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CHAPTER ONE 

INTRODUCTION 

Man considers himself above the everyday struggle 

for survival that faces all other living creatures be

cause of his superior intelligence. He defies the ani

mals that might prey on him as well as the attacks of 

adverse climate and elements. He still faces one phase 

of this struggle, however, and that is in his fight against 

diseases caused by parasites. 

His inventive genius won the fight over cholera, 

plague, smallpox, and yellow fever. Parasitic enemies 

depending on the slow process of evolution are no match 

for man I s· "scientific know-how. 11 One dj_squieting aspect 

of this matter, however, is that most progress has de

pended on drugs, vaccines, and insecticides. These have 

been quite adequate to protect Americans in their better 

environment and social conditions. They have had much 

less success with millions of people livin5 under less 

favored conditions. Therefore, in spite of some glow

ing victories as a whole the human race has a long way 

to go to free itself from parasitic disease. 

Pa"rasites seem to this author to be a fascirrnting 

1 
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subject, partly because of the intricacy of their life 

cycles and partly because of the immense role that some 

of them h1:we played in shaping the destiny of mankind. 

For this reason, two of the most fai110us parasites, 

Plasmodium vi Vc,2S..{_t he malarial parasite) and Phytor)hthora 

infes~(the potatoe late blight par2,site), hE;.vs been 

chosen as the topic of this report. 

An attempt has been made to incree,se the uncier

standing of each parasite by discussing briefly the 

phylum of animals or plants in which it is placed. This 

discussion is tbBn followed by details of the parasite's 

life cycle and importance to man. 



CHAPTER TWO 

PHYLUM PROTOZOA AT A GLANCE 

Fully 30,000 kinds of Protozoa are known, and in 

numbers of individuals they far exceed all other ani

mals •1 The am&,zing ProtozoE,.ns are morphologically a 

single cell which manifests all characteristics common 

to living things. 2 In the Animal Kingdom they comprise 

the lowest of all great groups, or phyla, in contrast 

to the multicellular tissue animals, or Metazoa. Many 

people maintain that Protozo&,ns are non-cellul.s_r, since 

they are one-celled and a complete organism. They differ 

from the cells of a metazoan, each of which is dependent 

upon other cells and cannot live independently.3 While 

some Protozoans are simple in structure; others have 

cell organs, or organelles, that are functionally ana~ 

logous to the organ systems of multicellular ani~als. 

The Protozoa are divided, accordin3 to the structures 

1Tracy Storer and Robert Usinger, Elernents of Zoolop:y 
( New York: McGraw-Hill Bool:r Company, Inc., 1955) , p. 267. 

2 L. A. 
(Cambridge: 

Eorradaile and F. 1 ... Potts, The Invertebrata 
The University Press, 1959), p. 10. 

3Richard Kudo, Protozoology(Gpringfield, Illinois: 
Charles C. Thomas, PublichBr, 1939), p. 3. · 

3 



they posses for locomotion into five classes: 

1. Mastigophora, or flagellates, with one or 

more whip-like flagtlla 

2. Sarcodina, or rhizopods, with pseudopodia 

3. Sporozoa, with no locomotor orsanelles 

4. Ciliata, or ciliates, with cilia throughout 

life 

Suctoria, with cilia in the young and 

tent:.:icles in the ach:,lt. 

l,'.:orphology 
This group is characterized by the presence of one 

or more whiplike locomotor organelles called flagella. 

The flE.gelle. are 2,lso used to c2.pture food. c,nc_ :wey serve 

J+ as sense receptors. The cell body is usu&lly of ~efi-

nite form, oval, lone, or spherical, covered by a firm 

pellicle, anC armored in some groups. The Eu~lena and 

certain other flagellates are of particular interest since 

they combine the characteristic of both plants and ani-

Qals and are frequently claimed by botanists. ~any 

species contain plastids, and those wit~ chlorophyll can 
r.:: 

synthesize food by the aid of sunlight.J 

The E1..,i;:::r;lena viridis_ is 2. cornrnon, solite.ry, free-

"1, • n~o 
..LJ..Vl b fl 2,e;e 118.,t e that contains chlorophyll. They are 

4no·1·~ 0 rt ;; i:.:-11 cuncr Co'..Llecp _Zoology_('.New York: The - ~ -- v • J. · '-"· CJ "-' , r-:, _, :...i. 

Macmillan Co., 1955), p. 54. 
r.:: 
~Storer and Usinger, op. eit., p. 274. 



5 

usually present in collections of pond weeds. The ra-

ther spindle-shaped body is .1 mm or less in length, 

blunt at the anterior end and pointed at the posterior 

end. Covering the peripheral layer of cytoplasm is a 

membrane. or pellicle. A funnel-she,pecl depression called 

the cytostome is near the anterior end. This serves as 

the cell mouth and leads into the cell gullet or cytopha-

rynx. Near the anterior end of the body is an orange 
C 

red eye spot that is especially sensitive to light. 0 

Toward the center of the Euglena is an oval nucleus con-

t2.inins the endosome, the function of vrhich is not known. 7 

The green color of the Euglena is due, of course, to a 

number of chloroplasts in the cytoplasm. 

Locomotion 
The flagellum beats b&ck and forth to draw the 

Euglena through the wat~r with a spiral rotation that 

enables the e.nimal to fallow a. straight cot.ff'Se. Eu:den&. 

may also crawl by spiral movements of the cell body, and 

at times it performs worm-like 11 euglenoicl movements 11 by 

local expansions and contractions that suggest the per
o 

istalsis in a vertebrate's intestine.u 

Reproduction 
In active cultures, Euglena reproduces frequently 

GI bi cl • , p . 27 5 • 

1Robert W. Hegner, Invertebrate Zoology(New York: 
The Macmillan Co., 1933), p.55. 

0 

ustorer and Usinger, op. cit., p. 276. 



by longitudine,l binary fission. The nucleus divides 

into two by mitosis, then the anterior orge_nelles-

flaiellum, blepharoplast, cytopharynx, reservoir, and 

stigma- are duplicated, and the organism spl'its in two 
a 

lengthwise • .,, 

Nutrition 
Photosynthesis largely provides for the nutriment 

6 

of Euglena. They may also absorb food substances through 

the general body surfaces. Some of the group ingest 

small organisms by means of their cytopharynx.10 

SARCODINA 

Morphology 
The .Amoeba is a mass of clear, colorless, and jelly-

like protoplasm. Two regions are distinguishable in 

the body -- an outer colorless layer of clear cytoplasm 

called ectoplasm, and an endoplasm which is a comparatively 

large central mass of gr~mular cytoplasm. ~~ clear round 

body usually lies ne&r the end. of the animal a.way fl"om 

the direction of motion disappearing at intervals. This 

is the contractile vacuole. The cell me:11brsne limits the 

protoplasm and permits the passage of we.ter, oxygen, a.nd 

cerbon dioxide. 11 A nucleus controls the vital processes 

iBorradaile and Potts, op. cit., p. 33. 

lOHegner, Invertebrate Zoology, op. cit., p. 33. 

llstorer and Usj_nger, op. cit., p. 269. 
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of the org2.nism while the ..contrc;;.ctile ve.cuole regulates 

w&,ter content. Food vacuoles are also contained in the 

cytoplasm, and they cont~in food in various stages of 

digestion. 

Locomotion 
A.rnoebae move from place to pla.ce by forming f in3er-

like protrusions known as pseudopodia. The ectoplasm 

is pushed out and enlarged until a blunt projection is 

produced; the endoplasm then flows into it. The result 

is a movement of the entire animal in the direction of the 

pseudopodium. If more than one are formed at the same 

time, one usually survives while thB others flow back and 

gradually disappe&r.12 

Nutrition 
The food of the .Amoeba ;i_:3 usually small aquatic 

plants, diatoms, protozoa, bacterHt, and other animal 

and vegetable matter. A cert2.in amount of choice of 

food is exercised, or the Amoeba's body would become 

overloaded with pe.rticles of sand and other indigestible 

material .. ~his apparent choice of food may be due to or

dinary physical le.ws of fluids •13 

Respiration 
The contractile vacuole is also envolved in res-

piration, since cB.rbon dioxide probably m2..kes its we.y to 

the exterior by way of this organ. Oxygen dissolved in 

12Hegner, Invertebrate Zoology, op. cit., p. 6. 

