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INTROLUCTICK

Phytotoxicity of imsecticiaal chemicals has for mahy
years been a probiea to the entomvlogist. llany worgers nave
reported tnat DLT emulsivns of differernt manurfacturers varied
in their toxicity to plants. The injury was usually attri-
buteu to the DDT or tre solvent used., Emulsifiers raive re-
ceived little or no recognitiun as agents in tie phytotoxicity
of agricultural sprays. Tunererore, these tests were under-
taken to determine the phytotoxicity of emulsiliers und tueir
relatiun to the toxicity of DDT eumulsivns. Eighteen eumalsi-
fiers and eleven LDT ewulsions were tested.

The test methud used was reported recently by Casida and
allen (1951 & 1951a). This method hus been given the name
"Visconsin test" in this puper. The 7iscousin test in many
respects purailels metnodas used to identify plant hormones.
although methous used to determine plant growth regulators
have been xnown to the plant physiologist for .bout forty ,ears,
the Wisconsin test is robably trhe first encounter with plant
gruwth rezulsitors 1or tie entomologist. Therefore, this metnod
wWas used to deteriine its possibilities and to evaluate it
a8 a means of determining tre phytotoxicity ot ciemicals by

the entomologist.



LITERATJRE RREVIEY

A Characteristic orf DDI phytotoxicity is its variability.
species arnd varieties differ marcedly in their sensitivity to
this insecticide. ror exumple, Hervsy and 3chroeder (1946)
reportea a difierence vetween varieties or cucumber in threir
susceptibility to foliage injury from LDT. There w~as also a
ditterence in response of some plants under airierent conai-
tions and dirfferent glants under the same conditions.

Cullinan (1949) has noted that when DDT was applied to
the so0il or to tre plunt Toliage of certiin sensitive plants
growth will be retarded without any other obvious symnptoms.
This insecticide r.as renuered the seeas of many plants more
susceptible to invasion by pre and post-emergence aiunging-orf

orzanisms.
\
Lunsden and Smith (1948) observed thait in ten to twelve

days after kalanchoes were sprayed with DDT the symnrtoms of
epinasty, leuf 1all und necrosis became evident,

Chagman and allen (1949) reported taait DDT acts as a
growvtnh promoting substince. The experiments of these authors
showed trnat as the c.ncentration was reduced injury disarpear-
ed and plant stimulaticn occurred i1t 4 derinite level ror euch
Srecies testea. There was also a greater stimulition when only
the lower leaves oI a rlant were sprayed. Injurea plants usu-

ally recovered ir the growing tip had not been daamagea. A



difrerence w.s rnoted in tre fuliaece syaptoms of aifferent
rlarts sprayed with DLT formulaticns. Characteristic cucum-
ber symptoms arpear as a cnlorosis of the leaves which ad-
vanced from tne muargin with the veins remaining greern. The
margins of the leuves ure turned upw.rd. LonNer leaives aur
necrutic, stunted urna distortea. 1In generul, the plants Lave
snaller leaves, tewar blussoms and snorter internoaes. Beauns
have the veins cle.r und a general mottling and chlorotic
condition which involves the entire leaf. The gzrowth above
the irimury leauves 1s generally snort coaxjpared with that of
untreated plarts. Tomatoes show a slight yellowingz of the
leaves. rotatoes have u dark green foliage. The ibove sSymp-
toms are usualily disrlayed at coricentrations of insecticide
recommerded for insect control.

lierrill (1949) 1ound no marked interior alteratiins in
the leuves of (each seedlirngs grown in soil containing twyo
hundred pcunds of technical grade DDT and scedlings whrich
received two aerial a . plications or 0.120 percent technicul
grude DDT per ucre. A chenical analysis showed tnat scedlings
grown with a DDT residue orf twenty five pounds per acre or
more in the g80il would have a lower carbohydrate ana sligntly
Ligrer nitrogen content tnen tne untreatea peach seedlings.
Tne amount or dextrins und starch are reauced in peach seed-
lings treutea w~itkh DDT sprays or grown in soils coxntaining

LDT residues.






spray injury, nutritional excess und trne deficiency
symptoms and weatrer injury may be very similar. It is nec-
essary to inspect an unsyprajyed plant or tree befire the cor-
rect amount of injury may be determined. #oliage that has
been injured by insects, disease, hail, wind or arought is
more susceptible to spray injury than healthy foliage. There-
fore, plants that are maintiined in a healthy cundition are
injured less frequently by spray materials. Only a very few
correlations of weither and DDT in respect to plant injury
have been reported in the literature. A few ctf these obser-
vations are stated here briefly.

Dudley (1947) noted t:at the greatest amount of injury
appeared in years haiving the greatest amount of rainfall.

The injury was usually greatest when heuvy rainfull Iollowed

the arplication of tre iisecticide. Other autrors haive noticed
increased injury on wet foliage. Gunther et al. (1946) reported
that LDT was not leacked away by rainfall. Deposits persisted on
the foliage forty days before fifty percent loss of the res-
idue. It has been noted thrat tropical temjeritures and humid-
ities may decompose UDT comparatively rapidly.

Hot dry weuather nustens the loss 6f DDT from foliage,
pos3ibly by raising its volatility to an apprreciable extent.
Magie (1947) observed that DDT injury to gladiolus occurs
on warm sunny days.

Lindquist et al. (1946) reported tnut sunlight does not

markedly decompose DDT. The insecticide waus almost cowpletely
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stuble to ultravivlet liont w.en in tie solid form; but in
0il solution it w.s slightly decoujposed,

The decomposition ol DUT under certaiin weather conditions
nmay be of significance in plunt injury. Casida and sllen
(1951b) have shown in their JVisconsin test that the impuri-
ties of the technical grade LDT and decoiiposition prodacts
of DDT were more toxic thun tne p,p'uvDIl. Of the inmpurities
in tre technical grade DDT, the inhibitory action of 2-(p-
chlororhenyl)-1,1,1,tricnloroethanol helps to explain the
Iield cbservitions of sore authors. It is tre most volatile
and water soluble impurity orf the technical grade DDT. This
might explain irjury to wet foliage since it wculd be rresent
in the greatest cincentration in water solutisn frcm the
technical conmjpound and its more raupid penetration in a guseous
st.te might explain the observations of llagie. Ancther pos-
8ibility or the toxic uction of DDT invclves the degradation
to tre nighly toxic 4,4,-dichlorodiphenylacetic zcid (DDi).
The delayed erffect of LDT in some c.ses where apglications
were mude over a period uil time suggest thut the toxic action
may be due to metubolism. Casida und allen stite thiat DZA in-
hibits primarily by arrecting me:brzurie permeability. They
also rerort thut the hydogen-ion-conrcentration wvas critical
in the growth respronses of plants treutex with DDT. An in-
creasing toxicity with an increasing hydrogen-ion-concentra-

tion was noted.



Many other factors are iuportant in the phnytotoxicity
of LuT. These factours ror u given location remain relaitively
constant trhroughout the growing season ana ~¥ill not be con-
siaered in this parer. However, a ground dust, an injpregnat-
ed daust, an emulsion, a solution a wetting agent or a sol-
vent may be a new fuctor. The use of lime as reported by
Cullinan (1949) increused the toxicity of DDT.

Lumsden and smith (1948) tested various formulations of
VDT on the xalanchoes. These tests inaicated th.t tre most

severe irjury resultea 1rom emulsions, less from susjpensions
ard leust from austs. The aerosol grade snowed less injury
than tre technical grade. However, in the emulsions both
grades groduced equal injury.

Wester ana Jeigel (1949) have shown tnit the unknown
wetting agent in a LDT wettible powder caused significant re-
auction in average plant weight of Triumph bush lima beans.
Trhis wettingz agent als. intensified plant injury. The wetting
agzent caused no significant injury by itself.

Wilson and sleesman (19Y48) notea a airference in tne
toxicity of DDI formulutions orf dirferent manufacturers. These
authors hive noted that when tale, clay, anda bentonite when
Ul ed aus coriaitioners of LDT stunted in thut order, but that
trie talc would Lave caused less injury if these materiuls had
be @n applied alune. The ocil-soluble rorm of DDT known us

lee@nol caused marxed stunting‘of plants. This Zormulation

8lsso caused a mairked reauction in the transpiration of potato






and tomato plants. uost insecticides haive been f.und to de-
press rather tanan accelerate transpiration.

Substunces readily soluble in water .ire more toxic than
substarnces sparingly soluble in ~yaiter escecially il conditions
lavor a nigh rate of evaporation., With compounds of low vapor
rressure trne aivailable evidernce inaicutes thut in atueous
sgrays entry is confined to the epiaermis and trhat the pen-
etration is largely arresteu once tre spray aroplets have
dried out and the substunce is deposited on the leaf
(Blackman, 1952).

Emulsions ,ernetrate more slowly into the leaf tiun pure
0il applications and cause less injury. <uick breaking emul-
sions were usually more injurious since they leuve & contin-
wous 0il tfilm (Brown, 1952).

In general, formulators of insecticidal formulatioas do
not maxe public the kind of surrace-active agent used in
their syrays. Therefore, the toxic efrects of these coumpcunds
have not been reported. However, a few workers Lave reported
how they affect the deposit oI spray materials.

Eveling (1939) has shown that both wetting and sireadirng
are tunctions or the cuntact angle. The nature of tne sub-
Stratum has a great intluence .n the cunt@qt angle. Thus,
leaves oI dirferent uges on the same plunt ana on aifierent
Sides or gortiuns of the same leive cause variations in

Contact angle of a given liquid,



Ben-imotz and Hosking (1938) found that the grsatest
derosits were obtaiined w~ith the leust stible eaunlsions,
Brown and doskins (1928) found tﬁit as 4 gereral rule tre
more acid the system tie greater tne deposit.

surface-active agents cuan be classified us non-ionic,
anionic and cuatonic. Enulsifyins agents, in zZereril, are
non-ionic. Sisley and Wood (1952) in their book "Encyclo-
pediz of Surface-active agents" give the classification,
properties and the applicatiuvn of many suriace-active .zents.

Casidd and allen (195la,b) have reported two wethods
for evaluating insecticidal inhibitiun and stiicuiation.

These tests were used in t.is paper for testing tre emulsifi-

ers ana DDT formulations. Theretfore, tne tfollowing puart of

this review is concerned with the literature relating to tne

method used.
The Wisconsin test in many respects parallels methods

used to identify plant hormones. Vent (1937) hus defined

two of these tests. They are thne .ivena test and the split

Pea test., The avena test is curried out by arplying the mate-

ial to be tested, digsolved in agar, to one side of 4
Tnis subztance eriters

decipitated coleoptile of avena sativa.

thhe coleoptile to which the wgar is applied. In the presence

0 guxins gzrowth is promoted giving a4 rise to a curvature
Whiich within limits is proportisnal to the concentration of
must

4C t jve substurce. Standurda conditions have veen detfined am

be  ¢aurefully rollowed.



