck remaining afler
~day soil burtal in 4 different soils at 30° €.

Coatent {pereent) of copper in fabric

Soil geries Fabric prot

0.1 0.2 0.4 0.8

W owtdan? Paaido ! ) Bontdrenl

strength atrength atrenpth slrength
pereent

141

Copper
Copper olente

Copper tallnte
Copper-hydrogenated resinate
Copper naphibenate
Copper oleate. .

Copper tl.aillnte. -

(%}

23

Co{}i;g;- naphibenate
Copper olepte,
Caopper talfnte .
Copyr-bydrogenated resinate.
Copper saphthennte
Copper olente
Copner tn!inte

¥
PRCr-oy

QQGEGGQD!QQQQD

o
=4

J resinate

Physical and chemical properties of the soils used are shown in table
7. The test results of table 6 may be contrasted with the Chaelomium
and Melarrhizium results previously reported (1.4). When, however, a
Trichoderma isolated from soil was used instead of Chaelomium or Melgr-
rhiziwm in the regular pure-culture method (p. 6), entirely different
results were obfained, as may be seen in table 8. These and ali other
copper-freated fabrics were moistened in water and steam-sterilized at
15 pounds’ pressure for 10 minutes beforc culture tests. Fabrics Nos.
1 and 2 were both S-ounce cotton duck.

Tapue 7,—Properties of soils used in soil-burial lesis

8oil particles with diameter (in millimetera) of—
Soil series Organic

mafier
2.0-0.2 8.2-8.02 0.82-0.062 <0.002

Pereent Pereent Fereent

1.3 48.3 23.5 Percent
8.1 ) 37.9
3.4 . 38.2
8.0 12.3

I By bydrogen peroxide mathod;
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TanLe 8.—Residual sirenglh of copper-trealed, 8-ounce colten duck, afler pure-culture
Iest!'wuh Trichoderma ep., pipetic-inoculated, and Ij-dey incubaiion at 30°C.; §
replicales

FABRIC No. 1

Content {percent} of coppor in fabrie

Pabric protestant
¢.1 ¢.2

Dranideint

alrength
. pereent

Copper
Capper oleate.
Copper

Capper-hyds

Lapper naphtheaato 73
{opper oleate.

Copper tallata.
Copper-hyd tod resinate iz

The data in table 9 show the severity of a Slemphylium pipette-inocu-
fum test, as compared with a similar Chaetomium globosum test (p. 6)
on copper-treated osnaburg,.

TasLE 9.—Residual strength of copper-ireated osnaburg cloth after 12-day pure-culture
tests with Stemphylivm sp. incubalted at 20° C. and Chaetomium globosum at 30° €.;
& replicates

TEST ORGANISM: STEMPHYLIUM 8P,

Content {pereent) of copper in fabrie

Fabric protectant
.40 ¢.12 0.25 0.50

Residual Residyal Restdual Residual
srength Hrenghh Arength strenpth
prrecnt percent pereent prreeat
Copper naphtheante 7 14 51 7
Cepper Hooride 8 8 I3 13

TEST ORGANISM: QUAETOMIUM GLOBGEUM

Copper gaphth .- ] 08 71 77 85
Copper Buaride ] i} 41 75 81

Pable 10 presents results obtained in an experiment in which a copper-
treated S-ounce cotton duck was tested by the regular pure-culture
procedure (p. 6) with Chaelomium globosum, Hormodendrum sp., and
Stemphylium sp. It is obvious from these data that quite different
results may be obtained in pure-culture tesis according to the fungus
used. Isolation from the soil yielded in addifion to the above-men-
tioned Trichederma several copper-tolerant species of Aspergillus and
Penicillium. The isolations were carried out simply by strezking a
dilute soil suspension on copper-oleate-treated filter paper resting on a
glucose mineral-salts agar medium. One Aspergillus in the standard
culture test at 30° C, for 8 days deteriorated 8-ounce cotton duck treated
to contain 0.4 percent copper as copper-hydrogenated resinate until only
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34 percent of the original strength remained; the value for the untreated
control was 20 percent and for » 0.4 percent-copper as copper naphthe-
nate, 78 perecent. Parallel values with another soil-isolated Aspergillus
were 51, 37, and 83 percent, and for still a third Aspergilius 48, 21, and

&5 pereent.