13Ibid. , p. 11. 
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water is taken in through thB surface of the body. This 

gas is necessary for the life of the anima1.14 

Reproduction 
There is a limit with reg&rd to the size th2.t may 

be attained by Amoe be. proteus, as it rarely exceed::, x25 mm 

in diameter. v'1hen thio limit is re2.ched, tbe animal 

divides into two parts. It is supposed thot this division 

is started by some unkown ctw.ne;e in the relations be-

tvieen the nucleus and the 

SPOROZOA 

Little will be said about the class Sporozoa at 

this point since Plasmodium vivax, a member of this class 

will be studied in detail. Suffice it to say that their 

body is rounded or elon3ate with one nucleus and no loco-

motor organelles or contractile vacuole. Food is ab-

sorbed directly fror.J the host, and as in the Lmoa.ba res-

piration and excretion are by diffusion. 

Reproduction is CE\rried on rc:,.piclly by a rnul tiple a-

sexual fission or schizogany in which the cell becomes 
1 6 

1:1ul t in.llClea.,te 8wnc1 t l1en the cytor)lc.srn Ui ·vide s. - 1\lerc1be1~s 

of this class also produce sexual r::1acro- and microg&.metes 

which join in pe.irs of opposite l~ind to form ZYf..~otes. 

Sporozoa are possibly the ~ost widely occurlng of 

1 Li Storer and Usinger, op. cit., p. 271 
, r::: 
.l....Jp_,nr•rcc:,d;:;.1.1" l_P ~ncl "Po+ t n on C 1 t n 7 -Z _ _ . - _ a ~ 0 0, ~· _,., ~· ~J• 

College Zoolo~v, op. cit., p. 88. 
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c:nimEsl pe.re.si tes. Distinct species occur i:r1 vcrious e,ni-

ma1s from protozoccris to m2mmals. Some live within the 

host's cells and others in its body fluids or ca;vities. 

They inhabit variously the digestive tract, muscles, 

blood, kidneys, or other organs. 17 

CILIATA 

Morpbology 
The Pe,ramecium resembles a slipper or cig2.r in 

shape. J,. depression extends from the end directed forward 

in swimming, beckwa.rd and toward the right, ending just 

posterior to the middle of tbe animal. This is the or&l 

groove. The cytostome is near the end of the oral groove 

and opens into a funnel-shaped depression called the 

cytopha.rynx or suliet. ParEmeciurn swims with the slenc-:.er 

but blunt end foremost. The oiJposite encl, which is tbic:{er 

but more pointed, repres~nts the post("'rior end. The 

motile org&ns are fine thread-like cilia re~ularsly er-

ranged over the surface. Two lr,,yers of cytopJ.E.sm are 

visible, as in .Amoeba, an outer C'.)mparat i vely thin cleE.r 

area, the ectoplasm, a:i:ld a central sranular mass, the 

18 
endoplasm. Limitlng the cytoplasm is the pellicle. 

One large contractile vacuole is situated near either end 

of the body. The nuclei are tv:•o in number, a lar6 e macro-

nucleus and a srnctller !nicronucleus. 19 

17storer and Usinzer, op. cit., p. 276. 

lBHegner, Invertebrate Zoology, p. 66. 

19cu.or·er ,··,,', Usi·n'.]'e·--. OD . u 1., , c. . .L~v- D l , ~ • Cit • , l) • 27 8 
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Locomotion 
In a free field Paramecium swims by mea,ns of its 

cilia. These are usually directed backward, and their 

stroke then drives the c:,nimal forward. It can swim back-

ward and \:'111 do so qulc:::ly if it meets sorr.s unfEworable 

chemical stimulus which is the well-known avoidance re-

action. 20 In addition to its forward or backward move-

ment Paramecium rotates on its long e.xis. This rota.tion 

is over to tbe left, both when the animal is sHimming for-

ward and when it is swi:nmins baclnmrd. The body tc:,kes 

a spiral course because the cilia in the oral groove beat 

more effectively than those elsewhere. Rotation is thus 

effective in enabling an unsymmetrice.l animal to swim 

in a straight eourse throush a medium which allows devia-

tions to right or left, and u;:i or down. It is well known 

that a human being cannot keep a straisht course when lost 

in the woods, al though he has e_ chance to err only to the 

right or· left. 21 

rYutri tion 
An excellent four-course dinner for a. Paramecium 

would be bacteria, small protozoans, algae, and yeasts. 

Cilia line the ors_l groove and. beat the food tt1ward the 

cytostome. A vacuole is formed. at the end of the cyto-

pharynx and floats through the cytoplasm until the nourish-

20Borradaile and Potts, op. cit., p. 45. 

21 Hegner, Invertebrate Zoolo,9:.y, op. cit., p. 73. 
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Re:3lJire.tion and excretion are c2,rried on as usual by 

diffusion. Liquid waste is picked up in the rediating 

canals and discharged into the contractile vacuole. 

Reproduction 
Paramecimn rei)roduces on1y l\y sim:c;le binoxy cHvision. 

This process is interrupted occasionslly by a temporary 

conju;at1on of t·wo individ1_:i.,3ls. In bine.ry fission the 

animsl divides trc,nsversely. The first indics,tion of a 

forth-comiµs division is seen in the micronucleus, which 

undergoes a sort of mitosis, its substance being equally 

divided between the two daughter nuclei. These seuarate 

and finally come to 1ie one near either end of the body. 

The macronucleus elongates and then divides transversely. 

While the organelles are du:_oli ci:it ins t benrsel ves, 8, con-

striction appears near the mid~le of the lonritudinal 

diameter of the body. This becomes deeper and dee~er 

unti1 only a slender thread of proto~lasm holds the two 

halves of the body together. This connection is finally 

severed and the two dau3hter ParEmecia are freed from 
,.,..., 

each other.c.:J 

It should be mentioned that tbis group may be hard 

to define since many of the SarcodinE are fJ_a3ellated 

op. cit., p. 283. 

?3-- I , , J -·, ~ - Hegner, nver~eorace ~oo~ogv, op. cit., J). 76. 



during some stages of their life cycles. If they are 

undoubtedly amoeboj_d during the greater part of their 

lives, they should be placed in the Sarcodina. 24 

SUCTORIA 

Morphology 

15 

Their relation to Ciliata is shown by the production 

of free swimming ciliated larvae ancl the nucleEtr appa

ratus which consists of a micro- and a macronucleus. 2:i 

Cilia are present only on youn~ individuals and lost 

with the development of a stall{ or attac'ning disc and 

tenta_cles. Therefore,. an adult Suctorian is incapable 

of active moYement. The body m~y be spheroidal~ el-

liptical or dendritic. It is covered with a pellicle and 

i 1 1 1 · 26 ., tb ' d ' occass on.a_ y possesses a orica. Dome say _e oo y is 

VEse-like, with or without a st'alk or peduncle. In sessile 

forms the body is attached with a broad base to the sub-

stratum. In st.s.lked forms the body is re.i'sed up from 

the point of atta.chment on a straight, non-contractile 

stalk of secreted substance~7 Some s~ecies attach them-

selves indifferently to a livin~ or a lifeless object. 

Others are always attached to some particular animal, 

frequently to a particular organ of it. Very few s:9ecies, 

however, are truly perasitic in the adult condition. 

Many of the larval stages are parasitic in the bodies 

24Robert Hegner, Human Protozology(New Yorlr: The 
Hacmillan Co., 1925), p. 91. 

25Hegner, Invertsbr2.te Zoology, op. cit., p. 97. 

26Kudo, op. cit., p. 628. 

27rbid., p. 629. 
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of Ciliates. 28 

Nutrition 
Suctorians have no cytostome and the food capturing 

is cs,rried on exclusively by the tentacles. Tentacles 

are of two kinds: one is suctori&l in function and. bee.rs 

a rounded knob on the extremity and the other is for 

p:lercing through the body of a prey and more or less 

sharply pointed. Tentacles may be confined to limited 

areas or may cover the entire body. Food organisms are 

usually small cilie,tes and nutrition is holozoic. 29 
' 

Reproduction 
Acexual reproduction is by binary fission or budding. 

The young swim around actively ecfter leaving the parent 

eventually becoming attE.ched to a suitable object. 

Sexual reproduction is by fusion.30 

To say that the Phylum Protozoa is unique is not 

adequate. Their real complexity reaches its height, 

however, in the nature of some members of the Class 

Sporozoa. 

