
EFFECTS OF LORIN. A CBLORIJiA'l'ED HYDROCARBOI 
INSECTICIDE. ON SOIL MICROORGANISMS 4JD 

THEIB. CT!VITIES REWED TO SOIL FERTILITY 

Donald arren Fletoher. Jr. 

4 THESIS 

• ubnitted to 

OREGON STAlE COLLEGE 

in partial fulfillment of 
the requirements tor the 

degree ot 

MASTER OJ<' SCIENCE 

June 195~ 



llrB$l&r

Redacted for Privacy

!r*rr rf lrtirfrltf ll SrrF .t Lr.r

Redacted for Privacy

Iila r( Drfrtnll rE L*."lrlqg 

Redacted for Privacy

ghl*,- d te.d &trtnt Sdf,t t

Dro rf 0rldr S.D..t 

Redacted for Privacy

bnr ftrrtr lr prrriri 
llrrt f; ffi 0lttlt 



T~e author wlahes te express his a ppreoiation and indebted­

ness to vl. B. Bollen. a friend and teacher, for his advice, aaab­

tance • and i.napirat.ion while· conducting this study. 



Photomtrograph of a colony of an aldrin contaminant, identified as 
Baoillus oereus, growing on nutrient agar seeded with crystalline 
aldrin. (x45) 



TABLE OF CONTENf S 

GENERAL I T ODUCTION•••••••••••••••••••••••••••••••••• 1 

PREVIOUS INVESTIGATIONS ••• • ••••••••• • ••••••••••••••• •. 10 

DESCRIP.riOR OF ALDRIH••••••••••••••••••••••••••••••••• 11 

EXPERIMEIT4L•••••••••••••••••••••••••••••••••••••••••• 13 

I. LA.BORA.T ORY T REA:r ED SOIL STUDIES ••••••••••••••••••• 13 

A. Introduction••••••••••••••••••••••••••••••• 13 
f 

B. Experimental Method•••••••••••••••••••••••• lS 

Soil Count••••••••••••••••••••••••••••••••• 15 

Ammonification ••••••••••••••••••••••••••••• 16 

itrification•••••••••••••••••••••••••••••• 18 

pa •••••••••••••••••• •••••••••••••.••••••••• 18 

Carbon Dioxide Evolution••••••••••••••••••• 18 

itrification by Perfusion ethoda ••••••••• 20 

Manaaetric In~eetigation of Perfused Soil •• 20 

A&otobacter by the Mud -Pie ethod •••••••••• 

Stability of Aldrin in Garden Soil••••••••• 23 

c. Reaulta •••.• ••••••••••••••••••••••••••••••• 25 

Soil Counts ••••••.•••••••••• • ·•••••••••••••• 25 

~onification••••••••••••••••••••••••••••• 25 

Nitrification•••••••••••••••••••••••••••••• 35 

Carbon Dioxide ~volution••••••••••••••••••• 40 

Perfusion Studies •••••••••••••••••••••••••• 40 

ldrin StabilitY••••••••••••••••••••••••••• 51 



Ft.ge 

II. FIELD T :I ED SOIL STUDIES ••••••••••••••••••• • ••• 54 

4 . Introduction••••••••••••••••••••••••••••••• 54 

B. Experimental Method•••••••••••••••••••••••• 55 

Nitrification.............................. 55 

Amm.onii'icat ion............................. 55 

Soil Count••·•••••••••••••••••••••••••••••• 55 

Aldrin Analya1•···~··•••••••••••••••••••••• 55 

C, Result• •••••••••••••••••••••••••••••••••••• 58 

Soil Count••••••••••••••••••••••••••••••••• 58 

Ammonification and Nitrification........... 58 

Aldrin Analyai••••••••••••••••••••••••••••• 62 

S.OIL EXTRACT S UDIES ••• .' •••••••••••·••• ." ••••••••• 64 

A. Introduction............................... 64 

B. Experimental .llethoda ....................... 64 

Preparation of Extract and utrient Soln... 64 

4ppe.ratua •••••••••••• • ·•.•...... • • • • • • • • • • • • • 64 

General Procedure•••••••••••••••••••••••••• 64 

Ammonii'ioation......................... 64 

Nitrification.......................... 64 

Carbon Dioxide ~volution............... 64 

Plate Counta••••••••••••••••••••••••••••••• 65 

Description of 1xtracted Soil•••••••••••••• 65 

C. Result• •••••••••••••••••••••••••••••••••••• 66 

Ammonification............................. 66 

Nitrification.............................. 66 

Plate Counts............................... 10 

Carbo~ Dioxide E~olution................... 72 



Page 

IV. PURE CU!XUR STUDIES, ••••••••••.•.•.••••••••••••• 11 

A. Introduction••••••••••••••• ..•.••.........• 11 

B. Experiment a 1 Method e ••••••• •••••••••••••••• 11 

Culture Jledium ••• •••••••••••••••••••••••••• 77 

pparatua., • ••.•.•..••..•••••••••••••••••••• 77 

Procedure•••••••••••••••••••••••••••••••••• 78 

c. Resu lta •.•••••••••••••.••••••• .•••••••••••••• 79 

GENERAL DISCUSSION •••••••••••••••••••••••••••••••••••• 105 

I . EXPERI» T.~ ~llODS •••••••••••••••••••••••••••••• 105 

II. EXPERI • · 'AL RESULTS ••• •• ........................ . 106 

III. C NCLUSI01S ••••••••••••••••••••••••••••••••••••• 128 

SUMii.AR._Y • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • .. • • • • 130 

BIBLIOGRAFH! •••••••••••••••••••••••••••••••••••••••••• 132 



LIST OF FIGURES 

1, Soil .Pertution pparatua.. •• • • • • • • • • • • • •• • • • • • • • • • • • 21 

2. Changea in the wmber of Bacteria and Stre~t?m{Oel 
During the Decomposition ot Added Peptone n 
Aldrin Treated Sohoth Garden Soil (Willamette 
Clay L~)•••••••••••••••••••••••••••••••••••••••••• 28 

z, Change• in the Number of Bacteria and Stre o 
in ldrin Treated Labilh..Center Soil (Labia 29 

4. Change• in the Number of Bacteria and Stre o oee 
in Aldrin Treated Hermiston Soil (Fine Sand SO 

6. 4 compilation of the Total itrogen Preaent in 
the Ten Oregon Soila Studied........................ 32 

6. The Per cent Peptone itrogen Ammon1f1ed (Total 
Baaia) 1n Schoth Garden Soil Treated with Aldrin 
and lnoubated with 1.000 p.p.m. Jitrogen............ 32 

1. The Effect ot .lld rin on the Total Ammonia Nitrogen 
Preaent in the Ten Oregon Soils Studied ••••••••••• •• 33 

8. PPM Ammonia .Nitrogen Preaent in Aldrin Treated 
Sohoth Garden Soil Incubated with 1.000 ppa 
Pepto~ Nitrogen.................................... S4 

9. Tota 1 ppa Nitrite Nitrogen Present 1n the Ten 
Oregon Soila Studied•••••••••••••••••••••••••••••••• 36 

10. The Effect of Aldrin on the Total Nitrate Nitrogen 
Produc ed from Added Peptone in the Ten Oregon 
Soila Studied••••••••••••••••••••••••••••••••••••••• 31 

11. PPM Nitrite Nitrogen reaent in Aldrin Treated 
Sohoth Garden Soil Incubated with l.QOO ppa 
Peptone Nitrogm ........................=-•........... 38 

12. P.Hl . Bitrate Nitrogen Produced in Aldrin Treated 
Soil Incubated with l.ooo ppm Peptone Nitrogen...... 39 

11. Cumulative Cerbon Dioxide Prod~otion tra. ldrin 
Treated Schoth Garden Soil ncubated with 1,000 
ppm Peptone Nitrogen •••••••••••••••••••••••••••••••• 41 



Page 

14~ Carbon Dioxide Production fr<m ld:rin treated 
Sohotb Garden Soil •••••••• .- •••••••·••••••••••••••••• 41 

15. Soil Reapiration Apparatu•••••••••••••••••••••••••• 43 

16. Soil Rea piration Apparatus......................... 4a 

lT. Cumulative Oxygen Uptake by Perfuaed Aldrin 
Treated Schoth Garden So1l••••••••••••••••••••••••• 46 

18. Cumulative Oxygen Uptake by Perfused Aldrin 
reated Sohoth Garden Soil••••••••••••••••••••••••• 48 

19. The tffeot of .t.'thanol and ldrin on Hetero­
trophic Kioroorganiams in ldrin Treated Soil 
Perfused 144 Hours with 0.01 NH4Cl••••••••••••••• 49 

20. Per oent Total itrogc Tranaf'ornation from 
Sohoth Garden Soil reated with 200 ppm ldrin..... 50 

21. Per oent Peptone itrogen Ammonified (Ba1iaa 184) 
in Sohoth Garden Soil Treated with 200 ppa Aldrin.. 60 

22. Per oent Peptone itrogen Ammonitied (~aiaJ BOa) .. 50 

28. Change• in Iii of Aldrin '.treated Schoth Garden 
Soil Incubated with 1,000 ppm Peptone itrogen..... 53 

24. The Intluenoe of Soil Innct 1Toxioanta on the 
Humber• of Soil ioroor ~niaaa in Sohoth 
Gard•n Soil..... • • •. • . • • •.. • • • • • • • • • • • • • • • • • • • • • • • • • • 69 

25. Differential old Count from Sohoth Garden 
Soil (Field Treated) ••••••••••••••••••••••••••••••• 60 

26. The Influence of Soil In..ot Toxioant1 on 
Ammonification •nd Bitrific tion in Field 
Treated Sohoth Garden Soil......................... 61 

21. The lntluence of Aldrin on Ammonification 1n 
100 ml. ~eptone Solution Shake Culture• 
Inoculated with 1.0 Gram Schoth Garden "Aldrin" 
Composite Soil••••••••••••••••••••••••••••••••••••• 68 

28. Change• in WJbera of ioroorganiama During 
A.mmonific.ation..................................... 68 

29. The Intluenoe of ldrin on the PH ot Peptone 
Solution Shake Culture• •••••••••••••••••••••••••••• 68 



--

Page 

30. The Influence of Aldrin. em Ammonification• in 
100 ml. Peptone Solution Shake Cultures Inoculated 
with 1.0 Gr.- Schoth Garden "Check• Composite Soil.. 69 

31. Change• in umbers of Kicroor~niams During 
Ammonification •••••••••••••••••••••••••••••••••••••• 68 

12. The Influence of ldrin on the pli of Peptone 
Solution Shake Culture•......... .• • • • • • • • • • • • • • • • • • • • 69 

33. The Influence of Aldrin on 4m,m.on1tication 1n 100 
al. Peptone Solution Shake Culture• Inoculated with 
1.0 Gram Schoth Garden "Cbeok" Composite Soil. 
Carbon Dioxide Production Determined Simultaneoualy 
(See Figure II)••••••••••••••••••••••••••••••••••••• ?1 

14. Changes in pi of Aldrin Treated PeptoM Solution 
Shake Culture• (See Figure 33)•••••••••••••••••••••• ?1 

35. The Intluenoe of Aldrin on the Cwadative Carbon 
Dioxide r oduotion from Sohoth Garden Soil 
Extracta 1n Peptone Solution. • • ••••• • •• •. • • •••• • •... 13 

3~. Plot of the Cumulati~e Carbon. Dioxide Production 
tor the Fir1t 24 Hours--Expanded•••••••••••••••••••• 71 

36. The lntl uenoe o£ Aldrin on A.mm.onifioa ti on in Peptone. 
Solution Shake Culture• ot Hao11lua aubtil11.~ ••••• • 81 

37. The lntluenoe of' Aldrin on the Growth ot B. 1ubtilia 
in Peptone Solution Shake Cultur••·••••••7•••••••••• 81 

36, Changes in pH During Ammonification••••••••••••••••• 81 

19. The Influence of Aldrin on Ammon1f1oat ion in Peptone 
Shake Cultures of bacillus cereu•••••••••••••••••••• 84 

40. The Influence of Aldrin on the Growth of B. oereua 
in Peptone Solution Shake Cultures •••••••7 •••• •••••• 64 

41. Change• in pH During Ammonification................. 84 

42. The Influence of A~drin on Allmonif'ication in Peptone 
Solution Sl'ake Cultur es of 1oheriohia coli......... 87-

43. The Influence o~ Aldrin on the Growth or 1. ool1.... 87 

44. Change• in pH Dur ing Ammonification ••••••••••••••••• 8? 



Page 

45. The IZLfluenoe of Aldrin on Ammonification in Peptom 
Solution Shake Culture• of P1eudomona1 aerugino••••• 89 

46. The Influence of Aldrin on the Growth ot -P1 . 
Aeru,ino•••••••••••••••••••••••••••••••••••••••••••• 89 

47. Change• in pH uring 4mmonif1cation••••••••••••••••• 89 

48. The Influence of Aldrin on 4mm.onit1oation 1n epto~ 
Solution Shake Culture• of Strepto!Yoea gr~aeua ••••• 91 

49. Ct..ngea in pH Dl.lrlng A.mmonifioation................. 91 

50. The ffeot of Aldrin on the Cell Volume of Strepto­
myoea Grile~a produced in .Peptone Solution Shake 
Cultures After 48 Hour a at pproximately 28oc •••• ••• 92 

51. The .intlueno• of Aldrin on Ammonification in Peptone 
Solution Shake Cultures of apergillua niger........ 94 

52. Cbangea in pH During Ammonification••••••••••••••••• 94 

53. The Effect of Aldrin on the Cell Volume of Aapere;illu• 
niger Produced in Peptone Solution Shake Culture• · 
After 48 Houra Incubation at pproximately 28°C... •• 95 

54. The ntluence of Aldrin on Ammonification in Peptone 
Solution Shake Culturea of Penicillium •P••••••••••• 97 

515. Cha~ea in pH During Ammonification•••• ••••••• ••• ••• 97 

66. The fteot ot Aldrin on the Cell Volwae of PenieilU.I.Dil 
ap, Produced in Peptone Solution Shake Cultures After 
48 lioura nol.ilation at Approxili'Jitely 28°C •••••• ••••• 98 

57. 'fhe Influence ot Aldrin on Ammonlficat1on in Peptone 
Solution Shake Cultur e1 of riohoderma •P• •••••••••• 100 

58. Change• in pH During Ammonification••••••••••••••••• 100 

59. The Etfeot of Aldrin on the Cell Volume roduoed by 
Trichoderma •P• in Peptone Solution Shake Culture• 
Itter 48 iloura Incubation at PP' o:dately 28°C.- ••4 101 

60. The Influence ot ldrin on Am.monifloation in Peptone 
Solution Shake Culture• ot uoor •P••••••••••••••••• 102 



Page 

61, Change• in pR During Ammonification................ 102 

62, The Ii.tfect of Aldrin on the Cell Volume Produced 
by Muoor •P• in Peptone Solution Shake Culturea 
atter 48 Hours Incub ted at Approximately 28°C..... 103 

LIST OF TABLES 

1. Compoli te Soil Sample,a from Repreaentat he Field 
Plota in Oregon••••••• ~•••••••••••••••••••••••••••• 14 

2, Am&onitioationa xperimeutal Set UP••••••••••••••••• 17 

3, .A.nalyaia of ield Treated Soila a Sohoth Gardena 
illamette Clay Lo.aJ Sohoth Check Composites

1951............................................... 19 
4 • The Effeot ol.' J\ldrin on the Nullibera of SoU 

M.ioroorganiau a Haoter1a.............. •• • • • • • • • • • • 26 

4a. Koloa ••••••••••••••••••••••••••••••••••••••••••••• ~ 27 

5, SUJ~~Dary of Data Repreaenting the Peptone Nitrogen 
ranator•tion 1n epre1entathe Oregon Soila ••••• • 31 

6, iarbW'g Reapirometer Studies fiaa Perfuaed Soil.... 44 

The Effect ot Aldrin on onium Chloride 
Perfused Soil •••••••••••••••••••••• ~~•••••••••••••• 45 

8, The ffeot of Aldrin on AmmoniWI Chloride 
ertuaed Soil••••••••··~··•••••~••••••••••••••••••• 47 

9. Aldrin Content or Soil o, 10, and 20 Day• 
After reataent with 200 ppm Aldrin................ 52 

10. Analyaia of Schoth Garden Soil { i1lamette 
Clay Lo.a) Check Compoaite--1952................... 56 

11. Analyaia of Field Treated Soila Aldrin 
Co poaite-·li&2.................................... 57 

12. itrogen ADalyeia of lnaeot1o1de-'1reated Field 
Soil• Obtained Simultaneously with Plate Counta.... 63 



Page 

13. the Influence of Aldrin on Ammonification in 
Soil xtraot Inoculated Peptone Solution Incubated 
in a Statio Condition at 28°C., tor 20 Day••••••••• 74 

14. Plate Counta frQm Soil £xtr a ot Shake Flaak Studiel 
after 120 Hours Incubation.......................... 7& 

16. aoheriohia coli Pure Culture Study a 
~xperimental-sit UP •••••••••••••••••••••••••••••••• 86 

16. the ffeot of Aldrin on the Cell V.au of a 
Kuoor •P••••••••••••••••••••••••••••••••••••••••••• 103 

17. total Nitrogen tranefor•tion from en ..l..aboratory­
t reated Soila •••••••••• , ••••• , •• , , • , ••• , ••••• , • , • • • 12 9 



EFFECTS OF ALDRIN, A CHLORINATED HYDROCARBON INSECTICIDE, ON SOIL 
MICROORGANISMS ANDTHEIR ACTIVITIES RELATED TO SOIL FERTILITY 

INTRODUCTION 

Recently introduced compounds des igned for t he control of soil 

insects are demanding more and more attention to determine possible 

effects of these biological poi sons upon the microbial activity in 

the soil and resulting influences on soil fertility. It was the 

purpose of this experimentation to determine the effect of aldrin 

upon the ammonification and nitrification of added peptone, also its 

effect upon the numbers and certain groups of soil microorganisms, 

and its effect upon the liberation of carbon dioxide from the soil. 

Soil bacteriology is concerned with the microorganisms which 

make up the soi l population and their relationship to soil fertility. 

The soil may be considered a culture medium sustaining the growth 

and reproduction of both microorganisms and higher plants. Soil 

microbes do not exist in separate communities, but are variously 

intermixed, so that even minute portions of soil contain repre­

sentatives of the various groups. The activity of a single micro­, 

organism is extremely complex, and the complexity of the activities 

of the intermixed population results in an intricate symbiosis. 

The physiological activity of soil microorganisms represent 

the potential fertility of t he soil. These microorganisms render 

organic residues as well as inorganic substances and gaseous nitro• 

gen available to plants as plant food. Additions of carbohydrate, 

protein, or other readily soluble organic compounds to the soil 
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disappear rapidly with the concommitant for tion of the h~s­

coaplex. liumua 1a the absorption coaplex of dead microbial proto­

plasm and organic plant and animal residues. liumua repreaents 

an available store of plant foodJ and due to ita resistant nature, 

it is rendered available to the plants only very alowly. Thue, 

it tend• to maintain the carbon-nitrogen balance of the soil. 

Soil ~oroorganieaa repreaent two basically distinct typea 

of nutrition froa the standpoint of biological economy. The min­

eral feedere, autotrophea, which are beneficial , non-paraeitio, and 

£enerally oonddered produoera. The ohlorophyll-oontainin& al£ae, 

the photoaynthetio and chemosynthetic bacteria of which the n1tr1­

t1era are an extrealy 1aportanto group of organiau, JUke up thia 

type of nutritional olaaaification. he aecond nutritional type 

of mioroorgania~ are the biological feeders, heterotrophea, which 

are conaidered deat1·uotive and parasitic. 'lhe heterotrophea en• 

coapaaa a large portion of the aoil aicrobea which include the 

molda, moat ot the bacteria, and the proto&oa. 

Before one •Y gain an inl1ght to the complex .nature ot 

aoil phyaiology, it 1a neoeaaary that a general underatanding of 

the cycles of carbon and nitrogen be salient. In the carbon cycle, 

low energy-containin£ carbon dioxide from the atmosphere ia conver­

ted by the autotrophic ~croorganiama into coapl~ organic com­

pounds of higher energy content. The photosynthetic bacteria and 

algae are capable of converting the aun' a energ, incideut Ught 

energy, to chem1 cal energy. The autotrophic .lll1oroorganisma de­

rive energy by the oxidation of certain aoil minerals suoh aa 



sulfur and hydrogen. Some obtain energy from the oxidation of 

such simple c ompounda as ammonia, nit-:ate, methane, hydrogen aul• 

fide, and carbon monoxide. 'fhe heterotroph1o m1croorgan1ame uti• 

lile the organic compounds created by the autotrophic bacteria, 

and/or plant or animal re•idues as a souroe or energy• . The end pro• 

d.lat:a of theae manifold r•actiona are in general oarbon dioxide 

and energy am thus oe.rboa dioxide reenten the carbon oycle. 

Up until fairly recently, carbon dioxide was condd«tred a• 

a pohonous principle and .... referred to ae se1r1tul_lethalb. 

'£his conception. waa largely due to the reaaoning that it an ex• 

oeali~e concentration of carbon dioxide were present it would re• 

place the oxygen and sutfooat1on would reault. Since the work: 

of Wood and erkman (60, PP• l26S·l27l), it ia known that carbon 

dioxide ia e11ential to the lbing cell and entera into eeveral 

reaotione of the aad.m1lathe ~ole. At .Pn•ent there 1a a ten• 

dency to refer to carbon dioxide as the Spiritua vitalia••the 

spirit ot lite. 