Tasie 10—Residual strenglh of copper-ireated S-ounce colfon duck after 12-day pure-
cullure lests with 8 different organisms—=Siemphylium and Hormedendrim spp.
incubated al 20° C. and Chastomium globosum at 30° (. ; & replicates i

TEST ORGANISM: STEMPHOYLIUM SP.

Conlent (pernent) of copper in fabric

Fahele profectunt
0.0 0.1 0.2 0.3 &4

Eeridual Revidual Residunt Revidual Residuat
alrength sreapth strength slrength slrenpth
pereent pereent percent

Copper nuphthongte. . . 34 03
Copper tallute 12 25
Capprr-hydrogensted re
Naone (conleol)

Copper naphthenale.
Capper taltate -
Copher-hydrogenated resinate.
None {eontrol)

TEST ORGANISM: CHAETOMIUM GLOBOSDM

Coprper naphthepate . g2
Copper-hyik ted rosinate
Naone (control)

The loss of copper from eopper-treated fabric in soil-burial tests and
the chemieal inactivation of copper in situ on the fabric have been sub-
jects of previous investigation (74). The presence in soils of copper-
tolerant {fungi serves further to explain the severity of soil-burial tests on
copper-treated fabries.

In an attempt to determine whether large differences in sensifivity to
phenolic preservatives exist nmong three of the common test fungi, an-
other experiment was carried out, the results of which are shown in
table 11. Tests with each of the three fungi used indicated that the
first three compounds are distinetly more effective per unit weight on the
fabric than the fourth, tetrabrom-o-cresol. The differences in sensi-
tivity of the three fungi in table 11 are perhaps not large in terms of the
percentages of these preservatives customarily used on fabrics in com-
mercial practice. It is clear, however, that in certain cases success or
failure of a treated fubric in & culture test may depend entirely on the
test organism used. Ior o closer interpretation of the data of table 11
mn regard to tctrabrom-o-cresol, the data from table 5, showing that
steam sterilization deercases the fungicidal effectiveness of this compound

on fabrie, should be considered. ‘



http:naphthen.te
http:resin.te
http:naphthen.te

TESTING FABRICS FOR RESISTANCE TOQ MILDEW AND ROT 13

Tasve 11.—Residual sirength of organic-proleclant-trealed S-ounce cotlon duck afier
B-week pure-cullure lesls with 3 different fzmgz, Jubric steam-sterilized for 15 minutes
al 15 pounds’ wpressure, pipefic-inpculpled, 3 replicates

Content {perceat) of eompotnd in fabric

Compouad Funpgua !
0.01 | 0.02 ; 0.04 | 0.06 | 0.08 . . 8.24

Reyid- | Reated- | Resid- | Rewid- | Resid- i - | Reafd-
anl uzd wal um ual uml
streapth sirengthlatrenpth |strength|strenglh (xtrengihst strenp{h
. percent | pereent | pereent | percent | perecnt d percent
Chaclomivm glolosum__ o ] i j2e1) 160 8 101
Pentachiorophenol . _2{{Slemphgplivm sp 3 ] 05
Hormodendrum sp 18 il : a1
i Chaelomivm plobesum..
Salicytaniide StempApdism Be v ar oo
. Hormodendrim ap.....
Dibydroxy diehloro |[Chaclomium globosum__
diphenyimetiane. Stemphplivm sp
Harmadendrum sp,
Chactomiym globoanm_ .

Tetrabrom-p-cresol Stemphplinm s,
Harmovcdrin ap

-

Boochoorma

! Untreated contral: Choctomivm ylebotum, §; Stemphylivm ap., & Hormedendram ap., 13,

Prantivg Fasric on Ao Growme-Fuvgus Mar

Under certain conditions fabries ave subject to attack by fungus
hyphae growing direcily from a good fungus-growth medium. I»n com-
posted soils or other soils high in organiec matter, for example, cellulose-
destroying fungi are commonly in an active condition of growth and are
able to attack and reattack the test skrip by growth from the scil.  Owing
to the large number of fungi in some soils, the nomber of peints of fungus
attack per wnit aren of fabric may be very large. In an atfempt at
partial imitation of this sibuation, attention was given to culture proce-
dures providing & large quantity of independently nourished mycelial
inoculum.