2sT.:" A M" - bi ·A,- I t " t · _._ th St 1 f th .i1, • • nine ,._n, ~ n roauc 1011 ~2. ___§_ __Q.£.Y o _ e 
Protozoa(London: Edward Arnold, 1922), p. 455. 

29Kudo, op. cit., p. 628. 

3°rbid., p. r::::9. 



CHAPTER THREE 

PUBLIC ENEl·ff WUMBER ONE 

Malarial - still alarms vast areas of our world. 

It is by far the most important of the tropical diseases 

b f it . d d d. t . b t d 1 • ,. Y'b. ~ · t l ecause o s w.i esprea is ri u io!). an .1.igo. mo_ ia.i y. 

Inha,bitants of highly humid, tropical areas carefully 

guard themselves and their children against possible in-

fection through a mosquito bite of a tiny protozoan whose 

body processes are so uncomplicated th&.t constant repro-

duction allows what was once a few individuals to become 

teeming thousands within the bictim's blood system. Safe 

in .America's cooler clima,te and better living conditions 

we think that this disease as well as me.ny others has 

been conquered. We are rather surprised to hear missionaries, 

members of our foreign services, travelers, and employees 

of various companies stationed in foreign lands spee,k of 

the hundreds of cases of malaria tbey see Emd how many 

cases die despite our drugs and modern medical knowledge. 

Just ten years ago more people were dying of malaria than 

all other diseases combined as will later be pointed out. 

1J. E. Ash and Dophie Spitz, Pathology of Tropical 
Diseases(Fhilidelphia: W. B. Saunders Co.~ 1945), p. 206. 

17 
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History 

How long has the world been under the scourge of 

malaria? Malaria's written history goes back to tbB 

Father of Medical Science, Hippocrates. In the 5th 

Century BC Hippocrates described several types of fever 

which must have been of malarial origin. It increased 
2 

thereafter. The decline of the civilization of ancient 

Greece between 500 and 300 BC and of Rome, at a later 

date, has been ascribed in large measure to malaria. 

Empedocles in 550 BC controlled an epidemic of me.laria, in 

Sicily by draining marshes and changing the courses of 

two rivers. 3 

Did this action indicate a basic understanding of 

the disease? No. Va.rro as late as the 2nd Century BC 

urged people not to build villas near marshes, "because 

small, living beings. swarm there and are the cause of 

obstinate disease. n 4 I""alaria. means "bad Air" and was so 

named because of this association of the disee.se with 

the odorous air of swamps. 

Julius Caesar himself is said to have suffered from 

intermittent fever (rnalE--ria) cmd the health of Caesar's 

2George Sha.ttuck:, Diseases of the Tror:ics(New York: 
Appleton-Century-Crofts, Inc., 1951), p. 1. 

3Ibid., p. 2. 

h,Lsa. Cho.ndler, Introduction to P2.rc.sit<illogy(New York: 
John.v'liley & Sons, Inc., 1955), p-.-185. 



19 

army we.s shattered by this disease during the Civil vrars 

of D 5 ~\ome. 

Not much is known about malaria in Europe during the 

16th and 17th Centuries. Epidemic malaria is known to 

h&ve been widespread in 1667 and 1558. Early in the 

19tc1 Century epidemics were reported in Indj_5,. 6 

Laveran of Paris discovered the malarial parasite 

in 1880 only after the vrork of Leewvenhoek, Virchovv, a.nd 

Ehrlich. In 1898 Ross proved that the mosquito transmitted 

the disease. Some still didn't accept Laveran's discovery 

J h , 1 · " ' t · · ' t 1 ' ca · s -~ .... ·" t 1- ~ ..,, ~ ,... -~ ,-, s ~ 7 8:=t G_J.e-:1 oe_ievect 8., OE',C er·:LUii1. ll1lb(Ju uE l)) __L.L.1.C,: t...t.c U_.1.0C:CG C. 

There are some scientists who believe malaria did 
n 

not exist in the ricas before the coming of Europeans. 0 

3pa,nish conquerors no doubt brought the p~irE.site with them 

as an u:nwelco111e fello'\.J trc= vele r in their blood. 

Importance to Our Generation 

How many lives malaria is taklrs today, no one knows 

or can estimate accurately. In the 40 1 s, however, there 

were certainly not less than three million malaria deatbs -

not cases - but deaths in the world, and at least 3CC 

illillion cases of tbe malarial 

r. 
-~I1:·iC'.., p. 2. 

fevE:r eech 0 
JTE CiI' • _, 

7?hili~ Manson-Bohr, ~anson's TroDical DiseasGs 
... --·--- -----

( n 1 C · ' · · - - • d '' · l 1 • '' , 0 hrll) 4,-, De,. ·-imore: 'nl.L.llD.llH3 2D~ 'i1l_1=::ln8 vO., .l.-:;..,,•.JI , p. 'u. 

o.,,. ·tt 1 '--'0c~0. · UCK, op. Cit . , p .• 3 • 

011 . .. 4 
~ C)lG., p. • 
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India is one of malaria's strongholds 2nd kills at 

lee_st a million per-sons every normal yee_r, c.nd more during 

epidemics. One aut~or put it this way, "There is no aspect 

of life in that country which is not affected, either di-

rectly or indirEctly, by this diseo.se. 1110 

"It constitutes one of thE most irnportE,nt 
causes of economic misfortune, engendering 
poverty, diminishing the quantity and 
Quality of the food supply, lowering the 
physical a_nd intellecttml standerd of the 
nation, and hampering increased pros:perity 
r .. nd ecorwmic pro 6ress in every way, 11 says 
another.11 

Chandler states that at the publishing of his book, 

1955, lvlale.ria still ranked as t"i'1e number one hunrnn disease 

from the point of prevalence and the mortality, sickness, 

and economic loss it producds. He points out, however, 

that b~ttles were being won at th&t time and that some 

countries had actually rid themselves of the disease. 

Reduction tas been complete enough in so:11e, such as Ceylon, 

as to raise pessimistic warnings about overpopula~ion, 

unemployment, and Comrrrnnisrn •12 

Durin; World War II malaria was the number one problem 

of nonimmune troops in the :i'.·lecii terrc.nean, Indi2,-Eurn2, 

and the South Pacific. Because it was i~possible to 

avoid mosquito bites under ce_mp&ign conditions, it 1.·ms 

necessary to resort to suppressive medication~3 This, of 

lOib"d c:: l ., P• ...)o 

11chandler, op. cit., p. 186. 

12Ibid., p. 127. 

13Ash and Spitz, op. cit., p. 206. 
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course, do02 flat vent infection. It simylJ ~e 

the infection subcl~~ical so thEt tbs soldier~ could 

fE:.ll I", -!-
.._,: L, ' 

ment ha~ &cute ~~laria. In tLe ·i _,_ 

srl& c&use~ wore than five tises Cb. S l.J C\l _!G i e S 

one hl :c·LJ'."i::ln of:~'iccr c ulcL v.Fll br2 c. lesson for' 2.11, 

It took efforts of ento~ologists, Si C 1 e.:.1.8 , 

end occaslon2l court m&rti2ls to ~r 

ly ie 

thid country es the r's father had gal2ria as a child 

tb.s devestetin.; effect L·1 tr1e U:nitr::d Stc~teE:, however, tt,2.t 

historiu1s an~ econo~ists h&ve 
l ely fLiled to reca ize lt, cal2ria muEt 
Lave pl al p~rt ln the history , 

f' ' • l' I C:: ,~r·s E_~ i:.. 0 ./ llC:,_.-c 10118 • '_w. -· of the ~orld ant thE 

