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PREFACE 

ThIS book, secord In the senes, prImarIly alms at the treatment 
of the funda~ental aspects of the SCIence of plant pathology WhICh IS 
basIc to the proper understandmg of this subject In Its apphed aspects 
It does not deal WIth specIfic dIseases and theIr descnptton The 
ldtter aspect has been dealt WIth by the WrIter In hIs earlIer book 
entitled •• Practical Plant Pathology" published m 1953 The pheno­
menon of dIsease In plants and the vanou<; events that lead to It have 
been the mam theme of the book It supplements the author's earher 
book and IS Intended to complete a course, both theoretIcal and 
practical, 10 plant pathology at the B Sc level as sponsored by IndIan 
UnIVersltlcs 

Although mamly WrItten for Indian students, the book has been 
so planned as to be useful elsewhere Many of the examplcs given III 

the text to Illustrate the subject matter are bornc of practical experI­
ence gamed by the writer whIle engaged In research and exten<;lon work 
for a perIod of over 25 years The outhne and general plan of the 
book are based on the experience gamed through a course of lectures 
delivered by hIm to the R Sc and M Sc student~ of AgrIculture and 
pure botany durmg thiS long penod 

The book comprIses of 28 chapters. self contained In themselves 
the first fifteen of whIch are devoted to the diSCUSSIOn of events, as 
they occur 10 natural sequence leading to the complex phenomenon 
of disease Although the baSIC pflnclples of plant pathology do not 
vary from region to regIOn, every attempt has been made to cite 
examples and Illustrate the text from Indian matenal ,IS far a<; po~slble 
so as to make the (OPICS speCially IntellIgIble to Indian students, for 
whom the text IS mamly compIled The references at the end of each 
chapter have been speCIally selected to gUide the students to a more 
detatled dlScusslon of the tOPlCS under reference and represent only 
the claSSIcal and more recent cItatIons on the subject 

The maIO InspIration for the compilatIOn of thIS work came from 
the brIlliant lectures of Dr E C Stakman untIl recently Head of the 
DIVISIon of Plant Pathology, Umverslty of Mmnesota, USA and 
now Profcssor Emeretus, under whom the WrIter had the prIvIlege to 
work dUrIng 1931-32 and to whom, therefore, must belong the major 
credlt for thIS compIlatIOn The author Wishes to expres<; hls smcere 
appreCIations and gratltudes to hIm for thIS IOsplratlOn and encourage­
ment He IS also IOdebted to Dr J J Chn'ltensen of the same 
UnIversIty for hiS assIstance. Interest, helpful suggesllons and for the 
supply of the recent portraIt of Dr E C Stakman appearmg 10 

the teltt 
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It will be only in th .... fitness of things to mentlon here some of the 
works, whIch have also greatly inspired the WrIter In thIS task 
Gaumann and Brierley's" Principles of Plant InfectIOn', Chester's 
.. Tlte nature & prevention of plant diseases", Stevens and Steven's 
.. Disease In plants", Butler and Jone's .. Plant Pathology'. to mention 
only a few, have been of great assIstance In the present compJiatlon, 
along with many others cited In the body of the text Gaumann's 
umque treatIse on the theory of plant pathology has been of special 
slgmficance 1D thIS matter, as It has greatly helped the writer 1D 

presentatIon and marshalling of facts and figures occunng ID the 
present text Smeere acknowledgements are due to these authors and 
their publishers for the same 

The author also wishes to express hiS deep sense of gratItude and 
thankfulness to the late Prof S L AJrekar, Dr M J Thlrumalachar, 
Dr N R Bhatt, Dr KIsan SlOgh Bedl. and Dr S P Capoor for 
valu'lble a~slstance, helpful suggestIOns and Interest dunng thiS 
compIlatIOn Dr N R Bhatt. Dr S P Capoor and Dr K S Bedl 
deserve my specIal thanks for cntIcal readlOg of several chaptcrs 
Mr S G Abhyankar of the Plant Pathology Department, College of 
Agriculture, Poona, undertook critical rcadmg of the cntlfc manuscript 
from the pOlDt of VICW of :,tudents, who ultimately are the best Judges 
of the usefulness of thIS compIlatIOn SpecIal mention must also be 
made of the valuable help that I receIved from MISS Kumud Lad. who 
made a large number of hne drawmgs for the book and to my brother 
Mr Y N Kamat for hIS rcady assistance In typmg, reference work and 
prcparatlOn of mdex Dr M J Thlrumalachar was good enough to 
supply me WIth the ongmal photograph of Professor Gaumann 
appcamg m the text My thanks are also due to MISS Shlfm Iram for 
the supply of excellent photographs appearmg 1D Chapter SIX of the 
book My smcere appreciatIOns and gratltudes are due to all 
these fnends for the deep Interest they have taken In thiS compIlatIOn, 
but for whIch It would have been difficult to brmg forth thIS volume 
All the same, responslblhty for any shortcommgs and errors. factual 
or otherWise and InterpretatIOns, 10 thiS compilatIOn, however. must 
entirely belong to the author 

Smce economIc conSiderations were an Important gUldmg factor 
!D thIS compIlatIOn, the author has made specIal efforts to condense 
the diSCUSSIOn of the tOPICS, covenng all Important aspects of the 
subject under dISt.US~lon and avoldmg detaIls, WhICh, the student WIll 
do well to obtaIn from the references appended to eat.n chapter The 
present compilation must. therefore, be conSidered more of an 
Introductory nature, seekmg to acquamt the "tudent With thIS 
Important sCIence and arouse 10 hIm Interest and mqUlSlhveness for 
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the subject matter Thl" ha<; been tn'lde possible by the inclusion of 
a large numher of figures and illustratIOns specl'lUy prepared and 
selected for depIcting Important phenomena descnbed In these page<; 

The author wlshe<; to express his thanks to the propnetors of 
Prakash Pnntlng House. Poona. for theIr etforts 10 speedmg up th_ 
pnntlng work and general help n .. ndercd In proof rcadmg 

In conclusIOn. I must say that the work of compIlation ot this 
book 1<; borne of 'ln mnate 'lnd SIncere deSire to help the cau<;e of 
lndl \0 <;tudents. \\ ho. In the absence of a sUitable Indtan text. were 
grcatly handicapped 10 theIr studies Above all. It has been a "labour 
of love With the completion of the two volumes. the •• Five 
YCTr PI,\n sct forth before him by the author since hIS retIrement 
10 1952 h IS been 'lmply fulfilled I must, however, leave the que<;tlOn 
of the .lctu'll measure of <;llCCC<;S dnd usefulness of thiS compll.ltIon to 
my rel-deTs. both teachl.-r" 'lnd students, who I trust Will show their 
Indulgence and appreCI'ltlOn for the humble efforts made thereIn 
to fulfill the urgent needs of Indian students by provldmg them with 
a text In thiS Important ph.l<;e of Agnculture 

SHANTARAM 
SARASWAT COLONY POONA 2 UNOIA) 

INDEPENDENCE DAY 
1 ~TH A.UGUST 1956 N Kamat 
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SEXUALITY IN FUNGI 25 

clamps. The two nuclei remain in pairs and divide as such (conjugate) 
and only fuse prior to formation of spores. No special sex cells 
are produced. The mushroom fungi are characterized by this process. 
Insects play an important role in the process of " diplcftization " ~ 
in helerotha/lic forms f mushroom fungi ( Fig. 9 ). 

It will be seen from the above discus~ion that while the sexual 
process has a fixed pattern in the lower groups of fungi, it is highly 
flexible and labile i the higher fungi. A single sexual act gives rise 
to a single sexual spore in the lower groups, while it is followed by the 
production of many sexua spores in the higher fungi, where in 
addition, the sexual phase is prolonged, over long periods often 
lasting several years, so characteristic of he mushroom fungi (Fig. 10). 

,J,So 1951 2. 1.95, ISS" 

Co 

FIG. 10. Sexual reproduction in a mushroom fungus. A & B. gametes, 
a. haploid mycelia, b. plasmogamy, c. dikaryophase, d. annual recurrence 
of frwt bodies. 

[Modified from Gaumann. 
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CHAPTER I 

INTIt •• UCTI.N 

Phytopatho'ogy (Phyton = plant + pathos = disease + logo, = 
discourse) deals with diseases of plants Man has concerned himself 
with these diseases since times ImmemorIal, as they affected vitally the 
Interests of his agriculture and thus his welfare Ignorance and 
superstitIOn, however, shrouded the true concept of disease, until the 
development of the compound microscope and more accurate mlcro­
techmques Romans, Greeks, Hebrews and the Chinese people 
mterested them;clve; In the well-known fungi, the mushrooms, as they 
were amcllable to vIsion and were useful as food In the abscnce of 
rational knowledge, diseases 10 general were considered to be th(.. 
VIsitations of deities and ghosts. the wrath of gods and goddesses and 
the result of eVil Influences of the planets Festlvdls and public 
wOlslup" thus, formed the order of the day and were mainly aimed at 
propItiatIOn of these elements The relic. of such superstitious 
practices p(..rslst even today The subject was one of diScussion by 
philosophers, like ATI'>totle and Theophrastus, rather than of selentillc 
mvestlgatlOn bdsed on observatIOn and expenmentatlOn 

The discovery of pnntmg In the 15th century and the inventIOn of 
the mlcrqscop_!:_jly Loew.;_nhoek: In 16.83 had a profound effect on the 
rapld progress of thlS subJect and gradudlly brought In order and 
redhty III pldce of Ignorance ,wd superstitIOUS dogmas, culmmatlng In 
the publl(.. Ilion by great SCientists hke Robert Koch, LOUIS Pa;teur IOd 
Anton de Bary of thclr brilliant dnd epoch-making observatIOns and 
researches, which ulllmately established, beyond doubt, the p'lthogf'llIc 
nature of dlsea-se (Pathogenic theory) dlscredltlOg the deeply-rooted 
dogmas of" autogenesIs" and spontaneous generatIOn (Ungcr. 1833) 

DEFINITION OF DESEASE 

Disease IS a complex phenomenon and according to modern 
conception, IS an lotCllIctlOn among the host, the par~ and the 
cnvlronmcnt -It can be aptly derri1ed as a dlsturbaiiCeln the rhythmical 
eqlrtTlbriUm of a host In respect of s_tr1J~ture or physIOlogy or both, and 
may lead to the death of a part of or the enUre host or reduce the 
e(..onomlc value of Its products, A broad. agricultural concept of 
dlseasc, however. should Include such of the pheno'llcna, as directly or 
IOdlrectly affect economy and the economic performance of thc host 
,lOd reduce the market value of such products Disease thus may ha"e 
'\n mdlvldual and an agncultural aspect The latll..r directly affect~ 
Ignculture and naturally h l~ to be considered In relatIOn to the 
various factor", such as vanallons of ho'>t, season" 'lnd ~OII, cultur,1I 
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practIces and the nature of the pathogen, whIch profoundly Influence 
It The followtng account reldtes to thIs 'ioclOloglcal 'lnd economIc 
aspects of disease, which constitute the modern sCience of 
Phytopatholog~ 

ECONOMIC IMPORTANCE 

The study of this sCience IS of vital 1Jnportance to agnculture 
and ultImately to mankmd Diseases m phnts and agricultural crops 
have tdken heavy toll resultmg m wlde-sprc.ld damagc to and rum of 
agriculture, our matnstay Serious eplphytotlLs of these dIseases h'\Ve 
brought In food scarcities of unprc(;cdcntcd nature and Jeopardl<;ed 
the welfare of humanIty and even the pohhc,\1 status and economlL 
pohcles of a natIon The dIsastrous outbreaks of cltrus canker, the 
white pIne hlister rust, the Dutch Elm disease and the Chestnut blight 
In North America, the IntroductIOn and ultimate eplphytotIc n Iture 
of hte bltght of POt,\tOLS ( 184», the wart of potatoes ( 1918), the 
downy and powdery mtldews of gr.lpes ( 1845). the gooseberry mtldew 
m Europe and England (1900). the notonous and dcstructJve 
epidemiCS of coffee rust 10 Ceylon (1870-86), of downy mIldew of 
grapes ( 1928-30), the black stem rust of wheat ( 1947), the bllst of 
rKe ( 194'}) and the disastrous outbreak of the papaya mosUlC of VirUS 

ongm III parts of India ( 1947 ). to mentIOn only a few. arc wdl known 
examples of eplphytottc diseases, whllh have rutnLd the various 
agncultur II. liortlcultural and Sllvlcultural mdustne,> all over the 
globe, ,md h'lve-caused 10 many countrtes, total f.lmmes and h..lve 
become a sertous mcn,lce to national economy 

The estimated los'> c'lused by the 11)47 outbreak of stem rust 10 

India was Rs ~orL~ The smuts of sorghum ..lre I..qu..llly destructtve 
<Ill" are responsIble for an annual los" of R~ 10 crores to the Indian 
exchequer Annual crop losses due to vailOUS dlsea~es wcre estimated 
at 3 bIllIon dollars 10 recent years 10 USA 'lnd at 10% In Germ.lny 
m 1929 The seriOUS eplphytohc of late blIght of pota toes ( 1914- J 8 ) 
IS saId to ha\<e pla)cd a deCISive role 10 the defeat of Germany dUflng 
World War I 

The enormous losses cau.,ed by the A.o/eroga of arccanuts, the 
Ph>tophthora wilt m bctelvme, the Fusarium WiltS of cotton and banana, 
the-bunchy top of banana, the powdery mildews of mango, peas, 
cumm and many vegetable crops, the leaf rust of coffc::e, the VIrUS 

diseases of potato, the " ~" disease of (.ardamoms, the Q_actcnal 
nng of potatoes, the bl.lck rot of cabba_se and manv others In parts 01 
India are too well-known and h'lve been largely responsible for food 
shortages and entailed misery and privation to millions The followmg 
table WIll give an approxlOl He Idea of the magmtude of ..... the losses 
sustamed by the Bomb;ty State alone 10 respect of the outbreaks of 
diseases In the case of a few crop pl,mts 
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Table 1 

Elllmated crop losses caused by disease In the Bombay State· 

Crop Area 10 Disease rstlmated loss-
acres 10 rupees 

Sorghum 85,31,500 Smuts 200,00,COO 
Lotton 14,16,000 Fusaflum wIlt 14,16,000 
Sugarcane 164,000 Red-rot 550,00,000 
C'ltrus 21,000 GUVlmosls 21,00,000 
Art!canut 20,300 Koleroga 5,00,000 

Grapes J,OOO Mildews 1,35,000 
Piper betel 400 Phytophthora 1,80,000 

Wilt 

Lathyrus 50,000 Fusanum wilt 2,00,000 

• Complied from crop reports of Bombay Department of Agrlcu7 

DISEASES AND THEIR CLASSIFICATION 

Diseases could be c1dsslfied on the basIs of ( 1 ) groups of host, 
( 2) parts of plants affLcted, (3) gross effects produced on host 
( symptoms), (4) pathological effects on host and (5) etIOlogy 
DIseases of such plant groups hke ~ls, CitruS, vegetables, nar_£otlcs, 
legumes, fr:_ult trces belong to the first category, -whIle diseases of 
roots, stem, leaves, flowers, frult~ etc constitute the ~econd flouP 
Root-rots, wood-rots, fruit-rots, dry-rots, leaf spots, blights. foot rots, 
canker; anthraCno~es. w'ilts and olller~ constitute thet:lurd group of 
dl~eases DIseases cdnalso be c[asslfied under the fourth category 
accordlDg to the pdthologlcdl effects produced In plant tJssues Those 
Involvmg destructIOn of tissues may be termed necrotic diseases those 
bnngmg about reductIOn III growth and structure, the hypoplastic 
diseases, while "those involVing overgrowth may be known as 
hyperplas_&c diseases Under the necronc diseases can be grouped 
·s'lich common malddles like ~(destructlOn of vascular tIssUe), 
leaf-spots (destruction of Idmllla), c~er (destruction of parenchyma) 
and so on The hypoplastIc dIseases mvolve reduction of tissues, parts 
of plants and even entire plant. such dlsease~ as ~s, y~lowlDg. 
small-leaf, httle-Ieaf, dwarfing, atrophy. belong here, while hyperplastiC 
diseases Include formdtlOn of galls, tumours, Witches broom, blJsters 
bunchy top, etc The c1assllicatlOn-or diseases accordmg tCJthel; 

_n;ture, IS based upon the consideratIOn of thelt cause and etIOlogy 
and naturally IS more ratJonll, as it helps the plant pathologIst 10 basIC 
understandIng of dbease and to devise SCientIfic methods of avoldmg, 
preventmg lnd controllmg such dls"ases~ 
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The last category of disease. thus, can be recogmsed under three 
heads, VIZ e.araslti<:. DOn-paraSitic _anl!_!'_I!.WI In parasitic diseases, 
the causal agent IS a liVing entity and the dlseasc IS InfectiOUs In 
non-paraslttc dlseasec:, no ]IVIng organism IS Involved and they are 
non-Infectious The exact position of the causal agent of vIrus 
diseases In the scheme IS problematical and occupies an Intermedhltc 
place, combInIng hVlng and non-hvIng charactenstlcs ( Burnet, 1945 ) 
A detailed schenle of such a classIfication IS given below -

i 

DISEASES 

I 
f 

ParasItIc VtrUS 

Ammal 
( I ) Antmals 

" 11 ) Birds 
( Ill) Insects 

( IV ) Nematodes 
( V ) Protozoa-

----
I 

Plant 
( I ) Phanerogams 
(II ) Algae 

(HI) Fungi 
(IV) BacterIa 

( V ) Shme-moulds 

-~I 

Non-paraSItic 

( I ) EnVironment 
( 11 ) DefiCIenCIes 

( Ill) AccumulatIOn 
of InJunous 
chemlcalc: 

While the role of the varIous agents, ]IVIng and non-hvIng, 
outlIned above, In Inducmg disease cannot be minimised, the field )', 
so Wide that It would be ImpOSSible to cover It In a small space, and 
n'll1st, therefore. be abandoned for a more restClcted scope of study 
Since fungi and closely related organIsms form the bulk of the parasitic 
agents In plant disease, the scope of th;:se pages WIll be restrIcted to 
the consideratIOn of these organisms and the role they play In the 
phenomenon of dlseasc 
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CHAPTER 2 

HIST.RY .F PLANT PATH.L.GY 

Diseases In plants, have been known smce anclcnt times Ru~ts, 
hllghts, mildews, smuts wcre fdmlhar to the anCient Greeks, Romans, 
Hebpews and the Chmese, as they affected man indirectly by the 
extensive damages caused by them to their crops and thus lowered 
their food value WIllIe their observations on the occurrence of these 
dlsea~es and their environmental relahons were remarkably accurate, 
their conceptions of the nature and cause of these phenomena were 
shrouded In mystery, relIgiOUS dogmas and superstition, which were 
then the order of the day 