Fabric strips treated with organic protectants were moistened in
water and then placed without sterilization on 2-day-old mats of Chae-
tomitm globosum. These mats had been prepared by inoculation of
sterile 5- by 1¥-inch filter-paper strips lying on the surface of the usual
mineral-salts agar mediam, followed by ineubation at 30° C. for 12 days.
Parallel tosts were carried out by the usaal pipetée-inoculation procedure
with nonstervile strips.  As indicated by the data given in table 12, the
filter-paper mat, or preincculation technique, was decidedly the more
severe of the fwo types of test.

Tasne 12.—Residual sirenglth of profectani-ireated nonsterile couon duch aﬂer pipcile-

snaculation with Chaelomiuwm glebosum and 18-day tncubalion al 30° €., as com-
pared with some duck affer preinocudation filler-paper-mal pracedure; 8 replicales

i Centent (pereent) of compound in Gibric
Ingrulation
torhuigne

Tabris protectant
0,62 .4 0.06 4.08 0.1z 0.16 0.2

{teaidunl B oeidunt|Resintunl| Residugi Residual iR ezivtnal | Resid ual
strenglh | strenglh | sirenpth | alrength | streagth | alvength | strenglh
pereent | percent | percest | poreent | percent | poreemd | pereent
Pentacklaropbenc! I’!pntte H {38 L)) 97 102 a0 44 45
o Mot =, 0 i o 7 B
Saltey ruitide s it 86 49 93 ‘JS
i i M 0 ] 0 2
Dibhydroxy dichlore - . 2 12 HL) a5 10?
diphenylmothane. i} o g ¢ 19

L Diceet-pipstin ingeulation, 1 i, of heavy spere suspousion, i i . X
# Prowocutation Gitec-paper mnd, incobated) b 30° C. for 42 hotirs prier to planting the fabric specimen on it
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Filter-paper-mat tests of a copper-hydrogenated resinate-treated 8-
ounce cotton duck brought out the interesting circumstance that the
severity of the test may be definitely influenced by the salt compasition
of the test medium. When mats were grown on a 2-percent agar medium
containing sakts at three different concentrations (p. 6) the strength
losses of the treated fabric were greater on the two media of higher salt
content than on that of low salt content (table 13). The same salts
were uged in the same relative concenftrations one to another in all three
crges, the total coneentration of the low salt medium being one-third
that of the standard medium (p. 6) and the total concentration in the
high salt medium being five-thirds that of the standard medium.

TabLE 13.—Residual gjrengih of cagper—hydmgmted-mse'nate-treaded, sterile, S-punce
cotton duck, after inoculation with Stemphylium yp., on medic of different sall contend,
by filler-paper-mat pracedure

Content af salt in medinm

Percentage of copper
in fabric
1/3 standard Standard 5/3 standard

Residual strength pcmentﬂ " Residyol sirength pcr:cn!z Renidual drength pereent .

50 18 12
70 25 n
"W 25 19

1 8ee p. § [or compaaition of standard mediym.

It is noteworthy that in this experiment all the untreated control
strips had a low residual strength; the salt effect observed is apparently
not a simple matter of limitation of total fungus growth in the less con-
centrated media. <A possible relation with ion-antagonism phenomena
18 discussed on page 20.