The split pea test depends up.n the curvature of stem
sections of etiolated Pisum seeclinzs. four-cua. sections
which are split lonsitudinally down the center will curve
tovards one another in active solutions. The curvatures in
this case are prorortioral, within limits, to the logarithm
of the concentration of active substance. Yent (1937) has
summarized all the physiological details and the literature
of both these tests in his book "Fhytohormones".

One important diflference between these two tests is that
many substarnces active in the rea test are not active in the
avena test, There are many adaptations of these tests with
tL.e evaluations of activity in weigh§ or elongation in
length of etiolateu or green plant sections.

Chemical and fhysical factors play an imgortant part in
the st.bility of indole-2-acetic acid (IAA). The Wisconsin
test, aprarently, is one of the first tests to use IAiA in a
nutrient solution to which other chemicals are acded for the
evaluation of their toxic rroperties to plants. Thererore,
very little is known of the compatibility, reactions ard res-
ronses of plants to IiA in the rresence of many chemicals.

Burkholder and Johnston (1937) demonstrated the in-
activation of growsth substunces by exposure to light. The.
Ultra-violet region of the spectrumn is very effective in the
breakdown of IiA solutiorns. However, red light has no eftect
on IAA solutions.

Galston and Hand (1949) demonstruted that auxin-induced

8rowth in length of sub-apical secticns of etiolated pea stems
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was greatly inhibitea by lignht. They rerort that periods of
ligkt as short as one minute or less are etffective in caus-
ing mar..ed inhibition of growth or etiolated pea sections.
These authcrs report ro significant difference of IAAd in

dark or illuminated pea seedlings. Therefore, they concluded
that the disarpeararce of IsA from solution is not due to
plant absorption. IExperianents conducted with IAA solutions
indicate th.t disuprearance of 1IA from solutions is depend-
ent on the rreserice of sugar in the medium. The average rate
of disappearance of IIA from illuminated soluticns is almost
double th.t of unilluminated sclutions. Galston and Baker
(1949) interpeted this inhibition in the terms of riboflauvin
sensitized photoinactivaticn of IAA. IAa is also destroyed in
light in the preserce of other inactivators which investiga-
tors are now studying.

The prcduction of growth by etiolated cuttings deprived
0f rood reserves in its seed requires carbohydrate. The sugar
aust be applied soon after the auxin treatment (Went, 1927).
The «ind of sugar is of considerable importance. The effect
Of sucrose in the presence of IAA is very interesting because
0f the conflicting rerorts in the literature. Christiansen
and Thimann (1950) claimed thut they could find no effect of
Sugur on the total growth extension. However, Galston and
Hand (1949) observed a corsiderable ircrease in the total

growtr in two percent sucrose altrough higher councertrations
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reduced growth. Audus (1953) found tn:t final lengths attained
by sections in sucrose plus Iaa were considerably in excess of
those in Iaa solutions.

One minute cortict with Iaa may cause great grovth stim-
ulation (Galston and Hand, 1949).

One of the most marxzed chemical properties of Iia is its
gersitivity to oxiuative destruction (Went, 1937). 1IaA is
stuble in alkaline solutiuns but not in acid solutions (Went,
1937). avery et al. (1947) recommenas thit plant hormone
gsolutions be stored at refrigeration temperatures and should
not be used with lime.

Audus (1949) Lras reported the toxicity of very low con-
centratiuns or buffer salts to plunts. Casiua ana Allén (1951b)
rerorted tnut tne nydogen-ion-centration dia not sizniricantly
alter the growth of tre plunt in the range of pH 4.0 to 10.0.
However, with the phosphate bufier (£X3HFO4 plus XHpPQ4) a
change in the rH distinctly altered the plant growth due to
a change in the potassium/phosphorus balance in the solution.

Transport of IiA is from the apicil to basal end of the
section, and rnot inversely (WVent, 1937).

A marked affect upon the activity of gfonth regulating
substainces by wetting agents anu by some hygroscopic sub-
stunces th.ut dissolve growvth regula.ting chemicals has been
observed (zimaerman and hitchcock, 1942). Mitchell and
Hamner (1944) claiw that polyethylene glycols serve as sol-
vents und wetting ugents .ad tend to Keep the growth-mvdiiy-

ing gubstance in close contuct with the surfice of the plant.
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Mitchell (1949) stites th.t tie uptake of auxins by plants
w18 greatly iniluernced by such fictors aus zze of the tissues,
temperature, light aid the jpresence of surfice-active sub-
sturices wnich tend to increase the rite .nd extend the period
of absorption.

Hildebrandt (1951) suamarized tine eliects of zrowth
regulating substances on plant tissue cultures. He conciuded
that the tissue could produce roots, stems and leaves in high
concentritions. In low concentruitions growth rezuliting sub-
stances favored cambium development and cell division while
still hirher concentrations stopred cell division and favored
cell enlargement or stopped growth completely. deRopp (1947)
Observed disorgunized growth in fraguents ol suntlower stexn
tissue cultured un agar containing 1 mg. per liter of IaA.

The six graghs which follow illustrute the eirect of
various factors on the growth uvf etiolated ericotyl sections.
The steep slope of the growth curve in tine, temperature and
coricentration of IAa shovs a very sensitive response of plant

gections to a suwull change in the variable.



13

FIG. I. THE EFFECT OF VARIOUS FACTORS ON THE GRO"TH O
ETIOLATED PEA EPICOTYL SECTIONSL
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Composition of solutions.

Figures 4-5. IAA in distilled water.

Figure 6. One-micrograﬁ of IAA/cc. in distilled water.

figure 7. One microgram of IAA/cc. and a KH2P04 - Na2HP04
buffer.

1

Arthur ¥, Galston and largery E. Hand, "Studies on the
physiology of light action. 1. Auxin and the light inhibition
of growth, American Journal of Botany 36, p. 89.
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Composition of solutions.
Figure 8. One microsram of Iii/cc., 2 per cent sucrose and
a pH 6.1 phosghate bufter.,
Figure 9. ITwo per cent sucrose, be.l phosghate buifer and IiA
as indicated. [he 30l1lid dots = dark cultures;
open dots = light zrown cultures.

figure 10 - 1ll. A8 indicuted.

Ibid., p. 91.



At FAaRaTUS ally LETHODOLOGY

The experiment was carried out in the entomology darkroom,
However, there was not enough space in the darkroom for the
incubator so the see2ds hid to be transported in covered Vvoxes
to anotrer room were they were placed in the incubator.

A standafd method for mixing arnd apclying the toxicunt
solution wag devised. This w¥as recesszry in ori=r to elimirate
any variables thit might enter into the mixirg or spraying of

the petri dishes.

Apparatus

The apparatus consisted of a4 spray tank, an electrical
stirrer, a 100 ml. gruduste and a number of eight ml. gradau-
ates. The a raratus was assenbled on a ring stand as shown in
figure 7. A black cloth was placed over the spray tunk when
in operatiun to decre.se the exposure of the toxicant solu-
tion to the yellow safe-light. A yellow light is sufe for
indole-3-acetic acid solutions (Avery et al., 1947);

All handlirg of the.nutrient solution prior to its entry
into the spray tank was in amber glassware.

The spray tanx consisted of a modified beuker with two
double stopcock outlets on the bottom. To stundardize the spray
tank the blade of the stirrer wus pliced two cms. above the

bottom of the tank.



FIG. III. APPARATUS.
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The purpose o each piece of tne upgaratus is explaired

in the test precedurs.
Nutrient 3olution

Tre nutrient solution consisted of one-half milligram
of indole-3-acetic acid and ten grums of sucrose diluteu to
one liter ~ith distilled water. This solution wais buffered to
a pH of six ﬁith 1/40 potassium chosphate buffer. #or formula-
tion, a given voluine of each stock solution wus added to a
volumetric flusk (see Table 1). Ten grams of the crystulline
sucrogse wa8 then udded and tie resulting solution diluted to
one liter with distiiled water. This nutrient solution was

rrejared immediately before use.

TA3LE 1

COMPOSITION O 3TOCX SOLUTIGNS

e —
Stock Solutions . I4A KZHPO £HoPO
Composition 50 cc., of absolute 40.930 g. ©€l.646 g.

alcohol per liter gper liter
50 mg. of IAA
enough distilled
HeO to make
1 liter
CC./liter 1 cc. 10 cec. 50 cc.
of nutriernt
solution
grams/liter .5 mg. .409 g. 3.082 g.

The indole-3-acetic acid stock solution decomposed in a

weekx or two. Therefore, a new stock solution of the plant
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hormone had to bte made wzexly. a4 brosnish tint to the solu-
tion iraicuted thut it w~xzs inactive.

Jater from stills containing copper should not be used
in preparirg the nutrient solution. The jresence oI copper

¥28 found to retard the growth of plants in this exgeriment.

Test Proceaure

Chemicals testea ure listed in Table 2 and the formula-
tions tested aire listed in Table 4. The DIDT ussd wasba
technical grade (special grind) which was manufactured bty tre
Lichizan Chemnical Corporation of 3Saint Louis, Michigzun. The
Xylene was 4 chemically pure grade.

All materials were dissolved or dispersed in the nutrient
solution at the following rates given as a percentagze of the
total weigzht of the solution or mixture. ror tne surface-
active agents alone, the rates used were 0.16,, 0.08%, 0.04j
and 0.020. The LLUT formulutions were ajppliea at tne follow-
ing percent.ges of tue total weight: 0.9%, 0.45%, 0.22% and
0.11p. The DDI apglications are equal to about two pounds,
one pound, one-half pound aund one-quarter pound of LDT per
one hundred gallons of water. The test muterials were mixed
and applied by the rollowinz steps:

l. A knovn wveight of the test inaterial was aaded to

the sypray tank and then ailuted with tne nutrient
solution to the proper concentration of the tox-
icant. (3pecific gravities were obtained ror all
liquid materials and a known volume was adaed to

the spray tank.)

2e The solution wis then mixed w~ith the electricul
stirrer at a standard rate for two minutes.
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3e Tre toxicunt sclution wzs traun dravn off 4t thne
bottom until only a hundred ura iirteen ml.
of the toxicant remained in the sgray tunx,.
The sclution that was drawn off went into the
100-ml. graduate for measurement. (3ince
Xxylene tyre emulsicns terd to be tor creamers
it w~as necessiry to remove ubout one-halr
the sample ror the test.)

4, Then rive ml. of tre toxicant solution wv.s

drawn off and adaded to a petri dish. This
procedure w:s rereated for three retri dishes.

5. After all the petri dishes tfor one corcentra-

tion were pluted with the toxicant solution
100 ml. of tre toxicunt solution remaired in
the tunk.