The rise and development of plant pathology I~ closely hnked 
Up with progress of botany As a SCience, phytopathology had Its 
beginnings In the middle of the 19th century Untt! then, the e"-rly 
philosophers and sCientists concerned themselves with mere observations 
and systematic arrangcmcnt of dl~cases The two great mventlOns, 
that stImulated cntIcal studies, were those of pnntmg ( 1440) and the 
development of the compound microscope ( 1683) The mcreaslng 
re<lllzatIOn of the role of micro-organIsms m toducmg dIsease was also 
mamly responsible for the phenomenal growth of this sCience The 
epoch-mdklng resedrches of Robert Koch (1876) rn respect of 
bactcnal orlgm of Anthrax, those of LoUIS Pasteur (1860-64) In 

the protozoan nature of the Silk-worm disease and hiS convmcmg 
demonstratIOns about the true nature of fermentations, the brtlhant 
dlscovenes of Anton de Bary regardmg the fungus nature of late bltght 
of potatoe& ( 1853 ) and the heteroecIOUS nature of black stem rust of 
wheat (IS64) were the true begmnmgs of a new era to the advancemcnt 
of this sCience - the well-known Pathogenetic penod The earher 
penod, called by Whetzel (1918) the Autogenetic penod. was 
dommated by dogmas, reltglOus ,upersutlOns and the theory of 
spontaneous generation about OTlgm of I11lcro-orgamsms and a general 
conception of theIr orlgm from diseased tlSSUCS Mlcro-organI~ms, 

then, were considered <IS the result and not thc eause of dIsease Thc 
credit for laymg the true foundations of thIs sCience on a secure baSIS, 
belongs, thercfore, to the three great pIOneers menttoned above and a 
host of others that Immediately follow('d them 

The modern era, whIch began m 1850, was charactensed by a 
senes of rest-arche!> dod experImentatIOns by a large nu.nber of workers 
In different countnes, and mamly related to the ~tudy of the phenomenon 
of dIsease m ItS vaTlOUS aspecb ')ome of the outstandrng SCientIsts In 
the field. are lIsted overlcdf -
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by Burnll 
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1876 Independent course of Plant Pathology at Harward by Farlow 
1880 B.1ctenal nature of fire bhght of apples by Burnll 
1881 Development of the "plate method" of Isolation ofbactena 

and fungi by Robert Koch 
1882 Discovery of Bordeaux mlxture by ~l1ardet, 
1886 InfectiOUs nature of tobacco mosaic by Meyer 
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1888 Fllterable nature of viruses by Iwanowskl 
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Insect transmiSSIOn of nce virus by Takaml 

Mendeltan mherItance of rust-resistance by Blffen 

BacterIal Origin of crown gall by ErwJn F Smith 

Establishment of AmerIcan Phytopathological lioclety 
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by Stakman 

Barberry Eradication CampaIgn In USA 
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1927 FunctIOn of pycnla In the rust fungI by Craigie 
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/J 931 SoI..tr heat treatment of loose smut of wheat by Luthra 
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CHAPTER 3 

Tile Role of Micro-organisms in nature 

~ YSTEMA TIC POSITION. 

All orgamsms are either plants or antmals. although forms of 
an mtermedlate nature do occur, such, for example are the shme­
moulds, also known as mycelozoa ( Mykes = fungI +Zoon=ammal ) 
meamng ammal-fungl Since the present treatment precludes the 
consideration of the aOimal group, the only other group that will be 
conSidered here IS the plant kmgdom The plant kmgdom IS divided 
mto two well defined phyla the spermaphyla or the seed plants, and 
the sporophyta. the spore plants. the former are al"o known a'> 
Dowenng plants ( Phanerogams ) and the latter non - f lower I n g 
(Cryptogams) The va'>t majority of the dlsease-producmg orgamsm!> 
belong to the latter group, although '1 few of the former. such as 
Lorathus, Orobanche, Cuscuta and Stnga, are also known to cause 
diseases 10 plants The Cryptogams or the sporophyta have a 
charactenstlc method of propagation by spores and constitute three 
distinct phyta, on the baSIS of the progressive development of the 
thallus The PteruJophyta. the ferns, the Bryophyta. the mosses and the 
Thallophyta, the algae The POSitIon IS mdlcated 10 the follow1Og key 

Phanerogams 
( Seed-plants) 

PLANT KINGDOM 
I 

I 
Cryptogams 

I 
Ptendophyta 

( Ferns) 

( Spore-plants) 
I 

I 
Bryophyta 
( Mosses) 

I 
Thallophyta 

( Algae) 
I Chlorophyta 
2 Schlzomycoph}ta 
3 Myxomycophyta 
4 Eumycophyta 

Tne true fungi, thus, constttute the Eumycophyta under the 
Thallophyta, the pnmluve group of the Sporophvtes The Chlorophyta 
the Schlzomycophyta and the Myxomycophyta respectively represent thL 
algae, bactena and the shme moulds The algae are the ~ .­
under the Thallophyta that possess chlorophyll and have thus an 
~ndent meIaootlmt, others-- Hick-cnroroi)hYJr and have thus I 

.... depe~her saprophytiC or parasItIc The bactena arL 
the smallest of the mlcro-orgaOlsms, exclUSive of VlTuses. which have 
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a problematical posItIon The slIme moulds, also known as mycetozoa 
have a naked thallus, the plasmodium and constitute a lmk between the 
antmal and plant groups A sImple key to the four Important clas<;es uf 
the thallophyta IS gIven below 

THALLOPHYTA 
( A sImple key to classes) 

A Chlorophyll present, aquatic 

B Chlorophyll lackmg -
RB UnIcellular, divIding by fissIOn 

CC Thallus, naked, a plasmodium, 
saprophytes 

DD Filamentous, propagation by buddmg 

Chlorophyta 
( algae) 

SchlzomycophJda 
( bacteria) 

M}xomycophyta 
( slIme moulds) 
Eumycophyta 
( true fungI) 

fHE FUNGI AND THEIR NATURE 

The fungI, thus, constitute the _]'~I!Q_phyth propagatmg by buds 
and are devOId of chlorophyll, they have, therefore, a dependent 
metabolIsm,- feedIng-upon hVlng or dead organIC matter, they depend 
upon ready-made food material. re<;emblIng 10 thIS respect, the antmals, 
they may be eIther pardsltes or saprophytes dependmg upon the nature 
ot source of then food 

The greYish filamentow> growth that grows In Jams, JellIes, pickles, 
stale bread, rotten frUIts, on discarded shoes 10 humid weather, the 
umbrella shaped mushrooms that grow I)n manure pits and on ground, 
the shelf-like fleshy, leathery brackets that grow on trunks of trees m 
the forests, the slImy growth that spOils the syrups, the WInes and the 
beaverages, the nng-worm that affects the human body and, above all, 
the mIldews the rusts and the smuts that damage our agncultural 
crops, are all well-known examples of fungi 

The bactJ:na are the germs that abound In nature and are 
responsible for the much-dreaded dIseases of man, the tuberculOSIS, the 
dlpthena, the cholera and the pldgue and several others 

ECONOMIC IMPORTANCE 

Human hfe IS mtJmately hnked tIp WIth that of micro-organisms, 
whIch playa double role, both benefiCIal and harmful, they are fnends 
as well as foes, they all play an Important role In agnculture, IOdustry 
and medicine, they are responsible for much of the dlsmtegratlOn of 
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organic matter, makmg It available to higher plants, they play the role 
of scavengers and h lYe greatly helped man to keep hiS hvmg conditIOns 
clean and sanitary 

FIG 1 

MICR.-ORGANISMS 

Types of micro organlSnlS 1 P r%%oa vanous types 2 f.. emaloties 

A egg B-larva 10 egg, C female, 0 male '3 Schlzomy~et •• (Bacteria) 

A Rods B Lace! C - Spl~Ja. D Flagellate E Spores F - Capsules. 
4 Eumycetes ( Fungi), A Yeast B Bread mold C Mushrooms 

[Kamat 1953 
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The bacteria abound III all parts of the globe au. sOil and water 
and even the human body While several of them are human, aOimal 
and plant pathogens. many arc beneficIal and carryon vaned actIvItl!"'> 
In nature, they dre Important 10 silage ( acetic aCid bacteria ), 10 dairy 
( lachc aCid bactena ), In brewenes, 10 vInegar manufacture (acetH ... aCId 
bacterIa). In <;011 (mtrogen-fixmg bacteria) and 10 spllttlOg up 
complex orgdnI(... compounds to simpler onc'! for the benefit of higher 
plants The gro.Jp known dS Actmomyces have been successfully used 
In obtalOIng Important antl-blotIcs such as Streptomycin, Aureomycm 
and Chlorom),cetln which have revolutlomsed medical s("'lence and have 
been a boon to man ( Waksman, 1947 ) 

Some of the Important antibiotics and their sources are listed 
below 

\n~IblOtJC Source Reachon 

Streptomycin Streptomyces Antl-hacterial 
gnseus 

2 Chloromycetm S Venezuelae -do-
3 Aureomycin S Aureofaclellv -do-and anh-vlral 

{ PemcllllUm 
4 PeOlclllIn chrysogellum An tl-bacterIal 

P notatum 
5 PatulIn P patulum -do-and anti-fungal 
6 VUldm Trichoderma Anti-fungal 

vmde 
7 ErgonovlOe Cia Vlceps purpurea AlkalOId used In uterme 

( Ergot) troubles 

The harmful actIVItIes of bactcna are disastrous to man, ammals 
and plants Apart from their harmful activities In the fermentation of 
foods. preserved or otherWise, they are directly responsible for many 
of the dreaded diseases The typhoid fever, the tuberculosIs, dlpthena. 
cholera, dysentry. pneumoma In man, anthrax and the foot and mouth 
disease In aOlmals are Important examples of such diseases 

ThiS IS not all Bactena are a menace to agriculture, caUSing 
senous dlse'lses In crop plants The CitruS canker, the black-rot of 
cabbage, the flng disease of potato, the black arm of cotton, the 
crowngall of apples, the fire blight of apples and many other diseases 
of bacterial onglO have caused WIde-spread destruction and Jeopardlsed 
human life and welfare 

The role of fungi has been admirably descnbed oy Dodge, B 0 
thus " The fungi are not degenerate organisms, on the contrary, they 
are progressive, ever-changIng, evolvmg rapidly and becommg readily 
adapted to every condition of ltfe " They "lre frtends as well as foes 
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(Parke-Rhodes, 1950). Being microscopic, they have escaped notice 
of the common man and naturally their varied activities have not been 
fully realised. Fungi h!.lve been known to man from times immemoriaL 
The ancients had intimate knowledge of the mushrooms, because of 
their usefulness as food in their diet. The slow but numerous chemical 
changes brought about in the world are the result of the enzymic 

FIG. 2. Antibiotic effect of Pmicillium 
notatum (centre) on bacterial growth. 

activities of these and other 
micro-organisms. Most 
saprophytic fungi are 
scavengers and break up 
complex organic matter into 
simpler compounds, and thus 
make them available to plant 
life; they have been very 
successfully used in industry 
in the manufacture of organic 
acids and vitamins, in the 
seasoning of cheese, the 
ripening of wines and other 
beaverages and in the making 
of bread. The utilization of 
fungi in obtaining life-saving 
antibiotics, such as Penicillin 
and a I k a I 0 ids 1 ike 

( Courtesy: Merk & Co. Ergotin and Ergonovine has 

opened up a fertile field and has revolutionised medical science. These 
seemingly innoceous micro-organisms have been employed to the lasting 
benefit and service of mankind. Fig. 2 illustrates the phenomenon 
which, ultimately, led to the discovery of penicillin by Fleming 
in 1929. 

This is not all ; the well-known mushrooms growing on dunghills 
and in manure pits in moist weather, provide food and nutrition and 
have consequently, been utilised in developing a new fascinating and 
lucrative industry of mushroom culture, so widely practised in Europe 
and the U. S. A. 

The picture is not complete without brief mention of their nefarious 
activities. Many fungi are parasites and dangerous enemies; they have 
been known to destroy fabrics, leather, jams, jellies, pickles, bread, 
butter, wooden posts, railway rafters and lamp-posts and other 
manufactured goods. Wood-rotting fungi have been dangerous and 
their activities are so wide-spread in the United States, that millions 
of dollars are spent annually for keeping these wooden posts and 
rafters free from such destruction; the manufacture of wood 
preservatives has, consequently, grown into a big industry. The 
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destructIve activIties of fungi as disease-producers, are a great menace 
to agrIculture and ultimately to man They cause senous diseases 10 

plants, ammals and even man The danger caused by fungi to plant!. 
and crops all over the world, IS staggenng bnngmg 10 their wake wIde­
spread mIsery, starvation and cven economIC rum A ca<;ual ghnce at 
Table 1 wIll show the mlgnItude of the losses caused by these organIsms 
10 a slOgle State 10 Indld The ru'it'i, the smuts, the mildews, the blIghts 
and the ~IltS are fdmlhar examples of plant diseases The role of fungi 
In causIng dIseases 10 aOlm lis and man has been admirably discussed 
by Dodge C W In Medical Mycology Some of the Important types 
of micro-organisms are derlcted 10 FIg I 
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CHAPTER 4 

THE FUNGIv 

FungI belong to the lowest rung of the ladder of Cryptog lmlC 

plants They have, normally, a filamentous body ( th'lllu,», a defintte 
~ell-w.ln, and a true nucleus, they lack chlorophyll, and diVide by 
buddmg They resemble antmlls 10 their metabohsm, and plants In the 
m lIlncr of multJphcatlOn and l.he1lllcal compositIOn of their cell walls. 
they .HC, however, tradltton lily classed under the plant ktngdom 
Thr true nature and t,lxonomlC poSItion of these ll11cro-orgaOlsms have 
been dIscussed In (.haptcrs 1 and 3 respectively 

VEGETATIVE STRUCTURE 

Fungi produce vaflOUS types of vegetattve organs, whIch are 
"hlclly concerncd With nutntlOn and growth 

MYCELIUM (Hyphae) 

EClophyhc 
I 

Endophytic , 
I 

-, -------, 
Dormant 

I ntcrccllular 1 Intra-cellular 
( Haustona ) 2 Vascular 

r 
Sclerotia 
Rhlzomorphs 

The body (thallus) of a tYpical fungus phnt conSISts of 
fillmentous mYl.ehum, whIch IS made ofbranchmg h~~ (slOg hypha), 
the mycelium may be non-sCEt~ (continuous), tYPical of the lo~ 
fun_&1 or septats_ ~ mu!tlceUuldr) With C!OSS partltlons, charaLtert!.tl< .. of 
the hlgher~ 1 he cell-\\' ,Ills of many fungi chiefly contam cellulose. 
although "chlJtn~' has been found to be a con:,tltuent In hIgher fungi 
The multmuc!e,lte nonseptate mycellu_m JS known as coenocytlc and IS 

chanctcflstlc of the Phy_co_~cetes (Fig 3, 1 & 2 ) ---

ModIfied vegetative structures such as stromata (fungus tissue) 
sclerotia (fungus tubers) and rluzomorphs ( I'ungus cords) are of 
common occurrence 10 hIgher fungland constitute the restmg stages 
(Fig 3, 9-11 ) )) ).. "J"'" 

,...)(~ ! 

\L\M.tJ The mycelIum IS i endoph)1!c (lOslde the tIssues) 10 the va5>t 
majority of cases, It IS ectophyhc (on the surface) 10 such fungi th<lt 
cause powdery mildews and sooty moulds The endophytIC mycelIUm 
mav be eIther JD~erceUular ( between the cells) or mtra-ce!lal!t (wIthIn 
the cells), spe~ldl structures, known as haustoria (dflnkers) are 
produced by mtercellular and ectophytlc myceha and help In obta1Omg 
nourt~hment from host celb (Fig 3, 3-8 ) 



Vegetatiw structures of fuogi. Mycelium 
2. Septate; 3. Ectophytic (Surface view); 
5. EndophytiC. (intercellular); 6. Typa of 

Jlular mycelium; 9. Sclerotia. vadouLtypes 
11. Ilhizomorphs (10. after de 
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REPRODUCTIVE STRVCTURES 

Fungi reproduce by buds or spores, which In turn, are produced In 

three ways ~~al, !1.exua\ and vegetative Spores ate speclahsed cells. 
oue or more-cellcd, set apart forreproductlon, they may anse as buc:k 
on specialised byphae (exogenous) or may be borne m s p e C 1 a } 
receptacles, the spore-fruIts ( endogenous) 

The followmg IS a simple k.ey to tht. V8nous types and manners of 
fonnatJon of spore~ 

I~----­

Asexual 

! 
I 

SPORES 
I 

I 
Sexual 

I 
Vegetative 

I 
1 Zygotes Chlamydospores 

Exogenous EndogenolJs 2 Oospores 
I I 3 ZYgospores, 

CODldJa I 4 Ascospores 
Mohle Non-motile 5 Basldlospores 

I Zoospores) I Aplallosporcs ) r "" fi-! ! I J 
, ~~ 

Co"!_dl!!_ a.!'~fl~xual ~res borne 'Oil special spore-bea!:!!!S h.Yehag, 
the~g!lldlOphores. they may be~I2£..slflgly HI chams or mEuster, 
they h<lve various forms and sizes varYing from l!I1!cellular to 
multIcellular with pIgments rangmg fromJIg!:!_t olive to ~ blil,ck. and 
are ~cteflstlc of terrestrial fungi They Me well adapted for 
efficient disseminatIOn througb "'JDd ( FIg 5, 1-3) 

C'pmth~ores, also known as sporophores, are speCial !pore­
l>~ar~~:., tbcy may be: ~lF or _b.!~~ 111 varIOus fashlOl1S 
and are generally prOduced on the !lurface of the host They have an 
~C~l~ and help H\ the dl~~~~~l_.~njSh~p()!eJ by bnngln~ ~ 
In duect contact wlta vatlOwl a~enqes such as wind, ram and m~ 
Some of the common types m~t With In fungI are depIcted In Fig 4 

Sponmgul are the sUcs contatnmg spores, which may be mOUle 
( zoosporeSjOr .!!.!.m-motlle ( aplanospores) Zoospores are typIcafOr 
aquatIC fungt and aplano~por-esonerrestr1al moulds ')uch as Mucor and 
Rhlzopus. the typical bread-moulds The zoospores have one or two 
flagella by means of which they afe capable of movement and are 
diSsemInated throush waler (FIg 5, 4 & 5 ) 