The nitrogen cycle conaista largely of five rather di.atinot 

phaaee a allUI1onii'ioation, nitroaot1oat ion, nitriti.oat ion, nitrogen 

fixation, and denitrification. Nitrogen Jaetabol11m. in toil en• 

compauea a vaat sequence of oheJnical and phylioal reaotiona •n1· 

feet by the nitrogen aols oule in biological prooeaaea taking plaoe 

in soil, from ita initial t.t&ation until ita final liberation into 

the atmosphere. Th• transformationa in aoU. of organic n1trog.en 

oompoutlda aria1ng trom all .toru ot biological xnaterial into 

aJIUJlonium ions 1e termecl ammonification. Koat heterotrophic bacteria; 

http:n1trog.en


molds, and treptamycea are capable of this hydrolysis or digea­

tion of protein with the subsequent formation of ammonia. The 

liberation of ammonia 1s limited by the oarbonan1trogen ratio ot 

the soil organic matter. It this ratio of oarbon to nitrogen doee 

not greatly exceed a range of tram 10 or 20al, the nitrogen cam­

pourlda in plant reliduea will be decompo ed to form ammonia. The 

breakdown of protein ia not a simple one-1tep reaction, but one 

in which there are aeveral oontinuoua and simultaneous reaotiona 

which ultimately yield amino acids. theae amino acida may yield 

ammonia by the exercise of oxidase ayatem1 of either retting or 

proliferating microorganiaaa. Ammonia thua beoo•• available aa 

a aource of energy for the autotrophic organiama. Ammonium cation 

ia ox1diled to nltrite and then to nitrate aniona by theae auto­

trophic nitrotofying and nitrifying b ct ia. hit conversion is 

aecomplilhed largely by two groups or organilm., itroaOIIOJlal 

(alto Nitroaocyatia and Hitroaoapira), which forma nitrite ion 

from ammonium iont, and Nitrobacter (abo liitrocyetil and Baotadera), 

which converts nitrite ions into nitrate ions. The nitrate as well 

aa ~onium ion are utilised by planta and converted to protein 

through a reveraal of the metabolic proceaa, which thus complete• 

the cycle. 

Another aegm.ent of the nitrogen oyole, which 11 of utmost 

importance in the maintenance ot nitrogen economy, 11 nitrogen fixa­

tion. This procen ia the tranafor tion of atmospheric nitrogen 

by aoil mioroorganiama into compounds which nurture the heterotrophic 
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microbe and plant. The ability to reduce or tix atmospheric nitro­

gen is limited to but a few bacteria, which are heterotrophic, the 

mixotrophic purple bacteria, and certain blue-green algae. However, 

the, proceaa 1a aocoaplished largely by two sets of microorganisms, 

one consisting of the root nodule b&cter1a living symbiotically 

in the nodules of certain leguminous host plants , and the other, 

consisting of microorganism• living independently in the aoil. 

Non-symbiotic nitrogen fixation is effected by A&otobacter and 

certain apeoies of Clostridiua. The nitrogen fixed by .A,,&otobaoter 

ia comterted direotly to UlllOnia which JDAy be aasimila ted and in­

corporated in the cell protoplasm. Upon the death of these aioro­

organiams the protoplasmic nitrogen 1a then -.de available to other 

heterotrophic organiama •. Symbiotic nitrogen fixation ia aocQQpliahed 

by apeoies of Rhilobium living symbiotically in the nodules or le­

guminoua planta. The aethod of nitrogen fixation by both aymb iotio 

and tree living organisms ia still in some question, howe.er, it 

haa been established that RhbobiW~t. does not fora aaaonia as an 

intermediate, which 1a in contrast to A&otobacter aetaboliaa 

(57, p.41). The exoeas nitrogen thus fixed becomes available to 

the host and aoae ay diffuse into the soil. 411 of the nitrogen 

ia available only after decomposition of the hoet plant relidue. 

fhe conditiona under wh1oh tree nitrogen is lost in denitri• 

fioation are not well ullderstood. here are m.ny heterotrophic 

microorganisms which are capable of breaking down nitrate• to 

nitritea. However, only a tew are capable of the reduction with 

the liberation of free nitrogen or other oxides of nitrogen. ~t 
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1a known that tho la ok of sufficient soil aeration is conducive to 

these proceaaea. The heterotrophic utilization of nitrogen oxidee 

aa a source of oxygen in the absence of adequate atmospheric oxygen 

1e probably the major source of denitrification. However. a quanti­

tative evaluation of thb reaction in aoilt has not been aaaeaaed. 

The extremely large and ramified animal kingdom usee the 

oorreapondingly large ard compl~ plant kinedom aa a major aouroe 

of food. 'e know that the animals do not utilize all of the plant 

aubatanoe as a whole. A •jor por-tion of this is lett in an undi• 

geated or partially digeated state. The reaidual material then be­

comes subjected to the decomposing aotivitiea of •ioroorganiama. 

Aa a reault of tbe activitiea of these microorganisaa, the elements 

which had originally been consumed by the ·planta for organ io syn­

theaie are returned to circulation, thus completing the cycle of 

the element• 1n the prooeu of life. 

Organic matter. auch as plant residue•• green manure. barn­

yard manure. and organ io tertiliaera. when added to the aoil• under 

favorable conditions. are immediately subject to decompoaition by 

soil microorganiana. The molds. aerobic bacteria, and the 

Streptomroea initially aot on theae relatively simple and aoluble 

oompounda, auoh aa sugara, atarchea, alcohola, acida, proteins, and 

urea. The large quantities of carbon dioxide liberated in thh early 

phaae of deoo position is ~portant because ot its aolvent action 

on a oil minerala . the product a resulting from these reactions are 

carbon dioxide, water, ammonia, hydrogen sulfide , hydrogen, orgen 1o 

acids, aloohola, other incompletely oxidiaed subttancea, and energy. 
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The soluble organic by-produots stimulate the free living nitrogen• 

fixing blil eter ia ~ 

Further decomposition 1a characterized by two rather dhtinot 

phaaea: An autotrophic phaee, wherein the autotrophic bacteria oxi­

dize ammonia, hydrogen sulfide, methane , and hydrogenJ and a hetero• 

trophic phase wher~in the or~n1c by-products are utiliaed by a la:rce 

number ot diverse he·terotrophio microorganisms. Alter the supply 

of these fo'Oda h exhausted, \he more apecial:hed soil microorganhmc 

begin to decanpose more complex stt.rohes, hemicelluloses, cellulo•••• 

and fats. The deoompoe it ion of these mat iala is aocOJI\plilhed by 

a variety of taxonom.ioa lly am nutritionally different aioroorganhaa. 

This second stage in organic matter deocmpoeition prooeeda more 

slowly, and weeks or months may elapse before their decomposition 

ia cCil\pleted . During this time there 11 a trem.endoue ihorease 1n 

the number of microorganisms originally present, and much ot this 

initially added organic matter 1& now in the fonn of dead and living 

microbial protopla lllb 

The added organ io rsaiduee do not beoo.me oomplettly minera• 

lilod. A certain portion of thie ~aterial is scmewhat immune to 

microbial decompo&ition and remains for a period oft ime in an un­

altered or 1n a alight ly aodified state, and Q.nder certain oond i.­

tiona lllllly even accumulate. This resbtant materiAl h dark brDI!fn 

to black in color and poasessea certain oharaotoristio pbyaioal , 

chemical, am oollo1d•l properties. Decompoaition '-n ita f'inal 

stage is referred to as humification and is characterized by the 
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gradual formation and alaw continual, aore or leal oonatant, de­

coapolition or the hua~a-ooaplex. 

A• a rea~lt of the formation and accumulation of hwwa, acae 

ot the elements esaential tor life, eapeo1ally carbon, nitrogen, 

phoaphoroua, aultur, and potaaaiWR, beoo• adaorbed am re o'fed 

troa biolo~ioal oiroula t ionJ thua, hWRUI aer"fel aa a oheok upon 

plant life by atoring , oarbo.n, nitrogen, an Uable phosphorous, and 

potau iua in an una"failab le ata te. .But a inoe huaua oan uJJdergo 

alaw decomposition under certain fa..,orable conditione·, it tenda to 

supply a slow but continual aouroe of element• eaaential for new 

plant ayntheah. It playa a proainent role in the tor•tion of aoat 

aoila. It exert• a wide ~riety of phyaical, chemical, and biolo­

gical intluenoea upon the 1011, making the aoil a ta"forable •~batrate 

tor plant growth. The relatiolllhip between huaua and aoil Jaicro­

organilaa •~•t be appreciated 1n any explanation of the dt'felop­

aent of lite on thia planet. 

There exiats an important relationah1p between the carbon 

and nitrogen oontent of organic materials added to the aoU because 

of the effeot this nlat 1onahip haa upon the general courae of the 

microbiological aothity. The eituation 1a analogous to the fetding 

ot ani.ala wherein a oorreot balance of oarbobfdrate and protein 

auat be •1nta1ned tor the 'health and well being ot the 1ndi"f1dual. 

Thia relationahip 11 generally referred to aa the oarbonanitrogen 

(CaW) ratio. ln't'aluable reaotiona ooour in the aoil when thia ratio 

of the huaul•oOIIlplex doea not go below a m1nimU'IIl of abo~ Sal, and 

doea not exceed a aax~u. of approximately l2al. Depending upon tbe 
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eu.ironaental faotora, the optbaum oarbDnanitrogen ratio of hwaua 

11 oonaidered to be lOal, i.e., ten parte of carbon to OQe part of 

nitrogen. When organic matter with a wide carbonanitrogen ratio ia 

added to soil, there ia a loaa of organic matter and an alaost ill· 

aediate utili&ation of aoil nitrogen by aoil mioroorganiaaa. Thia 

represents a depletion ot the nitrogen which otherwi1e would be 

available for plant use. 

It organic matter with a .narrow carbon-nitrogen ratio ia added 

to the 1oil, there tenda to be a aaving ot organic carbon and a r•­

leaae of aimple nitrogenous by-products. The aimple sub1tancu are 

deoompoaed aore economically and the energy derived fr<a thia pro­

call ia utili&ed more efficiently in the chemical traDStarmation 

ot the more ooaplex subatanoea preeent. 

In thil introduction to the principle• of soil miorobiolcsy, 

there haa been an ettart to ..phaeiae the ooaplex and interreacting 

nature of the factora involved 1n a atudy at the crop•produoin.g capa­

city of the aoil t.roa the microbiological point of view. All ot theae 

taotora, a1 well ae othera not immediately concerned in thil 1nveeti­

gation,. are ·~ intillately linked and interconnected that it the ac­

tivity of a single group ot .microorga:hisaa 11 affected in any -.y, 

it will be reflected aDd poaaibly magnified in the activity of a 

closely related group; thua,. the introduction of neoteric 1ubatancea 

(ineeoticides, herbicides, or fungicide•) foreign to the aoil may re­

sult in a partial or oomplete inhibition of the biological oyolea which 

find their inception in the eoil and are neoesaary tor continued fertility. 
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PREVIOUS INVbSTIGAXIONS 

I 

There ha"fe been some atudiea directed to determine the effect 

of illlecticide• auoh aa o,p-dichloro diphenyl triehloToGth~ne (DDT), 

ben&ene hexachloride, chlordane, sino-lime, chlorinated camphene, 

lead ar•enate, parathion, toxaphene, sulfur, ~d fermate upon soil 

microorganiama. Jonea (19, pp.2a8-219) found Dif did not injure 

nitr1t1era, ammonitiera, or eultur-oxidiling .11.ioroorgm iaaa., at 

concentration• below 0.1 per cent. Jones also observed no effect 

of DDr upon the nitrogen-fixing bact eria in aoila oonta 1n1ng as much 

aa 1.0 per oent ot the insecticidea he could obaerve no injury to 

aoil .11.icroorganilma determined by plate oounta, but found instead an 

increaae in nwmbera. Appleman and Seata (&, p.247) found no injury 

to leguae nodulation when ao1l treatment• were leaa tt.n 100 pounda 

DDr per aore. ilaan aDd Choudhri (56, p 5Z8) found no effect upon 

numbera, a ..onit1era, or nitrifying bacteria at Dir concentration• 

a a high aa 5 per em t. hile theae aame author• tound that an appli­

oation ot 30.0 p.p.m. benaene hexachloride waa aerioualy injurioua 

to legumea, yet there ••• no obvioua etfeot upon nodulation bacteria. 

Smith and en&el <•o, pp.221-233) noted that DDT had no effeot upon 

the total numbers, nitr1fiera, mold, or protoaoa. ~heae in"feati­

gatora alao found that benaene hexachloride applied at a rate of 

500 pounda per acre had a great atimulatory etfeot upon the number• 

of bacteria. iiowe"fer, at this concentration there waa a draatic 

reduction in the numbers of molds present • he nitrifying or~ilal 

were e"fen more draatioally reduced. They found that the Str•ptomycea 

were apparently not affected. Chlordane added to the aoil at 
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100 poun.da per acre gen.er lly increaaed the ni.Uilbera of organisms aa 

determined by the plate count method. Howe..er, the n1trit1era ap­

peared to be ad•ersely affected) the nitrate for era were more ae­

verely affected than t he nitrite formi ng organi.ns. Chlorinated 

oaaphene waa definitely atimulatory to the to 1 numbers ot micro­

orgaaiama. In this oaae the inaecticide •a aaaumed to be a food 

aouroe. Jonea (19, p.-238) round that Dm w.a toxic to aBilllonitiera 

at oonoentrationa of 0.1 per cent and that benzene hexachloride and 

chlordane were injurious to nitrifiera at concentrations above 

0.5 per cent. xperimenta at the eat Virginia ..sricultural Experi­

ment Station (14, p.713) indicate that DDT, parathion, benaene hexa­

chloride, chlordane, toxaphene, zinc-lime, aulfur, and termate aa 

well at 2,4-diohlorophenoxyaoetio acid (2,4 D) have a stimulatory 

etteot upon the growth and productivity of a pplea and peaches when 

the compounds were added at ratea aa hi~ aa 30 timea thoae reooa­

mended. Th..e in..eatigatora are unab le to explain the growth atimu­

lating ettecta ot the chemic la. 

A. Chlorinated Hydrooarbon Inteot Toxioant, Aldrin 

One ot the aore recently 1~troduoed aoi~ inaeotioidea ia 

I 

containing not less than ·is per cent ot 1,2,3,4,10,10-hexaohloro­

l,4,4a,5,8,8a-hexahydro-1,4,5,8·dimethanonaphthalene. Thia 

http:organi.ns
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dimetbanonaphthalene baa an empirical formula c1~8c16, and ita 

planar atruotural repreaentation il repreaented above. 

Aldrin 11 freely eoluble in aliphatic and aromatic hydro­

carbon aolvents and is sparingly toluble in methanol. It is insolu­

ble in water {soluble to the extent of 0.06 P•P•••)•(l7, pp.a-4). 

Aldrin is stable in the presence of strong organic and inorge1 ic al­

kalia and is unaffected by hydrated metallic chlorides. It is also 

unaffected by acids nor•lly encountered in the agricultural chemical 

field. Owing to it• chemical stability, aldrin may be uaed with aost 

of the available agricultural chemicals including fertili&era, herb1• 

oides, fungicidea; and 1naectic1dea. It ~Y be used in the preaenoe 

ot alkaline aoila, lime, lime-sulfur, and other materials ot high pa. 

Aldrin ia used 1n concentrations of leaa than 5 pounds per acre for 

the control o£ many subterranean insecta, including Thripa. (17, pp.l-2). 

The aldrin ueed in thia study •• obtained, from Juliua HyMn and 

Company, Denver, ColoradoJ for the laboratory atudiea it wat paaaed 

through a lOO•mesh aoreen and waa in a cryatall1ne fora, 99 per cent 

pure. 

• Personal communication froa L. L. Lykken. 
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I WORA.'r Ol<Y 'l' ED SOIL STUDIES 

A.. I RODUCTION 

Since aldrin baa ahown oonaiderable promiae for the control 

of a wide ~ariety ot inaeot1 aDd ie being widely teated in different 

ao1la by the intomology Department of the Oregon Agricultural Experi• 

ment Station, laboratory atud~a were undertaken to deteraiDe ita 

etfeot on aioroorga ni111.a and aome or their aothit ie1 1u 12 repre­

aentat1~e field plot aampl•. Table 1, pa,e 14, U.ate the aaapled 

aoila by location, deaoription, olaaa, and type. ~oh aample was 

made troa caapotitea collected randaaly fro. the deaignated are••· 

The aamplea were atored in air-tight metal contaiDerl and were not 

opened until they were to be prel»ored for laboratory uae. To prepare 

the aoil it waa apread out in flat wooden traya and allCM"ed to air 

dry until triable, after which it waa paaaed through a 10-meth aoreen. 

~he acreened tample waa replaced in the air-tight container, the 

moisture content and the saturation oapaoit,y deter~ned . 

One hundred-m.eth aldrin •• admixed at ratea of 200 and 1,000 

p.p.m. (400 and 2,000 pounda per a ore, reapeoti'fely) ,• with the toil 

and incubated under optimum aoiature and temperature. At aeleoifed 

interTala total numbers Qf microorganiama were determined by plate 

oouuta, and oan~entional procedure• were uaed to study aaaonifioation, 

nitroaot1oat1on, nitritloation, and oarbon dioxide •~elution in the 

ifreaited and control aamplea. 

• Ba1ed on the conTentional uaage of 2,000,000 poundl for the 
weight of one acre of an average aoil to plow depth ot 6 2/~ inohea. 
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T LE 1 

Compoaite Soil Sample• tram epreaentati•e Field Plots in Ore~on 

Field No . 
Date 

Collected Deaoription and Location 
soil cl&u 
or Type 

1 5-17-51 Sohoth Garden•-corvallia~ 
Benton Co. 

111llamette Clay 
Loam 

2 5-17-51 ntomo1ogy Far.a--Corva1• 
lie, Benton Co. 

Willamette S•ndy 
Loaa 

4·16-51 H. n. White Fara--weat 
Stayton, Benton Co. 

Wil~ette Silty 
Clay Lou 

4 4-10-51 Hathaway Fara--ilger 
Ialt.nd, Benton Co. 

Willuette Clay 
Loa• 

6 4-14-51 Kurth Fara--Lt.bbh 
Center, liar ion Co. 

Lt.bilh Peat 

6 5-7-51 Chaab•r• Far.a--Dea~er, 
Linn Co. 

Silty Clay Lou 

., 4-14-51 Stayton Fana--Hermi1ton, 
Umatilla Co . 

Fine Sand 

8 5·15•51 OregOJl State College 
Potato Plot• 
Corvallia, Benton Co. 

illamette Cla1 
Loaa 

9 3-22-51 Bartley Ranoh--oyhee 
Daa, Kalheur Co. 

Silty Loam 

10 5-16-51 Oak Oreek Field-­
Cor~all1a, Benton Co. 

Con Clay Lou. 

14 5-7-51 'lowery Farm--Stayton 
rion County 

Silty Clay LOUL 

16 4-25-51 Zielke Farm--Roberta 
Marion Co. 

Silty Clay Loaa 

20 3-26-51 Pitcher Fara--Grand 
laland, Yamhill Co. 

Silt 1.oa.a 
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EXPhRil4TWTAL . THODS• 

Soil Counts 

(1) The effect o£ aldrin added to dilution blanks& Twenty 

grama soil, water-free basil, and portions of the insecticide were 

weighed into 100-ml. sterile water blanks, shaken for t1ve minutes, 

and t hen allowed to settle for one minute. he experiment was deeisned 

to determine the effect ot concentration• ot 200 (20 ag./100 gm. ot 

w-f aoil) and 1,000 P•P••• (100 mg ./100 ga. w-t aoil) aldrin. 

Subaequent dilutions were made fro. the original laS auapen­

aion in a like mumer, in all oaaea pipetting the aample froa halt­

way down in the 111pernatant. The inaolubility of aldrin in water 

makea the uae of a atandard ailution froa which aliq11ote could be 

taken, t.poaaible. 

(2) The effect of aldrin admixed with soil only or aoil 

plua added peptone. and incubated under opt imUJil oondit iona. 

The illamette clay loam, fine eand, alll Labieh peat aoib 

were admixed ~ith ~00 and 1,000 p.p.m. aldrin, incubated for from 

0 to 31 daya under opt~um moieture and temperature. Periodic plate 

count• were made during the incubation (Table 4, pp.26-27J Figure• 

2, 3,4, pp.28,29,30). Aldrin-treated Willa•tte olay lO&lll aoil 

(Sohoth Garden) waa incubated with 1,000 P•P••• added peptone and 

the plate count• determined at 0, 5, 10, and 20 daya iDOubation. 

Three platea at two dilutions for b oteria andaolda were found 

aatiata otory. For the baoter 1a and Streptomyoea dilution• 1 to 

50,000 and 1 to 500,000 were used; for the molds , 1 to 600 and 
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l to 5,000. Sodium albuminate agar waa used aa the aediua for the 

bacteria and Streptomyces; pepton~-glucou acid (PGA) agar was used 

tor the molds. .Ul plates •ere incubated at 28°0. The mold platea 

were counted arter 3 or 4 days and the bacterial plates atter 5 to 

7 days. Only plates showing 50 to 300 bacterial colonies or 20 to 

100 mold colonies were counted. 