6. One hundred ml. of the nutrient solution was
then added to the tank. (The orne hundred ul.
was rreviously measured .nd pliced in an
amber flisk.)

7. 3ter two w.s repeated. Then eighty-five ml.
of trhe toxicant was drawn ofr into the 100
ml. graduate.

8. Three petri dishes were then pluted with five
ml. of the toxicant solution. This concentra-
tion was one-ralf the first concentration.

9. oJteprs six, seven und eight were repeuted until

the desired number ol concentrations were ob=-
tained.

Cucumber seeds of tne liatiuvnal Pickling variety from a
stundard lot were immersed in water for one hour then germin-
ated between wet puper towels in covered petri dishes for
twenty-tour hours. after the incubation period seeds which
had sprouted one or two ml. were selected for treatment in
the darkroom under a yellow safe-light.

fifteen secds were placed in each petri dish und three

retri dishes were used ror each concentration. The petri
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disnes wvith 4 Iilter paper on the bottom .ere previously
treated «ith toxicant solution or emulsion.

The seeds in covered yetri dishes were then incubated
at twenty-six aezrees centigrade ror thirty-six hoirs. after
the incubation period tne seeds wvere removed rrom tie incuba-
tor und placed in the refrigerator at four dezgrees centigrade
until measured. All seeds were measured within four duys of
treatment.

The eviluations orf the toxic action ~.s based on
inhibition of zrowth in length and in weight. The entire
seedling was measured from the tip of tne root to the point of
attachaent of the cotyledons. The weisnts were bused on tre
wet weight ol trhe roots when cut off at the cotyledons.

Eviluations of toxicity were raude by the phytotoxic inaex.
The formula ror this index is:

(_control - treatuent ) y 153,
control

Although no evaluitions of the test materials on the
Zentucky “"onder pole beun are m:.de in this report the method
was tried ard is treated in the discussion of the 7isccnsin
test. The procedure ror this method follows.

A uniform standard lot of bein seeds were immersed in
water for ocne hour and planted in moist vermiculite in dark-
ness. The plants were grown at room temperature. 3Seven-day-
old plants from which the epicotyl mad not yet emerged and
which ranged from ten to twenty cm. were selected for testing.
A twenty-mm. section was removed from the hypocotyl of each

plant beginning at a point one cm. below tihe node ut which the
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cotyledons wvere attached. The cutter consisted of two rows of
razor blades mountea twenty mm. apart on a hardle. The handle
wus attached by a hinge to a cutting board. The plants were
placed on this board and the handle was moved down to cut

the stems.

The stem sections were placed on a watch glass with one
end towards the center and the otner towards the rim. fif-
teen stems were placed on each watch glass. The watch glusses
were than placed in the pretri aishes. At this point the tox-
icant solution or emulsion was applied to the center oi the
watch glass: The petri dishes were than placed in the incu-
bator and the sections allowed to grow for thirty-six hours und
then measured by the shadow graphs.

The nutrient solution and the method of mixture was the

Same for both tests.



lIaterials and formulations

LDT ELULSIAIABLE CONCENTLHATES
FORMULATED AND TES3TED

TABLE 2

22

Percent of concentrate

Emulsifier )
% DDT Xylene % emulsifier
aerosal OT 25 n2 3
Emcol H-77 35) 72 3
3antomerse D 25 73 2
. Areskap 25 71 4
Polyethylens 25 71 4
Glycol 400
Toximul 300* 25 71 4
Toximul 400* 25 69 3]
Triton X-100%* 25 72 4
Triton X-150 plus 25 71 2
Triton X-160* 1
Triton X-155* 25 70 4
Triton X-155 plus 25 70 2
Triton B-19506 3

*ormulated as recommended by the manufacturer.
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'he graphs and pictures in this scection illustrate tle
effect of various esmulsifiers and DT rormulations on cu-
cumber plants. The abbreviations used in this section are P.
I. for the phytotoxic index and G. U. for growth units. The
control for the growth units is taken as one hundred percent
and the treated plants as a percent of the control, |

The concentratior. of toxicant is given as a peicentage

of tne total weight of solution or mixture.
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#fIG. XI. TOXILUL 400,

Per cent of emulsifier in nutrient

solution was .08 per cent.






FIG., XII. DDT 25,0, XYLEIIE 71l ALn TRITON X- 100,

#I1G., XIII. DDT 25/, XYLENE 71,0 AND TRITON X-100,

Per cent of concentrate in nutrieuat

solution was 0.9 per cent,






’IG. XIV. AEROS0L OT.

FIG. XV. AEROSOL OT.

Per cent of emulsifier in nutrient

solution was 0.16 per cent.
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DIsSCUSSION

Emulsifiers

The emulsifiers were tested separately to aetermine
their specific toxicity to the test plant. as indicated by
the summary graphs a wide range of toxicity wuas found.
aerosol OT and BPE of the American Cyanamid Company were
found to be the most toiic materials tested. Havever, they
were not the most toxic emulsifier at every concentration.
Santomerse D was the most toxic material at the 0.9% conéen-
tration, second in toxicity at the 0.45% concentrat}on, third
at the 0.<2% concentration and at the lowest concertration
non-toxic.

AS indicated above, the concentration of trhe emulsifier
is critical in determining the degree or toxicity of a material
in relation to the other materials tested. This is due to a
difference in the slopes of the toxicity curves of the dir-
ferent chemicals tested. The slope of the toxicity curve
was not the same between each concentration but tended to
decrease as the concentration increased.

When grouped according to their type and water solubility
the anionic emulsitfiers were in general more toxic. +#or a given
type of emulsifier the water soluble compounds were found to
be the more toxic. Among the water-insoluble chemicals the

water-miscible chemicals were most toxic. The four groups
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of emulsifiers are given below in the order of their general
rhytotoxicity rating. The rating is:

over 49.5/6¢e..0..0very toxic

over 25.5/0sesese.t0xic

over 9.50.......8ligntly toxic

urider 9.5/0eeee...00n tOXxic.
for the 0.16% concentration the rating is us folliows:

1. Anionic-wuter-soluble group.......very toxic

2. anionic-water-insoluble group.....toxic

3. Non-ionic-wuter-soluble group.....8lightly toxic

4, lon-ionic-w¥iter-insoluble group...non toxic.

The groups tended to have a lower prhytotoxicity rating
with a decrease in concentration. The anionic-witer-soluble
group vas very toxic at the 0.08j concentration, toxic at
the 0.045% concentration and non toxic at the 0.02% concentra=-
tion. However, one member of this group, aerosol OT, could
be consiaered very toxic at every concentration tested. The
anjonic-water-insoluble group was slightly toxic «t the J.08%
concentration and non-toxic at the two lower concentrations.
Grasselli Spreader-sticker, an anionic water insoluble material,
wig slightly toxic at the O0.16j5 concentration and non-toxic
at the otier concentratiovns tested.

The non-ionic water-soluble group was slightly toxic
at all concentrations tested. several of the chemicals in this
group tended to be relatively non-toxic at the lower concen-
trations. The non-ionic wuter-insoluble compounds were non-
toxic at all concentrations testeu. The stimulation in growth

might be explained by the increased wetting and the longer

contact of TAA with plant surraces.
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A wide range of toxicity was founa for cnemxicals within
the same grour. Considerable overlapping occurred between
the anionic water-insoluble group and tne non-ionic water-
soluble group. This was due to the very low toxicity o
Grasselli oSpreader-sticker.

The relative phytotoxicity of the four grours is based
on tre emulsifiers actually tested. ;t is prossible thut tests
0f aaditivnal emulsifiers of the four groups could alter the

ratings given in this gaper.

DDT rformulations

As indicated by the graphs‘of the results a wide runge
of toxicity was found. The LDT formulations cortuinirg anionic
emulsifiers were usually more toxic then the formulations
containing non-ionic emulsifiers. The toxicity of the form-
ulz tions at the luwer concentrations depended on the stibility
of the emulsion, a stable emulsion giving the muximum amount
of toxicant on the petri dish.

Tne aerosol OT formulation wais founa to be the most toxic
emulsion tested at the highest concentration. It was slightly
toxic at the 0.45% and O0.22/% concentrutions .nd non-toxic at
the lowest concentration.

Toximul 400 was second in toxicity at the hizhest con-
centration but most toxic at the two lowest concentrations.
This formulation could be considered toxic- to slightly toxic
over the concentrition range tested. It contiined six percent

emulsifier which was twsice the amount used in the aerosol OT
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formulation. Roth the above emulsiiiers were of the anionic
tyre.

The most toxic non-ionic emulsifier was Triton X-100.

The Triton X-100 formulaticon rates third in toxicity. Triton
X-100 and Toximul 400 were the only emulsions that were toxic
in both weight aﬁd length relationships at all concentrations
tested.,

Plants treated with Emcol H-77 and Areskap 50 vere in-
hibited by ten percent or more in lerngth only at all conéen-
trations. the weignts oI plants treated with Emcol H-77 and
Areskap 50 were not altered significantly.

Generally the treated plants were found to have a Ligher
phytotoxicity inaex in length evaluations. However, there were
exceptions. The Triton X-155 plus Triton B-1956 and the Triton
X-155 emulsions showed a hizher phytotoxic indices in weizht,
Plants treated with Aerosol OT and Emcol H-77 followed the
same pattern at the 0.22% concentration.

The wetting ability of the emulsirfier or the DDT formula-

tion could influence the weight evaluations to a great extent,

Evaluation of lethod

The fundaﬁental purpose of rhytotoxicity studies is to
determine the etfect or agricultural sprays on host plants.
This research is divided into two types - rield studies ana
laboratory investigations. rhe objective of the laboratory
screen test should be to provide & sound basis for rield stud-

ies. Theretore, there snould be no sharp dillerences between



39

the two tyres oI rescarcr anu the two shoula be co.apleentary. -~
The absence of crloropnyll znd photosyntnesis in the test
wethod and the abserce oi 1inacle-d-acetic acid in nost tield
tests provides a sharp contrast tetween this lalboratory test
and the field test.