Distr·i b1Jt.:1.on 

Malaria is distributed in the area ly 

quitoes hos;itable to the IroLozoan, toseth0r ~ith con-

1 LL 
- 'Chandler, op. cit., p. 168. 

1 r:·· ..... "1 ,. • o 
~~~oid., p. lc5. 
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dition of temperature and humidity which permit the com-

plete development of th~ parasite in the infected mos-

·t 16 qui o. Flasmodium vivax is more widely distributed 

than the other types. It is the prevalent infection in 

most areas within the temperate zones, but is widespread 

throughout the tropics as well. 17 

Etiology 

The pc:.rasi tes causing rnE,leria are protozoa belonging 

to the 5enus Plasmodium. It has been demonstrated beyond 

a doubt that tte hunHff1 me.l2.ri2,l lJar2site 1i,Till not develop 

in any but mosquitoes 

Life Cycle 

Four species of the genus Plasmod·i um c1:m cmrne 

spread and_ Plcrnrnodium falcirJarum results in death most 

often. Plasmodiurn yi vax h&,s a 2.J8 hour cycle and is p2.r-

ticularly likely to cause relapses. This cycle as des-

' 1g cribed in Chandlers book is as follows:~ 

I. Asexual Phase 

A. Exo-erythrocytic Stage - This is the stage 

in which the Flasmodium vivax enters th£ ----

16 c.M. "vienyon, ed., Ilrlemonmcla 21} Kedical Dise2.se 
(Chemical Publishing Co.,Inc., 1942), p. 134. 

l 7 Thom2s Mackie, Geore;e Hunter 2md C. Brooke Worth, 
A Manuel of TroDical Med-lcine(Phjladelphia: W. B. Satmders 
-Co--1 04r::.-r-1. ·p 015 . ' -- _.) ' - . ,_ . 

1ec v 
• l .J. • 

., "'2c) .L'j O ' p. 
Wenyon, 
962 . 

Protozolo.c:,~v(New York: Willie.m Wood & 

lOc, dl · nan .... er, op. cit., pp. 188-197. 

Co., 
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human body as a result of a mosquito bite 

is called the sporozoite, a slender, spin

dle shaped, one-celled individual. The spor

ozoites make their way through the blood 

stream. to the spleen and/or liver. Usually 

they enter these cells and go throuc;h at 

least two schizogony cycles - cycles in 

which they are asexually multiplying. This 

stage may continue indefinitely. The para

site then invades the blood. stree.m and enters 

erythrocytes (red blood cells). 

B. Erythrocytic Stage - A week or ten days 

after infection, the parasite invades the 

red blood cells and begins a growing process. 

The earliest form of the parasite seen in the 

corpuscles is the ring stage. It looks like 

a signet or class ring caused by a transparent 

area in the center of the parasite. As the 

parasite grows large it becomes rounded or 

irregular in shape. The nucleus divides 

:Lnto two, four, and eventually more parts. 

The nucleus now moves away from the center 

of the body, and small amounts of tbe cyto

plasm concentrate 1::i,round each. These segment 

allowing the individual to reproduce again 

asexua.lly and each segment -- now a new in

dividual -- is called a m.erozoite. They 

break free from the corpuscle and ee,ch mero-
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zoite is fully capable of attacking new cor

puscles repeating the process. This cycle is 

in Plasmodium vi vax and tel,{es li,8 hours, and as 

many of these corpuscles erupt releasing the 

merozoites, the individual becom~s fevered. 

Although this liberation does not take place 

at all hours, certain broods mature at certain 

hours and thus spells of high fevE-'r are a few 

ho1.,1rs apart • 

C. Gametes - After a few generEtions of these 

merozoites have been produced, some grow more 

slowly, producing more pigment, and developing 

into lar3er single-nucleated organisms. These 

are the gametocytes which may circulate in the 

blood for several weeks but will undergo no 

further development. 

II. Sexual Phase 

A. Gametes - When removed from the warm blood 

by being sucked up by a mosquito, or even placed 

on a microscope slide, the microgametocytes 

(male gametes), undergo a striking development. 

The nucleus quickly divides and within lC-15 

minutes 6-8 long flagella-like structures are 

extruded e.nd the parasite is known as the 

fla:5.ellated body. This process actually forms 

the male microgamete (sperm). These slender 

structures are free to swim about in search of 

a macrogamete which meanwhile has undergone 
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little change. 

B. Zygote 'rhe result of the union of the filament 

from the flagellated body with the inactive fe-

male gemete is a zygote. This indi viC.UDsl, the 

beginning of a new 3eneration, grows, elongates, 

and becomes quite like a little worm. It pene-

tr2t~s the stomach wall of the mosquito, lodg-

ing itself under the out er l:Uni t :i.n;~ membrane. 

Rapid growth takes place here and e cyst wall 

develops called an oocyst. 

C. Oocyst The nuclei divide repeatedly and a 

number of fa:l.rly outlined cells a.re formed. 

These cells enlarge and eventually sporozoites, 

each about 15 microns in len5th, brGak loose. 

Such an oocyst may cont2in more than 10,0CO 

sporozoites, and there may be as many as 50 

oocysts on one mosquito's stcimach. These 

sporozoites are released into the ~osquitoes 

body cavity from which they me)~e their vmy 

to the 3-lobed salivary gl2x2.cl lyin2: in the 

f-ront p<:.Jrt of tne tl~Ol"'"X ·~nd c,~:cr,ect·1 YJP' ir 11tl~ - _.. ... - I_.¥ ~ _J. l. - e, _ _.,_ o~_ .... - -.J J.~..i. . .:.._ ..LC.) .~ - -l. 

the proboscis. The sporozoites are discharged 

with the saliva when the mosquito bites • 

.I.1.s this cycle is very difficult to understand, 

the following diagram may help. It is copied from 
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2 

Life Cycle of the 

~ l ar a l aras ite 



l. Jporozoites injected 

2. Jcorozoites ent12rin; liv 1·r c:eJ_l 

3. Exo-erythrocytic schizo3ony 

. ! . ("\ 
4-s;,. 

19. Co~:2-1'lete 

21-25. Develor~:rG11t of oocy8t 
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Immunity 

It has been generally accepted that melaria confers 

& certain degree of immunity on its host after the a.cute 

att~ck has subsided. 20 The mechanism accociated with or 

respom.sible for this conversion of B.n acute E.ttrck into a 

chronic form is of considerable controversy. 

Specific protective antibodies have been demonstreted 

in the serum of mon::reys durin5 tb.e stages of cr~ronic in-

fection. The concentration of th£Be protective antibodies 

. d . t' f ..t. h d · 21 l"flb varies uring -ne course o: Ge 1seaae. ..t. ~se find.in:rs 

:probably represen:, the fir,=;t direct ex:perimental evidence 

of extracellule.r inr~Junity in malaria. 

The colored race has a relative racial immunity to 

malaria which is partic1..1l.s.rly effective against Plasmodium 

vi vax. The development of irnmuni ty is first che.racterized 

by the acquisition of tolerance to the infection. 22 

Epidemiology 

Conditions which f£vour the presence and breeding of 

~no~heles mosquitoes tend to also favour the increase of 

23 
mc,laria. 

Factors which determine the level of tr&ns:nission 

of maleria in any region are as follows: 

20z. Taylor BE:rcovitz, ed., Clinical Tro12ical Hedicine 
(New York: Paul B. Haeber, Inc., 19~-4), p. 157. 

21 Ibid • , p • 158 . 

22:.fl·i:;c'L<-i·r::, Hunter, 0 na" ,,tort'~ o~ nit -c 220 ~ ~- ~· - ,_,, . 1, 1~, i-'• t.;_ ., ~.)· . 7• 

23Manson-Bahr, op. cit., p. 41. 
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1. The degr~e of infection in man 

2. The species of the Ano1Jheles mosquitoes, their 

abundance, feeding and restins beh&viors, and 

their susceptibility to Flasmodium - t11e vector 

3. The presence of a susceptible human population 

4. Local climatic conditions. 

5. Local 6eo0 raphic conditions whic'n may be potential 

l:i.nophel es breeding areas 24 

Clinical Characteristics 

There may or may not be a stage wherein the patient 

feels upset, is tired, has an ache in his bones, perhips 

a headache, loses his apetite, possibly Yomits, and suffers• 

from chilly sensations. At this period his temperature 

m&y already he.ve begun to rise. In me.ny cases, however, 