Sexual spores of fungi are varIously known as zygotes, oo~pores. 
zygospoJ'es, ascospores and baSidiospore! dependmg upon the manner 
of tbeu formation and the classes of fungi to which they belong 
EssentlaHy they are the re~>ult of fUSion between two gametes of 
2 
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Opposlte sex Zygotes belong to the lower group, the Archlmycetes 
and result from copulatIOn of two motile gametes The oospores are 
sexual spores produced by members of th.e Oq___myc£!.!:s. the zy~o~(lores 
by Zygomycetes, the asco~orcs by the AscolJly"ctes and ba~ldlOspores 
by tlle If.lsrdlOmycc~s The sexu 11 spore~ functIOn as resting spores 
and must1>~r;ugh a dormant penod before resumptIOn of activity, 
thev. thus. hdp the fungi In over-summenng or ovcr-wmterlOg A 
detatled account of the sexu'll pro~es!es occurring In fungi will be 
found In Chapter 5 Fig 'i, 6-9 ~how som:! of the common types of 
sexu1.1 spores of fungi 

ChJamydospores are vegetative In nature and are produced by dlred 
modification of hyphal cell!., they m1y be termmalor tntercallary. they 
are thick-walled. rIch m contents and serve as re~hng stagf"s of the 
fungus. and as such have the S.lme fupctlOn as the sexual spores, 
descnbed above These spores are of speCial slgmficance and of 
common oc(.urrence In Fungi Imperfectl, which have no sexual stages 
(Fig 5. 10 ) 

SPORE-FRUITS IN FUNGI 

Spore fruits are an organizatIOn of spores and .,pore-beanng hyphae, 
rarely naked, but frequently enclosed 10 vanous types of contumers or 
receptacles The frUits have a thick covermg the pertdlUm which 
protects the spores wlthm dnd are, thus. well adapted as hlbernatmg or 
restIng ~tages Spore-frUits are of common occurrencL 10 higher fungi 
and are r lfe or absent In lower groups (Fig 6) 

Sorus (pi son) IS a • httle heap' and thus limited m structure, 
n lked or covered by a Ihm false membrane, ~ In smuts. or protected 
by the epidermiS as In rusts These structures break open at maturIty 
dnd release the spores wlthm, In the form of a dust. which IS 

charactenstlc of these dlsea~es (Fig 6, 10 & 11 ) 

Aeervulus IS .1 modified sorus prOVided With thorn-ltke <\iep brown 
to bhck structures, th~etae (smg seta) (Flj 6, 6 ) • 

Pyenldlum IS a spencal 0 r OVOid receptacle With s h 0 r t 
comdlOphores homg ItS lOner wdll aod beanng <.omdta. It may be 
entire or prOVided With an openIng, the OsUole, through which the 

) 

comdla are relea,.ed 10 a serpentine fdshl0n ( Fig 6, 12 & 13 ) 

Ascocarp IS a frUlcttficatlon of the Ascomycetes and takes vanous 
forms, sphencal, flask-sh Iped, cup and saucer shape and pod shape, 
closed In some. and prOVided With a narrow or a Wide opemng 10 

others, these bodies contam the asci and ascospores. and are, m general, 
of three types 

( a ) ClelstotheoinRl _s a clos'ld ascocarp and has no ostlOle It IS 

deep brown to ~Kttue()lour ll1~e or less spheflcal and IS many 
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urnes provided on Its body, with appendage! of vanous types, which 
serve as organs of anchorage and help 10 dlssemlOatIOn, they breI! k 
open at matunty by the procesc; of wear and tear (Fig 6, 14 & 15 ) 

( b ) Pentheclum IS a flask-shaped ascocarp provided with a narrow 
oshole and may possess a short or a long neck, through which the ascI 
are released at maturIty The ascI are arranged In d regular manner 
and line the InSide wall, the ascI are Intermingled With sterile 
structures, the paraphyses, which help the ascI 10 nutrition and dispersal 
(FIg 6, 17 ) 

( C ) Apotheclum has a broad openmg and IS either CLIP or saucer 
shaped, WIth ascI arranged 10 d palisade layer wlthm, It IS usually fleshy 
or leathery to nature ( Fig 6, 18-20) 

Bas,dlocarps are functificatlOns of the BaSIdiomycetes and consist 
of mushrooms ( umbrella shape ), tuadstools ( bracket or shelf-hke) or 
puff ball .. ( sphencal ), they are highly developed and have compound 
structure, they may be fleshy, leathery, woody or waxy In nature and 
bear the ba!>ldlOspores m speCial structures, vanously known as ' gills " 
, pores " 'needles' and 'chambers The puff balls h ave a 
charactenshc ' puffmg' action and release their spores In the form of 
a cloud (Fig 6, 21-24 ) 

The speCIal structures referred to above bnng about phenomenal 
Increase JO the spore-beanng surface and thus enable these fungi to 
produce mllhons and bllhon'i of spores on a relatively small area 

The spore-frUits, described above, are of great Importance to 
fungI, not only 10 tJdlOg over conditions of deSiccation and freezlOg, 
but have VItal SIgnIficance from the pOint of VIew of multlplicatlOn of 
Inoculum and mamtenance thereof These. ultimately. determme the 
effiCIency of these micro-organisms as dIsease-producers BeSides, they 
have also been utilIsed as taxonomic characters In determining the 
broad outlines of vanous groups of fungi ThiS feature has been 
discussed m chapter 21 under" Taxonomy and Nomenclature" 
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CHAttTER 5 

SEXUALITY IN FUNGI 

Sexual reproduction in fungi is effected through a fusion between 
two gametes of opposite sex. A gamete is unisexual and, therefore, 
haploid ( In). The spore resulting from the sexual fusion is bisexual 
and, therefore, diploid ( 2n). Gametes may be naked and motile, as 
in the lower fungi (Archimycetes), and are designated as planogametes ; 
they may be carried in special cells and are non-motile, as in higher 
groups of fungi. In the latter case, the cell carrying the gamete is 
designated as a gametangium. The fusing gametes or the gametangia 
may be undifferentiated. In that case the sexual process is known as 
isogamy, and the mating gametes as ( + ) and ( -) for compatibility. 
They are differentiated as male (Antheredium) and female ( Oogonium ) 
in others, and the process of fusion is known as heterogamy. These 
two processes are also sometimes known as conjugation and fertilization 
respectively. Various modifications of the essential processes, outlined 
above, occur among fungi and have been described in detail in 
standard books on mycology and summarised by Whitehouse ( 1949 ). 

The gametes or gametangia are produced on the same thallus in 
some and on different thalli in others ; in a third case, the two sex 
cells may be produced in the same receptacle. The terms hOIbothallism, 
beterothallism and hermaphroditism are applied to the respective 

FIG. 7. Demonstration 
o f heterothallism i nth e 
bread mold fungus; + and­
strains meeting to produce 
a dark lin e 0 f zygospores 
(centre ). 

[Courtesy: Abhyankar S. G. 

conditions. The first two terms correspond 
to the phenomena of monoecism and 
dioecism found in higher plants. The 
hermaphroditic forms may be self-fertile 
or self-sterile. The first demonstration of 
such -sexual compatibility was given by 

. Blakeslee ( 1904) in the well-known bread 
mould fungus (Fig. 7) and is now of 
general occurrence in many fungi. Fig. 7a is 
a diagrammatic representation of nuclear 
segregation in homothallic and heterothallic 
'forms of an Ascymyceteous fungus. 

Some of the important methods that 
fungi employ i n bringing tog e the r 
compatible nuclei in the process of sexual 
reproduction may b e summarised a s 
"follows: 
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( 2 ) Gametangiai contact:-This process, sometimes known a 
fertilization, consists of contact between two differentiated gametangia, 
which press on each other with migration of the male nucleus into the 
female cell through a pore or a fertilization tube, followed by nuclear 
fusion; the female cell resumes development and becomes the 
full-fledged sexual spore, the oospore in the Oomycetes and the 
ascospore in the Ascomycetes. The details of the process differ in 
different groups and need not be discussed here ( Fig. 8, D-E ). 

( 3) Gametangiai copulation:-This is essentially a process of 
conjugation in which the two mating gametangia are undifferentiated. 
They contact each other. This is followed by dissolution of the 
intervening walls, the migration of a part of cytoplasm and fusion of 
nuclei from each of the two cells into a separate cell (partitioned off 
from the two parent gametangia), which ultimately grows into a 
sexual spore, the zygospore ( Fig. 8, F). This process is typical of the 
Zygomycetes. 

( 4) Spermatization:-This is a special process commonly found 
among higher fungi and is typical of rusts and consists of contact 
between specialized male cells, the spermatia, and receptive hypbre or 
trichogynes, the passage of the male nucleus of the sperm cell into the 
female cell through the receptive hypha or trichogyne followed by 
nuclear fusion (Fig. 8, G.). The spermatia are produced in special 
receptacles, the spermagonia or pycnia and are carried to the compatible 
hyphre through the agency of insects, water and wind. 

PIG. 9. Diagrammatic illustration of role of flies in "diplodization" of betero­

thallic mycelium of Ooprinu8 lagoP"'. L:(+) mycelium, R:(-) mycelium. 

[ After Brodie. 

( 5) Dikaryotization:-This is a degenerate type of sexuality of 
common occurrence in higher Basidiomycetes and is accomplished 
through migration of nuclei from one cell to the other of the 
vegetative hyphre, often through the mechanism of anastomosis or 
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clamps The two nucleI remaIn In pdlrs and dIvide as such (conjugate) 
and only fuse pnor to formatIon of spon .. s No specIal sex cells 
are produced The mushroom fungI Me characterIzed by this process , 
Insects play an Important role IR the process of .. dlplqilzatIOn .. 
In heterothaillc formsfbf mushroom fungI (FIg 9) 

It wlll be seen from the above dlscus"lon that whIle the sexual 
process has a fixed pattern In the lower groups of fungI, It IS highly 
flexible and labile III the hIgher fungI A smgle sexual act gIves nse 
to a smgle sexual spore IR the lower groups, whIle It IS followeci by the 
productIOn of many sexuaf spores 1R the hIgher fungi, where m 
addItIOn, the" sexual phase 1<; prolonged, over long penods often 
Jastmg several years, so characterIstIc of Jhe mus~room fungi (FIg 10) 

• 
,* ~4 ~;Qd ~d~' 

:~, o. Jt\ 01I! o.;J), ,iJ;, 
B .. C 

FIG 10 Sexual reproducC1on In a mushroom fungus A & B gametes, 

2 

4 

a haplOId mycelia, b plasmogamy c dlkaryophase. d annual recurrence 
of frUIt bodies 

[ ModIfied from Gaumann 
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CHAPTER 6 

PHYSIOLOGY OF FUNGt 

FungI lack chlorophyll, therr metabohsm IS, therefore, catalytIC 
they are unable to syntheSIse theIr own food from the Simple Inorgamc 
substances, nor can they build up carbohydrdtes .. by photosynthesIs 
from the atmo~pherJc carbon-dIOxide, In this respect they resemble • ammals, they feed and grow on ready-made food, which, however, 
must be lD. solutIOn becau~e of theIr lOabIllty to ass'mllate sohd 
partIcles, their mechamsm of ~utT1tlon IS" absorptIon", whIch takes 
place by osmosIs through the pqmeable cell walls In the early stages 
of the germtnatlOn of the spore, they depend upon reserve food stored 
10 the spore Itself 1R the form of oIl or fat globules They are capable 
of secretIng enzymes, which bredk up or modIfy complex orgamc 
compounds and make them more readily aSSimIlable 

Fungi need 100rgaOic substances, such as mmerals, salts and other 
mmor elements 10 much the same manner as green plants and animals, 
thelie are obtamed from the organic food on whlcb fungi feed 
NItrogen, phosphorus and potash are essential Sulphur, magneSIUm, 
Iron and copper are reqUired In small amounts CalcIUm, which IS so 
essential for hIgher plants and ammals does not appear to be es!.entlal 
for fungi, although eVidence so far presented IS conflictIng on &111\ 
pomt 

Fungi reqUire fr~e oxygen for their growth and reproduction and 
behave In thIS respect like other plants They respire and replace 
oxy~en With carbon-dioxIde Free oxygen IS essential for the germma­
tlon reproductIOn and other llfe processes of many fungi which are 
deSignated as aerobIc, others which are anaerobIC, grow wlthout free 
oxygen, but obtatn It from other nutnents present In t~ subl>tratum 
10 the process of fermentation A strictly anaerobiC condition IS not 
met With 10 fungi but IS of common occurrence In bacterIa 

LIke ammals, fungi need • vltamms' and other growth-substances 
for then development It has been found that reproduction 10 fungi 
IS sttmulated by a supply of vltamms Fungi are able to syntheSise 
such substances and have been utlhsed m lOdustnes for the manufac­
ture of these substances on a commerCIal scale 

Stnce fungi lack chlorophyll, they are either saprophytes or 
paraSItes, dependmg upon the nature of thelf food source 

Saprophytes obtain their food from dead orgamc matter, Which 
once formed part of plant or ammal tissues ThIS may be conSidered 
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to be the onganal life conditIOn of all organisms and the pnmltIve 
stage 10 their evolution Such organtsms abound 10 nature, In the 
atmosphere, sOIl, humus, and other dead organtc matenal , they are 
dlso found as contammants 10 the laboratory, where they senously 
hamper the pure culture work of the amateur They are 10 the nature 
of scavengers, as they, hkc many bactcna, spht up decaymg organic 
matt:!r, releasmg Simpler substances, like COa and hydrogen for the 
benefit of hIgher plants Saprophytes are, thus, friends 

Parasites obtain theIr nutntlOn from the hvmg tissues of eIther 
plants or anImals ParasItIsm IS an evolutIOnary process and IS the 
culminatIng pomt 10 the serll.S begmnmg from pnmJtlve saprophytlsm, 
WIth mtcrvcnmg, symbIOSIS, mycorhJzal aSSocIations and facultative 
parasitism Parasites are, thus, foes of man, antmals and plants A 
few excepttons are, however, encountered The entomogenous fungi, 
\\hlch dttJck aDd feed upon msects, are beneficlal and have been 
recently utJ!Jsed 10 'bIOlogical control' of pests 

Severdl modlflcdtlOns of the above assoclallons are founrl 10 

nature Those whIch pass theIr f!_ntJre 11ft on or In hvmg hosts are 
known/1aS obligate paraMtes and those feedmg on or m non-hvmg 
sub!>tances ~ as obligate saprophytes FungI cau<;Ing downy mIldews, 
powdery mIlde\\s dnd rusts belong to the former category, the moulds, 
like RIll zop U:J, Mucor, Aspergillus, and Pemcllbum to the latter 
Faculfabsm IS a mode of hfe developed by these organtsms, and IS a 
clever deVice for theIr perpetuatIon ThIS denotes a capacIty to 
change life habits at Will 

Facultative saprophytes normally lead a parasitic life but are 
I 

cap1bk of switchIng over to a temporary saprophytic mode, which l~ 

an addptatJon to a change of cnvlronment The smut fungi are a 
~ 

well known example They spend a part of their lIfe (spondla) as 
saprophytes and other part (chlamydospores) m hvmg ~nts 

Facultative paraSites, conversely, are those which are OrigInally 
saprophytes but adapt themselves to a parasitic mode of hfe, when 
they contact lIVIng plants In nature Speclcs of PythlUm ... and 
Plzytoplzthora caUSIng the ddml2.!n~ ~ot-rots, Fusarzums causmg 
Wifts are examples of such a mode of hfe 

Weak-paraSites, wound paraSites, epIphytes are other modIficatIOns 
encountered 10 nature and are only 10 the nature of adaptatIOns to 
SUIt the particular SituatIOns 

SymbiOSIS and mycorhtza are 10 the nature of co operative 
aSSOCiations, which mutu111y benefit each other and are not 
antagonistic The lIchens, the root nodule bactena and the root fungus 
assocIatIons (m}corlllza) m forest trees and orchIds, represent such 
associatIons 
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FIG. 14. Effect of host tissue on pycnidial formation in Pllylloaticla papaya~ 

L: Brown's agar, R: Brown's agar ",ith host tissue. 

[Courtesy: Miss Shirin Irani. 
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CHAPTER 7 

LIFE CYCLES OF PLANT PATHOGENS 

The tYPical lIfe cycle of a pathogen normally has two patterns 
contmuous and discontlRUOUS The contmuous phase IS rarely met with 
among the plant pathogen'i and IS more common m untmdl pathogens. 
where the organIsm mamt,uns Itself from host to host as 10 highly 
IOfechous dlscases, like plague, dlphtheTld. foot and mouth disease, 
anthrax and so on Such. however. IS not the case with pldnt 
pathogens, whose hfe cycles are of a dlscontmuous type and mU'it, 
therefore, devise ways and means of mamtammg themselves to nature, 
where they cont1Oually meet with changmg conditIons, sometimes 
adverse and at other hmes f.,lVourablc The questIon that prtmanly 
concerns the pI mt p\thologl~t, therefore, IS as to how the plant 
pathogens mamtalO themselves 10 nature, 10 the fa ceo f sue h 
conditIOns? What are the vanous deVices and mechanasms they 
employ for the purpose? 