Ammonification 

'fable 2, p. 17, 1nd1oatea the way in which the Jt:Xpetiaent waa 

1et up. One hundred graa (w-1' basia) s1111. ples were used throughout 

the experiment--the peptone, (Difco), •hioh had been paaaed through 

100-mesh screen, m d the aldrin, •ere a-dded to the soU samplea and 

mixed thoroughly. Since the aldrin and the peptone tended to adhere, 

aldrin •• mixed with the soil firatJ the peptone waa then admixed. 

Care waa taken to break up clumps •hen they were <liecOTered. The 

treated soils were then carefully placed. in pint milk bottlea which 

•ere of appropriate capacity to facilitate the preparation of a 1 to 

4 soil auspen.ion for later analysia. 

Soil in each bottle ••• JUde up to 60 per cent aaturation and 

incubated at 28°C. One let of the aamplea -· analy&ed atter the 

days, other uta at ten and t•enty days. 411 samplea were maintai.aed 

•• closely as poaaible to 60 per oent ..turation dul"iDg the incubation 

period. .&.fter incubation, ammonia was determined by diatillat ion 

•1th phosphate buffer , pB 7.4 (29, p.&ll)a nitrites were determined 

ooloriaetrioally by the sulfanilic aoid--&lpha naphthylaaine method 

(1, p.l8)J and nitrate by the phenodisulfonio ao1d meth0d.(2, p.24). 
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TABLE 2 

A.mmonifioatioru Experimental Set Up 

Number of 
Samplea Treatment 

6 100 gr•s soU• 

6 100 grama &oil• plus 200 p.p.m. aldrin 

6 100 ~rams soil* plus 1,000 p.p.m.. aldrin 

100 grams soil• plus 200 p.p.m. aldrin plus l,OOO 

100 grau. aoiH plus 1,000 p.p. m. ~drin plus 1,000 

p.p.m. N as peptone 

• ••ter •free 'basia. 

Two samplee from each set were analyzed aftC' 51 10, and 20 days in­

cubat1on. 
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J1trit1cation 

, • the concentration• ot nitritea and nitratea after 20 daya 

incubation in the aaonif1oation experiment were indicative ot 

nitrification. For a more direct study of nitritioation, ~U~~non1Uil 

ohlor1de and aodium nitrite were added at ratea ot 500 P•P••• 11 

to 100 grama ot aoil in pint mil.k 'bot\ lea. two aeta were treated 

reapectively with 200 p.p.•m.. and 1,000 p.p.m. aldrinJ a third aet 

uaed at a oontrol contained no aldrin. All were incubated at 26°C. 

Duplicate tamplea 1rctre analy&ed at ten and twenty daya tor ammonia, 

nitrite, nitrate, and pR. Optiaua mohture was mai\nta.ined through­

out the incubation period. 

pll 

The pi •• determined with a glaa·a electrode; uting soil 

autpena ions or .1 to 5 in d1atilled wa.ter. 

Carbon Dioxide E'Volution 

Carbon dioxide e•olution, p~te oounta, and ammonification 

atudiea were made concurrently upon the Willam.ette o~ loam aoU. 

the co2 waa collected in lli laOR using poaiti'Ve preature •thod•, 

and determ.ine'd 'V OlU!Ilet:r ioa lly \ll ing the J3ecJI:Man autQIUtio titr bleter • 

The co2 ia report d aa milligrams oarbon, per 100 grau ao1l, •te:r­

f'ree baail. 'J!he experimental aet up used as the aa.. ae th• one 

u1ed in the ammonitioation study {Table 2, ~ge 11). 411 tJ"eatm.entl 

were made in quad.ruplioate. The aam.ples were inoub&ted. at aa0c. 
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The co2-tree air waa paaaed over the aoil at a alight preaaure neo­

eaaarJ to oauae it t o bubble slowly and oonaiatantly through a 1 

by 6 1noh teat tube containing approximately 30 •1• of l K laOH. 

The co absorption tubea wen oh.anged after 24 am 48 houra and 
2 

5, 10, 15, and 20 daya. ( Figu res 15 and 16 , p. 43) 

T.ULE 3 

~lyaia ot Field Treated Soit.• 
Sohotb Gardena llillam.ette Clay Loaa 

Sohoth Cheok Compoa1te• 1951 

oiature, per cent 
Saturation Capacity, per oeut 
pH 
Lime Requirement (Troug) T ona/A.ore 

Jitrogen 
.A.Jaoniwa ion 
11tr1te 
Nitrate 
Kjeldahl, per oeut 

Total carbon, per oent 
Cal Ratio 

.111 or oorganilaa a 

Molda, per gru 

Penicillia, per oent 
uoora, per oent 

A.apergil11, per oent 
Trichoderma, per oent 

Ba_oteria, per graa 

Streptamyoea, per cent 
.\&otobaoter 

12.1 
•o.o 
1.0 
2.5 

20.0 p.p.m • 
Traoe 

2.0 P•P••• 
0.246 
a.2a 

lla1 

.6.4 
45.4 
0 
9.0 

23.0 
Present 
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itrification by Perfusion Studiea 

Samplea of the illam.tte clay loam aoil were perfused with 

0.01 K m c1 aclut1on (Z60 ml.), in a modified Quaatel-Leea perfusion
4

apparatu1 (32, p.288), aa shown in Figure 1, P• 21. A ~aouwa ot 

approximately 5 pounds per aquare inch -.a •1nta1ned throughout 

the experiaent. The toil ftl treated in two •1•• (1) Tweuty-fhe 

graa1 of orumbecl wo1l (2-4 -..) (•ter-free baaia) plua cryatalline 

aldrin at 1,000 P•P••• were adaixed and placed in the 1ample tube. 

The experi.Mnt •• aet up in tripli~te, three tubes containing ao1l 

only, three others the aldrin-treated soil. (2) tweuty-fi~e grama 

of the oruabed aoil (2-4 •·} were placed into the sample tube. 

F1~e al. of aldrin in 95 per cent ethyl aloohol solution were then 

pipetted on to the ao11. The 6 m.l. of the aldrin solution contained 

5 mg. per ml. of the inaeotioide and waa equ1~alent to 1,000 P•P••• 

aldrin when added to the aoil. Soil only and aoil plua 5 al. ethyl 

alcohol were uaed to control the experiment. 

The rate ot perfusion in each of' the tlaalca was adjusted aa 

cloaely aa poaaible so that all •~plea were pertuaed in WDitors 

anner J however, acme variation occurred due to unavcida1Dle varia­

tiona in internal triotionJ water preaaure waa ueed to ,actuate the 

~aouua eource. Fertuaion ratea were auoh ao that eaoh sample waa 

at all timee aaturated with the E 4Cl a elution, care taken not to 

ater log the aoil at any tiu. 
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FIGURE II SOIL PERFUSION APPARATUS 
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Manometric Inveatigation of Aamonium Ion 

Oxidation by ldrin-Treated, Enr1ohed SoU 

Soil that hal been enriched or aaturated with orpniaaa attaok­

ing certain aub1trate1 ~y be conveniently iuveatigated with the con-

Tentional arburg manQRetr1o technique. • 

A a oil known to be enriohed. with nitr 1fy1ng organisaa, through 

aeveral perfuaiona of a~oniu. aalta until ooaplete nitrification 

has taken place, is waahed with di tilled water until the waahinga 

are free frQa nitrate and a.aonium 1ona, and ia puthed out of the aoil 

tube on to a mualin cloth which il then wrapped around the aoU. 

'l'hia ia euapended over a 1 ink and the soil allowed to drain over­

night (18 houra t 20°C.). The 1oil 11 now squee&ed gently to break 

up lumps and chopped with a spatula until it beooael a ma11 ot , ..11 

diaorete crumb& rather than a mud . The water content ot thia soil 

11 about 50 per oent. One and one-halt grua. of the soil 1a weighed 

out and placed in a rburg tl.aak, oare being taken to prevent aoil 

entering the center well or the aide arm. Thia 1• done by placing 

a small glasa hood over the well and tilting so that the aide ara 11 

uppermoat. Two al. of 0.01 K NH4Cl ia added to the soil, which now 

beoomea completely covered with fluid. Filter papers aoalted in KOH 

aolution are placed in the center well and the Warburg man011etera 

are aet up and shaken in the conventional manner. Experiment• were 

carried out at 370c., aa, at thia temperature, ratea ot oxygen uptake 

are appuoiably higher than thol8 at 21°C. There 1a no reason to 

auapeot that the kiDAttiot of oxidation by the soil organiau are 
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ad·nraely afteoted by the higher temperature. Control ..noaetrio 

exper~enta are alway• carried out with toils auapended in water 

only (33, pp.l6-17). 

Aaotobaoter by the Mud-Pie Kethod 

To 50 gram• or eoil (water-tree baaia) was added 0.5 grama 

or Caco3 and 2.5 grams ot soluble potato ataroh (36, pp.l-36). 

The caco3 md atarch were incorporated into the soil by thorough 

mixing. be soil waa then placed in 3-inoh petri diahes, sterile 

water added• and worked into a stitr paate. The aurtace of the 

ao11 •• then glaaed by prealing and smoothing with a spatula. 

Sample• treated with 200 and 1,000 p.p.a. aldri:n, and oontrola, 

were aet up in duplicate. They were incubated ill a aoiat ohaaber 

at 28°c. tor 7 daya. The reaults were recorded aa relat1~• abundance 

ot 4&otobaotor oolonioa de~oloping on the aurtaoe of the ao11. 

Stability of Aldrin in Garden Soil 

Preliminary experiment• with oarbon dioxide production t.roa 

aoil and soil extracts treated with aldrin indicate that tho aldrin 

mAy have been utilised as a carbon source. The followiD~ experiaent 

waa deaigned to determine the stability or pcaaible microbial de­

oompoaition of the compound in illamette olay loam garden soila 

One hundred graa sample•, water-free basis , were admixed with 200 

P•P••• (20 mg.) aldrin and incubated at optimum moilture and tespera­

ture. Peptone at 1,000 p.p.m. nitrogen was added with the inaeoti• 

cide to deteraine tho effect of tho recrystallized aldrin on 
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ammonification and nitrification. Chemical ana lyse$ for ammonium, 

nitrite, ani nitrate ions were made after 0, 10, Cld 20 daya in• 

cubation; ooncommitt.ntly on a replicate e:Atperime:nta.l aet-up, hexane 

extraotio~ were obtained for aldrin analysis. 

!he extraction procedure was relatively aimple and consisted 

o:f the following: · Sanplee in toto were removed from the milk bottle 

containers, phoed on paper, and allowed to air dry. The moistur e 

of each of these air-dry samples ns determined and recorded. 

Seven~y-five grams of the air-dried soil weighed to ~ 0.01 g.ram, 

was then placed into a 250 ml. centrifuge b ·ottle and an equal quan­

tity of n-hexane added. This waa tben mechanically ahaken for 30 

minutes,. oentrH'uged at 1,500 r.p.m., and filtered through abaorbent 

cotton. The aldrin oontent of these extra.cta waa determined. by the 

oolorimcrtr1c method of Dt.niab a~ Lidov (8, pp.l90-l9'7} ·• 

• Analyaea of the extracts were made in the l&Qorator1ea of 
Julius Hyman and Company, e division of Shell OU Company, under 
the direoti on of Dr. L. L. Lykken, Technical t$erv1ce llenager . 
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Soil Counts 

Aldrin applied at concentrations of 200 and 1,000 P•P••• 

appeared to have no injuriouaeffect upon the numbers or mioroorganiama 

as determined by the plate oount method. Instead, a attau~ation due 

to the preaenoe of the insecticide waa noted. '.this stimubtion waa 

quite marked in all oases with added peptone at 5, 10, and 20 daya 

(Figurea 2, 3, and fJ PP• 28, 29, and 30). There were no apeoific 

groups or apeciea of bacteria noted in caaea where this stimulation 

waa apparent. The Streptosrcea appeared not to be effected by addi• 

tion of the inaeotioide at either concentration (Table 4, pp. 26-27). 

old counts indicate little or no effect of the OOlllpound (Table 4, 

pp. 26•27). Plate counts obtained fran the perfused aoil will be 

diacuased elaewhere. 

ADmonitioat ion 

A compilation of the total p.p.m. of ammonia recovered from 

the ten aoils chosen frO.lll the study 1ndioatea a alight atilllulation 

to the ammonification prooe11 early in the atagea of incubation. 

This atimul.tion occurs at approximately 5 day11 however, ahortly 

following, there 11 a definite trend toward inhibition at both 

concentration• ot i naectioicle. Thh inhibition ~ quite apparent 

at 10 days incubation, as shown in.Figurea 5, 6, 7, and 8J pp. 

32, 33, .and 34, and T ble 5, P• 31. Reaulta indicate that there 11 

a gradual recovery from thia depreaaion and that recovery ia partially 

complete at approxiuately 20 daya. · 
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!!t 

TJ\l3LE 4 

':~ ' Th• Eff~ct of Aldrin on the Numb•r• or 
Soil Mioroorganiama 

Bacteria 

Soil Type Treatment. Inou.bation Total Numbers Per Cent 
and Field .Period· Per Gru:t Streptomyces 

Nwnber (Days} . X lG6 

Per Cent a pparent Stimulat i on 
-o t Inhibition 

Baoter~ Streptomyo•• 

----~· --· · - -··-·- -· - ---..--·-·- .. .. . - .. --..·-..·-.--·- ·----· - · ------- --.- .- -----~--------,-------· 

(6) Silty 
Clay Loam Soil only 0 40.4 11.1 ­1 2oo ppm o 48.6 9.7 I 2o.a - 12.7 

Aldria 
/100.0 ppm 0 86.0· ll.O 1112.3 - 1.0 

Aldrin - ·-·--- - - - -· - - -~--- ~---

(l) Willamett• Soil Only 0 25.0 6.. 7 
dlay Loam I zoo ppm 0 82.0 6.8 

Aldrin 
/1000 ppm 0 74.o0 1.3 

Aldrin 
Soil Only 5 7o.o1 10.6 
llOOOppm. 5 306.01 4.3 

Peptone :N
1 aoo ppm 5 96.01 6.8 

4ldrin ­
/200 ppm 5 

. 
294.o01 4.1 

.1\ldrin I 
1000 ppm. 
Pe pt one N 

1 iooo ppm 5 oo.o1 12.2 
Aldrin 

/1000 ppm 5 668.0X 3.1 
Al d rin I 
1000 ppm. 
Peptone N 

Soil Only 10 .. 67.oX 8.9
i 1000 ppm. 10 556.-oX 12.2 

Peptone N 
I 200 PIB 10 69.41 8 .. 9 

Aldrin 
/200 ppa 10 1000. 0 

X s.o 
Aldrin 
/1000 ppm 
Peptone N 

/266.2 

/173.5 

-
/35.5 

f2S.6 

/27.7 

1118.5 

I a1 .o 

~-... 
I 1.5 

I a.9 

-
- 7.5 

123.1 

- 6.5 

I 51.1 

- 15.4 
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Soil Type and Treatment Incubation Total Nwnbera Per Cent Per Cent Apparent Stimulation 
Field Number Period Per Gram Streptomyces or Inhibition 

(Daya) X 106 Bacteria Streptomycea 

1_

{1) Willamette 11000 ppm 10 6s.oX 9.2 - 3.7 - 10.0 
Clay Loam Con' t .. A.ldrin 

llooo ppm 
Aldrin I 

10 108o.c;.x 2.3 1102.0 ... - 61.6 

1000 ppm 
Peptone 

Soil Only 
11000 PP'l 

20 
20 

29.6x 
270.0X 

17.0 
16.7 -- -Peptone N 

I 2oo ppm 20 42 .0X 14.3 I 42.3 I 2o.o 
.ldrin 

I 200 PPil 
Aldrin I 

20 7lO.oX 9.8 1165.0 I s5.6 

1000 ppm 
Peptone 

llooo ppm. 20 s1.rr 17.3 1105.5 1160.0 
ldrin 

11000 PPil 
ldrin I 

20 400.0X 10.0 149.1 I 25.o 

1000 ppm 
Peetone 1t 

(2) willamette soil OnlY 0 36o.o ' 8.3 -­
Sandy Loam /. 200 ppm Aldrin 0 190~0 2.6 - 47.~ - 83.3 

1000 eem 4ldr in 0 196.0 5.1 - 45.8 - 66.6 
16) Silty Clay Soil Only 0 125.0 14.0 

Loam /. 200 ppm Aldrin 0 132.0 
l 

9.6 I 4.8 - 28.8 
1000 eem Aldrin 0 122..0 16.3 - 2.0 J 14.3 

7) F' ine Sand Soil Only 0 87.6 12.6
I 200 ppm Aldrin 0 76.0 9.9 - 13.1 - 31.8
I 1000 ppm Aldrin 0 91.0 12.1 I 4.0 
Soil ·only 5 ss.oX 9.1
f 200 ppm Aldrin 5 72.oX 6.3 I 30.9 - 20.0
I 1000 ppm Aldrin 5 66 .4x 4.4 I 22.1 - 40.0 
Soil Only 31 116.0 12.9 
/. 200 ppm Aldrin 31 152.0 8.2 I. 31.5 - 16.6 

1000 ffm Aldrin 31 158.0 9.1 1.. 36.6 - 3.3 
5) Labiah Peat Soil Only 0 41.61 14.1 

I 200 ppm A.ldr in 0 30.0X 14.8 - 28.3 - 25.0
I 1000 ppm A.ld rin 0 38.0X 17.1 - 10.6 I 7.7 
Soil Only 5 58.0 5.2
I 200 ppm Aldrin 5 44.0 4.4 - 22.4 - 33.3
I 1000 ppm Aldrin 5 38.0 7.9 - 34.5 
Soil Only 31 54 .-o 12.7 '!"• 

/. 200 ppm Aldrin 31 58.0 12.1 I s.5
I 1000 ppm Aldrin 31 76~0 15.8 ;. 38.2 I 11.• 
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Soil type and reatment. Incubation !otal Wilber• 1 Per Cent .Per Cent .A.pt-rent Stimulation 
F'ield Nwnbet Period Per Gram Strepto.rnyoea or Inhibition 

{Dt.ya) X 106 Bacteria Strtaptomycea 

0 134.0 13.8 
0 142.0 10.9 f 6.6 - 16.2 
0 116.0 12.6 - 13.4 - 21.6 
0 98.0 0.5 ·­
0 90.0 ·' 25.5 - 9.5 ! 62.0 
0 99.0 36.5 - 3.0 86.0 
0 3 .4 2.4 
0 137.6 13.8 f 3.4 f 15.2 
0 111.6 10.3 - 12.0 - 27.3 

Labiah Peat 
(Con•t.) 

Wi amette Clay 
Loalll (4) 

A;verage of aix replicates. 
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The Ei'fect of ldrin on the Numbera of Soil , icroorganiama 
olde 

-

SoU Type a-nd · Treatment 'f otal oe. jt Stim. or :t ;t !!( ~ ;t 
Field !lumber Per Gram Inhibition lluoor Penc. A.ap . Demi. richo. 

2x lO 
6 Silty Clay Soil Only .sso - 67.6 3. 9.2 

Loam f 200 p~ Aldr in 1.550 f 14.. 8 54.9 3.2 4.9 
f 1000 rpm Aldrin 2 ?.00 65.0 s.o 52 .0 1.0 2.0 

(1) WillULette soil On y £ 
5 45.5 8.2 6.3 

.Clay Loam f 200 ppm Aldrin 350 f 26.3 42.8 12.5 -50.0 
f 1000. ppm 1drin 300 i 9.1 66.5 16.5 -~z.~ 

Soil Only 67SX 36.0 36.0 --· f 1000 ppm Peptone N 500X 10.0 15.0 40.0 2.8• 
f. 200 ppm Aldrin 450X - 28.0 11.1 22.2 1.6 1.S.. 
I 200 ppm .l\1dr in I 37sx - 25,.0 13.1 60.0 26.7• 

1000 ppm Peptone ~ -: I 1000 ppm Aldrin 5 45oX - 28.0 44.4 22.2 ll.l --· I 1000 ppm .Ud r in I 
1000 ppm Peptone N 5 47SX - 24.0 1.9 10.5 26.3 --· 

Soil Only 10 (2.00Q)XX 50.0 12.5 12.5 12.5 
/1000- ppm Peptone N 10 4SOX 16.7 44.4 5.5• 
f 200 ppm Aldrin 10 soox 64.5 9.4 6.2 --· /200 · ppm Aldrin I 10 (1.5oo)xx 33.3 16.7 16.7 --· 1000 ppm Peptone N 
f 1000 ppm Aldrin 10 3251 50.0 25.0 --· f 1000 ppm ldr in I 

1000 p2m Peptone N 10 4251 - 5.6 23.5 11.6 11.8 --· Soil Only 20 (l.250)XX 80.0 2.0.0
f 1000 ppm Peptone N 20 (75Q)XX 33.3 66.6
f. 200 . ppm Aldrin · 20 (1. 500) ' XX 33.3 50.0 -­- --· I 200 Pf411 Aldrin .j. 20 (2.250)xx 44.4 22.2 1.1 ~--· 

1000 ppm Peptone
f 1000 ppm Aldrin 20 {750)xx 33.3 33.3 --· f 1000. ppm ldrin I 20 (l.soo)xx 16.7 66.6 16.7 

1000 Pe one N 

l'ine Sand 

Soi 

. 
Soi 

Soil Only 0 125 ... 60.0 40.0 
f 200 ppm Aldrin 0 50 - 60.0 100.0 -­

1000 4ldrin 0 50 - 60.0 50.0 50 . 0 
On y 0 450 63.3 5.6 ll. 

f 200 ppm 4ldrin 0 375 - -- 11.8 76.5 11.616.7 
1000 m Aldrin 0 775 72.7 12.9 83.9 3.2 

On y 0 35 ...., 92. 7.2 
.j. 200 ppm aldrin 0 315 f 7·.1 66.7 6.8•
f 1000 ppm 4ldrin 0 575 f 64.3 91.3 9.5 
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Soil Type aDd Treatment Incubatiou otal ·oa. %Stia. or ~ !it !it !it ~ 
Field Nwnber Period Per Gram Inhibition Mucor Penc . A.•P• Demi. Tricho. 