Som-Buriar, Covmearep wite Pure-Cuvrune Tests

The results of soil-burial tests may be expeeted to vary from one soit
to another and from one time to another in the same soil because of their
differences and changes in physieal, chemical, and biological make-up.
For this reason significance can be attached to soil-burial results only
when the experimental differences observed are large and are observed
fairly eounsistently for a number of different soils. Aectually such large
differences are often observed. When, for example, five different synthet-
ic fabrics were subjected to a burial test in four different soils, the re-
sults shown in table 14 were obtained. The data indicate clearly that
synthetic fibérs differ markedly in their resistance to rotting in soils.
While thiz conclusion might have been suggested by the results of pure-
culture tests, such as are shown in the same table, the soil-burial data
obviously indicate more general resistance to micro-organisms on the
part of the resistant fabries than could be predicted from a kimited
number of pure-culture tests. Borlaug (4} has reported tests on several
gynthetic fabrics in pure-culture and in soil contact.
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TaBLE 14.—Residual afrength of & synthelic fabrics remaining afler soil burial for 11
days at 80° C., and nonsterile cullure tests by pipetie tnoculation

Burial in— Culture tests

Fabris
Cminftun it Chadomium |Maarekirium
aok globosum X

[T | - - Drga i dura?

alrength trength
pcrocnigT poreend

Nylon...

Fortisan,.. -

Bemberg rayon__. ]

Celluline acetate a7
Tayon.

Tenasco 0

Another case in which large and consistent differences have been
observed by the burial method concerns the relative merits in soil con-
tact of copper naphtheuate and other copper soaps. Table 6 and a
previous article (74) bring out the fact that tests in cight different soils
have all indieated thai copper naphthenate provides protection at
lowerd copper concentrations on fabrics than three other copper com-
pounds.

Table 15 brings out the striking differences observed among different
commercially treated fabrics in soil-burial tests and the severity of the
soil-burial as compared with culture tests, including even the Chaeto-
mivm filter-paper-mat test.

TasLe 15.—Residual strength of commercial mildew-resistant fabrics after leaching for
different time periods and 19-day culture and 18-day soil-burial tests

Fabric protectant Cetlon fabrie C‘f;;“:ﬁ;,gh &'%?gls:}f:}ﬂ”

dis

incenlation,

nonalerile

Chaelomium 8p., pro-
non.

Time Yeached
lalion,

atorile

Stemphplivm ep., di-

Woaster seil

Originsl strength
ingeulation,
roct ngeul
glerily
Carrington eoll

Chaelominm  ap.,
rect

Phenylmercury oleate

Copper  hydroxy  naph-
eneto.

Zalieylanilide,

Phenylmercury _ triethan-
clammonivm Iactate,

Copper fluoridz 4]

Tetrabro ! 2,00 . 64

Dihydroxzy dickloro
gdipheny!methane. .32 51

1.60 55

L Pereentage of copper an fabric; all other fgures refer fop
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Results on laboratory-treated fabric with three phenolic protectants
are shown in table 16. Although large absolute differences are observed
between the results in different soils in these tests, the same general
relative order of effectiveness of the three compounds is found in each
case; the results with Norfolk soil ure the only exception, in that penta-
chlorophenol appears to be no more effective in this soil than dihydroxy
dichioro diphenylmethane. Table 16 shows that the soil-burial results
are very much more severe than the results of pure-culture tests (table 1).

TanLe 16.—Residual strength of organic protectani-treated S-ounce collon duck: after
14-day seil-burial lest tn 5 different soils

Content {percent) of protectznt in fahric
Seil 2nd protestant ;
g2 0.3 0.4 ; 0.6 0.8 1.2
Residua! | Resiival | Residual | Residunt | Residual § Residunl
srength strength Arenplh srength sHrenglh atrength

Compost: pereent perecnt percent pereent perend percent

Pegtachior, N 2 06 838 100 85 I

Sabieylanilide. ... ... .. g 3] a 0 a 3

Dihydroxy dichlora diphenyimethane i} 38 57 160 82 103
Carrington:

Peatachlorophenel. .. ____________.. 65 ] 38 o6 il 141

Salievlsniitde. ... _____ ... ... 1] 0 a 1] 4 i5

Bihydroxy dichlere diphenylmcthone. .___ [i] & 0 a2 46 &3
Davidson:

Peutachiorophene! 59 95 03 26 a8 162

Salieylanifide. . ... . ______ 1 2 8 36 . 4% 76

Lihydroxy dichloro diphenyhoaethsne. . 3 5 5 54 73 102
Wooster:

Pentacklorephenol . ______ ... N 5] g5 105 6 a9

Salieylanilide. __ ... P L] & 1] 4 I} i

Dihydroxy dichlors diphenylmethane_ . _ 17 3 34 L It 74
Norfoll: .