Before we attempt to answer these questions, It would be well for 
the student to crIllcally examme the normal life cycle of a plant 
pathogen 10 Its true perspective Fig 15 represents the life cycle 
pattern of two types of fungus parasites, perfect and Imperfect It 
follows. In general, the followmg cyclic events 

4 

• e-.(.\ 

, ~'I J ~ 
\ ~ /' ~~~/. ~~; 
FIG IS Life cycles of plant pathogens showmg perfect (1) and Imperfect (2) stages 

ABC InfectiOn stage DEF actIVe stage, OH Restmg stage 
[DrawIDg MISS Kumud Lad 

A spore comes In ,",ontact with a sUitable host. where It germ mates, 
enters It, establIshes parasitic relatIOns and grows mto ectophytlc or 
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endophyttc mycehum, the mycehum, at matuTlty, glVes Tl<;e to 
comdiophores, whIch bear the comdla, this completes the asexual 
phase, whIch may be repeated over and over agaIn under fdvourable 
enVIronment, In the form of successIVe crops of comdla This 
represents the actIve parasitIC phase 

With the ushenng m of wmter (m the temperate z.one",) or ",ummer 
(In the tropIcs), the parasite InItiates a new phase, the passive or 
restIng phase WIth the formatIOn of gametangIa, whIch fuse 10 pairs to 
produce the sexual spores (In perfect forms) and restmg vl.getatlve 
bodIes su(.h as sclerotia and chlamydospores (10 Imperfect forms), 
dependIng upon the type of the pathogen These are the hlbernatmg 
stages On the return of favourable conditIons of lIfe, these bodies 
resume activity and carryon the hfe cycle In the pattern already 
descrIbed 10 FIg 15 

It wIll be observed from the lIfe cycle pattern, outlined above, 
that the most cntIcal peTiod IS the one that Intervenes between two 
active phases, the WInter or the summer, as the case may be, when not 
only the environmental conditions are unSUItable but there IS generally, 
an absence of a SUitable host for the pathogen and the hfe cycle 
necessaTily becomes mterrul'ted or dlscontmuous 

Mlcro-organtsms employ varIOUS kInds of deVices to enable them 
to perpetuate themselves under the adverse condItIOns, 10 whIch they 
find themselves In nature Some of the most Important deVices, so 
employed, are dIscussed below 

1 Facultabsm - Fungi are either saprophytes or parasItes 
Several fungi, however, have developed the abilIty to modify their 
mode of hfe at Will and thus succeed remarkably 10 dodgmg over 
adverse sItuations Phytophthora parasltlca, pythlUm de Baryanum, 
various specIes of FUJarLUm, Rlllzoctoma and SclerotIum, which 
normally k1d a saprophytIc hfe In sotls, resume active paraSItiC phase 
In the presence of their respectIve hosts and thus contnve to keep up 
the InfectIOn chams Such IS the case 10 the Wilt diseases of cotton, 
banana, betelvme, gummosls of ("Itrus, damptng off of seedltngs. 
foot-rot of gtnger and root-rot of cotton The fungi are normally 
!>aprophytlc, but resume paraSitiC actIvIty With the return of favourable 
conditIons of lIfe 

Similar phenomena occur 10 many bactenal pathogens such as 
those causlOg the flng rot of potatoes (Phy so!anacear' ,n) and the 
black-rot of cabbage (Xanthomonas campestrzs) 

2 Heteroecism - HeteroecIsm IS a phenomenon 
organism needs more than one host to complete ItS hfe cycle 
3 

where an 
The cereal 
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rusts are well-known examples of such a mode of life The orgdn1Sm 
has two hosts on which it can carryon Its hfe-cyde. one phase 
alternatIng with another. so that It can persist on one nost In the 
absence of the other and resume active growth with the return of 
favourable \..ondltlon" In stem rusts of cereals ( Puccmla !!rarnl1tlS ), 
leaf rust of ba.Jra (Puccmla penmsell). ruc;t of corn ( PUCliniO sorghl ) 
and many others like bllc;ter rust of pmes and cedar rust of apples, the 
alternate hosts, on whIch usually the pycmal and aeclal stages are 
produced, provide congemal ground for rec;umphon of activity, after 
an mtervenmg wmter pcnod, 10 which the fungi hibernate 10 the form 
of tehospores Heterocl.lsm, thus, IS a clever device for perpetuatIon 
of !lpecles and IS very commonly employed by many rust fungi .. 

A dldgrammatlC representatIOn of thls mode of life-cycle m P 
rtrammls tnlicl. as It occurs In the temperate regIons IS depIcted below -

./ LIFE CYCLE OF BLACK STEM RUST OF WHEAT 

Resting peflod on wheat 
( WInter) 

, 'Ichosporc!. (I 

Barberry 
(Spring) 

Pycma & Accla 

Active on wbeat 
(Summer) 

Uredla 

The barberry, thus, provides a coogeOlal ground for the 
maintenance of the mfectlon cham before the resumption of the active 
and de~tructlve uredlal phase on the wheat crop. 10 summer The 
eradication of the alternate host ( In thiS ca"e, BerberiS vulgaris) would 
naturally Interrupt the chain of events that lead to a destructive 
outbreak: of rust and IS the baSIS of the countrywide Bdfberry 
Eradlcatton Campaign In the USA Some of the common 
heteroeCIous rusts and their alternate hosts are hsted graphIcally 10 

Figs 17 and 18 

HeteroecIsm of an unusuallv IDgenJOus type but qUite dlstmct 
from the one descflbed abovt' has been developed by plant vIruses. for 
maIntenance of then lnfectlon chams Many plant viruses are able to 
persIst In their Insect" vectors" for varying perIOds, before the latter 
actually transmit them to their respectlVe hosts, where the viruses resume 
thelt active paraSitIC role The pOSItion IS, however. not homologous 
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to the one found among rust fungi, Since In plant Viruses, the 
Insect besides supportlllg a part of the mfectlOn chain and allowmg Its 
multIplIcatIon, also acts as an agency of trJnSmJ~SlOn ( Vector) even as 
the Anopheles mosqUito In human malana The varymg lengths of 
times the vIruses spend In their Insect vectors, commonly known as 
JficubatlOn penod before resumption of activity 10 the plant hosts are 
gIven In table 2 

Table 2 

IncubatIon perzod of plant Viruses In Insect vectors 

Leaf roll 

Curly top 

Yellows 

Plant 
Host 

Potato 

Sugar 
-beet 

Aster 

Lnse"t vector 

Myzus perS1CQI' 
(aphis) 

EutetllX tenellus 
(leaf hopper) 

Clcadula se"Cnotata 
( leaf hopper) 

Penod spent 
10 Insect 
vector 

12 to 48 
hours 

7 hours 

lO-I7 
days 

Yellows Peach MacropSH frlmaculata 
(leaf hopper) 

8-26 
days 

Yellow vem BhendL 

Leaf curl Cotton 

Leaf roll Peach 

Curly top Tomato 

Bemesw tabact 
( White fly ) 

BemeSla gOSSYPI 
( WhIte fly) 

Colladonus genllnatus 

( leaf hopper) 

Agallmna enclgera 

MosaIC 

( leaf hopper) 
Tobacco Myzus pers/cae 

(aphis) 

7 hours 

6 hours 

45 

days 

16-24 
hours 

None 

Authont)1 

SmIth, 1934 

Sevenn, 
1924 
Kunkel et al 
1926, Black 
1941 

Black, 1941 

Verma, 1951 

KirkpatrIck 
1931 
Jensen D D 
1953 

Costa. 1952 

It has been recently shown (Maramorasch, 1953) that the 
mcubahon penod Jfi the msect vector IS profoundly mfluenced by 
alr temperatures 

An excellent diScussion on thIs tOPIC IS glVen by Holmes ( 1951), 
BaWde~51 ,. Stanley (1949) and Leach ( 1940) 

v ~ Polymorphism -This phenomenon, so common m the rust and 
soo\Y--mould fungI, IS of specIal slgmficance In mamtaInmg the 
mfectlon cham and the perslstcnce of the Inoculum through perIods of 
drought, deSIccation and freeZIng The productIOn of many types of 
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spores 10 the-lafe cycle whIch It denotes. has enabled these fungI to 
wIthstand rigorous condItIons of lIfe and IS a clever adaptatIon to a 
comparatively more succesc;ful hfe. free from uncertamtles and fiske; 
lOvolved 1R monomorphIc organisms ThIs phenomenon. not only 
denotes rapId multlpltcatlon and phenomenal Increase 10 the number 
of spores (Inoculum) but also ensures a more stable lIfe-cycle dnd o.l 

more effic1ent and c;uccessful " struggle for eX1stence " 

4 Complimentary hosts - Food reqUIrements of pathogens dIffer 
wIdely, dependmg upon their ab1hty to produce vanous types of 
enzymes, wh11e some have a very w1de range and are cosmopohtan In 

.R._ablt, others have a narrow host range, stili others arc hIghly 
'WJeclahsed and oblIgate and restnct themselves not only to a smgle 
host but e"en to species and varIeties thereof The problem of 
mamtenance of the mfectlon cham 1S, therefore, urgent 10 the ca!oe of 
the thIrd category, a<; the first two have a contmuous type of lIfe-cycle 
and. therefore, not mterrupted The other two, on the other hand, 
have a dlscontmuous hfe-cycle, \\<h1ch IS lOterrupted by e 1 the r 
(a) absence of a sU1table host for a part of the year, (b) non-avallab1hty 
of the specific stage of the host or (c) absence of favourable condltlOn~ 
of growth or environment In the first category may be mcluded such 
pathogens as species of PythlUm, Phytophthora, SclerotIum • .md 
Rh,zoctoma and m.1ny others To the second. With restncted host 
range. belong such parasItes as Phytophtlzora mfestanr, Xanthomonas 
malvacearum, yellow vem moc;alc vIrus of HlhlSCUS, mosaic of sug1rcane, 
Synchytnum endoblotlcum. ClaVlceps purpurea while Phytoplzthora 
arecae, downy mildews, powdery mildew", the rust and the smut fungi 
can be classed under the thIrd ~ategory of specifIC parasites 

The q uestJOn naturally anses what specific mechamsms and 
methods do these latter types of parasites employ, In nature, to 
maintain their mfectlon chams? How do they persist from year to 
year? 

Phytophthora mfestans, P arecae, Plasmopara vltlcola, Xanthomonas 
malvacearum, and many slmtlar pathogens mamtam themselves 1n 
nature by the formatIOn of persistent mycelIUm located 10 plant tIssues 
such as refuge, leaves, stems, tree-tops, seed and underground tubers 
ID the absence of resistant or sexual spores 

The stem rust of wheat normally hibernates through the formatIOn 
of resistant spores, the teltospores, but 10 tropICS, where the tehospore~ 
have lost functron, oversummers on volunteer wheat plants In th(.. 
uredlal stage 10 the hills 

In the case of the viruses Cited above, the mfectton cham IS 

mamtamed. In the absence of other hosts, through the med1um of 
IDsect vector<;, which also act as agents of transm1SSIon 
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Some of the very common methods employed by mlcro-orgamsms 
and viruses to maintaIn their lOfectlon chams JQ the absence of either 
the host or sUitable environmental conditIOns are hsted below 

r-( ...!./ Facultatism -Pyt/llum de Baryanum (dampmg-off) Pythlum 
myrrotylum (foot-rot of gmger), Ph)tophthora para51/lca (wilt In 

Piper betel), P palmlvora (gummoslS of CitruS), Urocystls repulae 
(omun smut) , ColletotT/chum falca/um (red-rot of sugarcane) , 
ColietotTidlum c"clnans (onIOn smudge), Fusarrum wIlts of cotton, 
banana and cabbage, Rh,zoctoma and Sclerotium (root rot fungi), 
Cor}nebacteTium sepedomcum ( bacterIal nng of potatoes) , Xanthomonas 
ca~e8tns ( black rot of cabbage) and several others 

,r (';\ Persistent myceIJum In vegetative parts - SynchytTlum end"" 
blO"tt6/m (W'lrt of potato), Phy arecae (Koleroga of arecanut) PythlUm 
mYrlotylum (foot rot of gmger), P rnfestans (late blIght of potato ), 
P parasltlca var plperma (Wilt In piper betel), Plasmopara VIti cola 
(downy mildew of grape In tropIcs), Taphrma deformans (Peach 
leaf curl), Uncmula necator (powdery mildew of grape In tropIcs), 
powdery mildew fungi In tropIcs, Cronartlum nb,cola (white pme 
blIster rust), Col/etotnchum falca/um ( red-rot of sugarcane), Ustllago 
SCltammea (whip smut of sugarcane), GloeosporUium ampelophagum 
(anthracnose of grape), FusarIum wilt m banana, PIT/culana oryzae 
(nee blast), HelmmthosporlUm sp caUSIng foot-rots and blights of 
cereals, X malvacearum (black-arm of cotton), Corynebacterium 
sepedomcum ( f1ng of potato), Bunchy top virus In banana "Katte" 
vIrus III cardamom, potato VlTuses, neema diseases III potato 

~) Internal mycebum In seed -~e I!.2.lygom (powdery mIldew 
~f ~~as), l!!J.!!Ego tntlcI (loose smut of wheat), C!!lletof'1c}JUTl1 

Imdemuthlanum (Bean anthracnose), viruses caUSIng nng spot of 
tobacco, mosaIC of lettuce, bean and cucumber 

//0 ReSistant spores -Downy mIldews III the temperate zone 
Albugo causmg wblte r_ysts, Sclerosporas (downy mildew of cereals ), 
powdery mildew fungi In temperate zones, smut, bunt and rust-fungI 

LV ReSIstant vegetattve structures - Clav[ce/ls pyrpurea. (ergot of 
rye), Sclerotmla fruetlcola (brown rot of fruits) fungi cau<;mg root rots 
such as Rh,zoctoma, Sclerotium, Ozomum and mushroom fungi ThIS 
IS achieved through the formation of such structures as the sclerotia 
and rhlzomorphs 

J PHYSTOLOGIC SPECIALISATION 

The concept of phYSIOlogiC specIalisatIOn, sometImes also known 
as host specIalIsatIon, or speciallsatton of paraSItism, has a Vital 
beanng on the hfe-cycles of mlcro-orgdnlsms The first reference to 
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this phenomenon dates back to the days of Schroeter ( 1879), who 
noted varymg degrees of parasitism In the well-known cereal rust 
fungus, PUCClnla brammls on wheat, rye, oats and tImothy Such a 
phenomenon e1thlblts Itc;df In three dlstJOct aspects VIZ, Pathogenic 
Physiologac and eulturs' The first aspect IS mamly confined to 
obhgate parasites, hke the downy mtldews, powdery mildews, rusts 
and Viruses, where a smgle morphologic specIes shows wIdely 
differential cdpablhtles of parasItism or InfectIOn not only wlthm a 
slOgle species of host, but even varietIes thereof A very convtnctng 
experimental demonstration of thiS phenomenon was gIven by the 
Swedish Mycologist, ErIksson 10 1894 10 the weB-known fungus 
9.lustng stem rust 10 cereals, Pucclnla gramlnlS, based on cross­
.culatlon expenments, usmg the vanous cereal hosts and the uredlal 
100culum obtamed from these bosts The foBowmg IS a tabular 
representation of the results obtained by Erlksc;on and others with 
PuCClnla gramlnts 

Table 3 

Host specIalisatIon 111 Puccl1Iia gramims 

Name of host 
moculated 

TTltlcum vulgare 

Hordeum vulgare 

Avena satIva 

AgrostldlS sp 
Secalrs cereale 

+ = lOfecUOD 

UredlallOoculum obtained from 
1----
TritIcum I Hordeuml Avena IAgrostldlsJ Secaris 
vulgare I vulgare sativa sp sp 

+ 
+ 

+ 
+-

+ 

- = no lDfechon 

+ 
+ 

On the baSIS of such expenments, several phYSiOlogiC races of 
PUCCl1Ila gramlms are recognIZed 

1 P gramlllls tritlcl Wheat and barley 
2 P grammls avenae Oats 
3 P gramlllls poae Poae sp 
4 P gramlllls agrostldis AgrostldlS sp 
5 P gramlllls secalzs Secalzs ( Rye) 

Enksson termed these races as • formae speclales' Smce then 
extensive work has been done on thiS phase 10 the case of a larg; 
number of mlcro-orgamsms Speclahsatlon of paraSitIsm of an extreme 
type (now recogOlzed as phYSIOlogiC forms or blOtypes) has been 
demonstrated by Stakman and hIS co-workers from 1911 onwards at the 
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Umverslty of Mmnesota, USA 10 the stem rust of wheat, Pucclma 
grammlS I"IICI and by many others among other fungi, bacteria. 
nematode ... VIruses and even flowenng parasites The foliowlOg IS a ltst 
of some of the Important organisms with the number of phYSiologic 
forms recogmsed thereIn 

Table 4 

PhYSIOlogic specia!zsatlOn In pathogemc organISms 

Name of orgamsm 

PUCClnla graminis I fllci 
" .. ,,( India) 

" .. secalzs 

" 
" a venae 

.. eoronata ITllfci 
" g/umarum trlfiCI 
" sorghl 
.. hordel 

Melampsora Imi ( In India) 
Hemllela vastatrlx 
ColletotTlchum Ilndemuthianum 

Uromyees Jabae 
Fusarium vasmJeclum 
Fusarium oxysporum 
Sclerospora gramlmeola 
Eryslphe polygom (martI ) 
Eryslphe grammls 
Peronospora parasltlea 
Albugo candida 
Heterodera marlom ( nema ) 
V,scum album ( Mistletoe) 
HelmmthospoTlum grammeum 
Ustzlago zeae 
Rhlzoctoma solam 
Sphaeelotheca sorghl 
Ustzlago ITltlCI 
Potato mosaic Virus X 
Dllylenehus dlpsacl (nema) 

No of 
phy~101oglC 

forms 
Authority 

240 and more Stakman et al 
10 Mehta et al 
15 Cotter et al 

8 
10 

5 
6 

52 
4 
2 

34 
(3 groups) 

20 
3 

Several 
2 
7 

7 varieties 
Many 

5 
5 
3 

Over 125 
Many 
Many 
6 

8 plus 11 
3 
2 

Stakman et at 
Peterson et al 
Alhson et al 
Stakman et al 
Levme el al 
Lele 
Mayne 
Barrus 

WlOgard 
Uppal and KutkarDl 
Hansen et a1 
Uppal and Desai 
Blumer 
Marchal 
Gaumann. E 
Togashl et al 
Chitwood 
Gaumann E 
Christensen et al 
Chnstensen J J 
Kerncamp 
Melchers et al 
Grevel, Bt"vcr 
Kohler 
Van SlogtercI1 

These phYSiOlogic forms are IdentIfied either by their reachon on 
hosts (P at hog e n e Cit y). physlco-chemlcal reactions or cultural 
characters The former IS exclusIVely employed 10 the case of obhgate 
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parasites. Stakman and his co-workers have developed a key for the 
identification of forms in Puccinia gramiflis tritici, based on the 
" infection types" (Fig. I 9) using twelve differential Triticum varieties. 
Similar charts and keys are available for other pathogens as well. 

o 2 3 4 
FIG. 19. Infection types in stem rust of wheat 

O.ll1lmune; 1 & 2. highly resistant; 3 & 4. highly s'Usceptible. 
[ After Stakman et al. 

Specialisation based on physico-chemical reactions is largely 
encountered in the Schizomycetes, while the third one differentiated on 
the cultural characters has been extensively studied in facultative and 
imp e r fee t fungi viz. Phytophthora, Heiminthosporium, Fusarium, 
Colietotrichury and many others. 

J ORIGIN OF PHYSIOLOGIC FORMS 

Variation is wide-spread among micro-organisms. Such 
variability may manifest itself, as has been already explained in the 
sphere of virulence on hosts (parasitism) (Fig. 20), chemical or 

FIG. 20. Strains of Helrninthosporium gramineum showing varying degrees of 
pathogenecity. L to R : Decreasing degree of virulence. 