2 X 10l(Dal•~
(7) Fine Sand SoU Only 5 750 ~.a 33.3 io.o 13.3• 

· Con•t. ! 200 ppm Aldrin 5 575 - 23.3 30.4 47.8 8.7 17.4 
'f 1000 ppa ldrin 5 750 -- 1s·.3 so.o lO.O• 

Soil Only 31 375 - 86.7 2Q.O
f 200 ppm _ldrin 31 525 I 4o.o 4.8 95.0 4.8 

1000 Aldrin 31 500 33.3 100.0 
5 Labiah..Peat Soil On y 0 .575 ..1. 7.9 60.5 ......$ 

f. 200 ppm4ldrin 0 1,500 - ••9 26.7 70.0 3.0
t 1000 ppm Aldrin 0 1,650 I 4.9 7.6 1.5• 
Soil Only 5 1,050 74.0 2.3. ·­f. 200 ppm ldrin 5 900 - ll.9 44.5 5.6
t 1000 ppm Aldrin 5 800 - 23.8 50.0 3.1 3.1-
SoU Only 31 650 26 .9 

i 
Data 
Data 

So Data 
Data 
Data 

! 200 ppm Aldrin 31 1,125 I 1s.1 13.1 2.3• 
I 1000 ppm ldrin 31 675 f 3.4 
Soil Only 0 2,700
I 200 ppm A1dr in 0 2,100 - 22.2 

1000 m Aldrin 0 1,760 - 3~.2 
amette oi 0 y 0 ,8 -I-

Silty Clay Loam I 200 ppm Aldrin 0 3,050 I. 69.4 
1000 1drin 0 3,400 88.8 

y 2, 30 -­I 200 ppn ldrin 0 3,280 - I 13.9
f 1000 ppm Aldrin 0 2,520 - 10.6 

X Average of aix replicates. .., 

( )XX old count at 1:5000 dilution--1:500 dilution overgrown with r i,choderma. 

• Plus unknown species equals 100 per cent • 
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FKlJRE 2: CHANGES N THE NLNBER OF BACTERIA a STREPTOMVCES 
DURING THE DECOPOSITION OF ADDED PEPTONE IN ALDRIN TREATED 
saiOTH GARDEN SOIL (WILLAMETTE CLAY LOAM) 

LEGEND 
0 SOIL C»>LY . 
9 SOIL+ 200 PPII ALDRIN 

e-0 -
X 
C/) 
l&J 
(J 
>­

~ 
fh 
~ 
UJ 
CIS 

~ 
l&J... 
(,) 

~ 
~ 

! 
Cl)
a: 

80 

60 

40 

lO 

CD SOIL+ 1,000 PPM ALDRIN 

0 SOIL(to P!PT~! 
e SOII..t P!PTONE+200PP.M ALDRIN 
t) SOIL+ PEPTONE +1,000 Mot ~IN 

0+---------~----------~----------+---------~0 DA._. 



29. 

LEGENDa.o 
0 CONTROL 

t) + 200 PPM ALOR IN 
8+ ~000 PPt.t ALDRIN 

2.0 

FIGURE 3: CHANGES IN THE NUMBER OF BACTERIA a STREPTOMYCES 

IN ALDRIN TREATED LABISH-CENTER SOIL (LABISH PEAT) 
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LEI£NO 
0 SOIL ONLY 

18.0 (I) SO IL +200 PPN ALDRIN 

9 SOIL + 1,000 l'PN ALDRIN 

~14.0 
)( 

4.0 

FIOURE'41CHANOES IN THE NUMBER OF BACTERIA a STREPTOMYql 

IN ALDRIN TREATED HERMISTON SOIL lFINE SAND) 



TABLE 6 

SUIIllDary of Data Representing the Peptone Nitrogen Tranaformation in 

200 

Representative Oregon Soils 

415 385 7 22 543 375 t 168 438 230 T 198 1395 

1000 398 390 12 -4 508 385 1 122 347 180 '1: 167 1252 

WI Ll.A)I!Ji;'.f:T ~ 
SILTY CLAY 

W 1 ' 
Dea-ver 0 

20f.) 

1000 

359 

336 

424 

333 

336 

418 

T 

'1' 

T 

26 

2 

7 

362 

332 

346 

323 

255 

255 

T 

'1' 

T 

149 

77 

9l,
). 

448 

475 

582 

208 

228 

283 

0 

1 

3 

240 

248 

296 

1169 

1143 

1353 

Stayton 0 

200 

642 

732 

625 

715 

8 

5 

9 

12 

627 

548 

635 

665 

-5 

1 

-2 

-18 

669 

641 

430 

445 

0 

0 

179 

194 

1938 

1921 

1000 673 658 15 l 598 605 T -7 629 440 0 189 1901 

SANDY LO 

200 342 3b0 3 -21 425 345 1 80 165 140 3 22 932 

1000 359 360 2 -3 359 315 T 44 170 146 3 22 889 

TOTALS& 0 5022 4930 44 S6 5627 5164 112 364 4592 3418 lOS 1088 151,405 
200 5153 5105 50 ll 5010 4571 134 316 4306 3248 111 973 144,692 

1000 6077 5279 55 -11 4707 4228 150 304 4121 3123 104 695 138,786 
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LEGEND 
0 SOL•P£PTONE 
Q SOIL•P!PTON£+100 PN ALDMe 
• SOIL•PEPTON£+\000 ...... M.DMII 

E 5: A COMPILATION OF THE TOTAL NITROGEN PRESENT• IN 
E TEN OREGON SOILS STUDIED (SEE TABLE 5) 

•v.wES FOR CONTROL SOILS SUBTRACTED 

0 10 OA VS 20 

110 
110 
; '0 

~ ~ 
- 40 

I 
~ ., 

I'IGUREII THE PERCENT PEPTONE NITROGEN AMMONIFIED tTOTAL. 
10 J.IMIIRII IN SOHOTH GMOEN SOIL TREATED W1TH ALDRIN AND ~CUIATED 

tpOOPPM NITROGEN - VAU£8 roR CONTROL SOLS 8U8TIUCTID 
z 
., 10 

0+----------+----------~------------------~ 
0 10 OATS lO' 
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-

FIGURE 7: THE EFFECT OF ALDRIN ON THE TOTAL AM~ONIA 
NITROGEN PRESENT IN THE TEN ORE ON SOILS STUDIED• 

CSEE TABLE 5) 

• VAWES FOR CONTROL SOILS SLSTRACTED LEGEND 
0 CONTROL tSOIL+ftiPTONI) 
(i + 200 PPM ALDRIN 

• + 1,000 PPN ALDRIN 

0 

I 10 D AYS 10 



LEGEND 

SOIL ONLY 

SOIL+ 200 PPN ALDRIN 
SOIL+ lfJOO PPM ALDRIN 

z 
(!) "" EOO0a: 
t: z 
~ 
X z !100 

~ 
0 

i 
~ 

9 
Cl)4(X) 

0 ~OIL+ PE:PTONEl Q SOIL+ PEPTONE +200 PPM ALORINCL 
C) SOIL+ PE:PTONE+I,OOO PPN AI..ORIN 

!00 FIGURE 8: PPM AMMONIA NiTROGEN PRESENT IN ALDRIN TREATED 
SOIOTH GARDEN..soiL INC~TED WITH lpoo PPM PEPTQE NTROGEN 

o._-----------+----------~~-----------------------+----0 10 10• 
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H1tr1:t'ioat1on 

In ao11 ~plea incubated with added ammoniua chloride and in 

the aamplea incubated with added peptone, the nitroaotying organiaaa 

which convert ammonia to nitrite appeared to be alightly attmulated 

by the inaectioide at each concentration ( able 5, p. 31 aDd 1gurea 

9 and 11, pp. 36 and 38). The apparent atiaulation 1a temporary, 

and nitroao:t'ication rdurna to control levels at the end of 20 days. 

It might be well to note, aa it will be diaouaaed elsewhere, a simi• 

lar atiaulation ia indicated bJ the increased rate of oxygen uptake 

by soil which had been pertuaed with a.moniua chloride aolution. 

Here again the m.axi11um efteot •• recorded a.tter 10 days incubation. 

The inaectioide at 1,000 p.p.m. ga.. e maximum. atuu.alationJ at 200 P•P••• 

the efteot tended to be .ore prolonged and leas pronounced. 

The nitrifying bacteria which oxid1&e nitrite to nitrate were 

alightly depressed by the preaenoe of the insecticide at each con­

. centration, 1,000 P•P••• having the greater e:t'feot (Table 5, p.31 

and Figurea 10 and 12, pp. 37 and 39). The inhibition 1n both oaaea 

... not aevere. 

In r;eneral, the e:t'feot baaed upon the nerall nitrogen trans• 

for•tion in the ten aoila appeara to be one of alight 1llhibit1onJ 

1,000 P•P••• aldrin exhibited the most pronounced depreaaion. Table 

5, page 31, and Figure 5, page 12, graphically demonstrate the trend. 

Th..e r ..ulta are borne out in the oaloulationa baaed upon the 

total of nitrogen Mtaboliaed by the organilaa present. These oalou­

lationa do not take into account the time intervals at which analyses 

were aacle, but show all the peptone nitrogen that waa oon .. erted to 

ammonia, nitrite,or nitrate after 20 daya incubation (Table 17, p.l29). 
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LEGEND 

0 SOIL+PEPTO~E 

~ SOIL-tPEPTONE + 200 PPN ALDRIN 
• SOIL~ PEPTONE~ 1,000 PPN ALDRIN '&' z-

FIGURE 9: TOTAL PPM NITRITE NITROGEN PRESEt'tT IN THE TEN 

OREGON SOILS STUDIED-' <SEE TABLE 5) 

1 VALUES FOR CONTROL SOILS SUBTRACTED 

0+-----------~----------~----------------------~ 
0 10 CAYS 20 
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FIGURE 10: THE EFFECT OF ALDRIN ON THE TOTAL NITM 
NITROGEN PROOUCED FROM ADDEO PEPTONE IN THE T!N 
OREGON SOILS STUDtElY' (SEE TABLE S) 

0 
~

• 

LEGEND 

SOIL+ P!PTONE 

SOIL+ P£PTONE + 200 PPM ALDRIN 

SOIL+ P!'TONE + ~000 PPM "LORIN 

"W..UES FOR OONTROL SOILS 
SUBTRACTED 

~~--------~---------4--------------------~ 
-tOO 0 10' 10 
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-r FIGURE II: PPM NITRITE NITROGEN PRESENT IN ALDRIN 

TREATED SCHOTH GARDEN SOIL INCUBATED WITH 1p00 

PPM PEPTONE NITROGEN (VALUES FOR CONTROL SOILS 
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Ca.rbon Dioxide ~olution 

alight but definite stimulation of oarbon dioxide evolu• 

tion from the soil resulted where aldrin was added. am the effeot 

was s~ilar for each concentration of the insecticide . Plate counts 

made at s. 10. and 20 days reepiration 1how corresponding inoreaaea 

in the numbers of mioroorganiama. Treated aam.plea show a lO-fo1d 

increase in numben, but thia 11 not reflected t o the aa• degree 

1n the quantity or carbon dioxide e~olved.(Figurel l~ and 14, PP• 

41 and 42}. 

There appeared s ignifioant d1tferenoea in oal"b on dioxide 

production, fro• those aamplea which bad no added peptone J a stimu­

lation manifelted where the 1naeot1o1de. had been added. 'tht etfeot 

aeeaa to oom. early in the incubation period, aa it doee in amaon1• 

fioation am nitrification experiments . Aldrin appears to inoreaee 

the product ion of carbon dioxide by aoil microorganiau. 

Perfusion Studies 

The perfusion technique used in this work has lack»d uni­

formity because of meohln1oal d1tt1oultieiJ ne~ertheles1, it yielded, 

when subsequently combined with arburg studies, s1gn1f1oant results. 

The "biologically saturated" soil, when plao d in the reaction 

veasele ot the arburg respirometer containing 0.01 MJH4Cl showed 

that aldrin additions reault in aa much •• a two-told increase in 

oxygen uptake. The results of the arburg experiments are shown 

in Figures 17 and 18, pp. •6 and 48. 



41 

280 

240 

200 

ON 160 

0 
(/) 

ct 
z 
0 

120m 
a: 
ct 
0 

cs 
~ 

80 

40 

LEGEND 

0 SOl L • PEPTONE 

Q S OIL .-PEPTOP'E + 200 PPM ALDRIN 

• SOIL-+ PEPTONE +-1,000 PPM ALDRIN 

DAYS 15 

FIGURE 13: CUMULATIVE CARBON DIOXIDE PRODUCTION FROM 
ALDRIN TREATED SCHOTH GARDEN SOIL INCUBATED WITH 
1,000 PPM PEPTONE NITROGEN" 

• SOL ONLY AND THE ALDRIN TREATED CONTROLS 
SUBTRACTED 

20 



10 

42 ' 

70 

60 

50 

20 

LEGEND 

0 SOIL+ PEPTONE 

~ SOIL+ PEPTONE+ 200 PPM ALDRIN 

• SOIL~ PEPTONE+ 1,000 PPW ALDRIN 

t- -----~~--------4 

I 2 3 5 10 DAYS !~ 20 
FIGURE 14: CARBON DIOXDE PRODUCTION FROM ALDRIN 
TREATED SCHOTH GARDEN OOIL• (SEE FIGURE 13) 

' SOIL ONLY.AN) THE ALDRIN TREATED CONTROLS SUBTRACTED 



4
3

 m
 

~
 

~
 

()() 

~
 

C(S 

~
 

"""'I~ 
~ ~ i &

 
~
 

~ t;;:: ~
 £4:: 



44 

TABLE 6 

Warburg Respiromete.r Studies from Perfused SoU 

Soil Treatment • . 

Place perfused a oil on fold a of cheese cloth, allow to 

aet 24 houra. then aquee&e @:•ntly • chop up with a ap&tula 

into tine aggregatea. and assume 50 per cent 1120 content. 

Cup Contentaa 

#1 #2 #3 

1.5 gm. aoi1 4 

1 ml. 0.01 M NH4

1.5 gm. 3o11 B 
(1,000 p.p.m. Aldrin) 

Cl 1 al. 0.01 K NH4Cl 

1.5 gm. aoil B 1.6 , •• 
aoil A · 

a.o m1 . u2o 
1 ml. H20 0.2 ml. KOB 0.2 ml. OH 

0.2 ml. XOB 0.2 ml. KOH 
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TABLE 7 

Th• Effect of Aldrin on Atrullonium Chlor ide: Perfused Soil 

OXygen Uet!'ke in Mi croliteraX 

Soil Sample• l I Ill III v v 
Substrate H2o 1 ml.O .Ol 

ll NR4Cl 
+ 5 ml. 
EtOB 
0 . 01 1l 

+ 5 ml. 
EtOH 
o.o:t Jl 

+ 1000 ppm 
Aldrin ~. 
EtOB BzO 

+ 1000 ppa 
Aldrin 5ml 
EtOB 0.01 

:NH~Cl UI4ol 14: NR~Cl 
Iime 

16 0 0 12 u 21 26 

30 a 1 24 27 50 50 

45 4 1 33 39 68 68 

60 5 10 43 60 84 86 

90 10 12 60 68 111 117 

120 13 lT 11 91 149 148 

160 16 lf 91 103 1.76 178 

180 19 21 102 122 208 207 

240 21 35 134 151 259 258 

256 26 $0 116 151 273 274 

•Soil sample•• Schoth garden. 
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SOIL TREATMENT •I( I 26.0a.I(W.,) BAaS 
SOIL+ S.O NL 96 ... !ETHYL ALCOHOL 
PERFUSED 144 ..OURS WITH MIIOO Ntf.tCI 

SOIL TREATN!NT •8" I 2&.0 GW (W-F) BAliS 
SOIL+t,OOO PPN ALDRIN IN 6.0NL. .a .. 
ETHYL ALCOHOL PERFUSED 144 HOURS 
WITH N/IOOHH_.cl 

LEGEND 

• SOIL TREATMENT ·•a" 
~ SOIL TREATMENT " s" 

® SOIL TREATMENT "A" 

<D SOIL TREATMENT "/l' 

e SOIL ONLY 

0 SaL ONLY 

SUBSTRATE 

H-/) 

NH.$CI 

NH4CI 

H 0
2

WH4CI 

H 0
2

0 II ~ 40 10 ~0 120 MINUTIES 180 140 

FIGURE 171 CUMULATIVE OXYGEN UPTAKE BY PERFUSED AL.DRit 
TREATED SCHOTH GARDEN SOL 

http:N/IOOHH_.cl
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The ffeot of ldrin on Ammonium Chloride Perfused Soil 

OXygen Uptake in i crolitenX 

Time Soil A Soil A.• Soil B• SoU B• 
o.o1 w4c1 0 0.01 M NH4C1 
ul.o2 Uptaka .02 Upta~ 111 o2 Uptake !j~ o2 Uptake 

0 

20 4 l 6 9 

40 10 14 13• 
60 19 15 17 14 

80 29 22 28 $6 

100 32 28 32 41 

120 36 30 41 48 

140 as 34 46 5$ 

160 41 39 52 58 

180 44 42 47 63 

220 55 46 67 74 

x ~•rage of rep11oate ••~plea. 

•Soil aampl•• Sohoth garden. 
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Stability of Aldria 1R Garden Soil 

The reaulta of thia experiment are given in 'table 9. page 

52• and ahow o'bYioua~ae• in aldrin oonoentrationl aner 20 daya 

incubation under optiaua laboratory ooud1t1ona. Reaulta ot the 

&Dmon1f1oation study ade aiaultaneoully with the atab1l1ty ex­

perim.ent ahow the ollaracteri8t1o atimulation to uuaonU'ioatlon after 

10 daya 1noubation. •• well as the preYioualy noted inhibition to 

nitrification (Figurea 20• 21, and 22. p.&O) atter 20 daya. 

It 18 appar&nt that even thoae aamplee tak:en 1aaed1ateq 

atter soil treatment show an aldrin oontent oonaiderably lower than 

the 200 p.p.m. applied. ~1011 may be partially due to vola• 

t111Jat1on of the compound while air·dryiug the ao11 The rate 

ot volatilisation of· aldrin at 21°C. ~~ bean datenaia.cl at 

---~.J~raa/CIIl.2/aeo. (18. p.l). 

http:datenaia.cl
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A.ldr1n Content ot Soil ·0, 10. and 20 Daya 
after TreatJilent with 200 p.p.m. Aldrin 

Aldrin w.a e.pplied to 1011 aamplet, either alone or 
in oambination with peptone, at the rate of 200 P•P••• 
The treated ao1l waa incubated at 28° C. and aample4 
at o, 10, and 20 daya after treat.ment • 

.A.nal;n1oal. Jlethoda Phenyl ••ide..Colorimetrio ethod {8, pp.l90-l97}. 

Senaiti.vity .2£. .A.nalzdu O.l P•P••• 

Saaple TreatJHnt Inter•l A.ldrin A:nra.ge D1ftereno• 
Jo. (Aldrin) .froa Found (p.p.m.) (p.p.m.) 

(p.p.:a.) Treatment (p.p.m.) 
and 

Sam.pl1ng 

13 200 0 Dayt 95.0 

14 200 0 V.ya 104.8 99.9 

15 200 10 Da)'l 65.8 

16 200 10 Dayt 63.8 63.8 36.1 

17 200 ao :Day• 38.1 

18 200 20 Daya 55.8 47.5 52.4 

37 

39 

200 + 
1000 p.p.m. 
Peptone H 

• 

0 Day• 

10 DaJ• 

71.0 

73.0 

71.0 

40 "' 10 l)aya 55.5 64.5 6.1 

41 

42 

tt 

.. 
20 Daya 

20 Daya 

44.9 

62.2 53.6 17.4 
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FIGURE 23: CHANGES IN pH OF ALDRIN TREATED SCHOTH GAitDEN 
SOIL INCUBATED WITH 1,000 PPM PEPTONE NITROGEN 



II FIELD T TED SOIL STUDIES 

A. Introduction 

In cooperation with the D.partaent ot Entomology, Oregon 

State College, eo1l aample 1 from field plote eatabliahed under the 

direotion of Dr. R. G. Boaenstiel were etudied in the laborator,y 

to determine the etfeoti?eneaa of aldrin (aaong other aoil inaeoti­

oidea) in controlling subterranean inaeota and thripa on 1traw• 

berrie• in the ill..ette ValleJ• Experiaental plota were deaisnated 

aa Schoth Garden, (Willautte olay loam), Conallb Oregon. A.ll 

plote were 1et up and sampled randomly. The aldrin•treated aoil 

(Table 10, p.66) contained 50 pound• per acre added a1 a 6 per cent 

duat at a rate ot 1,000 pounda per acre. The ineeotioide-duat aix­

ture waa incorporated into the aoil by rototiller technique, and 

immediately after treatment, young atrawberry planta were ae'\ out 

and allowed to grow for approximately one year, at which ti.M ramom 

aamplea were collected from each ot the aldrin·treated plota and on 

equal number of control plota . A portion of all of the teat plota 

a1 well as the control plot samplea (Table 11, p.67) were aeparately 

combined. to form ooapoaite samplea. 