Pentochlovaphenol__________.______| a5 a6 101 1E] a9 108

Salteyinnitide., ... PR, R 4 i6 i3 a a6 65

Dihydroxy dichlaro diphenyliuethane 95 0 a2 111 lead 93

In view of the complexity of soils, results with the soil-burial test in
the laboratory were rather more consistent than had been expected prior
to carrying out the tests.  The use of several differont soil types insures
against ncorreet interpretations arising from tests in a single soil that
might for some venson give an aberrant or uncommon type of respense
to some particular protective ngent. Composting yields soils high in
celtulose-decomposing organisms. Tt is felt by some that the high
biological activity of comnpost is nccompunied by such rapid changes in
the Diological and chemical components that Feld soils, presumably
much more stable in this respect, are to be preferred. Attention is
being directed to this question, no conclusive experimentsal evidence
being available at present,

Two further experiments were carried out to test the comprrative
severity of a pipette-inoculum Chaefomiim tost ns compared with soil
burial. TIn the first experiment a miseeliancous group of phenolic and
other organie compounds were selected, applied to $-ounce cotton duck,
and tested by the two methods. Although scveral of the compounds
afforded good protection against Chaetomium, not one sample out of the
210 tested had sufficient strength after 12 days in the soil to be removed
without falling to pieces. The results of this experiment are shown in
table 17.
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Tasre 17,—Residual strength of proleciant-ircaled, S-ounce collon duck efter 12-day
nonsterile pipette-inaculum test with Chaclomiwm globosum

Content {percent} of eompound in fabric
Cempound

0.2 . . . 0.8

Faunds Pounds
10 0 5 3 113

Sym.-telrachloronitrobensenc.
h:rl}&uu 1

‘Tri-pcresyl nhosphat

Deta naphthol

2, 5-dihydroxydiphenyl

2,4, 0-trit phenol

L) phthene

L After 2 12-dnay =oil-busial test all samples were completely deleriorated; 0, breaking sirength.

In the second cxperiment, compavative tests were carried out on 8-
ounce cotton duck treated in the Iaboratory with o group of compounds
related to 2,2'-dihydroxy-5,5'<dichloro diphenylmethane. As may be
seen from table 18, the soil-burial test was again mueh more severe than
the Chaetomiuwm test. Seleection of promising fungicidal and fabrie-
protective materials is often carried out in commeicial laboratories by
the use of routine hiologieal tests, often callec screening tests. The
importance of choiee of method for such tests is well illustrated by the
resulfs shown in tables 17 and 18.
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TaBLE 18.—Residual strength afier 12-day soil-burial test and 12-day lest with Chae-
tomium globosum pipelle-inoculated of unslerilized 8-cunce cotion duck treated with
various dihydrocy diphenylmethane derivatives

Dipkenylmethane ! with aubstituenta or carbons numbered—

Content (perecnt) of componnil in fubric and otiginat strength after—

Compoungd Hoil-burial fert £ Choelomium teat 3

¢.1 0.2 0.4 . 0.1 0.2

Residpal | Reridual | Realdugl I Residual | Renidual
sfrengfh sirength | strewplh atrength strength
pereent percent pereend mercent
1z 24 43
2] g 99
i6 44 95

4
i 160

3
0
2
0
5
0
]
]
Q
Q
0

1 Desic strueture of diphenylmetbone; 2 In Carrington soil,
# Nonslerile.
2

ArRaTion REQUIREMENTS

The customary practice in the laboratory was to use culture bottle
tops in which a circular hole, 1% inches in diameter, was cut and a piece
of glass cloth inserted te provide for gas exchange (8). In case it is
difficult to obtain such cloth or if a completely closed container is
desired, a question arises regarding the quantity of air Space Necessary
inside the container to provide adequate oxygen for fungus growth and
complete break-down of the fabric. While the answer to this question
is in all probability dependent on the weight of fabric uscd, the data in
table 19 provide a satisfactory answer in the case of S8-ounce cotton
duck. .
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Tasie 10.—Residual sirength of untreaied E-ounce eotlon duck after 12~doy incuba-
tion in pure-cullure fesls with § fungi in lightly closed containers