RReactions betweer. the nutrient soiution and the toxi-
cant provide a large nuwnber ol ununown and uncontrolluble
factors whichn influernce in various w.ys and daesrees the re-
sults ol the exrerinent. Eoth antasorisms and synerzismzs
are nnown ior inaole-ﬁ-iuetic‘acid in the split-pea test and
the rLea eiangation test. 1hus conclusiors arrived at in this
experinent are lucuging in accuracy ana may be entirely wrong.

i‘he test is a very sensitive one. 71The presence otf light
other than those indicated in the literature review inacti-
vates the nutrient solution. 7The tolerance for many varia-
tles is very low. or instance, a difierence of a few ae-
grees in temperature may alter the growth of the plants to a
great extent. 1lso the length of time that a plunt is ex-
posea to the indole-3-ucetic aucia will determine tne amount
o1 growth resulting from a given experiment. 4his factor
varies greatly with each test und edach concentration within
a test. Jhereiore, the author believes thut all plaint ma-
terial should be treated for a given length of time in a
¢omaon growtn-promoting sclution and ther transrerred to the
toxicant solution. This would eliminite uny inuctivation of
the indole-3-acetic acid and prevert many antazonisms and

synergisms possible under the. test method used.
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The results cannot be extended to any conditions other
than those of the test. The growth relatiornshLips were iound
to difrer from those reported by Vilson and 3leesman (1Y4u)
for field tests of Iorty varieties of cucumbers. r[hey. found
that the stunfing of the plants progressed in a straight
lire relationsrip with each successive doubling of the gquan-
tity of the toxicant. Only orne material shuwved a sStruiaznt
line relationskip by the test method. .

another provlem is the standardization of plant mater-
ial. . very careful selection of plant material is necessary
to lower the variability of plant zrowth results. 3everal
test concentrations were picked at random and a standard
deviatior was calculated. .he standard deviation averaged
about twenty percent ol the wean.

the fact that indole-3-acetic acid solution may under
certain conditions produce morphological changes, extensive
growth or inhibition of growth limits this method as a test
for the evaluation of chemicals for agricultural sprays.

UxXidizing agents and lime cannot ve used as test mater-
ials in this test for they tend to inactivate the auxin.

For the aerial test growth results depend largzely on
the lenzth of time tne plant hormone remiins active. in the
solution. . lew seconas diiterence in tre life of the hor-
mone will cause great diiierences in plunt growth. Galston
ard Hand (1949) report that one minute contact with I.ia

will cause great growth stimulation.
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1The transportability of the test chemical within the
rlant may alter tne aerial test unless trne entire stem sec-
tion is exposed to the toxicant solution.
although the author in tre above discussion has ob-
jected to this method of evaluating insecticidal phytotox-
icity it is nevertheless approved by many bviologists. The
following quotation is from a letter the author received
from Arthur 7. Galston, Associate Professor, Calirornia
Institute of Tecnnology:
"I have read the article of Casida and allen,
and see no major objections to tine method they
use. It is possible, by the use of some re-
I‘inements, to reauce the test to a 4-¢ hour
assay. 7This is better, not only from tne
point of view of convenience but also because
it obviates errors due to microbial efrects.

levertheless, I consider these objectionus not
to invalidate the method useda."
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Tighteen emulsiliers were tested for treir toxicity to
the Lational viciiling cucumber. Then grouped according
to their type and wliter solubility the followinz rela-
tionship was found ror each group:
anionic water-soluble group.......very toxic
anionic water-insoluble group.....toxic
ron-ionic water-soluble group.....slightly toxic
non-ionic water-insoluble pgroup...non-tcxic.
The above grouping inuicates the toxicity of euch group
48 a whole., T“mulsiriers within a group tended to vary
greatly. JSeveral emulsiiiers were more or less toxic
than the ratinszz ~iven the group to which it belongs.
41 wide range of phytotoxicity was noted ror eleven LUDT
emulsions. The only variable in each formulation was
the emulsiiier whicn varied from two to six percent of
the concentrate. 1he formulations witn the anionic
emulsifiers were generally more toxic trhun the formnula-
tions with the non-ionic emulsifiers. Generally water-
soluble compounds were more toxic than water-insoluble
compounds.
The test was found to be very sensitive to a number of
variables. Jtandara conditions huve beern aefined and
must be carefully rollouwed.

synergisms and antagonisms caused by the toxicant in thne

nutrient solution may leaa to faulty cornclusions.
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T"he fact that the sensitivity and growtn regulating
properties of inacole-3-acetic acid is not clearly under-
stood limits this test method. TIlant reéponses to the
indole-3-acetic acid may leaa to the production of roots,
excessive cell elongation or inhibition of zrowth which
would alter measurements and cornclusions.

a Sharp division between the laboratory and tield con-

ditions exist. This is due to the abserce of chloro-

rhyll and photosynthesis in the laboratory test.

an evaluation of the results cannot be extended to any

conditions other than those actually tested.
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APPENDIX

I. Emulsifier Measurements in Grams and Millimeters.

II. DDT Formulation Measurements in Grams and in ifillimeters.

Length Tables

1. DNumbers in tne columns below each concentration represent
the length of a sinzle plant in millimeters. ‘

2, The numbers in tre brackets represent the total growth ot
all plants in one petri dish in millimeters.

3. The line labled Tot. gives the totail growth in millimeters
for each concentration. ’

4 The line labled P. I. gives the phytotoxiec ircex for each
concentration. |

5. DPercentage of concentration of material in-nutrient solu-

tion wis by weight.






Table 4

PHYTOTOXIC INLDEX AND WEIGHTS
IN GRAIS OF CUCUMBER PLANTS
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Percentage of concentrate in

nutrient solution

Emulsifier , . , .
Aerosol OT 1.665 0.202 04210 0360  1.344 g.
BPE 2,360  0.620  0.710 1l.274  1.820
3.3 69.%%  46.0% 22490
Emcol H-77 2,040  1.648 1.805 2.100 2.12¢
19 02;0 1105/0 -20970 -4 .Zia
Santomerse D 1.780  Q.415  0.735 1.221  1.626
76eTc 58470 3ledjo 8. ™%
areskap 50 2.040 1.159 1.272 1.581 1.840
43420 32480 22.5% 9.8
POlyethylene 1.240 1.410 1.315 1.28Q 1.475'
Glycol 400 “13.7% =6.0% =3.2% =-19.0%
S-1132 1.780 1.552 1.720 1.819 1.630
12.8% 3e4% =2.2% 8 e 4o
S-1207 1.630  0.861 1.205 1.327 1.705
47.2% 2641% 18.6% =4.6
Toximul 30Q 1.427 0.860 1,238 1.515 1,405
39.7% 13.2% =642% 1.5%
Toximul 400 1.427 0,984 1.452 1.415 1.475
31.06 0.1% 048% -3.4%
Triton X-100 1.620 0.870 0.925 1.385 1.278
46.3/0 42,%9% 1l4.5% 21.1%
Triton X-150 1,710 0.690 0.840 1.045 .....
59465 5069% 38485  eeeee




TABLE 4 C

OlT.
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rPercentage ol concentrate in

nutrient solution

Emulsifier , '
Triton X-155 1.620 o236  1.414 1.600  1.437 .,
17.55% 12470  1e25% 11.3% P. I.
Triton X-160 1.710 0.860 1.145 1.190 .....
- 49.7(:/0 35 OO‘}O 30 .4;0 )
Triton X-177 1.475 1.315 1.505 1.610 1.530
10e8% =205 =9.2% =3.%
Triton X-188 1.475 0.925 1.310 1.410 1.485
37430  1leRj0 4445 =047
Triton B-1956 1.240  1.475  1.570 1.411  1.320
«19,0% =264650 =13.8% =645%
Du Pont Spreader 1.665  1.475 1.745 1,765 1,965
Sticker 11e4j0 =480 =600 =18.0%

Each figure represents the weight and phytotoxic index tor

forty five plants.
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Table 5. Aerosol OT
Percentuge of emulsiiier in nutrient solution
Control , , _
J.164 QeUBj0 0.04/0 C.020

28 2 3 5 22

4" 3 4 6 4

47 4 3 2 7

28 3 Z 5 Z2&

29 3 4 5 8

21 2 3 &) 10

20 3 4 3 19

47 3 4 3 10

20 5 4 e 24

53 4 4 4 11

17 3 14 2 7

31 4 3 4 21

20 4 3 6 22

23 5 2 2 23

14 (477) 4 ( 52) 3 ( ol) 3 (59) 256 (225)

26 2 3 4 25

29 3 2 2 9

44 2 2 2 26

20 2 3 3 20

51 4 1 3 9

38 4 2 2 8

36 2 2 5 13

43 4 3 3 13

28 3 4 3 8

31 2 3 0 is8

47 5 3 b 19

23 z 2 6 29

12 4 2 3 ¢}

31 3 1 ‘ 2 25

36 (523) 4 ( 4¢6) 2 ( 35) 6 ( 55) 12 (229)

26 5 3 2 39

49 3 3 5 19

46 3 3 2 20

31 3 3 2 - 28

27 2 3 3 24

21 3 3 3 27

42 4 3 o 16

12 2 3 7 21

35 2 2 6 18

31 2 4 3 25

24 3 2 o 8

28 2 3 4 2e

28 4 4 6 290

29 3 S 4 21

4 (443) 2 ( 44) 2 ( 490) 5 ( 04) 12 (211)
Tote 1459 142 142 170 7390
P. I. 90 . %% 90.3 87 .8% 46 ,0%







Table 6. BPE
Percentaze ot eaulsirier in nutrient solution
Control ) , ‘ A
J.1675 Q.08 O« 045 0.402%
46 8 11 18 46
60 6 7 23 34
65 7 8 ' 35 42
65 11 23 19 21
46 7 12 28 53
65 9 lo 28 40
39 4 8 28 44
o6l o 13 21 40
53 8 11 26 20
58 12 11 24 26
04 10 10 26 44
35 13 26 12 46
54 9 17 29 50
55 9 16 31
43 (609) 2 (121) 8 (197) 30 (376) 21 (570)
58 7 30 20 40
29 o 33 19 41
24 10 28 14 2
54 9 30 21 e
(315} 11 20 21 42
62 7 36 19 2"
68 7 11 24 63
60 8 13 18 33
34 5 18 2l 41
33 9 7 16 32
8 5 31 2l 40
58 3 31 7 3
0o 3 2l 6 3"
49 3 13 25 32
71 (749) 6 ( 99) 13 (242 22 (284) 36 (H&E)
25 (&) 14 28 S})
33 ¥ 2 2e 35
38 o 14 3" 49
24 6 11 17 51
37 8 11 22 43
(310) 8 11 22 50
44 5} 20 22 44
38 5 10 1o 22
27 4 15 25 33
50 7 -9 22 33
40 11 16 36 18
26 12 12 21 26
39 9 11 20 51
28 8 30 50 36
10 (539) 4 (102) 13  (210) 2 (262) 32 (584)
Tot., 2097 3238 750 1023 1689