The purpoae of thi• study was to assets the effeot ot tour oQa­

aonly used aoil inaeoticide• upon certain aoil fertility factoraa 

Aldrin, DDr, chlordane, a~ heptachlor fS.ld-treated soil• were 1tudied 

by the pre•ioualy cle•cribed aethod•. Ammonia , nitrite, nitrate, pi, 

and soil counts were determined after 10 and 20 clay• incubation. 
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4lthougn thia study includes tour inaeoticide·treated ao1la, 

only the reaulta or the aldrin-treated soil will be taoludtd 1n 

thia theah. 

B. EXPAlli ' NT L JIETHODS 

Nitr if1oat ion 

Duplicate aa~le• of each of the treated ao1la were admixed 

reapecti~ely with 500 P•P••• aamonium chloride, 500 P•P••• sodiwa 

nitrite, ar.Jd 1,000 P•P••• peptone nitrogen. The aampla 1 were in• 

oubated at optiJilum. aoiature and temperature, and the analyau noted 

ab~e were obtained after 10 and 20 days incubation. 

ADaon1fioation 

4maonifioation prooeaaea were illustrated by following the 

nitrogen transformation ot the duplicate aamplea treated with 1,000 

p.p.m. peptone nitrogen noted in the nitrification atw:ty. 

Soil Counta 

, Uter 10 days imubation at 28° c. and at optial moiature 

oonditiona, triplicate platea at dilutions of S x 104 and 6 x 106 

tor bacteria aui Streptoayoea, and at dilution• of 5 x 101 and 

6 x 108 tor molds, were poured. he bacterial plates were incu­

bated at 28° c. for 10 daya. Ammonia , nitrite, nitrate, and pa 

were alao determined at thia ttae. he valuea gi~en in Figure• 24 

and 26, PP• 59 and 60, are the average or the tour individual plot 

aamplee which represent the average ot three replications. 
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TULE 10 

An&lyala of Sohoth Garden SoU• 
(Willamette Clay Loul). 

Cheok Compoaita••l952 

Chemical AnalyabJ 

Koia~ure, per oent 
Saturation Capacity, per cent 
pH 
Lime Requirement ('lroug), ~ona/Aore 

llitrocena 

A.aonlua 
litrite 
Nitrate 
&jeldahl, per cent 

'f otal Carbon, per cent 
Cdi Ratio 

ll1croorganilm.aa 

Kolda , per gru 

Pen1c1llia, per can' 
)luoora, per cent 
A.apergilli, pe·r eent 
Trichoderma, per cent 

Bacteria, per gram. 

Strept!!fcea , per cent 
A.so\obaoter 

• Data expreued on •tar-free bada. 

2l5.C 
50.1 
6.1 
2.5 

20.0 P•P••• 
Traoe 
l.o P•P••• 
0.22'7 

&G.e 
16.? 
c.a 

12.6 

6'le8 X 10 

47.0 
Present 

http:ll1croorganilm.aa
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tABLE ll 

~lyaia of Field Treated Soil• 
(Sohoth Garden--Willamette Clay Loaa) 

Aldrin Compoa1te--l952s 

Moiature, per oent 
Saturation Capacity, per cent 
Eil 
Liae liequir•eD.t (Troug), Tona/Acre 

litrog•n• 

4maoniua 
lfitrite 
Jitrate 
Kjeldahl , per cent 

CaB Ratio 

A-ldrin {Tota.l Chlor1de)••(23,pp.78l) 

Mioroorgania.. a 

llolda, per graa 

Penicillia, per oent 
Muoora, per cent 
4aperg11U.,. per oent 
TrichQClera , per cent 

Bacteria, per gram. 

Streptomtcea , per cent 
aotobao er 

2!.8 
SO.l 
6.2 
2.5 

24.0 P•P••• 
Trace 

2.0 P•P••• 
0.217 

l3al 

22.5 P•P••• 

11,500 

65.2 
80.2 

0 
4.1 

• Data exprea1ed on the water-tree baaia. 

x Treated with aldrin (50 pounda per acre or 25 p.p.a.) •• a 5 
per cent co.-eroial oust. " 

•• Data expre•aed on tbe air-dry bae1a. 
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.Aldrin Analysis 

The aethod of Kobll&tsky and Chisholm (23, p.78l) was used 

to detera1De the tree chloride concentration after sodi\11. deooapo­

sition. 

c. RESULTS 

SoU Count• 

Aldrin applied at a rate of 50 pounds per acre as a 5 per oent 

oa..eroial dust does not appear to ba~e any injurious etteot on the 

n~bera of soil microorganism. aa determined by plate counts. But 

instead, an obvious stimulation in the number of bacteria ._, appar­

ent. (Figure 24, p.59). StreptGmloea appeared to be 1nditterent to 

the presence of the inaeotiolde {Figure 24• p.59). The mold oounta 

graphical ly represented in Figure 25, P• 60, show no a1gnif1oant etfeota 

of the inaeotioide. 'table 12, p. 61, 1a a oompariaon of the ammonia, 

nitrite, ani nitrate analyses obtained at the time the soil oounta 

were ade. 

4amon1t1oation and B1tr1f1cat1on 

The results from the nitritioation studies obtained by using 

the field-treated soil •erify 1n many reapeota the re..lts obtained 

from the laboratory-treated soil. Ammonification in the presence 

ot 1,000 p.p.m. peptone nitrog& waa stimulated by the addition ot 

aldrin atter 10 days incubation. In the pretence ot thil added 

peptone nitrogen, ammonification waa stimulated by 24.6 per cent 
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over the control. After 20 days ineubati.on, ammon1:ficatio.n values 

for the treated soU w.-e back to norMl. However , when am.moniua 

chloride wa,; added at 500 p.p.m., the results indicate no oonver­

si9n of ammonia to nitrite a.nd consequently, there was no nitrate 

formation. This effect was apparent at 10 and 20 days incubation. 

Nitrat e formation was slight in the treated soil in the pre•enoe 

of 500 p.p.m. aodium nitrite after 10 days incubation. After 20 

days , nitrate formation ••• inhibited . itrate formation was 

greatly inhibited at 10 and 20 days incubation where peptone had 

been added to the treated soil. This inhibition •• manifeeted 

as a 41.7 per oent; reduction 1n nitrite conversion, as bated on 

the control soil, Tdli oh wae arbitrarily set at 100 per cent. 

After 20 days incubation, nitrate formation was more ••~•rely 

effected in that a 76.6 per oGnt inhibition was apparent. 

AldJo 1n. .A,na lysia 

Residual aldrin e.~ chloride was determined •• 22.5 P•P••• 

http:ineubati.on
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t IE 12 

Jitro~en Analyses of Insecticide-Treated Field Soila 
Obtained Simultaneously with Plate Counts 

A~erage of Four Randan Plot Sample1 

Sample Treatment p1l P•P••• B P•P••• I P•P••• I 
aa w. aa lOa •• 03 

A Oheok 6.8 •• ,. 0.91 

B A.ldrin 6.2 a a T 0.18 

c Beptaohlor 6.0 68 'f 0.64 

D D.Dr 6.1 16 1: 1.0 

E Chlordane 6.1 1 T 0.18 

Campo1ite Saaple1 

21 Chock 6.9 20 T 1.42 

22 Aldrin 6.2 10 'I 0.48 

2S Heptachlor 6.1 20 T 1.28 

24 DDr 6.0 6 T 0.&0 

26 Chlordane 6.1 8 T T 

• T denotea trace. 
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III SOU. EXTRACT ST ODIES 

A. INTRODUCTION 

In an etfort to expedite the action of aldrin under oondi• 

tiona of exeeaa nitrogen, a ahake tlaak technique, using a aoil. 

extraot as an inooulum., waa adapted. to .the atudy of the effects 

of ddri.n on the soil microtlol"a . Thua 1t waa hoped that this 

method would ahow more ob-qi,.oua d.iffereneea than were obtained 

tre the oon'Yentional nitrogen trantformation atudiea in the 

aoil. 

S • E.XPElU!I&tlf L HODS 

Preparation of the · tract and the Nutrien:\ Solution 

In all of the ao1l extract atudiea, the med1UJD. and the tx­

traot were prepared in enentially the same manner. 'fwo litera 

ot Ditoo peptone aolutio:n containing 1,000 p.p.m. nitrogen per 

100 ml. of solution were ti:Ebd•ecl with 20 grams (•ter-tre•) or 

the soil. This auapenaion was vigoroualy a gitated for 30 .minutes. 

It •• then removed and filtered through iihatman #2 filter paper. 

'l'he reaultirlg filtrate wae relatively olear an4 suitable for tur­

bidimetric analyua far the estimation of miorC!Ibial numbers. 

A.pparatua 

A reciprocating incubator with a 3.5 inch ttroke and 96 

exouraiona per minute, held at approximately 28° c., W&ll used 

throughout the study. 
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General Procedure 

One hundred ml. of the extr et filtrate were diapenaed into 

500 al. Erlenaeyer flasks, which contained O, 20, 200, and 1,000 

p. p.m. rec:ryatall1aed aldrin. These flaaka were then fitted with 

carbon dioxide adaorpti~n unite identical with thoae uaed in the 

aoil reapiration atudiea. Xhe tl..ka were placed on the reoipro• 

oating inoubator and connected to a aupply of oarbon dioxide-tree 

air. Carbon dioxide evolved waa collected in 1/1 laCti. The carbon 

dioxide ~evolved . waa collected in two of the expert.enta in an ettort 

to determine a poaaible utili&ation of aldr1D aa a carbon aouroe . 

At interval• of 24, 48, aDd 1~0 houra, one flaak of each treataent 

waa removecl. The turbidity, ammonia, and PI were determiued. In 

the oarbon dioxide reapiration atudy, the carbon dioxid~ evolved 

waa deterained after 4, 8, 12, 16, 20, 24, 48, and after eaoh 24­

hour period to the oonoluaion of the experU.nt at the 120-houJ' 

interval. 

Plate Counta 

In some oasea, plate counta were Blade at •elected t~ in­

tervala. The plates were poured with aodiua. albuminate agar tor 

the determination of baoteria and Strepto!loea . Peptone gluooae 

acid agar at pH 4.o waa used to eati•te the molda preaent. 

http:experU.nt
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Soil& 

lfillamette clay loam soU from the Schoth G&:rden waa used 

tor the acil extract inocula. The1e aamplea repre•ent oompoaite 

portiont of tour field plota. The oompos1 te 1 oils sample cleaignated 

"aldrin treated" (Table 11, p.51) had been sampled at random from 

tour plota which h6d been ptevioualy treated with 25 p.p.m. ot 

oOJIIJBBroial aldrin added to the aoil •• a 5 per cent duat. Analyaea 

ot this soil by ~he method ot Koblit•ky and Chiahola (2~, p.'78l) 

were made at approxiutely 12 month• after the initial treatment. 

The aldrin concentration waa determined •• 22.6 P•P••• The coapotite 

aoU aample deaiguted at •oheok'* (Table 10, p.56) •• randomly 

nmpled from the tour oheok plots oontainitlg no insecticide. 411 

aamplea were obtained 'by using the reoomended procedure aa d..­

cri'bect by the Aaaootation of Official Ar;rioultural Chemiata (4,p.l). 

C • RES tU.:r S 

• 
Retults of the ammonification and nitrification atudie• ln• 

dioated that aldrin d.1.d .ba-.e a pronounced ef'teot upon UJD.onitioation. 

Figurea ~0, 31, e.nd J2, page 69, and 27, 28, and 29, page 68, ahow 

the reaulta ot the .. experiments. The exper1JIIInt waa 18t up pri­

•rily to determine whether there had been a.ny adaptation ot the 

general soil microtlora to aldrin. Such an adaptation 1• evident 

upon examination ot Figure• 29, page 68, and 30, page 69, ahowing 

the rate and the qantity ot al!lnonia produced in the aldrin o aapoaite 

and the check soils. After 24 hour• incubation, the check soil 

.. 
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extract ahowa ''"ere inhibition to the a.IID.onii'ioation proceu at all 

concentrations of the 1n•eotioide. Twenty P•P••• at thil incubation 

intenal ahowa a 20.5 per cent inhibition in &DIIIlonit1cat1onJ while 

at ooncentrationa of 200 and l_ooo p.p.m., the inhibition ia doubled 

am eaaentially the •aae at approxiJU.tely 45 per cent inhibition. 

Thirty-aeven per cent inhibition in aamonitioationwaa ob1er..ed at 

conoentration1 ot 20 and 200 p.p.m. after 48 hour• 1noubation. At 

1,000 P•P•••• the inhibition bad reaohed a naxim.um of 62.2 per .c.nt. 

and at the ooncluaion of the experi..ut (120 hours) the original 

inhibition noted at 20 P•P••• disappeared completely and waa now 

baok to the control l..,ele. At 200 P•P••·- an act-..1 atimulation 

ot 36 per oent in the alllll.onification proceuea •• e'fident. Thia 

1timulation waa e"en more atrikingly evidettt at 1;000 P•P••• and 

had reached a value or 42.6 per cent. 

Thus we do ahow that aoil extract-inoculated peptone aclution 

in the preaence of aldrin reoo..,era auffioiently from an initial in­

hibition in aaaon1t1oat1on after 120 houra 1DDubation in a!ake flaak 

culture• to yield an actual atim.ulation in theae proceaaea (Ficure 30 

P• 69). 

The extract of the aldrin-treated ooapoaite thawed much 1••• 

auaceptibility to the preaence or aldrinJ however, the eur..,ea were 

euentially the same, although there •• a lesser ef'feot. At 24 

hour a, • U three concentrationa produced a 28 per cent inhibition 

in the liberation ot tree aanonia. Atter 48 hours* 20 p.p.a. bacl 

no etteot, 200 p.p.m. produced an 8 per cent inhibition, while 1,000 

P•P••• yielded a 22 per cent inhibition in thea• P' oct~aea. Further 

http:naxim.um
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incubati~n produced ess,ntially the same r esults as was indi<?ated 

in the preceding experiment; at 120 hours,. 1,000 P•P•lll• produced a 

10 per cent stimulation in aliU1lonification. However , concentrations 

of 20 and 200 p.p.m. maintained their inhibitory e.ct.ion at levels 

of 54.0 and 29.5 per cent respectively. The signifieanc.e of these 

ri!tsult$ . have n~ yet been detenn ined; however, there appears to be 

a critical aldrin concentration bet-.,een 200 and 1_.000 p.p.m.. the 

pa during the entire experiment for all concentration. remained sig­

nificantly below the control, as illustrated in Figure 29, pa_ge 68. 

lfhe growth of the organisms as · determined by turbidimetri-c methode 

olosely parall~la the &mmonitioation processes , shoring an initial 

depreasion in the nrly stages of incubation and subsequent .atimula­

tion at the conclusion of the experiment. These results were. e't'i.. 

dent in both the "check" and the 11aldrin-treated,. soil extracta • 

.Little or no lign;.rioant data were obta1 ned by determining 

the nitrite and nitrate concentrations at the characteristic time 

intenala, for there· appear&A to be a concentration of soluble , 

organic matter in excess to the concentration for optimum autotrophic 

prC?liter:ation. Th'l-s. the production of nitrite am nitrate •• 

limited to trace amounts. The results of these experimenta indicate 

that there is a development of gradual resistance to the inhib-iting 

effect ot aldrin by the general soil mioroorganiam-a, fo.r i,t ia evi­

dent that the degree o.f ef"fect in the t11o soil extracts 1a aigni.fi­

cantly different. 

To elimimte the possibility that the manifold effects il­

lustrated in the.se experiments is the result of a physical phenomena, 

http:aigni.fi
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the retulta -are given in tab lea U an4 14. ,pa-gee T.t aad ''• and .1n• 
,/ 

61 , 1 oi&te that the efteo:t ls 1D all prebabili~f of a two-told •tun• 
• 

In previw• •~peri nt• 1\ waa. shown that ddrin. ill though oa.pa­

ble of inhib1thg t.he normal nltrog tranatorat-J.on 1n \he eoil.., clicl 

not have ·an 1njur1otla ei'te.et upon t9• n -~rs ot heterotrophic mioro• 

.oypn1asal but that a • ·ti.m.ulatioa in the geutal cioll'<>flora •• obaen.d. 

'lhia waa n1den\ tr the reault• of plat•· oounta obtaine4 atter 48 

houre 1noub&t1on. tld.• aplHJ•••· to be 1.n -d1rMt e-Ofttr&at to thl 1ntol'­

mat1oD otJ~ined l>J tho iucreaeed tvrbidity of the aaapene1ou.. 'th•r• 

appeared to be A ob-vioua d1rtn ~·· in the 1erotl.on ot eUh.r ot 

the soil erlracta or hetweea the fts-iou• ex:tracta ancl all oonoent.ra• 

platea &t &DJ' cono.entrat ion or 4U\l1o ion... the mo·ld• ln aU probabllity 

ha-d been HmoH\1 by e filtration of" tl\e inoculated me41wa priOI' to 

In n• or th ta,. 1t &ppearecl aniaab:le to re-,ea.t, the e:xperi nt 

lfithout ini't1&1 filtl"&t1..on ot the me-41 • the reaulta 01 'ti-bi.e ·•zper1• 

me t an •bow.o 1u Flcttr•• 81. Z4., aJld &5. j~egea Tl a d TJ. lt alao 

appear•d ad-.iable to de'ttermine t-W. efteet ot alddn on tM oarbo.n 

41:~1de 11t,•r•tion by orga.n.ia a preas!lt in the e.V.ot. h ex:perl• 

nt s .set up 1u eas:uU.lly the uae •Jm•:r •• thoae *'"oedlq. 

the only •Jar oh&tl~ bebg that the ooarae ptrtiolea -..re r11m0v.cl 'bJ 

pa•alng the au-t:ri.en-t •olut1an aftv in.oo\Jla~1on ilhrough abaor'beu' 

http:r11m0v.cl
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T4BLE 13 

The Influence of Aldrin on Ammonification in Soil Extract Inoculated 
Peptone Solution Incubated in a Statio Condition, at 28°C., for Twenty 

Daya 

Soil Sample Treatment onia 11 
P•P••• Aldrin Produced p.p.m. 

Aldrin Compoaite 0 400.5 

Check Composite 0 253.0 

ldrin Composite 20 218.0 

Check Composite 20 lOO.S 

ldrin Composite 200 222 •• 

Check Composite 200 231.1 

Aldrin Compoeite 1,000 313.9 

Chel)k Composite 1,000 114.0 
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TABU: 14 

Plate Count a Obta 1ned From Soil Extract Shake Flask Studies Alter 120 
Houra Incubation 

Soil Sample Treatment ppa Number ot Bacteria Per cent 
Aldrin and Strertgmrcea per Streetsees 

Jill. X 0 < 

Aldrin C011posiu 0 27.6 31 

Check Composite 0 18.9 43 

Aldrin Caaposite 20 456.0 3S 

Check Composite ' 20 424.0 so 

Aldrin Composite 200 9SO.O 40 

Cheok Composite 200 857.0 38 

Aldrin Composite 1.ooo 1,350.0 27 

Check Coapoeite 1,000 l.zeo.o 26 
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cotton, instead of filtering the medium through filter pap&r. As · a 

result, the suspension remained quite turbid, el1mimt1ng the possi­

bility of following the numbers by increased. turbidity . It appears 

from the results that the filtration process did remove a large num­

ber of the microorganisms preeent, altho~gh plata counts again reveal ed 

that there Wll& no mold growth. 

'l'he ammonification proces.s showed. the characteristic inhibition 

after 24 hours. The 48-hour samples revealed a stimulation normally 

observed. after 120 hours incubation. This early effect ie probably due 

to the greater nuDiber of mioroor~niams present, or due to a apeoiea of 

mioroorganisa foreign to the subsequent eJPJriments . Thua , it ia shown 

(Figure ~3 , P• 71} • that 1,000 p .. p.m . aldrin exhibits a 20 per ·cent stimu­

lation in ammonification, with this stimulation becoming more and more 

-e'vident atter prolonged incubation . Twenty nd 200 p. p.m. aldrin sig• 

nifioantly stiJnu.lated the ammonificati::)n process E4fter 120 hours. The 

pH of the treated samples illustrated in .Figure 34 , page 71 , reflects 

the ammoni.fication procesa . Statio oultures incubated at 28°C . for 120 

hours revealed no effect upon ammonification-. growth, or pi of the me.. 

dium. The significane-e and the validity of this finding l'8Dl ins in 

·queatiOll . 