he finds·himself suddenly in the grip of ague, suffering 

from a definite rigor &nd such an intense feeling of cold 

that his teeth chatter and he shivers and sheJr:es. Very 

often the patient begins to vomit violently. His tern-

perature elevates, the sensation of cold being entirely 

subjective. Then comes the stage of heat end febrile 

distress, with flushed face, rapid pulse, intense head-

ache, frEquent vot1i ting, quick breathing and dry burning 

skin, during which the temperature often runs up to l05°F. 2 5 

2\~:a .. c1r1· P, H t 1 ~,r .,_ b . t 0 30 ___ = _ un er, an~ nor~-, op. c1 ., p. c • 

25wenyon, 11.emoranda on MedicaJ. Disee.se, op. cit.,p.138. 
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There m&y be a sli5ht delirium. 1'hen comes the swee.ty 

ste.ges, the perspire.tion pourin6 from. the patient and 

soaking everything on and about him. The fev/:'r rapidly 

declines and. comfort takes the plG.ce of &.cute rr:isery. 

Then, according to the nature of the infection, one or 

two days later the fever recurs. It lasts as a rule from 

6-10 hours, one hour for the cold stage, 3-4 hours for the 

defervescence,and 2-4 hours for the hot p~riod~6 The 

most striking macroscopic change in the body, due to 

the presence of malarial parasites, is a ma,rked enlo.rge-

ment of the spleen , which i:s. some cases ree.ches enormous 

dimensions. The liver is also enlarged, but to a lesser 

extent. 27 

Diagnosis 

Diagnosis of malaria is frequently diffic~lt. It 

may be confused with many diseases, both cosmopolitan 

and tropical. Among the tropical diseases it may be 

confused with are kala&.zar, amoebic liver abscess, re-

lapsing fever and yellow fever. 1\mong the cosmopolitan 

diseases it may fre~uently simulate are typhoid fever, 

t " 1 . b 11 . . fl ~ " 1 · t ~ "' 28 uoercu os1s, ruce _os1s, in. _uenza, ~na pye 1 ~~. 

Definite diagnosis depends upon demonstration of the 

parasites. For this purpose the thick blood film is far 

,..., 
~ 0 Ibid., p. 139. 

27~enyon, Protozolohy, op. cit., p. 955. 

28Mackie, Hunter, Worth, op. cit., p. 245. 
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superior to the thin film tschnic sines in light infection 

it may be impossible to find Plasmodia in the thin film. 

It may be necessary to examine stained thin blood films 

for positive identification of the particuler species 

29 present. 

Treatment 

Three drugs have been used in the treatment of malaria -

quinine, atabrine E~nd pliwmochin. 

Quinine is a general protoplasmic poison and in 

sufficient concentration is lethal to all cells. It has 

little effect on the circulatory system in therapeutic 

doses. In excessive dosage it produces an initial rise 

in pulse rate and blood pressure followed by a depressi6n 

of both. When given intravenously in too large a dosage 

or too quickly, rapid progressive fall of blood pressure 

occurs with the appearance of circulatory collapse due to 

cardiac depression and vasodilation. 30 

.A.tabrine is a yellow dye. In cer-t.s.in individuals 

atabrine te,ken by mouth acts as a gastro-intestinal ir-

r-i t&nt producing epigastric pain, ne.usea, vomiting a,nd 

-z1 diarrheai These side effects can be controlled to a 

large extent by e:ivin5 the drug with food or with heavily 

sweetened fluids. 

Plasmochin is a toxic drug with little margin of 

29 Ibid., p. 245. 

30ibid 
. . ' p. 246. 

3 1 Ibid., l). 247. 
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safety between the therapeutic and the tox c doses . It 
-z.2 

should never be given to ambul atory patients . ~ 

32 I bid ., p . 247. 



C:-TAPTER FOUR 

OVERLOOKED AND UNDERSTUDIED EU1':YCOPHYT.A 

Just what is a fungus? One author states the.t fungi 

are ••• 

11 psrasitic or saprophytic Thallophyta 
entirely destitute of chlorophyll, and 
possessing in the very large majority 
of cases a vegetattve portion, the 
mycelium, made up of filaments or 
h ~ ·o·n.., e " 1 Ct, ..i: o., • 

One could easily read this definition and still not know 

·what a fungus is. To paraphrase Pessey' s definition, 

a fungus is a plant without chlorophyll typically con-

sisting of filaments that may or may ,:".:ot be divided into 

cells. Fungi can also include encysted or amoeboid one-

celled organisms which reproduce by some type of motile 

+·1 2 or non-mowi e spore. 

Now, both of these definitions spealr out definitely 

as to:,the plEmt nature of the funsus. However, many 

people question even this seemingly obvious characteristic 

of the organism. One author consistently concludes th~t 

the fungi are not plants but a third kingdom of organisms 

1Helen Gyrti1e-Vau3han, Fungi(Cambridge: The University 
Press, 1922), p. 1. 

2Ernst Bessey, A Text Book of Mycology(Philadelphia: 
P. Blakiston's Son an~Co.~c:-:- 1935), p. 2. 

32 
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pe,re.llel to the .linim1il ancl. Plant Still another 

comes out ancl. boldly ste,tes t'ncit fun6 i are unmistaks,bly 

r,lant s of a low organize,t ion developed from 5erms somBwhat 
lL 

but not wholly homologous to seeds of higher orders.' 

Nevertheless, knowing the exact relation of the fungi to 

other main groups of organisms is not necessary to become 

acqu~lnted with them and their characteristics as a group. 

To bring this group closer to hDme, one can easily 

recognize certaln fungi if they realize th;::i.t tbe mold that 

grows on jam, the mildew thEd:, disfigures the rosebud, the 

yecrnt thc:tt ferments the wine, the rust that rec.dens the 

wheat fields, the ringworm thet blemishes the skin, the 

mushroom in the cellophane package, and the toadstool in 

the front yard are the 
t 

fungi.> 

These exexnples of fungi seem very different in 

shape. What generalities can be made as to their structure? 

Morphology 

As has already been pointed out, the fungi constitute 

a group of organisms devoid of chloroyhyll. They resemble 

green plants i~ that they have definite cell walls; they 

are usually non-motile; and they ar·e usually filamentous 
rt" 

E.ncl multicellul2x·. 0 'I'heir nuclei can be der'lonstratecl 

31· .. '1 
Cl CL. ' 

4,,, C 
J.V.L • • and Uses (I~e'd York: 

D. Appleton 
i::: 

:..i John Alexopoulos, Introdt;ctory M7coloz.y (London: John 
Wiley and Sons, Inc., 19:2), p. 1. 
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PHYC01'iYC:STES 

The Fhycor:1ycetes e,re trt1e fvn2_:i wbich X'eproduce by 

corr;monly called clgc.l funsi bec&u3e they rese:able some-

·whe.t the green algae in structure s.nc1. in this method of 

reproduction. 

lfo3t of the Phycomycetes live in the 1,rmter .snd soil. 

The purely aqu&tic ?hyco~ycetes are of little direct 

economic importance. l,Iany of the terrestris.l Ft.ycomycetes, 

however, ar·e a:nong the most destructive pccrE;sites of crop 
0 

plc:mt s, c&.usins nildews and. bl:1-6hts. ~· It is, in fact, from 

this group the.t an exam9le, Fhyto:=,hthora l::.feste.ns, r."lccS 

been tc:~t:en for further el2.bore.tion due to its hi6hly 

destructive nature. 

The characteristics of the Phycornycetes which dist.in-

guish them from other fungi afe: 

1. A typically coenocytic IJ.ycelium (one \.fithout 

cell walls 

2. ~he ;rojuction of spores within sporancia 

3. The for~ation of restitg spores or resting 

sporan0 ia c:.s c;, result of se:::~uc,l re:plttocluct ion •10 

The spores spoken of i~ the secbnd difference 5ive the 

basis for fu~ther subdivision of thls class. If the spore 

0 ·1 1· ., iLGXOpou OS' op. cit., p. 00 

lOibid. , . p. 100. 
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has one flagellum, two fl~zella, or none, it is placed 

into its respective series. Potatoe bli3ht spores h2ve 

two flagelle.., and common bread mold has none. 

ASCOMYCETES 

The"Ascomycetes are someti:12es referred to as one of 

the hi3ber groups of fungi. They are more advanced thm1 

the PhycomycFtes as c&n be seen in the complexity of their 

structure. Examples of thB Ascomycetes are the yeasts, 

ble,ck molds, and common zreen molds. Others a.re the pow