Content of salt in medium

Test organisme and container
1/3 standard Standard 1 5/3 standard

Reridugl Residual Residual

. sirength sirength alrength

Metarrhizium sp.: pereent pereent pereent
11

Quart jar
Chaetomium globotum:
- “{:‘_ betile

jar
Stemphylium ap.:
S00-ce. bottl

1 Bee p. 6 for

The 500-ce. bottles used in this experiment were the same as those
used in ali other experiments here reported, except that solid caps were
used and the bottles were sealed with paraffin.  Ordinary l-quart
mason jars werc used; they were sealed tightly with the usual jar rubbers.
Three different levels of mineral-salt content were used in the agar
medium, since it was considered possible that this factor might influence
the efficiency of utilization of oxygen. Table 19 shows that pone of the
fungi completely deteriorated the strips in the 500-ce. hottles and that -
{he quart-bottle air space was adequate for Metarrhizium sp. and Chae-
tomium globosum, but not for Stemphylium sp.

DISCUSSION

Interpretation of much of the experimental evidence in the literature
regarding water leaching of mildew-proofed fabric is difficult. In many
cases the original quantity of the preventive on the fabric was not
aceurately known, no chemical analyses to determine the extent of loss
in leaching had been made, and the minimum quantity of the preserva-
tive that had to remain on the fabric to prevent fungus growth was not
determined. In these circumstances, the information that a treated
fabric has passed a combined water-wash-biological test leaves one
without certain knowledge of whether the result observed is attributable
(1) to good retention of the preservative on the fabric or (2) to high
fungicidal cffectiveness of the preservative, counterbalancing losses by
leaching.

The method here described for standardization of water leaching is
obviously only one of several techniques that might be used. The
apparatus described has proved simple to operate.

It has been shown in a previous article (14) that fabric may contain
high concentrations of copper in certain forms and still be rotting badly
in soil; this was espeeially true with copper-hydrogenated resinate-
treated fabrie. The data here reported show that under pure-cuiture
conditions, any of several fungi may grow on fabric high in copper con-
tent and deteriorate it. Copper tolerance of soil fungi is believed to be
a factor contributing to the severity of soil-burial exposure of copper-
treated fabric. It is thought, however, that therc are many other
reasons for the extraordinary severity of soil-burial exposure—direct
chemieal reactions between soil coustituents and the fabric protectant
(14), adsorption of the protectant, the large number of micro-organisms
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in the soil, the independent nourishment of the attacking organisms,
enabling them to attack and resttack by growth from the soil to the
fabrie, and other factors.

The factors influencing copper tolerance of fungi have not been in-
vestigated in detail; for example, the difference in degree of break-down
of the 0.4-pereent copper treatment as hydrogenated resinate on fabrie
No. 1 as compared with similar treatment for fabric No. 2 (table 8) is
not known. It is clear, however, that striking inherent differences in
copper tolerance do oceur in fungi.

In the absence of conclusive data, there remaing some doubt whether
fungi will grow on labrie in above-ground service-condition eXPOsUres
at copper concentrations ns high as may be attacked in pure-culture
experiments with copper-tolerant fungi. Lin (12) has shown that the
toxicity of copper sulfate to the conidia of Sclerolinia fructicola may be
strikingly decreased by any of several common clecetrolytes, and Marsh
(18} has found thal under certain conditions copper abserption by the
spores of this fungus may be greatly deereased in the presence of clec-
trolytes, accounting for the docrense in fungicidal aetivity. Such
antidoting aetion of eclectrolytes might occur in pure-culture tests and
in soil-burial exposure, but not, in above-ground exposures. The data
of table 13 arve pertinent and suggestive, but admittedly leave the ques-
tion unanswered.

A question may arise concerning the moderate but significant strength
losses of osnabury fabrie of high copper content m the Chaetomium
results of table 9. Such losses have not occurred with Chaetomium in
similar tests on 8-ounce cotton duck; it is believed that the total quantity
of copper present in the strip, which is obviously related to the weight of
the strip, may play o role in determining the percentage of copper toler-
ated on a fabric by C. globosum. The general experience of other workers
scems fo e in apgreement with this concept.  The osnuburg cloth used
for the experiments of table 9 was considerably lighter in weight than
the S-ounce cotton duck used in other experiments.