P, I. 85.6% 64, 2% 51.2% 19.5%
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Table 7. Toximul 300
Percentage of emulsifier in rnutrient solution
Control , , .
00162‘0 000810 0004;.; 000206
43 10 35 20 48
36 4 3Q 18 35
317 12 28 13 21
37 12 39 29 44
34 11 30 40 37
32 11 22 30 31
39 24 25 10) 26
28 17 24 27 50
29 14 16 35 31
33 12 19 33 53
32 10 28 46 51
33 11 33 26 4J
30 6 14 41 43
4 31 21 28 39
24 (4v2) 14 (199) 11 (377) 44 (460) 42 (596)
48 14 - 25 30 48
52 10 29 44 25
25 9 27 34 20
31 9 33 <9 29
38 6 24 46 23
26 9 25 39 45
4 i 217 29 24
28 11 30 32 - 6
26 7 30 28 35
21 5 22 41 53
33 7 15 28 44
20 11 19 30 b6
36 19 15 25 26
29 3 34 24 23
44 (502) 13 (149) 27 (388) 30 (439) 51 (514)
b1 3 28 29 23
37 16 27 26 17
39 19 30 44 o2
24 19 26 39 24
57 17 21 43 23
24 19 25 40 22
52 9 2 39 22
27 4 26 10 35
30 10 18 48 29
30 5 17 34 28
36 4 27 32 27
39 2 25 20 13
23 7 15 39 16
30 9 8 36 36
29 (528) 11 (154) 20 (347) 39 (518) 34 (381)
Tot. 1492 493 1112 1467 1491
P‘ I. 67.% 2505% 1.7:;0 007;('7
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Table 8. Toximul 400
Percentage of emulsifier in nutrient solution
Control i ‘ . )
0.160 0.08j% 0.04) 0.02%
43 22 48 45 20
36 27 23 37 42
37 20 40 33 45
37 19 39 38 32
34 17 41 25 20
32 26 30 41 23
30 17 24 24 26
28 29 41 45 57
29 27 43 28 34
33 30 40 45 23
32 23 40 40 42
33 24 28 29 44
30 28 23 32 ¥4
4 12 33 lo 44
24 (4¢2) 16 (337) 27 (520) 3 (431) 36 (520)
45 39 41 26 28
52 21 ‘ 33 17 30
25 23 42 40 44
31 28 24 36 33
38 <4 39 2e 46
20 21 27 39 29
45 29 39 35 43
23 33 23 22 22
26 24 39 33 36
21 26 16 22 33
33 23 40 46 63
20 22 23 37 290
36 186 42 42 33
29 5 38 40 338
44 (502) 14 (351) 3 (491) 20 (4&8) 33 (5581)
51 29 39 34 45
37 16 41 25 33
39 20 . 40 23 45
24 13 38 : 32 30
57 20 42 43 20
24 16 21 29 3o
52 19 40 20 35
27 16 36 41 35
30 13 33 39 34
30 30 24 37 29
36 10 43 34 19
39 9 8 37 37
_3 7 20 46 3J
30 6 33 4 33
29 (528) 15 (239) 23, (501) 24 (510) 35 (498)
Tot. 1492 927 1512 1479 1575

Po Io 370% -103% 09% -50%
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Table 9. Santomerse D

Percentage of emulsifier i1n nutrient solution

Control _ , i
0.16% 0.08% 0.047 0.02%%
19 2 7 37 21
20 6 5 35 35
24 3 2 23 40
44 3 6 20 39
54 2 6 31 40
26 4 21 23 53
44 2 2 27 45
40 5 14 26 5
22 2 8 33 6
45 3 7 45 21
23 5 6 29 39
34 4 4 23 29
57 4 5 28 32
23 2 4 43 36
52 (537) 2 ( 49) 3 (100) 44 (472) 17 (458)
33 4 8 25 46
35 3 7 40 25
27 5 7 19 42
31 4 12 28 43
49 4 4 32 21
37 5 3 38 37
49 4 5 31 49
8 3 5 25 35
27 3 2 45 4l
37 2 7 20 46
3 4 13 34 49
29 2 7 39 45
35 2 5 3 28
29 ) 2 8 19 37
42 (499) 2 ( 49) 10 (103) 31 (429) 44 (588)
51 4 9 25 45
51 3 16 32 19
48 G 5 53 29
31 2 3 26 25
30 3 3 13 25
42 4 13 17 44
47 5 3 31 37
27 3 3 29 69
50 3 3 10 42
31 2 4 4 31
36 5 4 20 33
37 4 2 23 39
12 2 6 33 42
24 2 12 21 2
19 (536) 2 ( 50) 2 ( 88) 9 (352) 17 (542)
Tot. 1572 148 291 — 1253 1588

P. I. 90.6% 81.5% 20.3% -1.0%
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Table 10, areskap 50
Percentaze of emulsirfier in nutrient solution
Control J ) , .
0.16/ .08 0.045, 0.025

59 30 22 29 29
55 12 33 ! 43 57
44 19 34 55 21
47 17 27 35 49
24 019 29 33 70
53 10 27 28 57
35 12 42 50 37
60 14 19 8 67
48 14 22 43 31
47 13 38 53 36
21 5 24 57 67
45 16 37 55 82
52 23 23 438 29
20 11 24 42 22
25 (645) 18 (239) 17 (438) 25 (0620) 12 (670)
33 40 31 30 21
33 30 32 47 52
36 6 24 39 37
30 7 31 23 45
53 28 39 39 30
34 20 36 31 52
56 6 28 19 53
64 26 35 5 34
41 3 21 - 56 19
36 9 15 20 17
39 7 15 43 51
33 11 32 46 32
28 15 30 47 55
22 9 21 38 - 18
79 (617) 15 (232) 13 (403) 62 (E5%) 17 (533)
33 11 46 50 65
31 11 31 25 24
58 16 30 45 "3
38 3 25 9 49
47 7 32 49 36
32 9 24 41 61
27 15 21 42 64
61 14 12 37 56
44 2 37 34 66
41 16 21 35 46
38 16 28 36 36
40 6 8 45 69
23 10 20 5 33
33 11 20 25 32
16 (562) 13 (160) 31 (386) 47 (525) 17 (727)

Tot. 1824 631 1227 1700 1936
P. I. 65 .4% 32.To 6 « 8% -6.1%




Tolyethylene Glycol 57

Table 11. 400 (Mono) Laurate
Percentage of emulsifier in nutrient solution
Control , ) . .
0.167% 0.08% 0.04% 0.02%
35 25 25 29 317
28 22 24 217 9
23 31 33 38 40
25 22 36 18 29
31 39 21 21 31
26 33 36 34 30
16 23 15 49 46
24 30 41 13 30
39 11 51 34 29
27 31 23 35 35
36 32 40 30 32
33 21 24 4 23
28 30 29 3 41
24 25 25 36 37
8 (403) 36 (421) 15 (448) 15 (336) 11 (470)
30 39° 24 27 20
44 317 33 35 3
39 26 25 33 25
22 9 24 26 34
2 20 33 29 23
29 42 22 30 4
39 42 54 29 24
19 52 45 45 35
26 7 34 17 22
18 36 21 23 33
20 48 26 40 29
24 30 35 25 217
29 35 38 30 25
14 38 28 11 6
13 (417) 29 (49%0) 10 (472) 18 (418) 4 (3¢0)
4] 10 29 22 25
30 29 25 20 14
3 26 16 45 42
24 16 8 41 21
31 7 22 35 24
21 21 35 390 38
30 35 29 24 25
20 29 28 43 16
2" 29 39 17 37
28 39 20 23 8
28 29 39 18 38
45 29 33 22 35
34 33 34 34 45
20 33 21 34 43
3 (417) 20 (385) 32 (410) 11 (420) 27 (448)
“Tot. 1237 1296 1330 - 1224 1278

P. I. -4.8% -7.5% 1.1% -3.3
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Table 12. 3-1132

Percentaze of exnulsifier in nutrient solution
Control

0.16% 0.036% 0.+ o 0..02%
19 25 . 27 42 32
20 27 27 41 26
24 4" 36 47 32
44 45 43 : 02 29
54 25 42 42 39
26 46 20 Vi 21
44 61 22 51 32
40 58 39 54 28
22 50 6 59 .38
45 56 30 63 37
23 28 37 24 41
24 23 31 37 34
57 25 24 : 22 52
23 17 60 24 21
52 (537) 5 (54u) 35  (499) 38 (613) 35 (5H07)
33 25 43 36 25
35 20 22 45 25
27 34 45 47 25
31 58 31 34 28
49 35 46 44 51
37 31 48 30 38
. 49 23 3 52 30
8 18 28 41 26
27 37 20 36 20
37 29 2 45 46
31 34 46 42 21
29 25 50 43 18
35 33 4] 23 19
29 51 29 4 2
42 (499) 47 (500) 32 (486) 2 (509) 3 (377)
51 4 30 41 30
51 36 29 39 51
48 32 41 38 45
31 35 41 30 45
20 55 21 48 53
42 42 45 21 45
47 44 66 43 33
27 39 40 37 11
50 44 35 38 55
31 41 43 41 29
36 43 55 43 30
37 33 40 25 30
12 53 31 49 35
24 46 40 53 24
19 (536) 56 (603) 45 (615) 26 (581) 14 (533)
Tot. 1572 1651 1600 1703 1417

P. I. -5.05 -1.8% -843% 9.9%
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Table 12. 31207
Percentage or exnulsiiier in nutrient solution
Control , ,
0.16% J.08% 0..04% 0.02%
33 52 33 28 27
37 53 26 51 53
26 33 42 10 35
54 31 32 40 23
34 33 44 30 39
66 20 4 46 27
11 4 32 33 47
38 7 10 57 37
40 22 35 28 43
25 2 41 28 54
34 50 40 54 51
36 38 490 2 40
10 2 32 3 65
20 8 3 8 35
13 (477) 2 (357) 2 (426) 10 (433) 3 (579)
30 8 34 44 15
43 3 52 43 31
22 6 45 57 39
29 24 12 31 51
28 39 32 31 51
28 46 30 42 16
27 49 46 27 25
46 49 50 38 55
60 31 63 30 39
43 51 63 53 49
39 2 . 3 11 43
38 21 11 17 40
35 13 34 22 13
30 4 50 52 36
29 (537) 25 (404) 32 (558) 51 (549) 4 (512)
35 27 57 67 9
42 26 49 63 38
53 22 43 43 51
51 44 42 41 44
33 25 54 31 33
44 44 35 55 53
28 26 28 5 37
50 42 3 2 52
49 37 25 2 30
45 24 14 3 24
47 60 23 39 52
38 20 . 4 26 5
31 49 19 37 27
27 9 16 36 34
36 (609) 2 (457) 13 (425) 41 (522) 31 (b2&)
Tot., 1623 1218 14079 1514 ICI3