[ After 1. J. Christensen. 
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physiologic reactions or cultural characteristics. These variations may 
arise in nature, either by (1) Hybridization, (2) Mutation or (3 ) 
Adaptation. The first method is almost exclusively employed by 

4.', . <.", 
~ . . 

~ 0:, _ 

lb· :' it ~,}.~ -;':,pJ:'_ . '-,', ~ ~\,~ ~"".;~ .. . ~ '.' . ~". . . . .. "-
.~ . '_"": .. 
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organisms with sexual stages, such 
as rusts, smuts, powdery mildews 
and many other perfect forms 
( Fig. 21), while the latter methods 
which involve "sectoring" or nuclear 
dissociations, (segregations) have 
been largely encountered in imper­
fect forms like Helminthosporium 
( Fig. 22), Fusarium, and even in 
smut-fungi (Fig. 23). Fig. 24 shows 

FIG. 24. Mutation ( Sectoring) in the manner in which sec tori n g 
mono-sporidial culture of Tolypo- occurs in monosporidial culture of 
sporium ehrenbergi. a smut-fungus. 0 rig in of new 

l After M. N. Kamat. forms by hybridization has been 
experimentally demonstrated in Puccinia graminis tritid on the aecial 
host, Berberis vulgaris, which, thus, not only provides an asylum to 
this rust, but also a breeding ground for new races. While the basis 
for physiologic specialisation in perfect forms, like rusts and mildews 
is "host specificity", it is in the nature of " degree of virulence" and 
" heterokaryosis" in imperfect forms like Fusaria, Helminthosporium 
etc. 

The third method, viz., adaptation is not well understood and 
probably has a very limited application in nature. It is recognized 
that weak strains of Phytopizthora infestans, increase in virulence with 
successive passage through resistant varieties of potato. S i mil a r 
situations are met with in Helminthosporium graminearum in respect of 
its tolerance to toxic substances. 

SIGNIFICANCE AND PRACTICAL APPLICA nON 

The demonstration of physiologic specialisation and presence of 
biotypes and parasitic strains within a morphological entity of 'Linnean' 
species have had a profound effect on the modern concept of plant 
pathology and even mycology in several directions. In the first 
instance, it has led to the abandonment of the original" species 
concept" of" Linnaean " origin, giving rise to a trinomial and even 
quadrinomial nomenclature of micro-organisms in place of the orthodox 
binomial system, splitting the morphologic entity into smaller units 
such as races, varieties and forms. A morphologic species, thus, has 
been proved to consist of a large number of individuals differing in 
parasitic ability, cultural characters and chemical reaction. In the 
realm of plant pathology, this concept has greatly helped in the proper 
understanding of the ever-changing disease situations arising from time 
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to time, varymg degrees of virulence dnd ,eventy shown by the same 
pathogen ( ?) 10 different years ,lOd regIOns dnd In the analysIs of the 
variOUS factors leadmg to an eplphvtotlc Above all, It has prOVIded 
useful InformatIOn In the practical application of thiS concept m 
developmg a ratIOnal and sCientific techmque for the control of plant 
diseases through a breedlOg programme for disease-resistance to be 
dIscussed In chapter 19 ThiS IS not all ThiS concept and contmual 
orlgm of new virulent strams 10 nature are likely to have a profound 
effect on the effectiveness of various fungicidal and ant I b lot I C 

preparatIOns, plant quarantme regulatIons and may even Jeopardise 
the useful work done In the past In these dlTectlOn~ The need for 
new breedmg methods, diverse types of genetical materials and above 
all a contmuous breedmg programme aimIng at selectIon of resistant 
types every few years, under these cIrcumstances, cannot be over­
emphasised A thorough knowledge and extent of varIabilIty 10 a 
pathogen IS, thus, of prime Importance for success In a breedIng 
programme for disease-resistance 
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CHAPTER B 

The Phenomenon of Spore discharl1e in Fungi 

Fungi produce their spores either exogenously on comd'ophores, 
or endogenously m spore-fruits of ~anous types such as zoospor.mgla, 
sporangia, ascocarps, and bo.lsldlOcarps, pycnldla, etc The former 
types art: tYPIcal of CODldial stages ot downy mildews, powdery mildews 
&oot}' moulds and many leaf-.,pottmg fungi, hke Cercospora, Alternaria, 
Septorla, Pmrularla, HelrnlnthospOi /urn and so on The problem of 
liberatIOn of spores relates to the actual breakmg away of such spore& 
trom the parent hyphllf' (as m exogenous spores) or from the parent 
reccptacles ( as m endogenous spores) and dlschargmg them mto air 
l,urrents or bring them Ii1 direct contact with the various agenclcs of 
dlssemlOatlOn, ~uch as wmd, ramdrops, Insects and soon M.my 
fungI have specldl mechamsm of active discharge, while others 1re 
passive In action The vanous mechamsms, employed by fungi In 
active as well ao; passne discharge (hberatlon) of spores Will be 
dIscussed 10 thiS chapter 

PaSSIve cbscharge of spores, resultmg m direct contact With aIr 
currents IS ch1factenstlc of the comdla of downy and powdery mildews 
(Fig 25, B, C) and many leaf spotting fungi, wlllch produce their 
spores on the surface of the host (ectophytlc) or which push comdld md 
the cOOidlophores to the out<;lde of the ho<;t through stomata or lentlcclIs 
The smut fungi, specially those which producc thclr lhlamydospores 
m eVdnascent shelths like Ihl. loose smut of wheat, the head smut of 
sorghum, the smut of corn and the whip smut of sugarcane have no 
speCial mCl..hamsm of discharge and hberate thclr spores ID air currents 
duectly, bv the shakmg of the mam aXIs or through the JctlOn of 
suctIOn (fig 25, A ) 

AChve cbscbarge of spores, on the other hand, IS brought 1bout by 
various types of speCial deVices 'lnd mechaDlsms so admirably 
deSCribed by Buller ( 1909-1934) 10 hiS • Rerearches of fun~1 ' Some 
of the common mechantsms employed by fungi, for tillS purpose, are 
descnbed below 

, 1 Abstnchon -This phenomenon IS of common occurrence In the 
discharge of COnidia of Entomophthorales. basldlOspores of mushroom 
fungi (Fig I 25, F) and the spondla of the bunt and rust fungI 
(FIg 25, D, E) A hqUid droplet appears at the pOInt of attachment of 
the COnidIum or spondlUm to ItS stengma, the connection between the 
two IS loosenl!d and the droplet carnes the COnidIUm or spondl.Jm 
along WIth It actively dlschargmg It to a distance of a mlihmetre TillS 
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mechamsm of active hberatlon of basldlOspores h'1S been utlhsed In 

obtamtng monosporous cultures for the study of sexuahty 10 the rust 
and mushroom fungi and In obtatnlng " spore prtnts" of the latter 
for IdentIfication of these fungi 

2 Ejection -This IS a charactenshc process In the Ascomycetous 
fungi, where the ascospores within an ascus are forcibly discharged 
The mother sac serves as an ejection apparatus and the process IS 

brought dbout by vaned mechamsms 

DUring the process, the mature ascI ready for liberation of their 
spores, protrude one by one above the hymenlUm and acltvely eject 
out the ascospore!> wlthm, either through the rupture of the apical 
pore, the slIt rnd the ltd provided for the operculate forms (Fig 25, 
G, I) The process IS facilitated by the absorptIOn of mOisture by the 
outer layers of the ascI and the paraphyses, which are known to playa 
prominent part m !>uch discharge This proceSl> of ejection IS greatly 
Influenced by humidity, temperature and Itght and IS repeated over and 
over agam for long periods depending up 0 n favourable environment 
The height to which the ascI project out of the hymemum vanes With 
different speCies, It IS 15 cm 10 Pleurage jlmlseda aoei 45 cm In 

P curVlco/la, both of which are apotheclal saprophytes and have mlllute 
frUit bodies not exceeding one millimetre • 

In several Ascomycetes, With typical flask shaped pCrlthecla, the 
actual apparatus which heIps the process of ejectIOn, IS sltu.tted at the 
neck, where the penphyses play an dchve part the drytng of the 
neck and ultimate compressIOn of the ascus walls help In thiS process 

" Shooting" actIOn of ascI IS also common In '>ome fungi and 
takes place through a mechamsm situated dt the base of the aSCI, 
whereby all the eight ascospores are shot off In a llOe one by onl.. 
( Fig 25, J ) 

3 Puffing -The achon of puffing or discharge of spores 10 

masses or clouds IS charactenshc of PlloboltH of the Mucorales where 
the outer wall of the spordngJUm IS lUShly cutJmzed .lnd gives way, 
lettmg out the spores wlthlO, 10 a VIOlent manner The swelling at the 
base of the sporangIum acts as an ejectIon appar'1tu<; (Fig 29) The 
apothecIa of the Dlscomycetes, the Tuberales and members of the pull 
ball fungi, the Ga<;teromycet:!s have also got simlldr mechanIsms The 
well known "Puff baJl~ belongmg to the latter group dertve their 
common name from thiS type of their spore-discharge There IS no 
special mechaOlsm 10 thiS case for hberatlOn of spores, which cIre 
produced inSide chamber~ and IS effected by the physlcdl wear and tear 
of the frUit-bodies brought dbout by environmental conditIOns such '1S 
temperature, mOisture and hght In underground frUit-bodies of the 
Tuberales, the tfuffles, frUits break open through pressure created by 



SPORE DISCHARGB IN FUNGI 49 

animals and dogs, who dig them up from the ground and the spores 
within discharged in a " hissing" or violent manner. 

4. Disjunctors:- This is a well-known mechanism employed by 
fungi in the liberation of their spores; small rectangular, conical, 
wedge-shaped or spindle shaped structures are produced at points of 
attachment of the spore in between it and the sterigma or conidiophore 
or in certain cases between spores in a conidial chain. The wedge­
shaped disjunctors, sometimes designated "hilum" are of common 
occurrence in Alternaria, Helmint!zosporium and Piricularia, ( Fig. 26 ) 
with the help of which the spore gets itself easily detacbed from the 
parent hypba. In Albugo, causing the well-known white rusts and in 
Sclerotinia fructicola, the brown rot fungus, the disjunctors or "pluggs'" 
are placed in between spores in a conidial cham( Fig. 26, I and 2 ) 
and help in easy breaking off of the spores from the chain; the same 
mechanism occurs in the aecial chains in rust fungi. In Syncephalis 
belonging to the Mucorales, the spore is enveloped in a thin ., ring", 
which helps it to break away from the spore chain ( Fig. 26, 3 ); theSe) 
disjunctors are gelatinous and on account of their brittle nature, 
are admirably adapted to effect the liberation of spores, before they 
are carried away by various agencies of dissemination. 

FIG. 26. Spore discharge in fungi II 1 & 2. Dispersal of spores through 
disjunctors (a); 3. Ring formation; " Formation of wedges (a); 
5, 6 & 7. Oozing action in pycnium of rusts, pycnidium and perithecium. 
( After 1. Woronin, 2. Rosen, 3. Thaxter, 5. Buller, 7. Curzi). 

[ Drawing : Miss Kumud Lad. 
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5 Lid formauoD,-Thls IS IDdeed a novel and mgemous 

mechamsm and has been employed by a few fungi belongmg to the 

Cb)'tndldles and tbe DI'>comycetes ( Pezlzales) This method of 

liberation 0 f spores~~~mmon I n Synchytrlum endoblOllcum, 
Physoderma ~-~ the lower Phycomycetes and the genera 
Morchella, Ascobolus and Saccobolus of the Ascomycetes With the 

maturity of spores wlthm a sporangIUm or the ascus, as the case may 
be, the c. Lid" opens out !Ike a tYPIcal hmge and lets out the spores 
Such - forms are known as "operculates" and the formation of these 

lids serves as an Important taxonomic character to dlstmgulsh groups 

A few of the tYPical operculums are illustrated In FIgs 25, I and 

28, D, E 

6 Oozmg -This phenomenon I~ of common occurrence I n the 
hberatJon of zoospores from the mouth of a sporangIum In the 

PhycomYl.etous fungi, the serpentme fashIOn of spore-chams released 
by some Ascomycetes (FIg 26, 7), (Mlcroascus) and Pycmdla of the 
Sphaeropsldales of Fungl-Imperfectl (Fig 26, 6), 00 Z In g of 

pycnospores and spermatlal spores IS also characteristic of PYCOIa of 

the rust fungI and spermagoma of the bIgber A s com y c e t e s 
(Mycosphaerella and Gwgnard,a) (Fig 26, 5) The well-known 
ergot fungus, ClaViceps purpurea forms" honeydew' stage of cOUidlal 

masses, and releases them In a muctlagenous liqUid from where the 

comdIa are cllrrled away by IOsects In fact, m all cases cited above, 
Insect<; and flies play an Important r 0 I e 10 their further dlslIemmatlOn, 
thiS aspect will be discussed 10 Chapter 9 The oozmg achon IS 

facIiJtated by the presence of a mucllagenous hquld IDslde the spore­

frUits, whIch swell In contact With mOIsture and release the comdla or 
ascoc;pores wlthm, In the characteristic serpentme fashIOn A VIVid 

demonstratIon of the oozmg process can be gIVen, at wlll, by placmg a 
few pycmdla of the well-known WIther-tip fungi ( Phoma, Phomopsis 

and Phyllosllcta) In a drop of water on a mlcro-shde and obserVing It 
under the low power of the microscope 

7 EXIt tube -The forma tlOn of an eXIt tube for reJeasmg spores 

IS a spec tal deVIce utlhsed by such endoparasltes as Olpldlum, OlPIdlOPS1S 

and LagemdlUm of the lower fungi, the water moulds. the restmg 
s,e9r_anglum IS located inSide the host tissue and releases the zoospores 
through an CXlt tube ( Fig 28, B, C ) 
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8. Splasbiog: - Dis per s a I of 
spores of a very ingenious and highly 
sp'ecialised type occurs through the 
mechanism of elastic funicular cords in 
fungi belonging to the Gasteromycetes 
in the genera Crucibu/um and Cyatlzus 
the wellknown birds-nest fungi, where 
the "peridiole" or miniature fruits 
produced in the fruit body are thrown 
out of the main body, to a distance of 
3 to 4 feet through the help of 
funicular cords (Brodie, 1951 and 
Dodge, 1941 ), Fig. 27. 

9. Phototropism :-Light acts as 
an important stimulus in enabling 

FIG. 27. Spore discharge in fruit-bodies of several fun g i to 
fungi. Cyathua fruit body with discharge their spores into the air 
peridiole within and mechanism 
of dispersal through fllnicular currents in the form of clouds. The 
cord ( a ) fruit-bodies of such fungi like the 

[ Draw:ng : Miss Kumud Lad. Pilobolus, the apothecia of the 
Ascomycetous fungi, the mushrooms and the birds-nest fungi are well 
adapted to such responses, which place these bodies and their spore­
bearing surface in the most favourable position for liberating the 
largest possible number of spores into the air currents ( Fig. 29 ) 

FIG. 28. Spore discharge in fungi Ill. 

.'! I ....... , 
of _ • • . ' . '.: '. - ,.:., '. ~ 

, ..... 

FIG. 29. Phototropism and spore­

discharge in Pilobolua. 

[Drawing: Miss Kumud Lad. 
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DIspersal of spores through physIcal wear and tear brought about 
by sudden changes 10 envIronment, particularly temperature, mOIsture 
and hght lOtenslhes has been a common feature In the closed dscocarps, 
the c1elstothccla belongIng to the Plectascales, the appendages and 
other 0 u t g row t h s on the body of these spore-fruits, help In 

thIs phenomenon, the mechantsm works through absorptIon of mOIsture 
by these outgrowths bnngtng about dn uneven dIstensIOn of the outer 
wall, resulttng In Irregular cleavage, releasIng the contents, the contdla, 
the oidia, the ascI and ascospores Spore-dIspersal In a few smuts and 
bunts tllkes place at the time of the harvestIng and threshIng operations 
by the phYSical breakage of the membranes that surround the son 
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CHAPTER 9 

Dissemination of plant pathogens 

The next phase, ID the hfe cycle of plant pathogens after the 
dispersal and liberatIOn of their spores, IS the transmission of these 
spores and moculum, from host to host at vanous distances, short or 
long, contmuous or discontinuous In other words, the question of 
manner of spread of pathogens and their transmiSSIOn to new hosts, 
new fields, new 10calJtles and new countnes, IS upper-most m the 
mmd of the plant doctor, as It naturally helps him m his endeavour 
to control, prevent and avoid plant diseases The simple question, 
therefore, IS as to how mfectJon travels 

All parasItIc diseases are transmissible, smce otherwise, they will 
disappear With the disappearance or death of the hosts, they are, thus 
mfectlOus With an ablhty to spread Accordmg to Butler (1917), such 
transmiSSIOn or spread may be continuous or d,scontmuous, the former 
relates to the spread In a geographical Untt and therefore may be 
termed" short distance tranSITJISSIOn " , the latter Involves" long Jump 
transmissIOn" and ordmanly takes place between two geographical 
umts, separated by phYSical barriers such as oceans, moun tams and 
deserts DlssemmatlOn may be effected through the help of vanous 
agencies as shown below 

DISSEMINATION 
I 

Contmuous DiscontInuous 
I Man 1 Autonomous ~ 

2 Wmd 

3 Water 

4 Antmals 

5 Birds 

6 Insects 

CONTINUOUS DISSEMINA nON 

ThiS type of transmission may be termed also "short distance 
transmission" and IS mamly responsible for spread of mfectlOn from 
host to host, field to field or 10cahty to locahty, closely connected by 
geography, tn nature, such spread occurs by stages through rythmlc 
cycles The well-known example of such spread which ultImately 
covers long distances, IS the Black Stem Rust of wheat, which m the 
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efficiently disseminated by wind Uredlal stages of the rust-fungi 
tra, el long distances through aIr currents and are thus responsible for 
destructive epidemics over wide areas 

Wind transmlS!>lon Involves the upward aIr currents, velocity and 
the downard movements of wmd All are equally responsible for the 
spread of mfectlOn and ultimate outbreak of diseases and have been of 
special Significance, m the rust, smut and blast fungI. Uredlo-spores 
of rust fungi have been carned to long dIstances, both cross-wIse and 
upwards Stakman ( 1946) and ChrIStensen ( 1942) determmed, by 
exposure (If vasehned sltdes m the upper air through aeroplane flights, 
that uredlospores and aeclOspores ot PUCClnta grammls could 
be gathered In a vIable conditIOn upto a distance of 14000 fl above 
mfected field'!, Alternana sp at 8,000 ft and those of PUCClnla tntlClna 
at 12,500 ft The transmiSSion of aeclal spores of Pucclma grammis 
from several groups of barberry bushes to the whedt crop, showed that 
these spores travelled suc\..essfuUy over a radIUs of 3 Kms round about 
these bushes The blIster rust fungus, CronartlUm rrb/cola, IS known 
to travel to a distance of 500 metres or 12,500 ft InSide a plantatIon 
and the range IS probably more 10 the open Similar observations 
have been made In respect of dlssemmatJon of chlamydospores of the 
smut fungi and the phenomenon IS deSIgnated as "Spore shott.ers " 