A second question thal may arvise in connection with the same table
concerns the validity of comparisons of copper tolerance of fungt growing
at different temporatures. It might be suggested that Chaelomium
globoswin growing at 20° C. would be as copper-tolerant as Stemphylium
at that temperature.  Actually this does not furn out to be the case.
A set of copper-hydrogenated resinate-trented 8-ounce cotton duck
samples were pipette-inoculated with . globosum and incubated at 30°
C., and a similar set inocalated and incubated at 20°.  The breaking
strengths, as percentages of the original break for the 20° samples ut
0.1, 0.2, 0.3, and 0.4 pereent of copper on the fabrie, were 39, 90, 101,
and 97 percent, as compared with 27, 85, 98, and 93 pereent, respectively,
for the 30° strips.

The filter-paper-mat technigue as here deseribed is obvicusty a severs
biclogical test and ean be tentatively recommended for fabries to be
exposed to soil.  Its use on above-ground fabrics may bhe justiiable if
the results obtained are interpreted with s realization of the severity of
the test. In cnses in which nonsterile tests with pipette-inoculum
technique fail beeause of contaminant organisms and when steam sterili-
zation is especially to he avoided, the filter-paper-mut technique may be
useful,

The development of highly satisfactory test methods for determining
mildew and rot resistance of {abrics obvious! y will depend on the accumu-
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lation of data from the use of many different methods with many different
test fabrics. It is recognized that certain of the factors involved in the
mildew and decay of textiles {6, pp. 129-138) have received scant stten-
tion and that progress in test methods is dependent upon further investi-
gation. In the meaniime a few short comments on the various pro-
cedures now in use should be valuable.

Many workers {1, 2, 3, 14}, including the present writers, have adhered
to the use of the soil-burial test in spite of its well-known weaknesses.
A fabric that consistently survives prolonged contact with a number of
different microbiologically active soils has survived several severe
hazards. The conditions of the test are not all adequately understood;
however, the test is genernlly recognized te simulate the severe condi-
tions experienced in service by eertain fabrics. For this reason and
because of s simplicity of performance, the soil-burial test may be
expected to continue in use for some fime and not to be displaced entirely
by other methods. The control of temperature and soil moisture and
the use of several different soil types {{4) would appear to be highly
desirable in soil-burial tests.

Preliminary tests appear fo substantiate the claims of Furry and
Zametkin (§) in regard to the scverity of their soil-suspension test
procedure; further work is in progress relative fo that method and to
similar procedures.

Exposure on above-ground weathering racks has been used in many
instances as & practical measure of the ability.of fabries to retain their
original properties in service. TUnder conditions favorable to mildew
growth, loss in fabric strength is often due to the action of micro-organ-
isms. While great variations arc found with this type of procedure,
there 1s no doubt that its use has yielded much valuable information.

The Chaetomium procedure of Thom, Humfeld, and Holman (I7) has
heen much eriticized, primarily on the ground that it is not severe enough.
[t is clear that the soil-burial procedure may, and often does, represent
a much more severe best than this particular pure-culture procedure.
Bertolet {3) points out, for example, that copper resinate passes the
Chaetomium test (17), even though it is unsatisfactory in soil contact.
The data here reported show that other pure-culturc technigues may
more closely approximate the soil-burial test. . Purc-culture procedures
have the immense advaniage that the conditions of the tests may be
reproduced from one time to another and from one laboratory to another.
When discrepancics appear between different soil-burial results the
cause may be difficult or impessible to debermine experimentally, or
even to guess. The variables in pure-culture tests are less numerous
and are more readily subjected to experimental control.

The pure-culture technigue of Greathouse and others (8) has been
found particularly adaptable to fests in which carbon scurces external
o the test fabric are to be rigidly excluded, The fungus Melarrhizium,
infroduced in connection with this test proecedure, has been used in
many laboratories.
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