P. I. 25.0% 32475 6+ 8% ~6.1%
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Pable 14. Srasselli spreader-sticxer

“rercenture of emulsifier in nutrient solution

Control , . : N
Qelojo J.J8% 0.+04% 0.02%
28 32 26 29 36
47 25 42 32 49
47 31 53 53 29
28 6 o7 46 39
29 28 45 19 3"
31 26 24 30 23
30 26 51 sl 60
47 43 48 E& 34
26 23 40 55 37
5& 32 406 18 oh)
17 25 39 42 21
31 26 417 30 22
26 24 26 33 490
23 33 28 41 a7
14 (477) 29 (435) 26 (620) 23 (492) 23 (533)
38 11 12 44 22
29 41 53 55 41
44 Z6 29 24 15
26 47 43 20 456
51 30 o2 32 42
28 20 36 22 o7
36 30 32 39 26
43 S 62 33 42
38 22 22 25 4%
31 27 22 a7 38
47 13 390 44 3
23 e 21 390 49
12 17 24 506 25
31 8 49 23 K}
36 (522) 9 (376) 28 (516) 25 (525) 26 (5Z9)
26 24 41 3" 3¢
49 33 22 29 45
46 30 34 36 60
31 41 38 28 28
27 37 51 38 4]
31 24 29 40 51
42 35 67 31 34
12 22 33 48 44
35 28 44 21 30
31 30 31 42 45
24 48 59 49 40
28 44 35 29 42
28 25 42 62 33

29 20 25 16 30
4 (448) 24  (490) 25 (596) 40 (556 2y (594)
Tot. 1453 1300 1732 16

P. 1. 10.5% -19.2% -8+ 30 -14.3%
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Table 15. - Triton X-100
rercentege of emulsifier in nutrient solution
Control )
0.16% 0.98% 0.04 0 0.2
46 16 19 46 37
34 Y 15 /38 41
b0 28 . 23 35 36
38 24 36 23 27
36 25 31 38 31
65 42 13 29 33
56 24 16 40 26
37 21 38 30 37
56 29 27 29 15
48 13 12 40 28
38 18 27 39 27
44 5 38 22 29
28 17 32 5 30
39 6 31 26 33
29 (644) 8 (303) 10 (368) 41 (481) 23 (453)
34 22 23 55 32
35 30 27 45 38
47 26 27 16 23
45 28 32 43 43
31 32 27 31 17
49 9 18 37 29
26 31 27 25 43
32 14 19 43 45
36 11 11 44 32
51 26 22 40 21
40 25 14 9 34
14 20 7 21 44
33 16 15 30 24
21 2 22 18 19
28 (522) 100 (302) 21 (312) 3 (460) 2 (446)
317 30 27 41 30
3" 31 20 35 29
38 32 33 29 20
40 23 20 38 31
39 28 34 35 35
46 27 33 : 35 ' 26
3" 35 14 33 42
42 20 22 40 35
51 24 .28 33 25
28 24 23 25 31
45 20 28 35 28
45 11 30 11 29
11 31 30 36 41
3 22 13 13 36
16 (515) 23 (381) 29 (384) 15 (454) 36 (474)
Tot. 1lo8l 966 . 1064 1395 1373

P. I. 41.4% 36 T 17.0% 18.43%
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Table 1lo. Triton X-150
Percentigze oI emulsilfier in nutrient so.ution
Control _ _ ,
Jelbj0 0.08% 0.04% _

35 19 20 42

23 19 30 39

238 26 30 26

Sl 15 29 11

41 30 28 27

37 17 9 24

Zd 30 36 24

35 9 39 - 22

36 29 13 26

34 25 2% 610)

29 26 14 22

12 3 15 23

35 13 28 26 -

29 12 26 11

33  (458) 10 (263) 5 (&50) 156 (39&)

31 22 a1 25

306 18 &2 34

31 24 21 27

31 31 20 24

27 23 . 18 23

32 28 27 29

b 23 28 27

27 26 23 37

30 19 5 20

30 7 21 22

33 13 23 3l

37 4 15 30

30 20 28 22

2 21 23 15

16 (4¢4) 21 (309) 30 {253) 1 (412)

30 29 29 49

29 14 ¥ 23

20 4 22 15

33 13 14 17

37 13 17 24

20 27 28 24

38 26 17 17

23 20 19 24

490 23 23 e

26 1o 13 c2

22 11 25 26

36 5 23 9

34 : 27 3 11

28 23 4 15

23 (495) 4 (275) 10 (284) 23 (330)
Tot. 1417 658 987 1136

P. I. 39.5% 30.3% 19.6%




Y
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Table 17. Triton X-155
Fercentage of emulsifier in nutrient solution
Control , , ' ,
0.16% Q.08% Q047 0.02%
46 24 44 46 52
24 37 50 58 47
50 30 52 42 51
38 43 20 43 7
36 38 19 44 54
65 40 48 55 38
56 60 31 38 44
37 a7 45 40 35
56 34 47 39 23
48 42 45 40 40
38 11 31 50 62
44 38 47 45 28
28 28 12 19 44
39 28 2 43 12
29 (644) 22 (512) 37 (553) 39 (618) 29 (566)
34 7 58 48 50
35 49 43 48 46
47 33 43 40 45
45 22 44 42 2
31 25 - .50 20 23
49 37 13 43 47
26 43 39 47 43
32 60 43 44 3
36 27 . 47 7 42
51 34 45 46 47
40 58 47 62 33
14 37 55 51 35
Z 42 29 46 48
21 34 24 23 47
28 (522) 33 (541) 47 (637) 29 (o0v) 40 (551)
37 37 23 50 30
37 35 39 33 46
38 b4 40 39 40
40 38 49 26 35
39 14 36 31 39
46 16 38 28 7
3 38 40 30 28
42 40 42 46 40
51 3" 24 28 35
28 47 25 43 44
45 43 33 36 19
45 45 28 32 21
11 35 45 19 5
3 40 50 8 6
16 (515) 9 (528) 13  (525) 45 (494) 7 (402)
Tot. 168l 1581 1715 1718 1519

P. I. 5,9% -2.0% -2.2% 9.6%
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Yable 13. TfTriton X-160
rercentage of emulsilier in natrient solution
Gontrol ‘ '
0o lis 0. J6% 304

<H 33 45 31

S3 28 30 40

o3 30 28 28

21 25 36 25

4] 26 27 33

¥ 15 1 24

25 6 290 11

35 24 29 13

306 5 33 35

34 49 0 28

29 <& 36 42

12 o 23 19

25 3 390 25

29 26 10 39

33 (458) 10 (211) 25  (412) 3 (39v)

31 ¥ 3g 29

26 11 ~ 30 32

3l el 3t 15

21 26 31 18

27 14 13 32

22 35 31 41

35 . 24 37 33

27 12 2 28

39 22 2b 26

30 30 24 6

6351 26 29 30

3" 25 44 10

30 17 42 21

3 o] 40 24

16 (464) 6 (309) 27 (499) 6 (873)

30 29 49 1o

29 27 29 45

20 34 28 39

33 35 3¢ 43

37 33 29 35

30 24 33 19

38 20 9 S4

33 25 23 25

40 19 32 34

2o 25 1o 23

22 26 26 38

26 11 31 3S

34 29 41 27

28 24 31 o

33 _(495) 42  (412) 33__(446) 36 (455)
Tot. 1417 1032 1307 1224

F. 1. 27.2% 4.2 13.6%
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Table 19. Triton X-177
Percentage of emulsifier in nutrient solutlon
Control ) B
0.16% 0.08% 0.04% 0.02%
23 35 46 38 28
26 36 26 38 28
28 31 36 27 37
29 32 39 44 20
25 27 41 30 14
30 41 36 13 28
36 40 40 45 40
12 16 37 33 32
34 29 20 33 33
12 27 27 33 22
25 28 49 31 34
28 39 26 40 23
22 26 32 30 11
22 33 26 28 30
43 (415) 29 (409) 19 (510) 2 (459) 30 (449)
38 23 36 12 22
31 42 37 28 23
41 29 45 21 26
40 23 15 34 35
22 37 35 36 - 36
27 9 42 47 33
43 29 39 20 27
28 23 29 26 28
27 28 4] 26 29
17 14 13 44 14
38 28 27 30 19
11 27 17 34 29
37 7 26 43 26
24 42 22 28 29
33 (477) 29 (400) 13 (437) 44 (490) 29 (405)
36 40 31 39 42
38 40 42 43 36
30 35 43 25 14
42 34 34 40 34
31 28 35 30 35
27 14 38 39 43
26 30 38 37 15
49 20 33 32 30
30 24 37 38 9
42 29 28 31 29
46 29 23 39 20
33 25 21 26 23
41 34 43 24 28
11 28 4 37 29
23  (515) 18 (448) 12 (462) 7 (487) 41 (448)
Tot., 1407 1317 1409 1472 1293

2. I, 6.4/ -0.1% -4 .6% 8.1
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Table 20. Triton X-188
Percentage of emulsifier in nutrient solution
Control , . . .
0016\}0 0008‘:/"0 000450 000276
33 30 28 35 28
26 30 19 35 38
28 28 39 29 29
29 18 33 30 28
25 25 9 37 31
30 10 31 29 30
36 29 17 35 16
12 20 16 12 27
34 25 30 9 20
12 29 32 23 17
25 20 28 22 30
28 28 33 15 35
22 26 33 19 4
22 23 33 13 30
43 (415) 3 (344) 11 (392) 11 (359) 37 (429)
33 5 . 28 29 37
31 3 22 37 13
41 29 24 a7 13
40 27 23 15 32
32 20 27 27 16
27 28 27 23 18
43 21 27 24 40
28 26 33 26 31
217 38 33 33 28
17 27 33 31 22
38 28 31 38 20
11 23 20 21 13
37 35 30 17 12
34 13 20 25 27
33 (477) 12 (341) 8 (386) 13 (376) 18 (351)
36 21 29 24 24
38 12 24 21 42
30 32 20 25 26
42 14 31 25 21
31 30 29 28 25
27 28 29 32 20
26 16 30 33 29
49 15 26 28 34
30 4 11 27 217
42 20 32 28 41
46 31 16 35 28
33 26 26 30 33
41 26 27 39 25
11 21 23 6 26
33__(515) 11 (307) 9_(362) 23 (404) 33 (434)
" Tot. 1407 992 1140 1139 12714

P. I. ' 29.5% 19.0% 19.0% 13.7%
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Table 21. Triton B-1956
Percentage orf emulsirier in nutrient solution
Control ; ]
0.16% 0.08% 0.04% 0.02%
35 12 42 37 21
28 43 24 38 11
23 35 46 36 35
25 45 27 38 25
31 25 45 29 24
26 42 20 33 36
16 16 25 37 16
24 21 45 41 39
39 28 10 27 26
27 25 . 39 19 10
36 24 33 25 19
23 33 34 14 40
28 29 42 8 5
24 33 46 13 2 .
8 (403) 32  (443) 11 (512) 3 (398) 38 (347)
30 35 34 36 13
44 39 a7 27 31
39 38 45 36 37
32 29 25 40 27
31 27 60 38 36
29 28 46 47 35
39 18 4 41 23
19 32 21 42 36
26 45 24 36 41
18 44 35 38 14
33 20 10 44 35
24 36 11 49 46
29 29 30 35 26
14 34 49 23 36
13 (417) 45 (499) 58 (528) 31 (563) 25 (401l)
41 36 48 23 43
30 4] 31 18 28
35 49 24 28 37
24 28 23 15 24
31 33 42 23 47
21 31 28 46 47
30 37 19 24 23
20 36 %9 27 36
27 36 37 27 32
28 39 37 35 26
28 22 33 28 22
45 21 39 24 9
34 4 24 24 30
20 3 31 22 4
3 (417) 3 (419) 10 (480) 1 (383) 21 (429)
“Tot. 1237 1361 1520 1344 1237