A plot of the cumulative carbon dioxide production (Figure S5, 

p . 73) from the shake flask cultures indicates that aldrin at all three 

concentrations prolongs the initial adjustment peri<Ki of the microor­

gania s to the medium. This inhibition is evident after 24 houra 

incubation. Carbon dioxide production was significantly stimulated 

after 48 hours incubation and maintained the stimulation through 90 

hour• , at which time carbon dioxide production dropped to <tont r ol l eve l • . 
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IV PURE CULTUR STUDIES 

.A.. INTRODUCTION 

In order to determine the effect of recrystallized aldrin on 

pure oulturea of microorganisms, t n commonly encountered soil mi­

crobes were ua.ed in this study. 'l'heae included Bacillus subt.ilia, 

Bacillus cereus .. Eaoher1oh1a !2.!!• .Paeud0111onas aerugino•a, Streptcayces 

griseus, Streptomyces· coelicolor, Aspergillus niger, Penioilliua sp. 

llucor sp., and Trichoderma sp., all of which were obtained froa the 

laboratory stock cultures or fresh soil isolates. It was the purpose 

of this study to deteraine the effect of aldrin on several ot the or­

ganisms which are r ·epresented by the three well defined taxonomic 

grouP'J: bacteria, fungi, and ~reptomyc!.!.• Where the teat organiam 

waa a bacterial species, a 1.0 ml. suspension of the 24-hour nutrient 

broth culture was used aa an inoculWil. In applicable caaea a apore 

suspension was used as an inoculum in the study of the fungi and 

Streptomyces. The spores were harvested in 25 al. of sterile water 

from slant cultures grown on nutrient agar and then thoroughly mixed. 

One ml. of this suspension was pipetted into the nutrient mediua as 

the inooulUIII... 

B. EXP Rll4ENTAL JIE'TBODS 

Culture ediwa 

.A. aiaple medium consisting of 0.63 grams (water-tree) Difoo 

peptone in 100 ml. of water which contained an equivalent of 1,000 

p.p.m. nitrogen, was used throughout the study. 
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A.pparatua 

A reciprocal type shaker equipped with an incubator was used 

to ineure adequate aeration in all the pure culture atudiea. The 

temperature was maintained at approximately 28°C. although the tem­

perature was not considered critical. Cell d.ensity •• determined 

turbidimetrically by de1oendning the log&ri1ohm ot 1ohe abaorbance 

with a llett.Summeraon photocolor1meter, Model 900.3, equipped with 

a deep red filter Bo. 66. Inoculated peptone aolution at aero tille 

waa used aa a reference point and the coloriaeter acale ·se1o a1o o. 

411 aubaequent readings were made in this manner with a standard 

1/2-inch by 4-inoh ouvette. Ammonia waa determined by th• Kicro­

ljeldahl method (27, pp. 280-282). The 1fi •• determined by the uae 

ot the Coleman glasa electrode pH meter. icroacopic examinations 

of wet mounts were made with the American Optical Company phase 

attaebment uaing the dark cantraat objective. 

Procedur• 

eoryatalli&ed aldrin was weighed directly into ~ ml. 

Erlenmeyer flaaka at concentrations of 2.0, 20.0, -and 100.0 mg., 

wh~oh repreaent 20, 200, and 1,000 p.p.m., reapectively. One 

hundred ml. of the standard peptone solution waa dispensed into 

these flasks to the nearest 0.1 ml. Theae fla ska were plugged w1 th 

cotton and autoelaved at lO pounda preaaure and l03°c., for 20 

minutea. Thia lower temperature was used to reduce the possibili­

ties of a loaa due to the volatilhation of aldrin which baa a 

melting point of approximately 104°C. (24, p.l76). The experia.nt 

http:experia.nt
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•• aet up ao that a sample at each concent.rat ion 1n ita entirety 

could be removed from the ahaker at 24, 48, and 120 hours, thua 

eliminating the poasibili.tiea of contamination while sampling and 

also aToiding cwnbersome calculations due to ohangea in 'Volume. One 

flask containing each of the concentrations characteristic of the 

experiment plus a control were removed at these times and their 

contents placed into chemically cleaned 100-ml. graduated cylindera 

~d made baok up to the original volume of 100 ml., with the addi­

tion of distilled water. hese suspensions were then thoroughly 

mixed and approximately 10 ml. removed and placed into calibrated 

Klett color~etric cuTettee, the turbidity and the pH were determined 

on the s ame samples. Appropriate aliquots were then taken from the 

suspension for the icro~Kjeldahl determination of ammonia. In sou. 

oases the number• of m~croorganisma were deter.mined at these t~ea. 

C. R&SUia'S 

oillua aubtilie 

Each concentration of the inaeotioide after 24 hours incuba­

tion ahowed aeTere inhibition to aJIIIOnitication, and aubaequently to 

growth. The aame effect waa noted after 48 houra. However, oonoea­

tratiou. of 20 and 200 p.p.m. were leu severe, the culturea ab.owing 

a gradual recovery to the initial effect. Arter 12 0 hours there waa 

~ery little ditferenee in the effect or concentration, thus indica­

ting a rapid recovery to the initial response. In the case of 1.000 

p.p•. m., the slope of the curve indicat•s that the rate of ammonifi­

c.ation exceeds that of th~ ~ontrol. In this one experiment, 100 minus 
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the per cent light transmittance. obtained from the Leita Color1­

aeter. was used as a meaaure of cell density. 4mmonifioat1on alao 

reflects the growth of the organisms as is sharn in Figure So. 

ptl~e 81. The a.evere inhibition to growth as deter:ai:t»d by turbidi­

metric analysee is manifest at each concentration. although at 120 

houra the 1.000 p.p.m. treatment shows a somewhat greater turbidity 

than the control. A predo.ainant portion of the turbidity noted may 

be the result of the aldrin partiolee. 

The influence of aldrin on the pa is a auppreaeion of the ex­

pected ri.se norma 1 to early stages of growth and amaonia production. 

A gradual recovery occurs after 48 hour s, a:o1 at 120 hours is alm1)at 

oo.aplete. In all casea. 1.000 p.p.m. had the moat severe effect. 

There ia a definite metabolic and growth lag due to the preaenoe of 

the insecticide at each concentration. 

A m1c roaoopic examination o£ the control and the treated 

cultures waa made atter 24 • 48. and 120 houra. in an a"ttempt to show 

an intimate contact of the oelle and the aldrin particle•. thus pre­

senting a logical explanation of the obeerved effects. 

Couidering the lack o£ growth or the complete inhibition of 

growth in the treated aamplea after 24 hours, these •rly obsena­

tiona yielded little or no useful intormtion. However. after 48 

hours, the following significant chaDgea were noted, 

(1) Control& A great increase in the number o£ microorpn­

iama per field were ob.served. The cells were approximately o.7 microns 

by 3 microna lQng,. o.nd al•y• appeared singly. 
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(2) 200 p.p.m. s The field was much leu densely populated 

with some long chains of organisms present; however. most .of the cella 

appeared in short oha ins and pairs. Cell elivia ion appeared o6mplete 

with the formation of cross walls, but they remained intimately con­

neoted. n average cell lad the following dimensionsa 0.7 miorona 

by 4.5 micron~. ldrin particles were numerous with an average size 

of l micron by 1 micron, and in this case there was no visible con­

tact between the aldrin particle& and the cella. 

(3) l,O?O p.p.m. t There were any more aldrin particles pre­

sent with comparatively few aioroorganhma. The aldrin particles bad 

no specific abape. The outstanding characteristic observed •• that 

huge cells were abundant with approximate dimensions of 0.1 microns 

by 10--12 microns. There were many almost coccoid cella in chains. 

The morphology definitely appeared distorted. These observations 

at 970 X magnification yielded no indioation tblt 'there was any con­

tact between the cella and the aldrin particles . 

Due to the arti1'i.ota inherent in all staining procedures. 

attempts to stain cell suspensions failed . Aldrin particles ill­

mediately occluded about the bacteria .cella and gave a c~plete re­

versal ot the picture obtained by phase microscopy using the wet 

mount technique . Attempts to photograph the observed am deacribed 

fields generally failod due to the inability or maintaining a atable 

focus on the highly motile cella and particlea . 

• 



Bacillus cereu1 

The e.tfeot of the 1naeotio1de upon Bao1llu-a cereut •s man1­

fest in a prolonging of the initial lag phase of growth. Twenty 

p.p.m. had little effect upon ammonifioationJ however. 200 p•.p.m.• 

slightly inhibited the procese after 24 hours 1neubat1on. While thia 

reault ia apparent, it could not be considered et practical impo.r­

tance. The initial inhibition was maintained after 48 houra incu­

bation in the presence of aoo p.p.m. of the inae.c.ticide. And atter 

prolonged incubation, 120 hours, at both 20 and 200 P•P••••· ~UQmon.i-

tioat ion as inhibited, with 200 p.p.m. exerting the moat pronounced 

ettect (Figure 39, p.•84). the effect was a lao nident in the oaae 

ot !• _au_b_t_i_l_.i_a. It ia int.eresting to note this characteristic re&o• 

tion of the organism to a concentration ot the inteotioide at 200 

p.p.m., aa compared with the insecticide at 1,000 p..p.m. For at 

1,000 p.p.m.., amm.onifi.cation is completely inhibited after 24 houra.• 

After 48 hours the culture reeovered .from the initial inhibition and 

although total ammonia production lagged behind the oantrol• the slO£* 

of the curve indicates that ammonif1oat1on 1s being carried out at 

a more rapid rate. Thie general trend in the rate of ammonification 

b even more atrik1ngly illust rated after 120 hours. when it approach•• 

control levels~ thus showing a general adaptation and a eonaequent 

atimulation in amunifieation. 

Figi.U'e 39, page 84, • plot of the p1I veraua time~ m owa the 

depresaing efteot of aldrin upon the hydrogen ion c1>noentration of 

the varioully treated aample.s.. This depresaion in p1l parallela the 

inhibition of amonification am can in all probability be attributed 



84' 

sooc 

.I 400 

f/)300 
c 
z 

I 
100 

100 

0 
0 24 48 H0Uf'5 110 

LEGEND 
CONTROL 

9 ~ 20 PPM ALDRIN 

8 + 200 P1!t11 ALDRIN 

e + ~000""' ALDIIN 

FIGURE 39: THE INFl£NCE OF ALDRIN ON AMMONFICAT'ION tN 

PEPTONE SOL.:N SHAKE CULTURES OF BACIU.US CEREUS 
"' 

FIGURE.40: .THE INFLUENCE OF ALDRIN ON THE GROWTH 
OF I· CEREUS IN PEPTONE SOL'N SHAKE CULTURES 

9.0 

~ 400 

g: 

i 300 

~ 200 

"'~ 
~ 100 

.J 

"' a:: 0 

- ----<> 

0 24 48 HOURS 120 

% e.o 
~ 

7.0 

~0+-------~--------~--------------------------1 . 0 ·24 48 HOURS 120 

FIGURE 41 I CHANG€S IN pH DURING AMMONIFICATJON 
(SEE FIG. 39) 

http:FIGURE.40
http:BACIU.US


85 

to the difference in the relative ammonium 1on concentrations. Al­

though 20 and 200 p.p.m. tends to inhibit ammonification, the pl. of 

the medium at 120 hours is 0.,2 pB units abo-ve the control, which is 

considered significantly higherJ however, the pH of the medium con­

taining 1,000 p.p..m. liea below the oontro.l and would indicate that . 

aldrin effects the efficiency of the carbon met•bolisa of the or­

ganism,. or that aldrin itself ia being chemically altered to yield 

an acid reaotion. In at+y case this organism obviously reacts dif­

ferently to vario~a concentl"ationa of the inae·cticid•• and there 

a ppear a to be a critical e cn centrat1on between 200 arrl 1.,.000 P•P••• 

Following the growt-h by turbidimetric methods i'u:r-ther empha­

shes the effect of aldrin. lt oa.n be seen by comparing FigW'ea 

39 and 40, page 84, a graphic representation of the values obtained. 

by a Kioro-Kjeldahl determination of ammonia and the trubidity, 

tho.t the cur·ua are similar. However, the inhibition due to the 

presence of 200 p.p.m. aldrin in the Ill!! dium is not manifest 1n growth 

at 48 hours. It 1a clearly illustrated (Figur-es 39 and 40,. p.84)._ 

that at this period during the incubation, aldrin at this eoncen­

tration does not irlhibit ammonification. 

Photomicrographs ~ obtained after 120 hours incubation re­

'fealed little or no effect of the inaocticide upon the groaa mo&·­

phology of the organism. However , several cella showed upon their 

exterior surfaces minu•• adhering particles, presumably of the 

insecticide. he mode of action of the inaectioide is not clear, 

although it.s effect is definitely manifested in growth, pB, ammoni­

fic;ation, and preaumAbly in the general metabolism of the cell. 
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TABLE 15 

Escherichia coli Pure Culture Study 
~pertnental Set-up 

Flask Content• Number of Internl frOlll Total io. 
Replication treatment and ot tlaaks 

sampling (houra) 

Peptone Solution 
and InoculUJD. 2 0,24,48,120 8 

Peptone Solution, 
lnoculua, and 20 
p.p.m. Aldrin 2 0,24,48,120 8 

Peptone Solution, 
Inoculum, and 200 
p.p.m. Aldrin 2 0,24,48-120 8 

Peptone Solution, 
Inoculua, and 1,000 
p.p.m. Aldrin 2 0,24,48,120 8 

Peptone Solution 
and 20 p.p.m. ldrin 
(Jlo Inocula) 2 0,24,48 120 8 

Peptone Solution 
and 200 p.p.m • .Udr in 
(No InoculWil) 2 0,24,48,120 8 

Peptone Solution and 
1,000 p.pe"m. 4ldrin 
(no Inoculum) 2 0,24,48,120 8 

500 p.p.m. NH4Cl 2 0;24,48,120 8 

soo p.p.m. m4c1 
and 20 P•P••• ldrin 2 0,24,48,120 8 

500 p.p.m. eel and 
200 p.p.m. Aldrin 2 0,24,48,120 8 

500 p.p.m. NH4Cl and 
1,000 p.p.m. 4ldrin 2 0,24,48,120 8 
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Whether or not th ia effect ia caused by the direct adsorption of ile 

insecticide to the cell ia dubious J h01rever • the results of these 

observations would indicate that the presence of particles within 

the medium may play at least a minor role in the inhibition. Con­

sidering the massive concentration of the insecticide at 1.000 p.p~•• 

it would seem highly possible that some inhibition in gra.th could 

come from a mechanical disruption of the cell by bombardment with 

these plrticles in shake cultures. Although this action 1& poaaible, 

it seems doubtful that it plays a major role in the effect. 

Escherichia ooli 

Reorystall1aed aldrin was used at concentrations previously 

noted. Bowe"fer, xper imental controls were r1m in an effort to 

rule out the possibility of an aldrin-a..oniUil ccm.ple x, or a reac­

tion between aldrin and peptone. he experim.enta 1 set up ia dta­

gra..ed in Table 15, page 86. 

A definite but alight stimulation, thou~ not oauidered 

aerioua, waa noted after 24 hours ~ncubation (Figure 42, p.87). 

The 200 and 1,000 P•P•IIl• treatments indicate a mare marked stimu­

lation after 48 hours incubation. These differences were maintained 

throughout the experiment. 

Aldrin effected a general rise in the til of the culture after 

48 hours. .After 120 hours, all treatments were 0.5 pi unita abO'fe 

the control. ~ldrin plus sterUe peptone solution shaken for 120 

hours at aooc. aha.• a similar rise in the pH, possibly due to 

m.eohanioal degradation of larger plrticles, increasing the aolubility. 
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The turbidtmetric method 1howed gradual stimulation Qf growth by 

aldrin at each or the three concentration• (Figure 43, P• 87). The 

significance of this finding has as yet not bJ.n &llelled. 

The result• of this experiment 1lfow that alcrin ha1 no reac­

tion with peptone or the ammonium ion nor does it enter into ai\Y 

absorption compla.. Consequently• this elaborate control waa elim­

inated from subsequent experiment.. 

Paeudaaonaa aeruginoea 

Aldrin had no apparent efteot upon shake flask cultures in­

cubated at 30°C. f'or 120 houra. There were no aueeaable d1f'fer­

eneea in ammonification or growth at any period during the incubation 

with any concentration or insecticide used {Figures 45, 46, and 47. 

p.89). 

Stregtamycea ar1aeua 

Although 9.mmonif'ioation was not pronounced after 2t hours 

incubation. obvious differences between the control and the treated 

values are evident (Figure 48. P• 91). Thia inhibition was also 

evident atter 48 hours. 200 and 1,000 p.p.m. aldrin being more 

effective and eaaentially equal in their effect.. tter 120 hours 

incubation there were no a1gnif'1cant diff'erenoea between each of 

the treated and the control samples, thua again indicating a general 

adaptation ~d posaible subsequent stimulation of ammonification. A 

definitely injurious effect ot the insecticide upon growth of the 

microorganism 1a shown in Figure so. page 92. The turbidity of' 
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FIGURE 50 

The Effect ot Aldrin on The Cell VolUlllt of Strept~oea griaeua prOduced 
1n Peptone Solution Shake Cultures After 48 Houra at Approximately 28oc. 
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Strepto&ces and mold suspensions in shake flask cultures are not 

necessarily indicative of the plate counts or the density of the 

growth . Aldrin visually appears to affect the morphological obarac­

teriatioa of the organiam and consequently there is little or no 

agreelHnt between the turbidity,. optical density• or per cent light 

tranaaittanoe and the numbers. This ia due to the rather particulate 

nature ot the cell aggregates which fonn in the liquid medium and 

their tendency to settle out of suspension. Therefore. where it •s 

possible to photo~raph the cultures in graduated cylinden uaed to 

adjust the volume of the medium before analysis and show the relathe 

eell denaity. it was so done . hia., it appears., is a more atriking 

method of demonatrating the effect of aldrin on the growth of these 

various microorganisms v.here it ia impouible to obtain reaaonably 

accurate turbidimetric analyses. Cultures in the graduated cylinder• 

(Figure 50., p.92) were allowed to stand for approximately two hours 

before they were photographed. 

Figure 50., page 92. repreaenta the 24-hour samples of the 

experiment and strikingly illustrates growth dif.ferencea due to the 

presence ot the inseoticide. After 120 hours all the cultures 

appeared to be lysed; no intact cella were v1a1ble. The culture bad 

a pungent odor of aJIUII.on:i& and poaaibly some ammonia •s lost by 

volatilization. Due to the lack of intact cella after this incuba­

tion period. a photograph would serve no useful purpose. Whethe r or 

not the cella were attacked by an actinophage or whether the pheno­

menon was one of autolysis remains queationableJ however. during the 

expirtm.nt the incubator and shaking device used were subject to 

infection by actinophage specific for !•griaeua. 

http:expirtm.nt
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FIGURE 53 

The Ettect of 4ldrin on the Cell Volume ot Aspergillus niger Produced 
in Peptone Solution Shake Cultures After 48 Hours Incubation at 

Approximately 28°C. 
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Streptomyces ooelicolor 

Aldrin at concentrations used in this experiment bad no effect 

upon the or~nism. 

Aapergillia ni;er 

There was little or no phyaiologioal activity of the organisa 

atter 24 houra incubation. This is evident by a cOIIlparilon ot the 

control and the treated samples with respect to their ammonia pro­

duction. 1h erein the differences 'Were alight. The total amount prG• 

duoed was slightly above the original ammonium content of the medium. 

defin~tfi' inhibitory action on both growth and amaonification appeared 

after 48 hours. It is surprising that the response does not corres­

pond in degree to the concentration of insecticide; 200 p.p.m. ex­

hibited a much more pronounced depression tbln 1.000 p.p.m. The 

relati'Ye poeitiona of the curves (Figure 51. pp. 94) remain the 

same after 120 hours incubation. The greatest inhibitory action 

was exhibited in the flask containing 20 p.p.A. 

Ditterenoes in pH at 24 hours are alight; however • there ap­

pears to be a significant lowering when at 48 hours the pH of the 

control dropped to appraxinately 5.1 (Figure 52. p.94). The effect 

of aldrin on the pli is strikingly demonstrated at thia point during 

the incubation,. for all three coneentrationa of the insecticide tend 

to maintain the original pB, approxim tely 7.3. Two hundred p.p.m. 

shows the greatest effect on the ,tii . After 120 hour a. pH val uea for 

all concentrations of insecticide remain above the controls however, 

there appear a to be a general adaptation to the insecticide in that 
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F IGURE 56 

The EffeQt of Aldrin on the Cell Volume of Penicillium •P• Produced 
in Peptone Solution Shake Cultures After 48 Hou r s I noub tion at 

PP' oximately 28°C ~ 
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the differential between tho treated and the control samples is not 

nearly as wide as was noted previously in earlier samples. 

I 

Photographs were taken of the cell suspension Which had been 

allowed to settle for approximatel.f two hou r s in the graduated cyl­

inders. The insecticide at each concentration visibly reduced the 

volume of cell man produced (Io' igure 53• p. 95). It ia also noted 

that there are definite mo:rphologica l differences in the discrete 

0olonh~ forJDed in tbeae shake cultures. Gr owth in the control 

saiQ.Pl,.e appeared comparatively homogenous 
' 
with particles of smaller 

dimension, while colonies formed in the presence of aldrin were muon 
I 
I 
\ larger and fewer in nwrber. 

\ 
Penicillium ..!.£.• 

ld rin has little or no effect upon ammonification in the 

early stages of inouba tion. The d itferences llhich are slight at 

24 hours become mere and more obvious after 48 hours. The degree 

ot inhibition to ammonification is a function of the concentration 

of the iMeotic1de, with 1.000 p.p.m. exerting the most pronounced 

effect. Thia is illustrated in Figure 54, page 97. Figure 56• 

page 98• a photograph ot the graduated cylinders allowed to settle 

after ammonia determination, illustrates aldrin inhibited growth. 