It may, however, be remembered that In such long distance 
dlssemmatlOn With mtervcnmg stages of InfectIOn, the retentIon 
of vlablhty of spores IS an Important cOD<;lderatIon that determmes the 
extent and seventy of epidemics, over wide areas The outbreaks of 
cereal rusts and blast of nce are examples of such dlssemmatIon 
Spores differ wIdely In their abilIty to survive long distance travel 
through air The COnIdia of downy mildews, powdery mIldews and 
the aeCIOspores and basldlospores of the rust fungi are unable to 
Withstand such long distance dlssemmatlon when they are exposed to 
deSiccation and direct sunshme and thus are only capable of prodUCIng 
local eplphytotIcs of hmlted magnitude 0 nth e other hand, 
uredlOspores ot ru,ts, chlamydospores of smut fungi and conrdla of 
All_er_nana, Helmmlhorpof/um, PmculaTia and others are well adapted 
for long distance travel In a Viable conditIOn and are known to playa 
Vital role m epidemiology (Fig ~O) 

Excellent reports are available on the aertal dlssemmatIon of plant 
pathogens by Stakman et al ( 1946), Chnstensen J J (1942) and 
Craigie ( J 940) 

3 Water transmiSSion - ThIs type of transmissIOn termed by 
Gaumann ( 1950) as " Hldrochory " IS of mInor Importance The 
surface runnIng water as a result of heavy showers of ram, the 
Irngahon W'lter from wells and canals serve a s agencies for 
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transmISSIOn of such sOII-mhabltmg orgaOlsms as P}th/Um, Synchytllum, 
Phylophlhora, Fusallum, Sclerotium and Colletolflchum Man y 
pathogenic soil-bacteria are also dlssemmated In thIs manner The 
eelworm dIsease of potato and Piper lonKum have been known to be 
carned from field to field through surface water The spread of 
mfectIon tn the red-rot of sugarcane caused by Collelolnchum falcatum 
and the dIsseminatIOn of the sclerotIal bodIes of SclerotIUm rolfslI 
through sOIl, are chIefly brought about by Img'ltlOn water Water IS 
an Important agency of dlssemmatIon for the seeds of flowenng parasItes 
such as Orobanche, dodder ( Cuscuta ) and Slllga through sOIls 

Short dIstance transmISSIon of pathogens from leaf to leaf of 
adjacent plants occurs through splashmg ram accompanIed by wmd In 

the case of semI-aquatIc pathogens lIke Phytophthora arecae, 
Phylophlhora parasilica P mfe~'/ans and other downy mIldew fungI 
These fungI are well adapted to wmd as well a~ water dIssemInation 
due to the formatIon of decIduous comdIa capable of germmatlOn 
eIther by zoospores 0 r germ tube and have thus developed Into 
dangerous pathogens capable of wIde-spread damage WIt h I n a 
short peTlod 

4 Ammais - The farm anImals are a mmor factor In the 
transmIsSIon of pathogens, thIS happens In nature by the Inoculum 
adhenng to the hoofs and legs or Internally through the passage m the 
ahmentary tlact SOII-mhabltmg fungI, and speCIally the sclerotIa 
and rhlzomorphs may be earned In thIS manner The smut fungI have 
been known to be carned from field to field through the ahmentary 
canals of farm animals Gram or Kernal smut, loose smut and head 
smut of sorghum are well-known examples of such transmISSIon, 
although of no great consequence 

5 Buds - ThIS mode 0 r transmIssIon, although of mmor 
Importance m general, IS of great sIgnIficance tn a few specIfic cases 
The best known examples lrc the dIssemInatIon of the well-known 
flowenng parasIte ( LorOl thus sp ) and the chest-nut bhght fungus, 
Endothea_ p,!!!!!!!!!:-a, man y migratory bIrds, such as ml~tle­

thrush (Turdus Hfclvorus) In the temperate regIOn and the crows 
( Corvos bra c h y r h y n c h 0 s ) In the tropIcs, take actIve part In 

tran~mlSSIon of the mIstletoe (Loranthus sp ) eIther through external 
contamm'ltJon of theIr beak., and feathers or Internally through the 
ahmentary canals Internal transmISSIon of spores of Elldu/hea 
parasll/ca IS earned on by many bIrds, whIch VISIt such dlsea~ed plants 
and get contdmmated by the spores No less than 18 specIes ot 
bIrds were found to be so contammated ( Heald and Studhalter, 1914) 

BIrds are also known to carryon theIr bodIes, asclgerous stages of 
the powdery mIldew fungI 
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6. Insects:- Insects play II. dual role; they are capable of 
causing enormous damage to plant life independently and also a 
carriers of pat hog ens. The former aspect is dealt with by the 
entomologist. Insects transmit pathogens either mechanically 0 r 
biologically; in the former case, they behave as casual carriers; in the 
latter as specific vectors. An excellent discussion on the role of insects 
in the transmission of plant pathogens is embodied in the book entitled 
" Insect Transmission of Plant diseases" by Leach ( 1940 ). 

INSECT TRANSMISSION OF PLANT PATHOGENS 

Insects playa specific role in the transmission 0 f virus diseases 0 f 
plants, where they act as specific vectors for the virus. This aspect has 
been discussed in Chapter 7. The role of insects and mites as 
mechanical carriers will only be dealt with in this chapter. 

Like the birds, insects car r y pathogens either externally or 
internally. Gaumann ( 1950) uses the terms Epizoic and Endozoic 
respectively for the two types of transmissions. Fig. 33 illustrates the 
endozoic mechanical transmission of fungus spores through several 
species of ants. 

FIG. 33. Endozoic transmission of fungus spores through pellets of ants. 

(Photomicrograph) [After Bailey. 

The external transmission of plant pathogens is of special interest 
in those fungi, which produce their conidia, oidia and spermatia in 
sweet or honey secretions baving attractive odours. Some of the well­
known diseases of this type are the ergot, the Sclerotinia brown rot of 
pears and apples, the boney-dew stage in the "sugary disease" of 
Sorghum in parts of India and the pycnial nectar in the cluster cup 
stage of rusts. The spermatial oozings at the mouth 0 f spermagonia 
in the Ascomycetes attract various types of insects, flies, pollinating 
bees and wasps which playa dual role: pollination and transmission 
of pathogens. The fire blight organism ( Bacillus amylovorus) and 
Xanthomonas citr; causing the well-known citrus canker, are also carried 
in this manner, the former by flies and ants ( Fig. 34 ) and the latter 
by the leaf miner. 
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Mites also are known to play an important role in the transmission 
and spread of some pathogens. Mites are anthropods resembling 
spiders and ticks, having four pairs of legs and no antennae. The 
constant association of mites in diseases of chillies, tomato, brinjal, 
potato, etc., locally known as " Murda", " Bokadya " and "Tambera" 
and some of them probably of virus origin, is significant, and possibly 
denotes "vector" relationship for these diseases. 

The entire field of insect transmission of plant pathogens is of 
vital importance from more than one aspect and has, therefore, been 
receiving close attention of not only the plant pathologist but also the 
plant physiologist, since this relationship has an important physiologic 
bearing and may throw a flood of light on the real nature of plant 
pathogens, specially of the virus type. 

7. Biologic transmission :-As has been already explained, this type 
of transmission commonly found in human malaria, is of special 
significance in virus diseases of plants, where various types of sucking 
insects play an important role. The persistence in and transmission of 
some plant viruses through dodder ( Cuscuta subinchusa ) from plant to 
plant was demonstrated by Bennet (1944). The phanerogamic 
parasite picks up the virus from the affected plants, without itself 
showing any signs of infection and transmits it through its haustoria. 
The dodder thus functions as an asylum for the virus as well as a 
transmitting agent, even as the insect vector does ( Fig. 37 ). 

FIG. 37. Tnuumissioo of virus through dodder. 
L : Healthy & R : Diseased plant. (After F. Johnson. 
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DISCONTINUOUS DISSEMINATION 

Man plays the most efficIent but d,mgerous role 10 thIs type of 
transmISSIOn, whIch takes place between geographIcal umts, separated 
by physIcal barrIers HIS par t 10 the tr,lnsmlS<;lOn of hum,lO dIseases 
IS mdeed, uOlque Many Infectious dIseases of man II k e the 
tuberculosIS, dlpthena, pneumoma, c..ltarrhs. small pox and others are 
mamly dlssemm..lted through hIS agency, the mode IS dIfferent from 
that 10 plant pathology 10 the former, the host ( to this case the 
dIseased mdlvldual) takes an active part and Itself carnes the pathogens 
In the latter, the ho!)t IS passive and has no dIrect part to play In 

transmISSIOn, thIS dIfference IS due to the ability of locomotIOn lit the 
former and lack of It 10 the },ltter 

Man's role In thIS phenomenon IS more Induect t han dIrect In 
hIS zeal for new plants, ornamental or otherWIse and wIth mcreasmg 
mternatlOnaJ contacts and. tr Ide, human agencIes of vanous types, 
mdlVldual, OffiCIal as we!i"'llS unofficIal have tramported new plants and 
plant products, the seed, ..the tubers, the propagatIng stock and frUIts, 
whIch carned the plant patho~ens, many times m a latent condItIOn 
and whIch ultimately lead to the outbreaks of new dIseases 10 places, 
hItherto free from them The dIseases whIch are amenable to such 
transmISSIOn are matnly those that are carned In or on the prop'lgatlve 
parts and seed, such as the whIte pmc bltsttr rust, the latc blight of 
potato, the downy mIldew of grape, the Cltru!, canker, the chestnut 
blIght, the Dutch Elm dIsease, the Fusarium wIlt of bananas, the Katte 
disease of cardamomc;, the bun~h~ top of bananas, the cankers and 
anthr'lcnoses and sever'll others The hIstory of IntroductIOn of these 
and other dIseases 10 dIfferent countrIes through the agency of man, 
makes very mterestIDg but tragIc readmg and has been very graphIcally 
narrated by Large ( 1940 ) In hIS book Advance of fungi A few such 
dIseases together wIth their places of ongln and years of IDtrodudlon 
are given below -

Table 6 

IntroductIOn of plant diseases In new areas 

DIsease 

./ CItruS canker 

Fue Bhght of apples 
P mildew of grapes 

D mtldew of grape 

OngIDal 
home 

ASIa 

USA 
U~A 

USA 

Intro-
duced 

country 

USA 

New Zt.aland 
Europe 

France 

Year of 
Introdu-

chon 

1907 

1919 
1845 

1878 
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Disease OngInal Intro- Year of 
home duced lOtrodu-

country ctlon 
Bhster rust of pIne RUSSIa USA 1909 
Scab of apples Sweden USA 1814 

__.Late blIght of potato South 
Amenca USA 1830 

-do- USA Europe 1845 
-do- Europe India 1870 

Wart of potato Europe USA 1918 

..-Bunchy top of 
banana ( VIrus) Ceylon South India 

,......-Dutch Elm disease Holland USA 1928-30 
Gooseberry mtldew USA Europe 1890 
Chestnut BlIght Medlterra-

neanregton USA 1904 
Paddy blast ... / South-east

w 
' 

ASia Madras 1918 
Panama disease of Panama 
banana canals Bombay 1920 

Many of these dlsease~. not very destrqcl1ve In their homel-:tnds, 
have brought In rum and devastatton of an unprecedented magnitude, 
Jeopardlsed the respective mdustnes and even extermmated them m 
their entIrety" hen mtroduced mto new regions 

REFERE~CES 

Bennet, C W Studies on dodder transmIssIon of plant viruses 
Phytopath, 35 905-932, ( 1944 ) 

2 Butler, E J The dlssemmatlOn of parasItiC fungi and mternatzonal 
legls/atlOn Memo Dept Agn India 9 1-73, ( 1917 ) 

3 Chnstensen, J J Long distance transmISSIOn of plant pathoKens m 
AerobIOlogy Wash D CArner Assoc Adv SCI, ( 1942 ) 

4 Craigie, J H Aerial d,ssemmatlOn of plant pathogens Pro c Sixth 
Pac SCI Cong 1939,4 753-767, ( 1940) 

5 Gaumann, E A & W B Bnerlv The principles of plant infectIOn 
Crosby Lockwood, London, ( 1950) 

6 Leach, J G Insect transmISSIOn of plant diseases McGraw Hill 
Book Co N Y ( 1940 ) 

7 Stakman, E C & C M ChrIstensen AerobIology In relatIOn to plant 
disease Bot Rev, 12 205-253, ( 1946 ) 



CHAPTER 10 

SPORE GERMINATION IN FUNGI 

Spores of fungi must germmate and produce InfectIOn tubes prIor 
to the phenomenon of penetration IOtO and IOfection of the host, the 
pO~ltlOn IS, however, dIfferent m bactena, parasItic myxomycetes and 
Vlfuses, WhICh employ dIfferent types of mechamsms for t hIS purpose, 
to be desCribed In the next chapter LIke seed, germmatIOn of spores 
IS profoundly tnfluenced by vartous factors, It IS 10 the nature of 
growth proce,s and tnvolves a change from a passive resttng stage to 
an actIve condItIOn These factors can be grouped under two heads 
accordtng to theIr ndturc, Internal or Heredltory and Er:ternal or 
EnVIronmental The mternal factors Include those whIch are mherent 10 

the spore Itself such as the nature and thlcknes<; of cell wall, vlablhty, 
longeVity, age, penod of dormancy and conditions 111 which spores are 
actually formed 10 nature 

The external factors are temperature, mOIsture, nutrIents, oxygen, 
lIght, reaction of the medIUm and stImulatory products 

TYPES OF GERMINATION 

Spores, 111 fungi, germmate either dIrectly or mdlrectly Three 
types can be recogntsed on the baSIS of ItS nature Th~ 
g e r min a t Ion consists of the formatIOn of a germ tube, wInch 
subsequently gives fIse to a myceltu_m the germ tube is m(ktcrmmate 
m ch'uacter and directly t1kes part m the mech'lntsm of penetratIOn 
Tb pe IS characterIstIc of ~011ldJa_and IS well adapted for terrestrIal 
hah. t\ Fig 38, 5) The IOdlrect method of germmatton may consist of 
formatIOn of zoospores ( zoosporal) or formation of a lImited germ 
tube, the baSidium (bas/d/al) , the former IS typIcal of aquatic and seml­
aquatic fungi hke the Pyt/Hums and Phytophthoras (FIg 38, I ), and 
the latter of the smuts, Ute bunt and the rust fungI (Fig 38, 2-4 ) 
The zoospores arc motile and stream through a pore to the mother 
sporangIUm, the baSidIUm IS determmate and therefore hmlted 111 

growth and may be eIther septate or nonseptate and does not, as a 
rule, take direct part In the phenomenon of penetratIon Several 
modificatIOns and VarIatIOns 10 thIS phenomenon of germmatton occur 
m nature, dependmg upon the envIronmental condltJOns obtained 

TECHNIQUE FOR SPORE GERMINATION 

WhIle It IS pOSSIble to obtam germmatJon of spores by sowmg 
such spores In a drop of water on a glass slJde, the best and effiCIent 
result!> are obtamed by the use of the well-known 'h~ngm~ dro~ 
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ination in fungus spores. 1. ZooSPOf@alinaquatic 
& 4. Basidial in rusts, smuts and bunts; 5. Direct by ------

b 

[ Drawing: Miss Kumud Lad. 

cultures"; these cul­

tures are obtained by 
using the Van Teig, 

Cells, first employed 
by Hoffman in 1860 

(Fig. 39). T his 

method not 0 n 1 y 

FIG. 39;- Van Teighem cells used in spore germina- provides the b est 
tion studies; a. cemented to slide; b. fixed in filter con d i t ion s for 
paper. (After Duggar, B. M. germination, but also 

admits of d ire c t 

observation even through a high-power microscopic lens; besides, the 

chances of accidental contaminations are greatly minimised. Various 

modifications of this general technique have been advocated to suit 

special requirements of each case. 

s. 
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SPORE GERMINATION IN RELATION TO INTERNAL 
FACTORS 

Nature of cell wall - The cell wall dIffers wIth dIfferent spores 
It IS thm In cOnJdn and Oldl I dnd thick In such sexual spores as the 
oospores. the zygospores, a s cos p 0 res, the tellOspores and In 

chlamydospores In the latter, It IS m'ldtl up of a thm lOner layer and 
a thick outcr layer provided with varIOUS types of echmulatlons as a 
protcctIve measure The former, therefore, llre s h 0 r t ltved 'lnd 
gernllnate Immediately they are produced, the latter 'lre mcap'lblc of 
ImmedIate germmatlOn, are long-ltved and are thus capable of longer 
\ lability The comd'a of manv fungi, the OidIa of the powdery 
mIldews, the ..It.ClOspores and uredlo~pores of the rust fungi belong 
to the former type and are mamly responsIble for seasonal outbrc1ks 
of diseases, the latter, on account of their thick cell walls are restmg 
~I'lg(..~ 'lnd well adapted for tldmg over penods of drought, dCSIcc,ltlOn 
and freeZIng 

The permeabIlIty of the cell walls IS an Important factor 10 the 
germmatton process, spores WhICh hwe thm walls ah<;orb mOIsture 
and nutrIent solutIOns more readily than those wIth thick ImpervIOUS 
cell walls The latter type are, however, known to YIeld to speCIal 
treatments, phYSical as well 1S chemical, to be descrIbed later 

Penod of dormancy - ThiS vanes with different types of spores 
The cOnidia do not have any dormancy pef1od~ It IS a ~pectal feature 
of the sexual spores, the oospores and zygospores of the Phycomycetes, 
the ascospores of the Ascomycetes and the chlamydospores, tehospores 
and basldlOspores of the BasidIOmycetes In thIS respect, the spores 
behave lIke the vegetative tubers, rhizomes and corms of higher plants 

It IS Important here to dIStingUIsh between penod of dormancy and 
penod of vJablhty, sometimes also deSIgnated "longevity" The 
former relates to mternal factors mherent In the ~pore Itself, the latter 
to external factors mfluencmg the spore .. 