P. I. -10.0 -22.9% -8.7% 0.0
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Table 22, Emcol H-77
Percentage oi emulsitier in nutrient solution
Control , ) , ,
34167 0.08J 0.04% 0.02%

59 54 42 51 52

55 43 06 51 78

44 33 25 35 44

47 65 47 29 61

34 45 50 45 12

53 53 33 51 78

35 53 77 36 4

69 62 50 52 5

48 51 35 4] 35

47 61 ©8 28 46

21 62 56 40 43

45 63 27 58 23

52 68 12 36 27

20 73 23 34 52

25 (645) 25 (807) 21 (622) 12 (599) 27 (537)

33 29 43 42 37

33 27 21 51 35

36 42 30 51 33

30 22 44 46 62

53 20 24 35 18

34 64 57 53 81

56 5 25 417 45

64 33 51 23 46

41 17 51 54 24

36 51 35 39 42

39 6 33 26 53

33 4] 45 22 23

23 7 56 21 21

22 35 8 31 17

79  (617) 64 (473) 65 (566) 48 (600) 46 (589)

32 29 53 31 15

3 56 59 45 52

58 16 38 61 31

38 34 64 29 56

47 50 40 50 36

22 49 56 23 36

27 45 27 40 56

61 55 59 39 53

44 49 43 45 56

4] 38 31 61 67

38 44 40 4] 390

40 46 47 42 10

23 42 3 8 57

33 43 ‘ 5 30 39
16 (562) 44 (640) 69 (629) 35 (533) 40 (o62hH)
Tot. 1824 1920 1885 1732 1501

Po Io -503‘73 ‘ -303% 203/{'0 10%
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Table 23. DDT =&y, Xylene 71w, anu Aressap 50 45

Percentage of concentrate in nutrient solution

Control ,
0.9 0.45% 0.22% 0.119

52 57 44 47 51
47 20 317 63 56
38 53 43 20 23
44 23 10 49 48
53 57 ol 60 65
68 70 48 48 50
46 39 be 30 51
56 317 40 b6 55
68 12 35 34 66
48 75 57 40 39
57 31 45 45 59
47 24 67 56 54
43 51 51 13 49
45 41 53 54 41
54 (7ut) 2 (uwbs) 32 (v75) 68 (707) 26 (759)
60 50 ol 38 55
60 44 68 74 23
48 36 70 31 34
62 47 35 51 40
40 46 51 56 05
78 17 43 30 54
71 21 70 50 25
65 5 40 75 cl
21 64 33 57 36
30 36 61 27 42
49 48 47 59 55
71 36 67 32 36
67 56 45 08 29
39 54 6 b4 49
68 (v29) 54 (o71) &9 (726) 35 (737) 53 (668)
17 79 51 05 52
60 13 26 59 58
b7 53 37 56 60
50 18 67 50 31
59 42 33 49 48
68 43 31 48 33
64 5b 55 57 39
68 45 49 56 50
56 54 b2 53 48
53 44 49 23 33
58 24 71 43 39
€1 60 40 26 50
36 45 43 51 45
10 19 . 406 438 52
20 (729) 44 (c4v) 60 (095) 24 (706)__ E8__(699)

Tot. {534 1975 2096 2152 2100

P. I. 15.4% 10.2% T.8% 10,04







Table 24. DT 25%, Xylene 71, ana

70

Folyethylene Glycol 400
(liono) Laurate

Percentage of concentrate in nutrient solution

Control
\)Ogiv O.4bzo J.E’.Z}o \),llc/a

33 26 20 28 17

46 21 27 28 37

43 27 26 27 25

30 39 22 25 25

34 23 25 3 23

39 57 24 22 25

33 2 10 27 45

29 29 23 23 25

32 13 4 21 36

21 40 33 5 31

3J 26 30 10 24

30 1v 21 N 23

21 10 28 26 23

17 20 26 20 31

43 (506) 26 (417) 34 (268) 31 (232) 2 (417)

29 34 _ 26 11 35

29 28 19 21 44

28 25 25 29 15

49 5 24 12 29

25 30 33 28 29

32 30 30 25 45

33 40 2e 25 31

16 24 16 25 26

55 27 26 23 30

27 39 47 26 _ 35

5 22 47 31 23

12 16 21 4 2"

35 32 26 4 29

27 2 28 2l b

27 (401) 256  (299) 23 (423) 25 (310) 31 (467)

42 2l 34 16 48

45 24 29 30 7

43 A 25 22 29

44 33 39 16 27

18 29 23 29 24

43 28 22 2 30

41 28 23 26 59

22 4 23 29 24

38 29 33 4] 19

11 25 24 40 23

25 40 35 29 29

12 31 34 17 30

13 24 40 28 2

5 29 : 29 30 27
5 (401) 10 (396) 31 (444) 25 (390) 36 (414)

Tot. 1368 ~1212 1235 1032 1298
P. I. _11,4% 9.7% 24 a6% 5.1%
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Table 25. LDT 25%, Xylene 713 and Triton X-100 4%

Fercenteze of concentrate in nutrient solution

Control
0,9% Q.45% 0.22% 0.11%
54 19 28 47 34
59 17 26 24 22
59 22 32 35 23
45 15 33 34 26
47 25 39 31 35
33 24 23 30 30
30 16 32 25 39
42 38 20 31 37
38 27 20 17 28
55 22 33 29 33
29 27 22 42 27
35 30 37 33 41
34 29 21 27 26
34 32 25 24 31
37 (631) 25 (368) 33 (444) 26 (465) 24 (476)
42 31 20 36 25
39 20 2 21 33
36 24 3 34 32
29 29 35 40 36
40 26 32 48 32
37 38 34 23 29
30 32 34 41 33
31 29 31 36 32
33 20 33 33 32
39 20 45 26 28
36 13 31 32 26
31 23 35 43 39
22 17 33 31 33
30 .20 32 36 35
25 (506) 22 (384) 27 (437) 29 (509) 21 (4006)
31 16 27 41 38
62 22 27 12 39
28 27 31 32 29
35 38 29 36 35
32 28 33 29 24
23 24 23 49 40
33 39 13 28 30
28 43 7 33 45
28 34 39 39 34
32 25 35 20 39
30 34 36 33 29
35 26 38 32 16
35 23 35 26 18
28 24 22 28 39
37 (507) 23 (426) 38 (433) 2 (450) 40 (507)
“Tot. 1644 1178 1314 1424 1449

Po I.. 284 3% 20.1% 13.4% 11.9%
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Table 26. LDT 255, Xylene 7lx and Tirton X-155 4%

Iercentage of concentrate in nutrient solution
Control

0.% 0.4 50 0.22% 0.11%
33 26 29 29 30
46 3 48 28 35
43 29 29 43 20
30 23 22 20 30
34 29 29 31 31
29 23 34 49 29
38 17 38 26 36
39 15 25 28 11
32 26 26 2 43
31 38 28 27 28
20 25 43 26 23
30 18 26 24 31
21 24 3 27 39
17 7 _ 25 29 22
43 (506) 26 (329) 17 (441) 38 (427) 25 (433)
29 26 26 57 27
29 29 22 . 33 37
28 256 39 25 36
49 28 24 35 57
35 5 37 30 42
32 28 24 35 34
33 31 43 48 24
18 28 20 40 24
55 45 29 28 25
27 36 42 24 40
25 45 29 . 49 4
12 43 27 27 3
35 43 44 30 2
27 22 25 20 37
27 (461) 29 (473) 10 (453) 34 (515) . 27 (419)
42 4 46 5 45
45 25 48 52 30
43 3 32 43 25
44 14 35 37 46
18 26 24 8 30
43 28 31 3 26
41 40 20 39 41
22 44 29 29 55
32 10 37 30 34
11 31 19 30 28
25 20 12 29 46
12 30 27 25 46
13 28 29 26 40
5 32 30 29 37
5 (401) 20 (357) 13 (432) 27 (417) 15 (544)
“Tot. 1365 1159 1326 1359 1396

P. I. 15.%; 3.1% 0. 7% -2.1%







Table 27. DDT 25%, Xylene 72 and Zumcol H-77 3%

Percentage o1 concentrate in nutrient solution

Control , , . ‘
Q4% 0.45% 0.22% 0.11%
38 29 36 31 45
25 32 12 42 25
49 29 30 30 41
55 30 30 48 28
37 35 34 5 23
41 47 34 42 39
34 33 43 57 47
14 39 24 30 25
12 42 38 43 33
43 30 38 37 22
33 40 40 39 35
22 40 14 38 34
49 35 34 39 33
39 31 40 34 33
48 (530) 16 (508) 43 (490) 33 (548) 21 (494)
37 26 47 45 45
51 33 23 56 52
51 29 43 24 45
43 24 30 46 43
60 32 61 42 44
- 60 45 44 59 47
37 37 48 39 44
40 33 40 35 38
35 30 42 49 43
52 34 32 54 41
49 32 33 36 40
65 3Q 39 . 45 46
38 39 39 55 43
48 11 10 42 40
58 (724) 31 (460) 27 (558) 7 (634) 42 (658}
39 39 42 30 32
51 38 36 35 39
28 20 9 27 43
37 30 34 37 11
29 45 31 35 39
42 32 29 31 32
60 40 45 16 35
49 26 32 29 35
54 25 36 33 47
35 38 29 29 34
39 36 20 37 44
39 45 26 40 23
30 4 36 43 29
40 (611) 20 (484) 44 (504) 35 (501) 35 (515)
~Tot., 1863 1458 15562 1663 1667

P. I.  21.4% 16. 7% 9., T 10, 5




_ , Triton X-155 &, T4
Table 28. DDT 255, Xylene 70/ and Priton B-1956 3

Percentage of concentrate in nutrient solution

Gontrol , . .
0¢ %0 0.45% 0.22% J.11%
38 40 37 - 34 30
25 53 49 51 15
49 50 30 31 5
55 35 37 43 31
37 50" 46 41 4"
41 37 43 45 50
34 50 42 44 41
14 48 37 34 44
12 31 26 34 24
43 45 4" 55 43
33 19 42 35 30
22 39 34 41 45
49 47 40 38 31
30 48 36 35 28
48 (530) 51 (643) 42 (589) 25 (586) 30 (501)
37 27 31 46 49
51 44 48 54 50
51 49 44 50 48
42 38 48 45 40
60 39 37 45 49
60 42 28 41 49
37 45 43 51 44
40 50 35 28 52
35 36 33 26 45
52 47 32 42 56
49 36 41 34 46
65 58 39 39 57
28 29 42 43 -39
48 34 15 35 60
58 (724) 49 (623) 26 (542) 42 (631) 59 (743)
39 42 45 36 3
51 4" 46 45 35
28 40 28 39 11
37 43 21 45 40
29 40 45 39 42
42 40 43 43 41
60 37 50 38 50
49 43 26 30 45
54 22 32 48 58
35 33 35 49 32
39 44 38 43 47
39 34 49 490 46
39 37 42 45 44
30 47 33 29 33
40 (611) 3 (bEg) 25 (658) 15 (584) 25 (579)
Tot. 1863 1828 1689 1801 1823

F. 1. ' 1.% 9.3% 3¢ %% 2.1%




Triton X-150 2% 75

Table 29. DDT 25%, Xylene 72% amd Triton X-160 1;.