dery mildews, cup fungi, morels, and the truffles. 11 

Just as the sporangium is the characteristic structure 

of the Phycomycetes, so the ascus is the chief distinguish-

irig feature of the Ascomycetes. The ascus is a sac-like 

structure contccining a definite number of E.scospores re-

sulting from sexual reproduction. Other characteristics 

of the J,.scomycetes are: a sept~.te mycelium(which means 

tbe filaments of the fun31..1s he.ve cell wt: ;1:1.s); the production 

by most species of a fr1..1iting r:ody enclosin.3 the a.sci; 

and the complete absence of any type of motile structure. 12 

The. Ascomycetes in general hcwe tvw dist~.nct reproduc-

tive phases, tb£ ascus or sexual stage, and the conidi&l 

or asexu&l stage. Asexual reproduction may be carried 

on by fission, buddin0 , fre.grne:nt.s.tion, oidia, or conidia, 

11 Ibid., p. 182. 

12Ibid., p. 12-2. 
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e.ccord.ing to the species. Sexual reproduction aims 

t tb . f t t · bl 1 · 1 3 Th t a .e union o wo comp a J __ e nuc E 1. . ese ·wo nu-

clei do not f1.1se im:11edie.tely 2.s ,,\fe are accustomed to 

thinking of as in the human. 'I1h6J remain rE.thE:-r in close 

associ2,tion, forrnins &. functionc:.l pair callec1 a d.ikaryon. 

The mycelium or main body of the ~scomycete is com-

posed of septate hyphae (filc'.ments) the walls of which 

t . 1 t· f 1,-.•t• 1~-con ain a arge propor ion o CL1l in. The hyphae are 

well developed and profusely branched. 

BASIDIOlvlYCETES 

The most advanced of all fungal classes is tbB Basi-

diomycetes. They consist of such forms cW the mushrooms, 

teadstools, puffballs, and stinkhorns. Smuts, rusts, and 

the jelly fun3i are also Basidiomycetes. 

Basidiomycetes differ from all other fungi in that 

they produce their spores, called b2sidiospores, on the 

outside of e. specialized, spore-producins body, the be.sidium. 

The mycelium of the Basidlomycetes consists of well-deffeloped, 

septe.te hyphae which penetrate into the substratum and ab

sorb. nourisbr1ent. 1 S You can find basid:1.omycete mycelium if 

you look in moist places in the woods, on rotten logs --

mostly under tb.e bE,rk -- on wet, dec:d leaves, or on other 

organic matter. It may be white, bri:ht yelliliw, or orange, 

and often spreads out in a fan-shaped growth. 

13rh. , 103 ~ia.,p. c 1 • 

1 4Ibid. , p. 18}. 

15rbid., p. 339. 
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Most Basidiomycetes have no sex org&ns at all. The 

som2,tic hyphae e,nd detached some,tic cells te}:e over the 

1 f .,_. 16 sexua uncG1on. 

The particular fungus to be used as an ex2mple of this 

i;hylum as has been stated is the pota.toe blight :f'ungus 

which falls in the oomycetes of the Phycomycetes. The 

mycelium of this fungus commonly enters the ceJ-Jls of the 

host. This orge.nism is whe.t is known as B, facult&tive 

parasite. It was shown by de Bary tha.t such fungi possess 

the power of disintig~atin3 and killing tissues in advance, 

so that they are not parasitic in the strict sense, but 

first kill the cells of the host and then live sa.prophyti-

cally upon the dead remains. In this particua.lr fungus di-

sease the walls and contents of parasitlzed cells are 

browned, and this fun~:us alone on tubers induces drv rot. 1 8 
~ u 

Invasion of numerous saprophytic fungi 2.nd bacteria usually 

turns this into a disagreeable wet rot, however, which 

became responsible for the deaths of many thousands of 

people. 

16Ibid. , p. 340. 

17Gynne-Vaughan, op. cit., p. 6. 

18stevens, op. cit., p. 67. 



CHAPTER FIVE 

A hundred years ago people ·would have laughed at 

the ideE. that these minute fungi, which the microscope 

he,d revealed, could be of any importance to mankind. 

But ideas changed when the English cler6 yman Berkeley 

proved that one of these had been the effective agent 

in the terrible famine that ravaged Ireland in 1845-6. 1 

The fungus responsible for le.te blight we,s named 

Botryt1s infestans by Kontagne in 1845, but was trans-

•. 0 6 2 ferred to the genus, Phytophthora in lu7 • . 

Life Cycle 

'l'he life history of the pate.toe blight fungus may 

be described as follows-. The spore germina.tes on a lee.f 

of a potatoe, or on the tuber, and puts forth a narrow 

germ tube in much the same way as the spores of toadstools 

do. The germ tube enters the tissues of the pot&toe, which 

it kills, and bra.nching rapidly gives rise to the mycelium 

of the fungus. This rnycelium differs from tha.t of the 

Basidiomycetes and th~ Ascornycetes, hovever, because the 

hyphae do not h1:we crosswalls, except in the special 

branches on which the spores are borne. These grow out 

1A.F. Parl{er Rhodes, Fungi, Friends and Foes(London: 
Paul Elek Publishers, 1950), p. 52 

2Ibid .. n. S~. 4? 



fr6m the surface of the leaves, or on rotten tubers. 

They are called sporan3iophores. The reproductive bodies, 

properly called zoosporangia, which they bear are nDt the 

same sort of thing ;s,s the iE~perfect Bpol''es or coniclie, of 

Ascomycetes. If there is not much water about, as on the 

surface of a potatoe leaf as described above, they may 

germinate by me Ems of a germ tube. There is Emot her thing 

they can do. They can give out their contents in the form 

of c:X number of very smal1 bodies, he.vin,3 each t v:o fine 

hairs attc:~chedj by meex1s of whicb. they swim through the 

water. Because they resemble little animals they 

are called zoospores. They are very frequent among th~ 

Oomycates, to which group the blight fungus belongs, but 

tbe sporan;_-;la, c2.n ·usually behE'.VE e,s spores under dry con-

ditions, and some species have lost the power to produce 
"Z 

zoospores at all.~ 

The main incentive to studying the life history of 

a fungus which is a pest of crops is to find out how best 

to kill it and prevent the damage it does. 

Sy!r..ptoms 

The disease consists in a gradual decay of the leaves 

and stems, which become a putrid mass, and the tubers 

are affected by degrees in a similar wsy. The symptoms of 

_.JB. B. Ivlundkur, Fun7i and Fl2ni Dls ease (London: }Iacmillan 
and Co., 1949), pp. 54-55. 



LJ-4 

the disease were described as follows: 

11 The first obvious · sig~ is the a::pearance on the 
edge of the leaf of a blac~ spot which gradually 
spreads; the gangrene then attacks the haulms, 
and in a few days the latter are dec~yed, emit
ting a peculiar and rather offenslve odour. 
i'ihen the,,.stts.ck is severe, ths tubers e.lso 
Q"ec'"',,.. 11 '-I· c:..J. 

Control 

Despite th£ feet it was the first plant disease at 

al 1 clearly understood, it wE.s not the occassion of the 

first successful efforts to apply preventive meas~res. 

Indeed it was lon0: before effective measures cEm1e to br: .._, 

used against tl1e blight, el ther in IrelaXJ.c1 or elsewhere. 

In those days the vine was reckoned as a more important 

crop than the st~ple food of an uni2~ortant colonial 

people, and these fungicides were used in viticulttre 

before pot&toe-grow!n5. 

At first the greatest success: was accom;ilished in 

securing co:n~Jar2.tively resistant sorts. Gooii after v.ras 

the discovery of Bordeaux mixture, used effectively as a 
E=" 

:Jreventi vs of the late blight.~ Bordeaux mixture 1.'las 
,-
n 

discovered by ~ill~rdet in France about 1883;-

E.E:iong e.ll. f2;.r:mers v/ho can afford it, it is a regular 

practice to spray potstoes several times in a sesson with 

4 
E. C. Large, The ~;d.vance of the Funr::i(New York: 

Henry Holt and Co., 1940), p. 13. 

5Benj&'nin Duz5ar, Fungous Diseases of Plar..ts(Boston: 
Ginn e.nd Co., 1909), p. 170 

6-b· -· ~ l ld' p. :J. 
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Eordeaux mixture (a mixture of lime and Copper Sulfate), 

or some si~ilar fungicide. RPcently in some countries, 

first j_n HollEmd, f:_:;rrners have been issued re31..1l2,r pre-

dictions of the times 1Tbcn 2, blight epidemic is 1:10st lilrnly 

to stE,rt, this beins usually in wartil rnu2:,3:y wee,ther or s 
'7 

kind fairly easy for meteorologists to forsc~st. 1 