As a general rule, the restmg spores pass through a v.uytng perIod 
of dormancy before they are able to germInate ThIS peflod, however, 
IS amenable to termIn'ltlOn by the applIcatIOn of speCial shmult, such 
as alternate freeztng and thawmg, floatIng spores m films of water, 
exposure to volatIle substances, treatment With org'lnIC aCIds, etc 
HeatIng of the spores and then plactng them at normal temperatures 
has given good germlOatJOn In spores not usually amenable to 
germlO'ltlOn under normal condltIon~ 

Age or maturity of the spores -It Is/an Important fdctor to be 
reckoned WIt h, speCially an comparattye experIments Numerous 
conflictIng results reported In hteratur(\ on germinatIon tests, are 

.... 
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largely due to this factor As a rule, young vigorous spores germmate 
more readIly, uniformly and rapidly than the older ones, which lose 
theIr vIabilIty qUIckly and behave erratKally Ifl germInatIon tests 
COnidIa of the hop downy mIldew gave optimum germmatIon within 5 
hours when fresh and young whIle they took an erratic course and 
needed 10-20 hours when old, losing thm vlablhty rapidly with ageing 
SimIlar re'lults were obtaIned for conidia of Pestalolla pSldll Its fresh 
cOOidla gave 99% germInation, whl"h was 85% after 6 days, 65°~ at 
end of 14 days, 15°~ after 20 days and practically In traces at end 
of 25 days 

Period of vIabIlity - ThiS penod ''1nes with the type of the spore 
and IS determllled by external condItions like temperature and 
humIdIty In general, spores rerram viable for longer peflods at lower 
than at hIgher temperatures Spores m culture have shorter vIabIlIty 
th1n those produced In host tissues The normal periods of vlablhty of 
a few types of spores are given below 

Types of Spores 
Smut Spores ( Tollyposp0rlum) 
Sphace/otheca sorghl 
TIl/ella tlltlCI 

v Sclerospora ( ~ 
Urocystls cepurae~ . 
SlIme moulds -
Aspergillus oryzeq_ __. 
Pestalotla pSldll ( In culture) 

" " ( In host tIssue) 
TellQs]ores'bf rust fungl""--­
~~dlO~re.,f of rust fungI 

AeclOspores of rU'll fungI 
Spondla of rust fungi 

Penod of Vl3blhtv '-
4 years 
2 years 
81 years 
3 years In host tIssue 
5 years In sOlI 
5-32 years m herbarIum 
22 years m test tube 
7 months 
1 year 
5 months 
30-60 days at low 
temperature 
45-90 days 
1-6 hour~ 

The actual condItIOns under whIch spores are produced have a 
profound effect on their Vlablhty Under green house expenments, 
tehospores of PucclIlla gramtnlS when formed at low temperatures 
retamed thclT vIabIlIty longer than those produced at hIgher 
temperatures SImilar sItuations are found 10 nature In In d I a, 
teliospores of P grammts and Melampsora lmtlose theIr vIability ahlOst 
lmmedlately they arc produ(..ed, because of the hIgh temperatures under 
which they are formed, these are" summer" spores In the tropIcs 
and " wmtcr " spores 10 the temperate 70nes and hence their 
dIfferentIal viabIlity performance 

Patel, Kamat and P.lOde (1952)* have also noted that In 
Colletotrlchum crossandrtae the cOOldla produced In open sporodochla 

• Ind Phytopath pp 130-137 1952 
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10 culture gave very scanty germinatIOn, while those obtamed from 
acervuli m host tissue germtnatcd vigorously and readily, glvlhg as 
high as 76% germtnattOn 

EXTERNAL FACTORS INFLUENCING SPORE 
GERMINATION 

Temperature - It mfluenccs germmatlOn In t h r e e dIrectIOns 
percentage gcrmmatlOn, rapidIty of germmatlon and rate of growth of 
the germ tubes All these ph'lses of gcrmln'ltlOn directly or Indirectly 
have a profound effect on the subsequent cltntcal picture of disease 
and Its development, as wIll be discussed under "EpidemIOlogy" 
In Chapter 15 

The mfluel1ce of air temperature on the percentage germlOalion of 
spores vanes widely wIth the species Many spores have a wide range 
and germmate re'ldlly bctween 5°C to 30"C, the tropIcal fungi. 
however, hwc. m gencral, a higher mtnlmum and a hIgher optimum 
In Phycomycetous fungi of the type of p) till u m, Phytopllthora. 
Plasmopara, Pseudoperonospora and others, the two t y pes of 
germ mahon, zoosporal and direct, are profoundly mfluenced by thIs 
factor The zoosporal type IS of common occurrence at lower Itmlts 
and the direct germ tube at hIgher levels The cardin \1 temperatures for 
the germmatlOn of spores of some Important fungI are given ID the 
followmg table -

Table 7 

Cardmal temperature~ °C for germmatlon of some fungus spores 

Organism 

Pythlums 
Ph}tophthOla palmlvora 

" " Phytophthora mfestans 

" " 

Cardinal temperatures 
MIN OPT MAX 

3 15 25 
I 5 20 30 
45 30 37 
2 12 25 

]2 24 30 
Sclerospora grammlcola spordngla 5 18 33 .. .. 
Eryslphe polygon! 

Cereal rusts 
Urocystls cepu{ae 
Ttlletla tTltlCI 
FusaTlum vasmfectum 

.. cong/utmans 
Alternaria burnsl 
PestalotlO pSldll 

oospores 12 
10 

0 
JO 
5 

15 

5 
45 
10 

23 35 
24 30 

20 33 
18 33 
16 27 
27 35 

]5 30 
27 40 
30 35 

Remarks 

Zoosporal 
-do­

Germ tube 
Zoosporal 
Germ tube 
Zoosporal 
By tube 
Pea powdery 
mtldew 
UredlOspores 
Temperate 
Tcmperdte 
Cotton Wilt 
( tropical) 
Temperate 
Tropical 
TropIcal 
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Moisture - Most spores will not germmate except In direct 
contact with water, while others requIre varymg degrees of humidity, 
usually 95% and above The powdery mildew Oldla, on the other 
hand, are capable of germInatIOn at relatIVely low humidity, due 
probably to high osmotic pressure of the cell sap of these spores 
(Clayton, 1942) In nature, ram, mist, dews and guttatlon water 
play a great part In this phenomenon The process of alternate 
wetttng and drymg has been able to break the dormancy peflod of 
some spores dnd faCIlitate their germmatIon, by apparently makmg the 
thick resistant cell walls permeable to water 

Nutrients - The nature of the substrate profoundly Influences 
germmatlon of spores While many spores germ mate well m dIstilled 
or sterIlIzed water, some need certam special nutrIents, such as sugars, 
salts, mtrogen, magnesIUm and phosphorus VarIous plant decoctIOns, 
dung and SOIl mfuslOns are known to favour germmatIon, although the 
exact nature of thiS mfluence IS difficult of estImation 

Spores presoaked m vanous types of mfuslOns hke horse dung, 
sOil, humus, etc, germ mate readily and give hIgher percentage of 
gcrmmatlOn than thoc;e not so treated 

Oxygen - An adequate supply of free oxygen IS an essential 
requIsite for germmatlOn as a sequel to the higher rate of respIratIOn 
dUrIng the process The mfluence of oxygen on the germmatIon of 
spores has been noted by vanous workers 10 respect of not only 
percentage and vigour of germmatlOn but even the type thereof It IS 
a well-known fact that spoles situated dt thc margms of culture medIa 
show better germmatlOn than those located 10 the centre Slmtlarly, 
spores floating on the ,)urface, germmate more readily and vigorously 
th~n those submerged 10 the lIqUId In rase of the latter the germ tubes 
remaIn small and abnorm'l\ 

Uppal ( 1926) found that a supply of oxygen had a profound 
effect on the mode of germInatIOn Zoo~poral gcrmmahon was 
fwoured by supply of oxygen I n the case of A/bugo candida, 
P/armopara \'lflco/a, and Sclerospora gramlnleola but In the case of 
Phylopththora mfeslans, P c%cafSlae P Palmllora, and P paraslllca, 
the ~upply was not found essential However, oxygen was qUIte 
essential In the latter cases for the formatIOn of germ tubes, the two 
methods of germmatlon are different proce~ses and naturally show 
dlfferenttal behaVIOur In re<;pect of thIS fdctor 

Hydrogen-Ion-concentration of a me dIu m has a modifYIng 
effect on spore germmdtlOn, although It IS not a lImitIng factor In 
general, spores germ mate wlthm a WIde range of pH Mo~t fungi 
favour aCId medIUm for germination 
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Sttmulants - WhIle most spores will germinate 10 plam sterilized 
water, addition of vanous types of "tlmult 10 the form of organic aCids, 
pretreatment, presoaking, n'ltural phnt produds, infusIOns, decoctIOns, 
host tissues, chemicals, etc hav~ stimulatory effect on the percentage 
and vigour of germmatlJn 

Spores of many fungi show better gernllnatlOn when 10 contact 
wIth the respective host tissue than 10 sterilIzed water This IS a general 
observatIOn and holds good for most fungi studied This IS probably 
due tot h e stimulatory mfluence of certam chemical substances 
diffusing out of the plant tissues (Brown, 1922 ), which IS further 
corroborated by the general observatIOn that the stimulatory effect IS 
lost when bOiled extracts and dLcoctlOns of thL plant tissues are used 
Spore., of Collelolnchum Imdemuthwnum, for Instance, gave 83-95% 
germmatlOn with fresh bean tissue, 8% 10 bean decoction and only 
3-6% 10 distilled water ( Leach, 1923) Similar re<;ults were obtained 
by Patel. K lm.!t and Hlngonnl ( 1950 )* for Pestalolla pSldll these 
spores had very capfJCIOU~ germ In ltlOn In pl.lIn stenhzed water but 
gave excellent re~ults with the addItIOn of fresh host tissue, they 
further noted that the stage of the host tissue had also d marked 
differential effect on germinatIOn, green host tissue stimulated germina­
tIOn (91 7~o), while npe host tI~sue was rclatncly non-stimulatory 
and gave only 40 O~o germmatlOn The effect of host tissue, however, 
appears to be specific In nature, smce additIOn ot tissue other than 
that of the specific host, does not appear to have stimulatory effect 

The presence of certam g.!ses and volatile substances I:> known to 
mfluence germmatlOn profoundly IntroductIOn of carbon dIOXide 
favours germinatIOn very markedly Ethyl .lcctate, benzaldehyde, 
butync 1Cld, acetone and oX1hc 'lCld In vanom concentratIOns h lve 
Similar stImulatory effect 

The association of (..ertalO fungi 'lnd additIOn of myceh 11 extracts 
were also found to markedly stJmuhtl. germinatIOn The close 
aSSOCiatIon of an yeast, sp of TorulopSl.'1 was found to stlmuhte the 
spore" of many mushroom fungi, while, In ItS absence no germInatton 
occurred (Fnec;, 1941, 1943) Spores of some fungi belonging to 
Mucorales, such as Ptlobolus and BasldlObolus must p iSS through 
ahmentary canals of certam antmals, before they can germmate The 
exact nature of the stlmulu<; exerted m such case~ IS obscure 

Light does not appear to be of pnme Importance 10 germmatlOn 
Dnect sunltght and Ultra vIOlet Itght have, however, Inhibitory effect 
and may even kill the spores Diffused ltght appears to favour 
germlOatlOn 10 most spores 

.Ind Phytopath, pp 165-176 ( 1950) 
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CHAPTER 11 

HOST PENETRATION AND INFECTION 

ThIS phenomenon, whIch consIsts of the actual entry of the 
pathogen mto the host, C1n be consld(!red under two heads The 
mechanism of IDfectJon and the Avenue of mfectlOn The former reldtes 
to the vanous processes by means of whIch mfectlOn takes place and 
the latter wIth the actual manner of entry of the pathogen 

MECHANISM OF INFECTION 

1 he actual process differs accordmg to the nature of the pathogen 
In fungI and flowe-ring parasites of the type of Loranthus, the 
meLhaOlsm may be descnbed as actIve or aggreSSI\e, whIle 10 bacteria 
and vIruses It IS of a pass1ve type 

The active mechaOlsm employed by the former group of pathogens 
IS Illustrated 10 Fig 40, A-K and follows a hne of action deSCribed 
below 

In fungus pathogens, the process starts with the contact of spores 
wIth the host, the spore lodges 10 a drop of mOisture and IS stimulated 
to germ mate by the growth secretIOns of the host, the germ tube grow~ 
In the duectlOn of the host surface and attaches Itself to the surface 
firmly by special structures, the appressona (Fig 40, E ), the 
pllthogen, t h u s, makes a n aggressive effort, cUriously enough 
supported 10 the process by the host secretions and now 'Itarts the actual 
process of mfectlOn The appressonum gIves flse to one or more thlO 
finely pomted IOfectlOn threads or hyph1e, whIch dIrectly pIerce the 
cutIcle and gam entry mto the mtenor the actual process IS mechamcal 
and not chemIcal The mfectlOn hypha now meets with the epIdermal 
wall, conslstmg mamly of cellulose and secretes enzymes, whIch 
dIssolve the cell walls and gams further entry mto eplderm.!1 cells and 
deeper IOto host tissues by ItS enzymIc activItIes The entIre process, 
thus IS mechamcal 10 ItS early stage and chemIcal In Its later phase 
WIth dlTect contact of the I n f e c t Ion hyphae and theIr enzymic 
actiVities, the contents undergo rapId degeneratIOn, plas~lysls of the 
cytoplasm and nucleus sets 10, causlOg ultImately IhJury to and 
dlSlntegratlOn of the Invaded tissues, the IOfectlOn process IS completed 
by the estabhshment of closer relatIOns between the parasite and the 
host often through the help of haustOria or the SUCklOg organ'l 
ParasItIsm may be accomplIshed In two ways \.IZ (I) by the 
destructIOn of cells and tIssues ( necrosIs) as In m~ nccrotlc dIseases 
caused by such parasItes as Fusarium, PhytophtllOra, wood rottmg 
fungi and others and (2) by estabhshm~ closer nutrItIonal relatIonshIp 
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wIth the host as In many obhgate parasItes hke the downy mIldews, 
powdery mIldews and rusts ' 

In the phanerogamlc parasItes like Loranlhus, on the other hand. 
the process, although very sImIlar to the one described above for fungI, 
dIffers 10 the actual estabhshment of the parasItic relatIon with the 
host The seed lodges on the host, produces a h}pocolyle 10 contact 
with the host and sends down a primary root-hke structure, whIch 
pierces the host hssues, get" mto the cortex and the xylem vessels, 
from which, It derives nouflshment, the mfechon, once established, 
persIsts from year to year, the pnmary haustorIUm sendmg secondary 
branches and haustona, these haustOria pierce vascular bundles, and 
COl1nect themselves with the xylem vessels of the host and thus nouflsh 
the parasite wIth water and saits, the green leaves of the parasIte 
outsIde the host buIld up the food materIals, this mode of nounshment 
IS tYPical of semI-parasItes (FIg 40, L) 

The procl-ss of mfectlOn In bactenal pa thosens on the other hand 
IS of a passIve type, there IS no dIrect attack and no mechantcal 
pressure exerted The actIon IS more of " absolJ!.llOn" or " suc..llq!! " 
and takes place through lOJunes, wounds, and natural openings lIke 
tne stomata, hydathodes and lenhcels or such non-cutmlzed tlssues 
as root-halfs, nectanes and stigma-ends T hIS process IS depicted 10 

FIg 40, M & N 

l da,. 4 dl,' 5 day. 

10 day. 18 dar. 25 day. 

FIG 42 SystemiC spread of virus 
through a tomato plant Arrow mdlcates 
inltJallDfectlOn [ After Samuel 

In contrast to the types of 
processes descnbed above, the 
plant viruses are on a dIfferent 
footmg with regard to the 
mechanIsm of InfectIon The~ 

are very hIghly 1Ofecttous and 
filtrable m nature, dnd find their 
entry Into host tIssues mamly 
through the help of suckmg 
msects, whIch actually tnJect the 
VlfUS mto these tIssues WIth the 
help of theIr finely-poInted 
" styles" (fIg 40, V ), the 
VirUS then "mulhphes" mto the 

host cells and permeates the 
entne plant (FIg 42) 

It WIll not be out of place here to compare and contrast the 
behaVIOur of plant and human pathogens wIth reference to the 
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phenomenon and mechamsm of entrance and mfectton and their effects 
on the respective therapy IO the control of these diseases 

PLANT AND HUMAN PATHOGENS COMPARED 

Plant pathogens 
I Defence-Cuticle 

Human pathogens 
Horny skm and sweat 
Passive 2 InfectIOn-Aggressive 

3 Nature of mfl..ctlOn-Pressure AbsorptIOn 
4 Re1ctIOn of secretlOns-Alkalme ACidic 
5 Role of sc(,retJOn-Favours mfectIon Retards mfectlon 

The plant doctor, thus, ha<; comparatively a more difficult ta~k 
than the human doctor, the former depends pnm1nly upon preventive 
measures and, thcrefore, dCdls with his plant pattcnts before InfectIOn, 
while the lattcr deals with patients after mfectIon, the fust deals with 
the phenomenon of mfectlon and the second with disease 

This now bnngs us to the consideratIOn of the next process 
Avenue of mfcchon or the Ic'udl manner of entry of pathogens mto 
theIr ho~ts Thl<; proce<;<; may take place through sever II avenues 
dependmg upon the nature of the paraSite" a<; <;hown m the follOWIng 

key 

, 

I 
Cutmlzed 
surf,lce 

I 
EpIdermIs 

AVENUES OF INFECTION 

I 

DIrect IndIrect 

I ---
I I 

Non cutmlzed Natural 
surfJce openmgs 

\." 