PH determinations revealed no significant differences between the 

control ~d treated samples (Figure 55, p. 97) . 
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FIGUR 59 

The ffect of ldrin on the C ll Volume Produced by Trichoderma sp. 
in Peptone Solution Shake Cultures After .48 Hours Inoubation at 

Approxi tely 28°C. 
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FIGURE 62 

The rtect of ld rin on the Cell Volum Produced by ucor .s"p. in 
Peptone Solution Shake Cultures after 48 Hours Incubation at 

pproxi.ma tely 28°C. 
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Trichoder sp. 

The Trichoderma apeoies used in this experiment appears to 

be ocmpletely indifferent to the presence of aldrin ( igurea 57, 

58, and 59, PP• 100-101). 

Kuoor ~P.• 

Aldrin at . 200 aDd 1,000 p. p.m·. all but completely inhibited 

the liberation of ammonia atter 24 and 48 hours incubation. The 

data indioate a slight adaptation to the presence of the inaeo\ioide 

at theae concentrations after 120 hours incubation. This is illua­

trated in FiguPea 60 aDd 61, page 102, tba latter repreaentillg the 

pi tak8n at the characteristic time intervals. Twenty p.p.m. ot the 

insecticide alightly inhibita ~onifioation and alight~ reducea 

the PRJ howeTer, after 120 hours ~ere appears to be no difference 

between the pi m d the ammonia produced in the control and the treated 

aamplea. Figure 62, page 103, a photograph taken atter 120 houra 

incubation, illustrates the differences in growth or cell mass in 

the pretence of aldrin at each of the ooncentratiom. The data 

(Figure 62, p. 103) ahow a cloae correlation with the photographJ 

the obaened volume and the actual cell weight aa det~u ained by 

filtering the contents of the cylindera through ayntered glaaa 

medium filters under alight vacuum and drying at l05°C. tor 24 

hours. 
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DISCUSSIOI 

I EXPERD&ENTA.L fitliODS 

A justification of methods used to determine the effect of 

oompounda auoh aa aldrin on soil ai.eroorganiua and some ot their 

aotivitiea ia •eoeasary. especially if the purpose of the investi­

gation ia deaigned to aaseas the relationship between effect and 

aoil fertility. Therefore. the following diaouaaion 1a a brief 

1\IIUII&ry of current reaearoh methods in soil microbiology. 

AJmnonitioati on aa an Index of 

Deoompoaition of Soil Organic Matter 

The nitrogen in the complex organic substances ia present 

largely in the form of protew. thus many investigator& have atta• 

pted to differentiate fertility or different soils. using the rapidity 

of deoompoaition of organic nitrogenous compounds. either in solu­

tion or directly in soil (26. P• 187). However, results are fre .. 

quently difficult. to interpret • Differenoea 1n the ability of the 

soil to produce ammonia reaulted in many faotora other than the 

microbial flora of the soil. Among other lesser factors. the fol­

lowing are responsible for the greateat variance& (l) The large 

numbers of microorganisms capable of &JIUilonifioationJ (2) The amount 

of ammonia produced depends upon the nature of the carbon and nitrogen 

in the organic matter added to the ao1l; (S) A portion of the ammonia 

is converted to nitrate, depending upon certain environ.ll8ntal condi· 

tion&J (4.) The amount of ammonia tt.t a aoU can hold depends upon 
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the pH, the nature of absorbed baaea, and the buffer content (52, 

pp.6ll-612). 

Although it is generally concluded that ~onifioation cannot 

be used as a d ireot method of determining the crop-producing power of 

different soils, it is possible to study the effect of substances 

added to the Mil by comparing their effect upon ammonification. 

Ammonia production can be used effectively as an index ot the acti­

vities of pure cultures of microorganisms or of the complex soil 

tlora upon nitrogenous organic materials (52, p. 612). 

The Bitritying Capacity of the Soil 

aa a Function of Fertility 

Various investigators (53, pp.55-67} have establiahed a 

definite correlation between the nitrifying power o£ the soil and 

ita crop-producing power. Jlany others are of the opinion that while 

nitrification is a valuable and easential asset in fertility, it 

probably does not, under normal conditions, become a limiting factor 

in produothity. The lack ot correlation between certain bacterial 

proceaaes, audl as nitrogen tranafcruations, and soil tertili"t\Y, 

may be tba t the latter is limited by some factor other than the 

nitrogen supply, such as moisture, temperature, or aeration. 

Numbers of 1croorganiams in 

the Soil aa an Index of l<ertil1ty 

Any oorrelation between the crop-producing power of a soil 

and the number of microorganisms has met with considerable sucoesaJ 
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however I not without a certain amount of critici&a {64. pp.32l-.3:SO). 

'those investigators justitying the correlation have placed considera­

ble cont14ence in the determination of numbers of mioroorganiama in 

aoil by plate count methods . A correlation was reported (54. pp.345­

346) to exi.at between crop yield. oxidizing power of soil. nitrate 

production. an• numbers. but not between crop yield and aJIIlllonia ao­

cumulation. The relative n~.UnbeF& of bacteria. Strepto&o•• • and 

molds is indicati'fe of the chemical condition o£ the soil. such aa 

aoil reaction and the degree of organic matter decomposition. and 

therefore must be considered a function of the en'Vironment. 

Carbon Dioxide -yolution and Soil Fertility 

A.a a result of the aasimil tive activities of soil mioro­

organism•• oarbon dioxide content of the soil varies with the amount 

or organic matter present. The food most necessary for the life of 

microorganisms ia carbon am ia consumed in largest proportion by 

the majority of the s,oil microbes. And Iince most of this carbon 1a 

oxidiled to produce energy, carbon dioxide is the outstanding product 

of their activity. Although some orga io matt.er may be initially 
( 

resietant to decomposition and various intermediate products may be 

formed. aooner or later they are completely ox1dued. akaaan 

(51• p. 699) aummar bet. "Since all heterotrophic aerobic micro­

biological proceaaes are accompanied by the production of carbon 

dioxide, this can be readily taken as an index of the microbiological 

activities in the aoil~ Soil respiration studies are therefore an 

important measure of decomposition process and as an index of soil 

fertility (e. p.as~). 
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There is a correlation between the bacterial numben, nitrate 

concentration. and carbon dioxide evolution for a r1ae in bacterial 

numbers is always accompanied by a rise in the co2 in the soil, and 

somewhat later a rise in the nitrate concentration. The principle 

factors affecting carbon dioxide production are. in the order of 

their ~portanoe. tamperature, moisture, dissolved oxygen, and the 

growing crop. (51, p.701). Stoklasa (44, pp.589-599) states that 

collection of the co2 produced from a ghen quantity of a oil gi'fes an 

exact picture of soil under certain environmental conditions. ny 

later 1nestigator• fail to share the enthusiasm of Stoklasa, al­

though most of them agree C02 production in soil fertility is a tao­

tor of importance. 

Thus ammonification, nitrification, carbon dioxide production. 

and microbial numbers were established as criteria in an effort to 

ascertain the effect of aldrin on soi~ mi"'roorganiama and aome of 

their activities in rep-esentathe Oregon soHa. 

II EXPb.RI Rr4L iESUL'IS 

The stimulatory effect upon the total numbers of microorg­

anisma in the soil and the reason for the inability to show a oon­

committant increase in nitroge~ transformation remains unsolved. 

There 1a, howe'Yer • evidence which su pporta the iDe reaae in nwrb era 

of bacteria am molds in that an initial stimulation in ammonifica­

tion and carbon dioxide evolution is the result when aldrin is added. 

The organiama responsible tor ammonifioation and carbon dioxide e"Volu­

tion are heterotrophic, and the plate counts of these experiments 
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which show a atimulatory reaponae to added aldrin are limited to 

heterotrophic microorganiama. here has been no attempt to deter­

mine the effect of aldrin on the numbers of autotrophic microorgan­

isms by plate count; method a. 

It is logical to assume. considering the extremely limited 

solubility md the great chemical atalti.lity of aldrin, that any 

effect due to ita presence would be of an indirect nature. Since 

aldrin is so highly reaiatant to decompositian by physical and 

chemical procedures. it 1a likely that it would reaiat decomposition 

due to microbial activity. 

The reaidual nature of aldrin in soil ia aa yet not well 

underatood. Residue studies by Fleming. !!•!!• (11, p.5) have ..­

tabliahed that aldrin losaea in soil. after twelve months under 

field conditions, have been as high as 61 per cent . Lidov, !i·~· 

(24. p.l8T) states that aldrin, like chlordane, exhibits residual 

efft~ctiveneas under field conditions for somewhat le&& than thr • 

weeka. It therefore fall& into a olass of materials which exhibit 

pronounced initial i nsect toxicity but relatively short residual 

action. However, Terriere (46) and others, have deter~iu~d tbe 

residual ef'fectiveneaa of aldrin and fourad it to lose l1ttle or 

none of ita initial toxicity after twelve montha under field oondi­

tiona. 

Chlordane. a structurally related oompound whioh is very 

similar to aldrin• .as shown in residue studies, to yield a sigmoid 

oune when results of the chomica lam biological determinat ions 

were averaged for each time-concentration and ex~resaed as percentage 
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remaining of the insectiCide originally applied. Chlordane concen­

trations decreased very rapidly and a£ter one a ZJd one-balf years, only 

about 30 p• cent remained in the turf (11, p.4). Below this point 

further decreases could not be deter.mined definitely. since the 

amounts were outside of limits of the chemical and biological me­

thods. It was expected, however, that trace concentrations would 

persist in treated plots for several years. The existaoce of the 

sigmoid curve would sugg st that the loss of chlordane was the re­

sult of biological factors rather than a physical plwnomenon, since 

the sigmoid curve represents the trend of the growth and death. and 

also the trend of the vital biochemical activities of a biological 

population. 

The biguity of results indicate a wide variance of opinion 

as to the residual nature of aldrin. However • a close examination 

ot1 the various methods of analyses will yield a clearer picture of 

aldrin's residual effectiveness . Kany investig~tors have relied 

sol,. ly on biological aaaay method a while others are divided between 

two -common chemical analyses. Those finding no loss in effective­

neaa have, in genera l• baaed their results on biological assay 

methods. 'bile othera having determined an actual loss of the com­

pound, have obtained results by chemical an lyses specific for 

aldrin. and to further confuse the prOblem, the tendency of authora 

to use the ter.ms "residual effectiveness~ or "residual toxicity" 

and "residue" or "residual concentration•" interchangeably. have 

contributed to the ambiguity of the literature. 
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The outstanding and most widely used chemical aualyaea are 

the methods of (1) Koblitaky and Chisholm (23, p. 781) and (2) Danish 

and Lidov (a. pp.l90-197). The method of Koblitsky is based on the 

analyaia of chloride ion after sodium decomposition of the compound 

in the soil extract; it 1a therefore not specific for aldrin. The 

Danilh method h a specific colorimetric analysis for aldrin and 

has a aeneithity of 0.1 p.p.m. 

Apparent losaea in aldrin concentration (Table 9• p.52) indi­

cate -yolatilisation of the ca:npound during the incubation and air­

drying periods . Although aldrin exhibits relatively high -yapor 

presaurea (18, p.l), it is illogical to asaume a losa of 100 p.p.m. 

(10 mg.) as a result of this characteristic. A predominate propor­

tion of the undetermined aldrin waa probably tenacioualy held in ad• 

sorption at the baae excha~e and re~isted solvency in the re xane 

extractive. 11' lo~aea in aldrin were a physiological consequence of 

assimilative acth itiea o.f soil microorganiama. there aho\.lld be 

greater decreases in aldrin concentrations in soil samples incubated 

with arlded peptone. Since: added peptone nitrogen does reault in an 

extreme elevation in microbial n\.lmbers, it ia not likely that or­

ganiams responsible for such procesae~ would fail to appear in theae 

aoil co\.lnta (It' igure a. P• 28). 

Results of these experiment• {Table 9, p. 52), theretore, 

indicate a loaa of the insecticide, a loss which ia concl\.lded to be 

the result of factors other than microbial aotivitiea. Further 

speculation as to the nature of these taotors ia beyond the soope 

of thie inveatigat ion. 
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Likening a1. dr1n to a aimilar ccmpound, DDl, Smith and 

enael (40, pp.228-232), and Jones (20, p.59), expressed the stimu­

latory reapcnae in numbers of soil microorganisms to thia compound 

aa due either to the utilization of iapurities present aa food or 

to direct stimulation of the cell to better utilization of nutrient 

materiall already present in the soil. There exists the possibility 

that the reaponae due to aldrin may be of a aimilar nature. 

4n obvious oonolulion would be that to have any erteot, the 

compound auat ccme into int~te contact with the cell in auoh a 

•nner aa to alter ita physical or chemica 1 properties ao that the 

passage ot nutrients would be inhibited or enhanced. It ia diffi­

cult to oonceive a cQapaund exerting toxic effects to bacteria which 

11 so liait•d in ita water solubility. However, there ia little 

queation aa to the effect obaerved, and not to preclude any po..i­

bility which aight help explain the method oft he iuecticiclea 

action, it ia cleairable to diacuaa the bacterial cell wall and some 

of ita functions as related to the problem. 

The cell wall of bacteria is not a discrete chemical or 

phyaioal entity. The reaulta of icroohcical and m.acrochemical 

investigations (22, PP• 119-125) have brought out two facta which 

are reasonably aures The first ia that the chemical compod tion 

of the cell •11 in a variety of bacteria b different, the second 

is that one ot tbe principal components of the cell wall, in prac­

tically all bacteria investigated, consists of complex carbohydrate­

containing molecule•. I~ many bacteria the poincipal cell wall 

conatituent appears to be a complex protein conjugated with 



carbohydrate, lipid, or nuoleic acid. £'vidence or the pre..noe ot 

lipid in the intact cell wall of certain bacteria bu alao been 

obaer~ed (lO, p.lT). 

The cell wall, slime layor,. a nd the cytoplasmic membrane all 

play an iaportart; role in the control of material exchange betwe~ 

the internal aDd external environment• ot the cell, cd consequently 

intluencea metabolic activity. It ia apparent that the insolubility 

of aldrin in water will limit ita bacteriostatic p-opertiea and we 

muat auuae tbs. t it cannot be exterl'lAlly digeated to simpler ma­

teriala or greater solubility. How then is it capable _or influencing 

auoh important cell .func·U.ona aa oarbon dioxide production, protein 

hydrolyaia, cd ammonia or nitrite oxidation! Speculation allowa 

tor the following amlogy: SU:lfur is so insoluble in the :mediua 

in which Thiobaoillus thioox1dana grows that the solubility baa 

never been detendned. llor 1a there any hydrolysis to simpler 

materiala. Vogler and Umbreit (49, pp.331-337) found that in order 

to oxidiae sulfur,. a direot contact between the organiam. and the 

aulfur particle is necessary. These aame authora (48, pp.Ul-148) 

diaoo~ere4 t~t the cell ofT. thiooxidana contained a "tat globule• 

which ia placed 1n contact with the auli\lr fartiole. This "tat 

globule" ia capable of diaaolving aulfur and is t bus able to bring 

the inaoluble sulfur inaide of the cell. 

Therefore in inatcoea where an a ldiin manifeated reaponae 

ia obaerved, the mioroorganisa doubtleaaly diaplays rather unuaual 

reasons tor auaceptibility, i.e., by carrying its own solvent. 
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Undoubtedly the solubility of aldrin is greatly enhanced in contact 

with a bacterial cell of high cell-wall lipid content. 

Observationa of Bacillus eereua in pure culture, revealed 

what appeared to be an adsorption of aldrin particle& on the cell 

•ll. However, similar observations of Bacillus aubtilia g&'Ye no 

indication that aldrin :t.d been adsorbed. The fact that both 

organisms are severely effected by the compound only clouds any ex­

planation of ita action. Doubtlessly the particles observed adher­

ing to !• cereus cella were aldrin, al 'though there ia no direct 

proof. In any case the compour:d may alter the interfacial tens ion 

relationships about the oell to the point that it would become 

incapable or oarrying out ita norual metabolic activities. 

Hummer and Kenaga (16, pp.653-655) find an interesting re­

lationship of chemical structure to toxicity between rotenone, 

methoxychlor, and Dr! . These authors believe that the toxicity ot 

these compounds oc.n be evaluated and compared from the standpoint 

or the molecule as a whole , talr.i.ng into consideration properties 

such aa molecular weight., solubility, polar groups, hydrogen bond 

acceptors (or donora) and molecular shape and dimensions. 

Considering the structure, molecular weight, and a rked 

a~ilarity in toxicity to the same apeciea of insecta, and coaparing 

these properths with thoae of DDr , thoxychlor, and heptachlor, 

there exists a striking similarity to aldrin. To the knowledge of 

this writer, there has been no attempt to compare the toxicity of 

these oo~~~.pounda with reapeot to microorganisms, other than q._li­

tative estimates of their effect on the groaa metabolic activitiea 

http:talr.i.ng
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of soil microroganisms. lthough many i~estigators have obserTed 

e.ffeota on the activities of soil icroorganisms. there has been 

little effort or interest in determining the mode or a otion. a 

a conaequence, the only working premise resolves itself in a trans­

position and extrapolation of information gleaned tram studies of 

insect physiology to microbial physiology in an effort to interpret 

the effect of insecticides upon soil microorganisms ~ and their ac­

tivities.; 

It ia well known that a growth-sti.Jaula ting or growth-inhibit in~ 

aubstance must be converted into a part ot the li~ing structure, 

that is. it must be adsorbed by, molecules of the living aubatanoe. 

It is reaaoDable to postulate that in the molecular system of the 

living substance there are spaoes that can be occupied by mole­

cules of the growth regulator . This means that ~the growth regulator 

has a certain affinity tor a certain •apace". This hypotheaie poa­

tulates two kinds o£ spaces; the rust filled in by growth aubatanoea 

effects a growth promotion, the second type also ahowa a certain 

attinity, but in this oase growth inhibition results (25. pp . 69-70) . 

Any organic molecule (aldrin) brought from outaide into the 

oell will not ordinarily be able to till the "apacea" of the growth 

aubatance with the necessary active compound for the growth etteotJ 

oonaequently. the molecules accumulate ao~where on the living 

•structures." where they disturb their functions and exert an 

inhibiting influence to normal growth aDd metabolic activity . 

Speculation a llowa for the poasib ility that aldrin may act 

catabolically on extracellular enzyme ayst..IJ ha.ever . there ia no 

experim.ntal evidence to support thia view. 
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To give a mechanistic view of the mode of action. aldrin may be 

"fisualiled to "tit into a lock...nd-~y relationahip" with SOllie essen­

tial region of the polypeptide chain of an en&y•. The importance 

ot such ~olecular shape faotora in relation to biologically acthe 

molecule a and prote.ina such aa en&ymea has been widely emphaabeci 

by Pauling {30, pp.264i). In this case the toxicant would be held 

1n position by short-ranged foroea aU:oh as "f&n der aala, dipole­

dipole., or hydroge~ bonding foroea. This se-.s to provide a logical 

baaia tor the bacteriostatic action of aldrin. Thus aldrin ay fall 

into a olaaa of enzyme inhibitors referred to as oompetati"fe, since 

ita action appeara to reat in its affinity for the site on the en­

ayae protein molecule Which is normally reserved for the substrate 

or coen~ molecules. 4a a result the effect of aldrin on certain 

mioroorganisma may be a competat1"fe phenom.enon between itself aDd 

compounds ccnaidered as easential respiratory intermediatea. 

Shibata (38, pp.6-l0) :t&a shown a competati"fe inhibition of phenolic 

aubatanoea and structurally unrelated alanine in Eaoheriohia !!!!.• 

Srhaata"fa (41, pp.40S-404) haa described an interesting 

metabolic relationabip between meso-inositol a1 d lindane (the guuaa 

isomer of ben&ene hexachloride). Using the Geran-cookroaoh aa a 

teat organisa, he found an inhibition of the insecticidal properties 

of lindane where inaecta had been reared on meao-inoaitol. However, 

be tound no le"fel of the vitamin which would cCllll.pletely neutralize 

the tox1o aotion of the inaeoticide. It ia suggested that there may 

be se•eral aetabolitea affected in the cell by the gama-iaoaer, 

and meao-inoaitol ay perhaps be one of these, although there do.. 
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not appear to be a direct metabolic relAtionship between the two 

compounds. and the inhibition shown in the test insects may have 

been due to resistance acquireQ or developed by them after feeding 

the vitamin. It ahould be noted. although these compounda are simi­

lar they are not isomorphous. Some evidence indicates tlat the gamma 

isomer o f hexaohlorohexane (lind~~& is an antagoniat ot inositol 

in oertain microorganisms. Kirkwood and Phillips (21. p.25l). found 

that the inhibition of gro.wth of certain fungi. which is oaused by 

lindane. can be re'Versed in some cases with inositol. Schopfer • 

PosterDak• arxi oaa (31. p.44S) as well as Doiay and Bocklage (9. 

p.490) found that there are many species. however. in which this ia 

not true . Possibly one reason why difficulty is experienced in 

demonatrating the a ntagon1am in all species is that inositol ia 

water soluble and not at all taken up by fat sol•enta. whereas 

the ohloro analog is tat solUble and only very slightly so in 

water {cl. p.43). 