Yercentage of concentrate in nutrient solution

Control , )
0.9% 0.45% J¢28% 0.11%

54 43 33 33 38
59 32 49 45 41
59 36 52 39 43
45 51 23 32 56
a7 28 36 55 56
33 37 31 44 48
30 23 30 36 41
42 26 43 33 28
38 39 39 22 35
55 40 35 32 22
29 38 27 . 32 18
35 27 35 30 43
34 37 37 25 33
34 39 46 35 13
37 (631) 38 (534) 38 (£b4) 3o (534) 2 (517)
42 20 28 34 48
39 42 41 49 51
36 28 46 48 46
29 34 34 40 29
40 40 23 25 22
37 30 29 33 33
30 30 56 66 33
31 32 35 36 23
33 35 29 39 30
39 4l 38 49 33
36 57 51 34 27
37 31 33 36 33
22 36 61 36 35
30 22 40 37 31
25 (506) 13 (511) 29 (573) 37 (599) 49 (523)
31 30 29 31 53
32 36 . 29 24 44
62 42 39 26 48
38 25 45 30 35
35 32 35 24 44
23 54 33 36 49
33 26 28 43 45
28 34 28 45 26
28 17 27 41 35
32 45 24 36 25
30 47 32 33 42
35 23 16 30 30
35 33 30 23 20
28 5 55 30 34

___ 37 (507) 5 (454) 33 (483) 21 (483) 20 (550)

Tot. 1644 1499 1610 1616 1590

P. I. 8. 8% 2.1% 1.%% 3.%%




76
Table 20. DDT 250, Xylene 725 and Aerosol OT s

Percentage of concentrate in nutrient solution”

Control . .
0.9 0.455 o270 Cell%

52 3 27 37 55
71 3 32 3 "3
22 4 16 35 42
40 2 9 43 46
37 3 29 29 42
20 5 42 490 17
4J 4 10 41 2
zn 5 37 45 2
55 3 20 490 21
68 3 23 28 44
43 5 23 25 29
36 4 19 38 49
50 5 28 21 46
44 6 £ 29 36
38 (669) 6 ( 6Q) 22 202) 36 (520) 23 (v1Z)
26 3 13 28 23
34 8 23 29 26
44 8 31 35 3
25 8 36 22 51
37 7 26 42 2
20 6 13 47 2
37 6 9 20 23
40 7 20 22 52
46 7 24 24 7
28 8 34 41 53
29 3 31 35 32
328 6 22 16 38
29 3 12 36 31
30 6 25 35 26
29 (529) 3 ( 91) 25 (359) 7 (469) 29 (493)
50 4 29 23 61
36 n 17 44 62
44 6 19 48 4]
45 8 24 40 65
52 8 31 39 23
38 10 16 52 29
47 8 26 49 28
38 11 25 41 25
34 7 24 26 43
31 7 13 54 3
26 8 21 36 44
47 2 12 49 44
40 8 24 39 27
35 7 i 4 35
30 (595) 8 (109) 20 (310) 44 (592) 26 (610)

Tot. 1823 260 1031  ~ 157 171G

P. I. 85 8% 43.5% 13.4% 5.9
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Table 31. DDT 25%, Xylene 71% and Toximul 300 4%

Percentaze or concentrate in rutrient solutlon

Control v ) , ,
0.9 0459 J.22% J.11%

55 34 68 63 71
45 19 67 44 tYe
79 45 L6 70 42
35 17 56 40 58
48 42 50 43 51
23 40 42 65 09
62 50 44 60 45
34 28 26 47 52
66 28 23 %9 00
56 36 48 52 59
56 26 46 30 49
23 20 41 6 26
33 17 65 7 6
417 20 00 6 )
30 (724) 25  (427) 9 (713) 11 (503) 23 (v82)
60 36 63 51 66
56 28 51 47 58
68 36 48 o8 72
44 26 35 59 67
52 30 35 65 43
45 46 51 55 71
61 44 51 3¢ 59
39 46 64 33 03
76 32 47 36 66
52 9 47 55 54
59 35 14 42 26
39 47 44 29 30
31 20 29 37 46
51 4 3 29 26
42  (7069) 6 (445) 3 (5485) 11 (ubE) 35 (777)
53 40 12 44 43
45 53 26 44 59
43 34 23 51 36
48 30 44 57 28
56 25 44 47 67
51 41 12 62 37
73 37 37 56 46
39 59 55 45 52
20 30 65 56 24
57 32 26 490 66
45 25 24 44 56
33 &2 49 35 45
25 17 51 39 4]
14 31 41 17 11
18 (620) 37 (553) 39 (548) 24 (633) 6 (618)

Tot. 2093 T 1438 1846 T901 2077

P. 1. 31.9% 11.8% 9.2% . 6%
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Table 32. DDT 25%, Xylene 6%, and Toximul 400 6%

Percentage oi concentrate in nutrient solution

Control , '
0. %% Q. 45% 0.22% 0.11%

49 39 27 29 3"
49 41 54 34 29
62 32 22 22 35
53 38 45 41 46
60 54 35 56 16
57 39 40 44 30
53 33 31 53 33
64 38 45 64 35
54 17 29 36 20
28 11 33 56 31
49 19 39 39 45
57 35 35 28 39
42 26 19 36 30
53 45 20 33 25
62  (793) 56 (523) 37 (516) 36 (619) 16 (486)
28 34 41 43 30
60 45 37 37 57
56 39 7 26 39
28 3" 49 46 57
60 26 67 36 35
59 33 28 32 36
44 26 45 29 51
64 50 52 42 56
33 9 39 28 54
40 32 45 38 38
12 47 49 22 40
19 45 43 21 62
51 10 53 41 56
56 29 22 15 42
61 (662) 43 (505) 4 (563) 24 (510) 26 (684)
55 23 50 46 64
77 41 5¢ 27 43
59 46 33 39 6
48 4" 14 3 50
27 26 3" 7 37
56 43 60 34 50
54 11 51 45 69
58 8 45 31 54
32 49 42 55 46
69 51 46 , 22 59
58 49 43 49 19
45 26 17 30 26
53 .17 45 21 32
23 56 25 21 29
30 (1756) 19 (513) 24 (596) 42 (500) 39 (612)

Tot. 2211 1541 1675 1629 1762

P. I. 30« 3% 24425 21.8)5 19.4%



Table 3%. DDT 25%, Xylene 73% and Santomerse D Bk
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Fercentuage 01 concentrate in nutrient solution

Control
0.% 0.455% 0.22% O.11%

52 27 43 45 61

71 26 22 23 32

22 20 45 52 57

49 21 40 29 54

37 42 27 29 24

36 46 52 23 34

30 25 26 20 45

37 57 38 60 21

55 25 40 47 27

68 41 37 306 45

43 44 28 57 43

36 28 27 24 31

50 44 28 42 22

44 23 21 33 32

28 (669) 39 (568) 11 (517} 37 (£97) 36 (594)

36 29 35 43 21 -

34 35 58 25 41

44 38 59 38 47

36 37 46 43 35

237 33 32 43 46

36 28 52 56 48

27 30 65 29 32

40 24 34 34 36

46 7 42 32 35

28 27 43 51 48

29 28 51 32 56

38 25 11 25 41

29 34 19 34 42

30 2 44 35 51

29 (529) 25 (402) 22 (014) 26 (550) 39 (v23)

50 35 63 36 654

36 32 35 34 60

44 23 49 43 68

45 31 40 46 26

52 28 33 26 49

38 25 63 26 71

47 43 23 23 47

38 30 22 25 25

34 22 35 34 37

31 46 36 35 29

28 35 15 33 69

47 47 36 36 39

40 Z; 49 31 31

35 59 31 28 40

30 (595} 45 (573) 36 (579) 29  (439) 40 (098)
Tot. 1793 1604 . 1710 1636 1913
P. I. 10.5% 4.6% 8 .8% -6. 7%




D4 3LE Cu

PHYTOTOXIC ILDEX AND WZIGHTS
IN SRAWS OFf CUCU.BER PLAITS

60

DDT Formulation*

Percentaze of concentrate in
nutrient solution

Control 0.9 0.45. 0.2 04110
Aerosol QT 1.721 .585 1,220 1.455 1.695 ,
79,00 29.1% 15.5% l.5 ».
Toximul 300 2.321 2.000 2.050 2.146 2,452
. 13.8’;0 1107}0 705‘;) -5.7‘;0
Toximul 400 2.440 1.795 1.890 1.925 2.050
Santomerse D 1.721  1l.665 1.828 1.741 1.951
3e2%  -642% -1l.2% -13.4%
Areskap 50 2.605 2,375 2,520 2,565 2.488
8.8 3.3 1.5% 4 . 5%
Polyethylene 1.610 1.520 1.490 1.335 1.585
Glyco 400 5.6% 750 17.1% 1.6%
Triton X-100 1.990 1.615 1.703 1.930 1.611
18.68j0 1l4.4j 305 1.6,
Tritons X-1%0 1.990  1.995 1.790 1.920  2.140
& X-160 ~0.3% 10.5% 3¢50  =Teb%
Triton X-156 1,610 1.645 1,065 1.824 1.725
» ‘202"/:0 -3.4‘}0 -1309'20 -701?0
fritons X-1.5 2.197 2,860 2.460 2.540 2.510
& B=1ubHo =3042%0 =12¢0% =15.650 =14.2%
Emcol H-77 2.197 2.0456 2.194 1.970 2,125
e «~0e1%  10.3% 3435

*Only the emulsifier used is given for each tormuiatior,

N

Each fi.rure represents the total rfor forty five plants.

RN
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