note of tb£se predictions, a considerable saving 

of fungicide can be made and the cost of production of 

i~ thus re~uced. Uany other diseases of crops are tied up 

with the weather, but as yet ncitber plant patholo nor 

meteorology are sufficiently sdvanced for much use to 

be mc=ii_e of whut kno1;1le0_3e vre hecve. 

History- a,nd Impo:ctance to :Man 

k great deal of snace has been 3iven to this phase 

because of its 2;.reEt intereDt and iElport:cnce. 

The intr0oduction of the potatoe into EuTope aacl done 

a,n immense service to its inh2,bitants in affordin,3 them 

a staple food ~bich would be worked into the rotation of 

croi:Js so e.s to replace the unproductive fa.llo1d or the 

relatively unnutritious turriip by c;:. crop which gBNe c:w 

much food as the cereals. Especially this was so in Ireland, 

where the climate was more favorable to growing potatoes 

th&n corn, and wbBre the standards of life were deoressed 

owin2· to the coloniE~l status of the country. 

every crop has its pests, and the fungus, -.rhich 

7-b·d J. ~l .• ' p. 171. 



~bout ths nctu~e ~n: ccube of rle~1t diseeses tb~t not 

fro~ ~~rious Euro~eun countries. The ~o8t probable con-

jectu:ce is the.t ths f\::n.::_:us lived in tr.,e -~·.no.e::: on the v1il6. 

anJ c~ltivated ;otatoes, 

~ould certainly have 

te~en note of &nythin3 approachi~C the Irish outbrec~. 

:31.1t on the-ir 1ntrod.uct:1.cn iEto E-:._,n·o , the )Oto.toes 

vere s2lected for increase6. yield, without ~ny sus,icion 

of the existence of t11e dis - ecse. _·.t lc:i:l[!th son.1e spores 

sot carried ov0r the ~tl~ntic by c~ance, ani &t the first 

occurrer .. ce of ff.,vo:r·e.ble WE~,t :1er co:r:,_{_i tions, started e.n 

H~;:l f',::_ttj_J~ n1ElL1_(1:) }.L,S.S br1olre:n. 01~~/LJ E;.lli011(~:::,t 

tbe potatoc crop. On all si~es ~e hear 
of the c1.estrLcctlon. Li :Ccl_:)_urn the :;:-·:Lelo_s 
~re said to h~ve bsen co~rletely desol&ted. 
Tl1eY;e is l1E~rdlJL1/-~ 801...~11.cl bGuilf;·lc ilJ Co\7 e11t 
G~rden ~Erk~t. ~ 

col1..t1ln. of the Gardeners' Chronicle t:'.nd -~~~:rj_c1,.1lture 

q 
'--.,.., • ':! 1-

J..DlG-., p. _j. 

0 
-Rhodes, 0:9. cit., ~J. 



47 

Go"zette, on .t.ugust 23rd, 1245. The pot&,to6s had suffered 

from disease in the past: from scab, from a malady called 

the curl, from drought, and from too much rain in bad sea-

sons, but nothing quite so destructive as this new murrain 

had ever been seen before. It struck down the growing 

ple.nts like a bad frost. It spread faster than the cholera 

amongst men. 10 

At the prospect of losing the country's food sup:i;:ly 

for the coming ·winter, the editor took the easy 8,nd 

obviously false way out by saying, 

11 As to cure for this disteinper there is 
none. One of our correspondents is already 
Emgry ·with us for not tellin.g the public 
how to stop it; but he 01-1ght to consider 
that Man has no power to arrest the dispen
sations of Frfuvidence. We are visited by 
a great calamity which we must bear."11 

When the potatoes were dug from the ground they were 

found marked with the da.rk patches, symptomatic of the 

disease. The colors of these patches were that of 

bruised flesb. Its tints were like those accompanying 

a black eye. Potatoes left off the floor of a barn for 
1 ') 

a week were found worse than when they were lifted.<--

The disease was spreading among the ~Jotetoes in the ground 

and in store, and it was thought th2.t every tuber, no matter 

how slightly affected, ·would be lodt. 11 A kind of mouldi-

ness which the Rev. fli. J. Berkeley had observed to appear 

10Large, op. cit., p. 13. 

11Ibid., p. 14. 

12rbid., p. 1s. 



on the diseased tubers would add to the mischief by 

hastenin2: dec2,y. 1113 
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It was ap9arent that the peculiar chanses of weather 

which had occurred during the summer of 1845 had much to 

do with the outbreac1k and the spread of the PotEttoe :VIurrain. 

It changed from quite favorable weathBr to approximately 

three vrneks of one continuous gloom. Thi:3. s1.m scarcely 

was visible during the time, with a succession of most 

chilling r~lns and some fo5, and for six weeks the 

temperature was from li to 7 degrees below the avera3e 

for tbB previous 19 years. One reference stated that 
.• 

PhytoDhthora infestans would seen to be most effective 

when the host is· growing vigorously as was true in the 

case of the potatoes before tbB temperature 
1 ;, 

C 1 1 '" na 6 -,· [_c,_ ,::) • 

De Bary records that Phyt2.12hthora infestans germinates 

with di.fficulty in daylight and not at all in s1.mlisht. 15 

:Many thought that the plants had been unable to get 

rid of the excess of w2,ter in their usual way, and so they 

had contracted a kind of dropsy and wet putrification had 

set in. The Rev. Ber};;:eley, 11 a 6 211tlem.sm eminent above 

all other naturalists of the United Kingdom in his know-

ledge of the habits of fungi," 

13Ibid., p. lL~. 

14Dug3er, op. cit., p. 65. 

1 i::;Tb. " --' _ l.C., p. 72. 

16Large, op. cit., p. 15. 

was of contrs.ry 1 6 ol)inion. 
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He had at once connected t he potatoe disease wt t e 

prevalence of a k i nd of mo l on the affect ed t issues , bu t 

i n Dr . Li ndl ey ' s v i ew ( au t hor of ths uoted ed i tori a l ) 

the em i nent Hr . Be r kel ey preo c cup i ed with toadstoo l s and 

mu shr oo sand mo l ds and mildews , al the ~r eater and 

l esser fung i , was a t tachi ng f ar too mu ch i mportance t o 

a l itt l e growt of mo l d on t he d i seased potat oe p l ant s . 

I t was only to be expd ct ed t hat as soon as l ivi n3 matter 

lo s t i ts for ce , a ll sort s o f parasitic types woul acqu re 

paver and contend for i ts destru c tion . er~e l ey i nsisted 

othe r wise . He not onl y i nsis t ed t Et t he -rowth o f mo l d 

on t he potatoe pl ant s was a hi:hl y s i gn fic ant phenomenon , 

but as soon as he had s e en the d i seased fo liage i mse l f , 

in h i s ari sh , he put forward the revo l ut i onary d e a 

that t he mod mi ·ht be t he c ause and not the consequenc e 

of t he otato e Murrain . 17 

T us beJan an ar3ument be t ween two l earned men , each 

f irm i n h i s own c onvic t ion a nd 1,1 i t we i __:ht of reason to 

sup ort t , on an i ssue t hat was in f ac t much deeper t hat 

t hat of at tribut i ng t e o t atoe Murrain to it s mos t pro a le 

cause . The i ssue was t he es t ab i shment or the re j ec t ion 

of a new concept i on of t he who l e fie l d of d sease , not 

only i n p l ant s , but ultimately i n a ll liv i nz things . A 

grand philo so h i cal controversy was e~innins , i n whi ch 

17Ibid ., p . 16 . 
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neerly every scientist or natural philosopher in the world 

would soon be taking sides. In advancing thB hypothesis 

thet a livin.:::; pe.re.sitic organism on the poL,.toe foliage 

was the cause and not the consequence of the Potatoe 

Murrain, the Rev. :Serkeley 1,ms anticipatin6 the germ theory 

of Pasteur by nearly a querter of a century. 

It seemed a wild notion that e mere mold could be the 

cause of disease livin6 plant. in truth Berkeley 

could bring forhh little evidence th~t would be resuired 

for ri3orous pro6f of his cordention. It was one thing 

to state that thB mol& caused the disease an~ quite enotber 

to show how it could Co so. 

Other hypotheses about the possible c&use of the 

disease were put forth. It wes sug6ested thet the rot 

rnisht be ccmsecl by st2.tic electric:i ty -- 0 cnerated in the 

,dr:10sphere by the issu1n; puffs. of s:-c1oke and steE.!J from 

h1-mcJ.rsds of rail way locomotives tbe.t hs..o. re ce:i.tly co:c:ie 

into use. Others su::r:;)osed it to bG due to vo.;)ors risL1.g 

from blind volcccnoes in. the 

ix:. The GardGrn:n·' s C:C,ronicle: 

interior of the 1 8 e&rth. 

"We stop tl:e :9ress, with very sre&"t re: 0 ret, 
to announce thE\t the Pata.toe I:Iurrain he"s 
declc:.red itself in Ireland. The crops 
about Dublin are su~denly perishin3.19 