The noted responses of mioroorganiams to ldrin may in rea­

lity be the result of factors other than chemical in nature. For 

doubtlessly a portion of the aldrin used in all of tr..ese experiments 

was in colloidal fornk And a predominate portion of the matarial 

used aa carriers f or the insecticide. when it is applied in the field. 

is in a colloidal state. Conn and Conn (7. pp.99-100) have demon­

strated a d1.st1not value of colloids in the nutrition ot some bac­

teria. Baoterial nwnbera have been stimulated by colloids ot bentonite. 

kaolenite, beidelite, aDd illite types. hese compound a appear to 

act as carriers of nutrient bases, particularly calcium, and tend 
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to proyide inoreaae surface for the absorption of mrmf'ul produo'ta 

of growth, 

ZeBell {62. pp.57-58) has sho\\U that the growth of certain 

bacteria is stimulated by the addition of solid surfaces to aqueoua 

media. Therefore. in these experiments the s timulation in ammoni­

fication and nitroaofioation may be the result of added surface 

proYided by the aldr.in or carrier particlea. 

Quastel (33. pp.l-10) has shown that nitrifying m1oroorgan1ama 

proliferate at the expense of ammonium and n itrite ions adsorbed 

at the base exc~nge complex of' the soil. If' this be true, the in­

aecticide added to the soil may react with or imctivate t heae 

exchamge complexes or enter into competative adsorption with soil 

nutrients. Thus serving a a logical explanation of the s•vere 

inhibition to nitrification in soil trea t ed with massive ooncentra­

tiona of the insecticide. 

This same investigator (33, pp.l-53} las recently shown that 

a soil can be saturated with respect to a physiological type of 

microorganism, and it . the~ may be consider•d as an 1solated en&yme 

system. He has oonoluahely shown that nit rification within soil 

takes place at the base exohang~ complex; therefore, if a dilute 

aQlution of ammonium chloride is perfused through a soil in such a 

manner aa to prevent water logging and thus insure adequa~e aerati~n, 

ammonium i ons will become adsorbed at the base exchange and become 

the site of Nitroaomonaa• proliferation. There are few it any viable 

• A. phyaiologieal genus of bacteria autotrophically oxidizing
Jm.i to 102. 
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nitrifying organisms present in the pertuaate. Thus, further ela­

borating h1a hypothesis that the site or nitrification ia at the 

base exchange co.aplex. 

It enough aDUilonium. ion is pa..ed through the soil to aaturate 

the base exchan~e, then the numbers of Nitrosomonaa species will 

proliferate a' a constant rate, ahown by Quaatel to be a linear 

function. Hence, the oxygen uptake of equal quantities of soil 

should be the same. This waa found to be the caae. Ho~er, when 

aldrin ia added to the soil at a concentration of 1,000 p.p.m., 

perfused with 0.01 l4 l."H4Cl for approximately six days, the oxygen 

uptake determined by arburg techniquea, and compared with the con­

trol, an obvious sti~lation is noted. This reaponae in increased 

oxygen uptake ay ei.ther ~ manifested by a greater number of nitri­

fying organia.a present or in a greater metabolic actioity per cell. 

Plate counts made on the perfused soil ah01red tblt the molds 

were complete~ inhibited in the treated soilJ howe~er, very little 

mold count •s noted on the control plates. he significance of 

this finding 1a yet to be aaaessed. n even m~e pronounced effect 

was noted in the bacterial counts. Ethyl alcohol used as the aldrin 

solvent, drastically reduced the numbers of heterotrophic organisms 

developing on sodium albuminate agar. Howe~er, soil treated with 

solvent plus aldrin exhibited counts similar to the control. This 

indicates either a direct stimulation due to aldrin on the numbera 

of microorga niama or an indirect effect due to the preaence of aldrin, 

which acta to nullity the inhibitor.y reaponse due to the alcohol 

sol~ent. 
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One might speculate as to the reason for the noted atimula­

' tion of nitrite production on the baaia of inaccuracies inherent in 

the nitrite analysis. It is Obvious from the results that the quan­

tity of nitrite determined ia far below theoretical values; however. 

nitrite oonoentrationa do not normally build up under the conditione 

of the experiment. It is indeed questionable whether the differences 

in nitrite production are significant J but in view of the reaul ta 

obtained troa the perfusion studies. there is an apparent stimula­

tion due to the presence of the inaecticide. In view of the de­

crease in nitrate formation. it could be assumed that the increased 

nitrite accuJilUlation resulted froa retarded nitrite oxidation. 

However . in view of the experimental evidence. the build up of nitrite 

appeara to be a atimulation in nitrosofioation. 

A. logical assumption yet reaining 1n the realm of speculation 

1a the pouibility of a general inhil~ition of the bacterial-teediDg 

protozoa as a result of the. insecticide. '!hia would help to explain 

the stimulation in the total number of mic roorganiaaa. Kuoh more 

experimentation is necessary before valid conclusions along these 

linea •Y be drawn. However • this indirect effect remains a poasi­

bility. 

So fa r aa determined . aldrin appears to have no effect upon 

A&otobacter. In four soils tested by the soil plaque method. there 

appeared no visible effect upon the numbers of A.&otobaoter colonies 

developing on the surface of the insecticide-treated soils.• 

A ohanee observation made on Stayton soil being incubated for 

the study ot ammonification revealed an interesting effect of aldrin 

.. 
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upon fortuitously developing seedlings. Apparently the soil had 

been heavily seeded prior to sampling, tor at approximately tour 

days incubation a number of young sprouts were noted~ all of the 

teet samples. Striking differences in development of the young 

plants were apparent in the differently treated samples. There •• 

approxinately a two-fold stimulation in the growth of the plants in 

the samples treated with 200 p.p.m. ot the insecticide. There were 

no differences in the height or the development of plants between 

controls am the samplee treated with 1,000 p.p.m. No attempt was 

made to determine the a ctual number or the kinds of plants devel­

oping, tor all samples were used in the ammonification atudy 

analyset. 

It has recently been established that massive applications 

of aldrin will result in enhancee growth and early germination ot 

many field crops (14, p.7l~J 12, pp.S7-39J 13J 15, p.~6; 24, p.l87J 

45, p.811J 47,p.45). This effect would indicate that aldrin acta 

d milarly to a plant grOllfth regulator. In view of the chance ob­

servation that aldrin appeared to cause an elongation ot Bacillus 

subtilia cella without subsequent cell division, it is neoeaaary 

to recogni&e the possibility ot aldrin, or an oxidation product ot 

aldrin, acting aa a bacterial growth regulator. 

The double bond in the unhalogenated ring of aldrin ia rea­

dily attacked by mild oxidi&ing agents. Chromic acid in acet1o acid, 

and potassiUIIl permanganate in alkaline solution oxidi&e the compound 

to a dicarboxylic acid, 4,5,7.7.8,8a-hexachloro-3a,4,7,Ua-tetra­

hydro-1,3-dioarboxy-4,7~ethanoindane (24,pp.l77-178). 
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The dioarboxylie acid resulting from such oxidations bears struc­

tural and group relationships to several potent plant hormones. It 

this reaction were established as normal to aldrin in cult hated 

•oil. it would be a sim.pl• matter to explain the increasing degree 

of inhibition to nitrification due to the presence of correspondingly 

greater aldrin concentr.t ions. For it would appear that this com­

pound is much more a.oluble than aldrin due to the carboxyl groups 

within ita structure. This too would rule out the poaaibility that 

the effects were cau sed by the one per cent tolerated impurities 

cOIUilon to reoryatalli&ed aldrin. As of this writing there ia no 

available infor.uation concerning the chemical or phyaica l properties 

of these ~purities. 

Aldrin tends to slightly raise the pi of soil to whioh it 

has been added. In some cases this rise in p1i zray be of a magni­

tude of 0.2 to 0.5 pH units; generally. the increase is 0.1 to 0.2 

units. The changes observed are not considered auttioient to re­

flect any a1 gnifioant change in the nutritioml functions of the 

soil microorganisms. ldrin at 200 and 1.000 p.p.m. in distilled 

water baa no effect upon the pH. 

The gross effect of the insecticide aa determined for the ten 

soils studied is one of slight inhibition (Table 11. p. ) • In but 

one case did the overall nitrogen transforation appear to be at1Du1­

lated in the presence or the insecticide. This response was demon­

strated in the Deaver School soil which is illamette silty clay loaa. 
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A correspondingly treated sample designated aa Stayton. also illa­

mette silty clay loam. indicated no effect upon the microbial ac­

tivities ot the soil. These samples were unique in thia respect 

in that a 11 others showed the characteris tic slight inhibition. 

It was noted that these two soils were the only represen­

tatives of illamette silty clay loam present in the ten OOJilPOS ite 

samples. }f urther correlation of soil type with the degree of effect 

1a impossible. with the possible exception of a relationship between 

a peat and a fine-sand soil. In these two soils. trends in the re­

sult s show a more marked effect ot the inaeotioide at both concen­

trations ('Iable '• p.26) • 

T}lese reaulta may be jult ltied. to ao• degree. on the grounds 

that the surface of aoil particles dete:nninea to aCIDe extent the 

degree of adsorption. a fine-grained soil may be expected to adsorb 

aore than a coarse-grained soil. Since adsorption in soils 1a largely 

a function of the ailt. clay • and humus • the type of soil dou 1p pear 

to haTe an important effect upon t he ~naeoticidal aa well aa the 

microbial res ponte to the insecticide. 

Results of the field-treated soil studies (Figure 26. p.-61) 

indicate that aldrin exhibits ite effect o~er a per i od of several 

months. For when these soil samples were incubated with 1.000 

p.p.m. pe ptone nitrogen. ammonification was characteristically st~u­

lated and nitrification. as previously diaouased. waa se~erely ~­

hibited. It is somewhat paradoxical to note that aldrin applied at 

a rate of 25 p.p.m. tnbe months prior to s a mpling maintains the 
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obaraoteriatio effects to the activities of soil microorganiama. It 

bas been previously shcnm (24. p.l82) • and there ia little doubt as 

to the -validity of the results. that aldrin doe a not maintain re­

aidual insecticidal characteristi•for a period of more than three 

weeks • and ala o. considering the reaul ta of these experiments (Table 

9. p.52) • which indicate rather large decreases in aldrin concen­

tration O'Ver a period or 20 days. An aldrin ana.:lysi8 by the loblitsk\1 

method shows that residual oonom trations of aldrin are apparently 

the same as application rates. The validity of this analysis could 

be questioned on the grounds that it is not specific for aldrin. 

These results indicate that a compound other than aldrin., but re­

sulting fran a chemical change in aldrin; is responsible for the 

noted affecta on soil microorganisms. 

It was established by the results of the soil extract shake 

cultures that there was a general acclimitidng of the organisms 

to the insecticide. The results (Figures 27. 28. and 29, p.68J 

30.31.32. p.69) of the ammonification, pa, and turbidimetric anal­

yaea or the tttreated soil"• extract are essentially the ·Same as 

ita analogue. the ttcheok soil"x extract, although the degree of 

effect in all cases appean to be leaaened. There is an apparent 

adaptation to the insecticide at 1,000 p.p.m., for in each case 

atter 120 hours incubation, the ability of the culture to produce 

ammonia is considerably enhanced. It is surprizing that oonoentra­

tiona other than 1,000 p.p.m. do not yield this stimulation. Here 

• Soil treated w1 th 25 p.p.m. aldrin twelve months prior to samp­
ling (Table 11, p.57). 

x Soil containing no aldrin (Table 10, p.56). 

http:30.31.32
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again it 1a important not to precll.lie the possibility that a cos­

pound other than aldrin is exerting the effect. This compound may 

be the result of a decomposition of the aldrin molecule or JU.Y be 

a resul~ of impurities, the reason being t~t 1,000 p.p.m. would 

offer greater possibilities for molecular rearrangement and would 

subsequently yield larger quanti tiea of the i mpurities. In any case, 

it is apparently sate to conolude that certain aoil microorganisms 

will adapt to the presence of even large c onctn trationa of the in­

aecticide. Froa these results it would appear that tbe organisms 

were ensy•tically adapting to aldrin aa the cells enter the sta­

tionary phase of growth . This assumption ia baaed on (l) the in­

hibition or reduction in growth rate is for the most part temporary 

and (2) upon further incubation the initial inhibitory response re­

verses to yield an increase in microbial numbers, and subsequently 

a stimulation in culture activity. Pinsky and Stokes (31, pp. 345­

346), have recently shown that the age of microbial cultures £re&tly 

influences enzymatic adaptation, and that in certain enzyuat io pro­

ceues of acheriohia coli aDi Pseudomonas fluoreaoena adaptability-
steadily decreases during the period of active growth and is re­

stored as the cella enter the stationary growth phase. Thuse these 

authors conclude that adaptation is favored by aging rather than 

physiological youth. 

It must be recognised that cultures containing aldrin, al­

though showing a marked delay in the onset of growth, ne'ferthelesa 

e'fentually obtain control levels. This 1a apparent for particular 

oonoentrat ions of a ldrinJ the threshold concentration in these 
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experiments app~rs to be between 200 and 1.000 p.p.m. In a re­

view of the patterns of growth · inhibitors by Jio.ore a.nd Boylen 

(28. pp. 319-320) • these authors demanstrate a similar response of 

Escherichia !:.2!!, to pyridine-5-sulfonie acid and attribute it ·to 

either the existenco of a striking ttinoeulum eff·e.etn or as being due 

to selection of resistant organisms or to adaptation to resistance. 

'.£be effect of aldrin upon ten commonly encountered soil micro­

organisms in pure culture shows no oonsistancy. althO\lgh it was 

noted tmt Gram positive bacioeria appeared to be more "susceptible" 

to the t:emporary bacteriostatic action of aldrin; while Gram 

negative bacteria appear immune to the effects of the compoand. Thie 

difference might serve as a premise for future experimentation and 

further elaboration as to the modus o~rand1. The re•ponse of -the 

iowo Gram positive ba<Cteria.. Bacillus subtilis and Bacillus cereus. 

waa euentially the same, .a.n early initial inhibition to emmoni­

fication. but here agal. n showing the apparent adaptation of the 

organisms to 1,000 p .•p.m. ; upon further incubation. Gram negative 

Escherichia coli did show sane "susceptibility" "to the toxio action- . 
of aldrin. but when compared ~ith the affects noted upon the Gram 

positive organisJne,. its toxicity appeared almost non-exiatant. 

Arter noting the obvious effects of t he compound upon re­

production and aliUllonification in treated StreptscCes griaeus cul­

ture•, it was assumed that the response to Strepto~cea coelicolor 

would be of a similar nature; however, thi s was not found to be the 

caae. vThile aldrin exhibits an initial, and rather severe. inhibitiOD 

to multiplication of S. griseus, ~· coelicolor appears ioo be iJDDIIUle 
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to any coneentration of the compound. '.rhia 1a aurpri&ing in that 

there ia very little difference- in 1:heae two organiema_ metabolically 

or morphologically._ which aight help explain their widely varied 

reaponae. The initial reaction to the- three concentration• of the 

insecticide by !• griaeua 11 manifnted by an obvious inhibition 

to ammonifioation and/or reproduction} however_ after 120 hogrs 

the organila ap~rently has beoou completely readjusted to ita new 

environ.ent and exhibits none of its initial inhibitory response. 

It is indeed questionable whether the effect of the cCIIIlpound ia a 

result ot an inhibition of extracellular ensyme systema reaponaible 

for ammonification or whethe r 1t is t he reault of an actual inhi­

bition, ot the vital proceaaea necessary tor cellular reproduction. 

The latter appear a more logiaJ.l because of the obvious differences 

in numbers of cella early in the incub tion period,. the treated 

cultures showing far fewer cella than the control cultures. 

The effect ot aldrin on four commonly encountered molds ahows 

no oonsistanoy in their responae. ultiplioation by Aspergillua 

niger,. Penioilliwa Sp._ and ~ Sp. is inhibited by the compound. 

while Trichoderma Sp. ia oaapletely indifferent. It would be in­

teresting to determine the lipid content ot _mioroorg nis~ suacep­

tible to aldrin and coapare th811l with thoae microorganisms ahowing 

no response to the compound. In all cases when aldrin is ah01rn to 

exert an affect it appears to be the result of a prolongation of the 

period of adjustaent and the lag phase of growth. Thia ia ahown in 

the results of oarbon dioxide evolution from soil extracts in peptone 

solution treated with aldrin. lthough the period of adjuatment. 
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the lag phase. is prolonged, the cultures show a stimulation in the 

logarithmic phase of growth and then returns to cont rol levels in 

the statio~ry and death phases. 

Ill CO CLUSIO S 

At rates of as high as 1,000 p.p.m., excessively high fraa 

the standpoint of reo.oDmlended field applications, aldrin at moat was 

only slightly inhibitory to the over-.ll development of micro­

organisms in the soil. Different organisms were found to respond 

differently to aldrin. he degree and duration of the response, 

whether stimulation or inhibition. varied with the specific organ­

ism, the concentration of aldrin, and environmental factors. Even 

at rces of 200 p.p.m•• 400 pounds per acre , which is approximately 

200 times normal field application, it is thus apparent that while 

certai~ bact~ria may be stimulated and others retarded there is 

lit·Ue evidence that aldrin will so etfeot microorganiem.s as to cause 

any significant change in soil fertility. Therefore, it is doubt­

ful that recommended concentrations for insect control would ad­

versely influence the soil microorgani~s to adegree that would 

result in a detectable change in soil fertility. It is doubt­

ful whether residual concentrations would accumulate even after 

successive reapplication to manifest any significant change in 

their over-all development. 

http:over-.ll
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TABlE 17 

Total Nitrogen Tranaforation from Ten Laboratory-Treated Soila 

Treatment Tota l Ji ppa m4 (B) ppa 02 
(I) 

pplll 03 
(B) 

Control 
(Soil I 1,000 ppa 
pep N--ao1l only) 

I 200 ppa Aldrin 
(Soil f 1,000 ppa pep B
f 200 ppm a ldrin--aoil
t 200 ppa 4ldrill) 

/1,000/pm Aldrin 
(Soil 1,000 ppm pep N 
/1,000 ppm. aldrin-­
aoil I 1,000 ppm aldrin) 

15,140.5 

14,469.2 

13,878.6 

13,510.8 

12,923.0 

12,629.0 

259.1 

295.2 

308.0 

1,488.5 

1,299.5 

1,068.4 

Difference• froa Control 

200 ppa Aldrin 

1,000 ppa ..Udrin 

- 67l.S 

-1,261.9 

- 587.8 

- 881 .8 

I 36.1 

I 48.9 

-189.0 

-420.1 
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. A.ldrin at concentrations of 200 p.p.m. (0•. 02 per oent) and 

1,000 p.p.m. (0.1 per cent) in 12 different soils. had a stimulatory 

influence upon the total numbers of microorganisms as determined by 

plate eounta. This influence was apparent after 5 days and con­

tinued over obaenations periods of 10 to 20 days in laboratory 

studies. The ef"feet was ob&erved also after 12 months on field 

soils. No injurious effect on the g•neral heterotrophic micro­

flora was observed for either concentration of the ina eo.ticide. 

A.ldr in ha~ a slight inhibitory effect upon the overall 

nitrogen transforation by soil mioroorgan isms at each eoncentrat ion. 

However, thb inhibition is not great •_ and appears to be of a short 

duration. Ammonification ia enhanced at an early stage when aldrin 

is present in the soil. This 'Stimulation reverses with a slight 

inhibition upon further incubation, m d then returns to control 

levela. itrosofying microorganisms are apparently slightly stimu­

lated at each concentration, while the nitrifying organisms are 

moderat; ely inhibited. No injurious effects to developnent of 

Azotobacter on soil plaques were noted. Carbon dioxide production 

was slightly stimulated at each concentration. 

Although the residual insecticidal effectiveness of aldrin 

appears to be abort lived. there is no apparent mierobial breakdown 

of aldrin in soil. Soil microorganiama adapt to even massive con­

.centrationa in the soil and in pure culture. 
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The response of ten commonly encountered soil microorganisms 

in pure culture demonstrt\te no degree of consistancy. '£he effect. 

was an initial bacteriostasis on Bacillus aubtilis, ~aoillus cereus, 

Streptomyces griaeus, Aspergillus ni;er, Penicillium sp., and Mucor 

sp. Gram negative bacteria appeared to be immune to the compound at 

each of the three test concentrations, 20, 200, am 1,000 p.p.m. 

Carbon dioxide produetion from similarly treated soil ex­

tracts was 1nit ially inhibited, then eharaoterbtically stimulated 

after further incubation. 

It ia suggested that the responae of soil microorganisms to 

aldrin, whether inhibitory or stimulatory, is a functio_n of the 

degree or intimacy o.f contact between the cell wall ani the aldrin 

particle, the age of the cultUFe, the rate of diffusion into the 

cell , the size of inoculum, and the concentration of insecticide. 

Several theories designed to explain the res ponse are presented 

and discussed. 

Although aldrin applied at the massiw concentrations chArac­

teristic of these experiments dou show an inhibition to the over­

all nitrogen transformations in soil and appears to exert an in­

hibitory response by certain specific mioroorganiama of the soil 

in pure culture, it appears safe to conclude that when applied at 

recommended rates, aldrin will not adversely affect the general 

mioroflora of the soil nor will it affect any assessable change 

in soil fertility. 
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