In Irel&nd th~ cottiers lived aluost exclusively on ~otatoes. 

13.,-, ~ ..:.: 
.1..D..Lu., p. 20. 

lS Ibid., 1:. 2l. 
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If the Potc'-toe :.furr2.in spreo,d through t ,,~_e small holclir..gs 

of Ireland there woulc. be Dillions of men, women, B.nd 

children, 1;1ho would not n:,e1·ely suffer acute :;:.:ri vc:,tion, 

but who would sta11've to death. 1:ore than humc:.nitarian 

re&sons c.s,used John Lindley to otop the presses ·v1lth this 

it::.--.nouncer.Je:cit. The Irish bE.d never been tE,m.e an6. could be 

ex)ectecl to put up s certain fi3ht before they died. There 

would be rebellions, lootinss of landowners' property, 

e•ren nnore coans~1i:~ 0 ti·o~ 0 rnd" ~er1er~1 c14 stu·r1·)·nce 20 V -~ c.-.. a._.e,... l:;)_ . .LV"' J..l . .:.:; C.... i.. 0... rs----; C:~ L...!.. . C.J.._ ,. -

Thomc:s Foster, speciB.l commissioner for the Times in 

Loi.1don, was in IrelEmcl the sumrr:er before tne outbreak of 

bli.:;ht e.nd described the alreG,dy terrible conditions exist-

in3 there. His description was one of a parasitism in Ireland 

before the blight. 21 He spoke of a horrible rent-collecting 

system that reached into every cabin and dra~ned th£ sub-

st2nce of the people and the lesncl. · The landowners had 

used every meens to raise money, cutting down most of the 

trees in Irelc:.nd and sellins the ti::nber, so that the land 

wc.s a treeless waste. Then, they he,d gr~.r1ted long term 

leases of their land to middlemen evading all feudal 

responsibility for the welfare of tl1eir tenants and handing 

the m.s,nagement over to pure mercenaries. These r:1en in 

turn subdivided the land, and at every sub-division the 

rent went U ,-, 
.l:' • The snmllest farmer, forced to pa,y these 

increased rents, lea.rned from his superiors, and again 

sub-let his land into quarter acres to his laborers or 

20ibid., 

21 Ib' -. lCL •, 

p. 22. 

p. 23. 
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6ottiers, who were the ultim~te cells of this social 

organism. On these small bits of ground the cottiers 

kept body ana soul together with from 8-14 pounds of 

r·otc~toes & c1e.y. 

As news was received of the spreading of the Potatoe 

Eurrain throughout the length 1:md breeJ=i.th of Ireland, the 

cottiers, who h1:1-d i::aicl little e,ttention to the blighted 

condition of the foliage, dug nervously in their plots 

and found the potstoes rotting in the ground. Mr. Foster 

had been present in October, at thB opening of a pit in 

which some sixty barrels of potatoes -- five months' pro-

vision for 8, family -- had been put dovm a fevr weeks before. 

On sorting tbB good from the b&l less than a single barrel 

1 C 22 were found to oe sauna. 

Within 7 days so gre2t a part of the potatoe crop 

was destroyed, that, as a result of actual deaths from 

fa.mine and still more from sbbsequent e:11i19"2,tion, the 

population of Ireland was reduced to less than half what 
"")"Z 

it had been, and has never since recovered.L:..> 

Dr. C. I-:on.te.gne cl.escrilJE:d the specier; of fungt1s 

causing the dises.se E,nd c2.lled it Botrytis infesta,ns. .He 

sent his sketcb~s and descriptions to his friend Rev. 

Berkeley who formally published them in the first nLir:iber 

of the Journal of the Horticulture Society in J2.nuary, 

~ I C ?LL 1 '<LL, ~ ' ....,_\,.. . . u. It was noteworthy that in this connection it was 

op. cit., i::::""7 p. :..>.). 
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the Rev. Berkeley, a man accustomed by the exercise of 

his clerical profession to 2, certain amount of Christian 

~=,rotestation, who re;jected all the nebulous, transcendental, 

and spiri tu2J_ expl2,ntcitions, v(r1ile it was the more materis,1-

istically minded scientists who most ea{:;erly used them. 

i'ihile botanists wrangled 2.nd COYll!)ared notes about 

the fungus, it v·ras winter in I:celanc-:_. As the sn~E,11 supplies 

of souncl or only pe,rti2.lly-blishted potatoes r2,pidly dirr;i-

nished, some four and a half million cottiers and po~r 

fEi.rmers f2,ced st2rv21,tion. One o:c two of the lB-ndowners, 

who had managed to retain personal control of their estates 

forgave their tenants the payment of rent for a year, which 

meant that they could keep the~t corn for themselves and 

use it for food. But these hurne,ne concessions vrere very 

rere. The majority of the lancownETS, throu 1;h their agents 

and collectors, pressed harder thEn ever for rents, to 

make sure of them while the getting was good. 25 

The goverrnnent did not assist emigre.t 1011, contenc:l.ing 

that the proper criterion of fitness to emigrate was the 

possession by the a,;;iplicant of the initic;tive, the u1eans, 

and the courage to do so. There was mass emigration 

neverthBless. Passage money was sent by relatives who 

had already escaped to the New World, and all over Ireland 

the lament2tion of dep2,rture rnine;led v-iith those for the dead. 

In 181.J-7, ninety thousand set out for Canada alone; 

2s1b. 'I - ...,ia. , p. 34. 
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and of this ninety thousand, 2000 died of fever before 

they reached Dublin or Ki~gstwwn, while 13,000 more died 

in Liverpool or· durin:::;, the passage. Those who survived 

spread a trail of typhoid about them as they penetrated 
0(, 

into the CE,n.scl.ie.n interior.'-~ 

The potatoe blight was in IrelE:nd forever; it vrnuld 

become epidemic and r2v2:e the crop again, whenever weather 

conditions favored its development. In the years from 

1845-1860 e, million people died in Ireland alone as a 

direct consequence of the f .s,mine 2,ncl one and a hs,lf milllon 
,,? 

er, l0 ur:=< JC, Gd c. I 
,U . .1.. t_J V, • 

The potatoe bli5l.ct funzus, Phytophthora irfestE,ns 

Mont., had revealed itself as a new and formidable enemy 

of ms,nkind. By destroying the stable food supply of a 

human society already very sict. from sconot.1ic causes, it 

brought 8,bout more of death and suffering than B,ny other 

disaster since the Napoleonic ~8rs. 23 The little fungus, 

only to be fairly seen in the strangely lighted field of 

the microscope, with its filamentous spE.~wn and its trens-

lucent spores, not only brou::(ht famine to IrelE.(nd, hut 

shed new light on the nature o:f disease, awakened t'ce ne,tural 

philosopher to the siznlficance of those living things that 

Goel created. small, and c2lled into being a new branch of 

applied science -- tbE science which was to have for its 

province the defence of the health of the crops. 

26.,., . 0 .LCl'-• ' p. 38 . 

27~b"d .L Jl • ' lJ • 39 . 
20 (_)11--,i d p • Li-0 . ..J- • ' 



CHL .. FTSR SIX 

COIWLUSION 

Eeca:use of. their w:J .. y of life, Ji.rnericEms have rever 

suffered seriously, fro1n what they c:::,ns:l.cler the minor 

plagues of the world. Desnite the fact th&t the two 

parasites dealt with in this·study are almost eliminated 

in the United States, they are still important to 

Arnerice,ns. 

Isolationism is gone. The world is fast becoming 

an economic unit, ands disease that affects the pro-

duction of rice in B1-1rma or meat in Arsentin2 .. or coffee 

in Brazil inevitably affects us economically. 

We have less than 10 per cent of the world's pop-

ulation and 8 percent of its area, but we use 50 per cent 

of the produce of tbe Free World. We depend on foreign 

sources for over 40 per cent of our minerals, and 10 per 

cent of our other raw materials -- soon it will be 20 per 

cent. Undeveloped areas of the world -- the areas prin-

cipally affected by parasitic diseases -- supolv6o per 

cent of our i~ports and 40 per cent of 
1 

our exports.-

Obviously, the, the diseases that profoundly affect the 

lchandler, op. cit., p. 4. 
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health and productiv ty of these areas are of very real 

concern to us . 

A healt y respect for the smal l organisms which 

cause big problems has been gained from tis study . 
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