I Root-halCS I Stomata 

2 Seedhngs 2 Lentlcels 

3 Nectdnes 3 Hydathodes 

4 Needles 
5 Buds, 
6 StIgma-ends 
7 Anthers 

I 
ArtificIal 
openmg!t 

'-' 
1 Wounds 
2 Stalk-end 
3 Insect punctures 

The process of direct entry of pathogens mto plant tissues through 
a layer of unlIljured cuticle has been already descnbed in detail 

There are, however, several plant tIssues, whIch have no such 
cuticular defence lme and make way for pathogens, which use these 
organs as passage for migratIOn mto deep-seated tIssues Stigma-ends, 
buds, needle po lOts, root hans etc prOVide such avenues 
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Entrance throQ&)l root-hairs - These structures are not cuttnlzed, 
and therefore admIt several soil-pathogens, whIch normally are unable 
to prcss through the cutIcle ThIs mode of entry IS characteristIc of 
Fusarium WIlt, the club r.)ot organIsm ( PlasmodlOphora brasslceae), 
the Texas root rot funl;;us (Phymatotrlchum omm vorum), the fungus 
causmg "hollow stem" of sorghum (Rhlzoctoma batatlcola) It IS 
of common occurrence In sOIl-borne bactenal pathogens and In many 
root rottmg fungI A well-known example of an orgamsm effectIng Its 
entry through the root h:urs IS the nodule-bacterIa ( FIg 40, 0 ) .._ 

Seedlmgs as avenues of entrance - Seedlmg mfectJon, sometIme~ 
also known .is s_l!temlc mfecllQn, has been proved 10 several Important 
dls('ases, the pathogen In such case:., IS carned on c;eed-coat or comes In 

contact with the germmatmg seed In the sOil mfectlOn of the young 
succulent tIssues or through h~pocotyle occurs at the tIme of emergence 
of the seedling In certam cases, such mtectlons exhIbIt themselves ID 

the form of chardctenstlc symptoms In all above-ground parts of the 
host as In downy mtldews of cereals (SclelOspora sp) In other 
types, the mfectlon does not give flse to symptoms Immediately but 
remams latent until formatIon of flower heads, when the tYPical 
symptoms appear such IS the case In many smut and bunt fungi 
Seedling IOfectlOn of the latter type IS very commonly met WIth m the 
gram and loose smuts of Sorghum ( Sphacelotheca sorr:11l and 
S cruenta), bunt of wheat ( Ttlletla trltICl), flag smut of wheat 
(Uronstls trlflCl) and head smut of Sorghum (Sorosporlum relllQnum) 
The former type wIth Immediate development of symptoms and 
disease IS charactenstIc of the downy mildew of cereals (Sci 
grammlcola), downy mddew of Sorghum ( Sci sorglll), omon smut 
( Uroc}stls cepulea) and foot rots caused by fungI of the type of 
Pythrum, Fusarium and Rh,zoctoma 

Flower mfectlOn - The stIgma end:;. of the flowers proVide highly 
receptIve organs for entry of p'lthogens on a c c 0 u n t of their erect 
pOSItIon, the sugary secretIOns gIven out by theIr heads and the 
succulent tIssues makmg up the head A claSSical example of such 
mfectlOn IS the loose smut of wheat ( Us t II ago t r I tIC I) It IS of 
common occurrence In the long smut of Sorghum ( Tolyposponum 
ehrenbergll), black smut of nce (Nemossla hornda), ergot of rye 
( CIOIlceps purpurea), smut of bajra (Tol}posporlum pemcellanae ) 
and brown rot fungus ( Sci e rot I n I a fi uctlcola 1, (FIg 40, U ) 
Penetration through anthers h.is been demonstrated for blossom blIght 
of red clover caused by Botr) tIS anthophlla, (FIg 40, W ) 

The flower InfectIon mentioned above can be grouped under two 
heads, one where stIgma-ends serve only as channels for the entry of 
the org'lntsm, which ImmedIately starts actlvlty causIng disease In the 
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vanous parts making up the blossoms and the other where the germ 
tube enters the ovary through the stIgma-end and style and takes 
<lsylum therem, remalOS pasSive and transmits the mfectlOn to Its off­
spnng 10 the succeedmg season, as exemplified by the classical Ustzlago 
Irltlel and Botrylls anthophlla 

Nectanes and buds also provide favourable avenues for mfectlOn 
10 a few cases, on account of their non-cutmlsed tissues and sugary 
secretIOns (Fig 40, T) Bacillus amylovorus, causlOg the fire bltght of 
apples, Sclerotlnta frucllCola responsible for brown rot of pears, the 
peach leaf-curl fungus, Taphrma deformans are examples of such mode 
of mfectlOn The fungus causlOg the scab of apple", Venturw mequalls 
makes Its way mto blossoms through the young budc; 

Infection through needle pOlOts IS of c;peclal slgmficance 10 the 
dreaded blister rust of plOe, whIch mes these pomts as avenues of 
entry for the basldlOspores of Cronartmm nblcola 

ENTRY THROUGH NATURAL OPENINGS 

StomataimfectIon - ThiS IS a very common t y P e of entry for the 
plant paraSites, the actual mechamsm differing 10 different types of 
p'\thogen<; The penetration of bacterIal p1thogens, for mstance, takes 
place through the actIOn of 1bsorptIOn and IS therefore passive 10 

n1ture The action IS In the nature of suctIOn and IS typical of 
Xanthomonas campestrzs, Xanthomona~ malvacearum, X phaveolz, sOJens 
and many other aerI il b'\ctenal parasites (Fig 40. M ) 

Many fungi utIlise the stomatal openIngs for entry mto theIr host 
plants The late blight fungus, PhytophthofO lnfestans, the downy 
mildew fungus, Plasmopara VIIlcola, the white r u s tor g ani s m, 
Alhugo candida are examples The host penetratIOn by uredlOspores 10 

many rusts occur~ pnm'1nly through stomata and IS characteTlstic of the 
rusts of cereals, leaf rust of coffee. rust of linseed and others ( Fig 40, 
R ') The basldlOspores and the ,leClospores of these rust fungI, on 
the other h1nd, have no use for such openmgs and directly bore mto 
the host through the cuticle ( Fig 40, P ) 

Lenhcels as avenues of entrance - The entry of plant pathogens 
through the len tiC e 1 s follows a course Similar to the stomatal 
penetration and IS of Vital Importance 10 diseases of vegetahve parts 
such 1S tubers, stems, and root crops, these "breathrng pores" 10 

potato tubers, 10 stored frUits on citrus stems and on arl'canuts admit 
the respective pathogens mto thelT tissues, such IS the case 10 powdery 
~cab and common scab of potatoes, the black scurf of potato, the stem 
cankers of CitruS trees, the canker of guava frUIt, the 'Koleroga' of 
areC'lnuts and ripe rots of stored frUlts, the numerous lenhcels present 
on the surface of these plant parts, prOVide SUitable and easy avenues 
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for the germ tubes of the respective orgaOlsms The organism causing 
the black rot of cabbage (X campestrls) gains entry Into host tls~ues 
pnmanly through hydathodes by the process of suctIOn or absorption 

ENTRY THROUGH ARTIFICIAL OPENINGS 

Wounds as pomts of eotry - This IS a spt-cl<ll mode of penetration 
and IS mainly ulthsed by the wound and weak parasites The s e 
wounds or IOJunes may be caused by vanous agencies, such as physical 
bruises resultmg from farm operatIOns of harvesting, dlggmg etc, by 
hall storms, animals, Insects, borers, nematodes. sunburn and several 
other~ Thp orgam<;m<; cau~Jng the well-known rtpe rots and storage 
diseases, such ,IS RllI::OPUS, Aspergillus Pelllci/llUm, DIp '0 d, a, 
'Gloeosponum, Collelo/rullUm, Vermlculana, Bolrylls, Fusarium and 
sevcral SpeCICS of bactt-fla have this modc of entry The notoriouS 
crown gall orgamsm B tumefaclens and the fungus causmg late bltght 
of potdto ( m tuhcr mfcctlon ) enter th()lr hosb tbrough thIS channcl 

CrevKes IOta cuticle or bark tissues 11'lVe becn Uti "sed by a few 
pathogens for trelr entry Ph} tophthora palmlvora and Ph cllrophthora, 
the cause of gummosls of cItrus trees In India and CalifornIa 
respectively. gam entry IOtO the bark through crcVlces at bud Jomt 

Hall-storm and frcezJDg mJurics have been known to aId cntrance of 
some pathogens, which otherwIse are mnocent A recent outbreak of 
cold wave In Bombay ( 1937) brought about SerIOUS and wide-spread 
freezmg Injury In sugarcane which was followed by species of bacteria 
causing a severe type of bud rot Slnular phenomenon IS expenenced In 

fruits directly exposed to sun scald when the weak parasites such as 
Gloeosp0rlum and Colletotrlcllum g,\1n ready entry through the 
,"eakencd surface C'lU~tng rIpe rot" 

Entry through stalk-ent!_s IS a famlhar sight In many frUit rots The 
common blue mould of lemons ( Pemcllium l/abcum), the npe rot:. ot 
mangoes and banan'\ (Gloeo~poflum raelbors"" ) and the blul,.k rot of 
plOeapple ( ThlelaVlopJls paradoxa) are examplcs of pathogens. which 
are weak parasites and enter the plant p1rts through the stalk-cnds 

Entry through IDsect IDJuries - Injunes 'lnd wound~ caused by 
tnsect .. are eaSIly penetrated by vanous plant p'\thogens The well­
known brown rot fungus ( Sclero/l1l1a frucilcola) IS not only c'\rncd 
by wasps and bees but these tnsects depOSit the eOOldla In wounds 
caused by their beaks and thiS facllttates theIr entry mto the frUits 
Phomopsls versomana causlOg brown rot of pomegranates follows the 
path of the frUit b.>rer In the not 0 rIO us Dutch Elm dis e 1 s e 
( Cera/ostomella ulm,). thc elm bark beetle (Scoly/m sp) facilItates 
entry of the pat hog en through the lOjUnes caused by It The 
secondary mfectlon of c;ugarcane by the red rot orgaOlsm, Colle/otnchum 
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falcatum, is greatly dependent upon borer and weevil injury of shoots 
and leaves. 

The role of insects in facilitating entry of the viruses has been 
already discussed in Chapter 9, under " Dissemination of plan t 
pathogens." The role is specific and the relationship is of a biologic 
and not mechanical nature. The manner of penetration of these 
viruses through the agency of insects, is depicted in Fig. 41. 

FIG. 41. Host penetration of virus through insect styles (Photomicrograph) 
L : Host phloem. R : Insect mouth. Centre: style. 

{After: Bennet, C. W. 
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CHAPTER 12 

SYMPTOMS OF DISEASE IN PLANTS 

Symptoms are expreSSIOns of diseased condition and help 10 

general tn diagnosIs although they do not, mlny times, provide a real 
basIs for knowtOg the exact nature of the disease A rattonal control 
of a disease IS possible only through a correct diagnosIs Symptoms are 
many times confused with disease Itself, fever, for IOstance, 10 human 
pathology IS not a disease but IS a symptom of disease, and may be 
expressIOn of vanous dlst!ases far removed from each other such as 
Typhoid, TuberculOSIS, Cholera, Malaria and Small pox EVen a 
Simple wound or spram may give rise to fever WhKh IS a rise 10 the 
body temperature Control measures m each of the above cases would 
be different Symptoms are also apt to be confused Wit h "Signs", 
10 specific cases, signs are more reltable than symptoms and help m 
accurate diagnOSIs Presence of sclerotia or felt-like mycehum on 
under-ground parts of wiltmg plants, pycnldla tn leaf infections and 
penthecla 10 stem cankers are signs and very helpful m dIagnOSIs 
Symptoms are often deceptive, chlorosIs of plants may result from 
different groups of factors, It IS present JU downy mildews, VirUS 
diseases ( MosaiCS) and 10 defficlency diseases ( Mottle leaf of CitruS), 
the first IS of fungus onglll, the second of VIrus and the third category 
IS due to deficiency of some minor element tn the sOil 

::,ymptoms are expressed externally as well as mternally Internal 
symptoms are more reliable than the external ones BldCkentng of 
\ ascuhr bundles, presence of mycelIum to plant tissues, production of 
spore-frUits In diseased tissues, oozmg of bactena from mfected parts 
( tn bactenal diseases) are examples of the former types In human 
pathology, the phYSICian depends upon X-ray screentng, microscopIc 
examtnatton of blood. sputum, stools etc to help him In correct 
dIagnOSIs 

Symptoms are best grouped under three general heads, dependmg 
upon the" pathologiC histology" or nature of tissue-changes Involved 
Those which bnng about reduction of ttssues and result In under­
development may be designated" HypoplasIa", those whIch stimulate 
tissues to overdevelopment as "HyperplasIa" and those e au sin g 
destructIOn of tissues, "NecrOSIS ' 

HYPOPLASIA 

(Hypo= ~de_!_andplafla= fQ!_m~) 

The symptoms grouped under thiS head Involve a reduction eIther 
In the chlorophyll content plant tissues, plant parts or the entire plant 
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Mosaics, scaly leaves and dwarfing may be cited as common examplcs 
As llrcadyexpl,uncd, sULh symptoms m.ly result from diverse causes, 
such as pJr'hlllc InfectIOns, ViruS tnfectlOn and non-parasitic agenclcs 
such 15 deficienCies, excesses of minor elements tn sott, shady SituatIOns, 
eXCLS!> or want of water at roots of growmg plants etc So m e of the 
general type" of sym ptoms, classed under thiS hcad, are listed below 

1 Ycllowmg - ThiS IS generally known as etIOlatIOn, alblnl<;m 
and chlorOSIS and may be caused, beSides para~lttc causcs, by 
deficlenclcs of ZII1C, boron, Iron and mang,lI1ese In SOils, stagnation of 
wdter at the roots and even genetical factors High w ate r table and 
hard pdn of subSOil arc common causes of sULh symptoms In orchards 
and are gencrally met with III Lltrus gardt.ns 

2 Pallor - ThiS IS synonymous Wit h anaemic condition or 
bloodlcssness, common In human pathology and IS due to a gcner II 
reduction of the chlorophyll appardtus mduccd by vanous agencies, 
mentioned above DefiCiency 0 f Iron and excessIVe IrrtgatlOn 
coupled With defective draln1ge and shady SituatIOns are common 
causes In legume crops, such d condition may rc~ult from defiCiency 
or absence of nttrogen-hxmg bactCrt,l tn SOils 

3 MO'ialc - ThiS IS a tYPical symptom cdused by vlru,> IllfectlOn, 
although simtiar symptoms may be Illduced by chenllcal defiCienCies 
(mottle leaf of cltru~) The vIr u s mosaics however Me highly 
tnfectlous unltke Similar symptoms cau'ied by non-para'iltIc agencies 
Leaf mottles, however, are not always ,>ymptoms of diseases, those 
produced m the ornamental plants llke coleus, crotons and caladIUms, 
for II1stancc, are highly prtzed for their exquIsite patterns dnd arc 
signs of health and 1I0t dlsea~e 

Ltttieleaf, yellow mosaiC, yellow-vein mosaic are s 0 m e of the 
other types of hypoplastiC symptoms and have been so named In 

accord With the patterns produced In each case The first denotes 
reduchon III the leaf lamma, tYPical of the virus mfectlOn III brtnJal'i 
tomatoes and cotton, the second 0 f bean vIr u s and the third, 
Ch1r1ctemtlc of H,b,SCUS, IS expressed by yellowmg of vel n sand 
typical mas lie pattern tn the mam Iamma "Yellows" of dster al'io 
Cdn be grouped under thiS head 

4 Dwarfing - ThiS den 0 t e s a general under-development of 
the entire p I ant, brought about by reductIOn of the Internode~ 
and attamment of a fan-shaped stunted appearance and IS u~ually 

accompanied by "Hyperplastic" tissue changes, as m many virus 
dl!>t,ases of plants Stuntmg With prohferahon of buds, IS of common 
occurrence In the early stages of the downy mildew lI1fection III cereals 
( Fig 43, 1-8) 
6 



82 INTRODUCTORY PLANT PATHOLOGY 

II HYPERPLASIA 

( H)per = over + plasla = formatlQJl) 
_.--' _-

This group of symptoms denotes over-development or enlargement 
of affected bssues, due to :.t1mulatlon. the tissue-changes mvolved are 
of two types enlargement of mdlvldual cells and exces~lve multiplicatIOn 
of cells, the former tlssue-ch,mge 1S known as hypertrophy and the 
latter as h)perplasla The well-known s tern gall s produced by 
Loranthus and club root of cabbage are common examples Some of 
the cOtnmon types of symptoms met with 10 thIs class arc h~ted below 

C!_)Root galls -These arc tYPical ofnema-mfectlOns 10 solanaceous 
plants and are produced as little raIsed pimples In roots and tubers 
The roots 10 club root of cruclfcrous planh are converted mto swollen 
structures of the type of "finger-'lnd toes", by me'lns of which the 
disease IS easIly recognIsed The Stemgalls, the Ceder-g a II s, the 
abnormal swellings produced In white rust disease of crUCifers, the 
bhster; accompanied by leaf curls charactenshc of ViruS dl~eases of 
tobacco and datura. the crown-gall of vanous trees due to bactendl 
IOfectlOn are all well-known example~ of'iuch symptoms 

Abnormal and excessive stImulatIOn of buds IS of com m 0 11 

occurrence 10 certam mfectlOns and brtn~out the notonous wItches 
broom .. , sometimes designated as bunchy top and sometimes as green 
ear, tn accord With the actual tissues and parts mvolved 

Hauy root and spmdle tubers are tYPical virus mfl.ctlOns, common 
10 sugarbeet and potato respectively ( Fig 43,9-16) 

III NECROSIS 

Dlsorgamzatlon and destructIOn of tissues are the maIO types of 
tissue changes mduced by thiS group of symptoms The InfectIOns may 
mvolve the epidermiS, the collenchyma, the cambIUm layer, the vascular 
t'lssue, the laminar tl~sue of the leaf or the pith cells deeper down and 
maj result tn the complete death of the enhre plants or parts and even 
tIssues thereof (FIg 44) 

1 Dampmg off IS a special name gIven to denote wlltmg of young 
seedlIngs and IS of common occurrence In seed beds It denotes 
sudden wIltIng and collapse of the IDfected seedhngs and IS characten'itlc 
of Cruclferous and Solanaceous seedlings Tobacco, cabbage and 
chtlltes often show such symptoms In the seed beds 

2 WIlts are tYPIcal vascular mfectlons and are generally found 
In adult plants, the Internal IOfectlOns characterIstIc of the WiltS are 
the blackenmg of the vaswlar bundles. so commonly met With 10 

cotton, banana, flax, tomato, water melon, tur, 1ath)rus and the bacterIal 
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FIG. 44. Necrosis. I. Damping off; 2. Wilt; 3. Vascular ring; 4. Dry rot; 
5. Soft rot; 6. Rhizoctonia rot; 7. Black heart; 8. Root rot; 9. Scab; 
10. Canker on fruit; 11. Bacterial canker; 12. Stem canker; 13. An­
thracnose; 14, 15 & 16. Leaf spots; 17. Shot holes; 18. Tar-spots; 
19. Exudations (Gumming); 20. Blight. 

[Kamat, 1953. 
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oozmgs from the bacterIal mfectIons In bJack rot of cabbage and 
" nng" of potatoes 

3 Rots are mfectlons of parenchyma, collenchyma and pIth tls~ues 
and m1Y mvolve vanous parts of the plant The root rots, the collar 
rots, the foot rots, the neck rots and the bud rots are common ex.amples 
These rots may Impart dlffl.rent colour reactions, In which case they are 
deSignated as bJack rot", red rot", wlute rots, brown rots If the tissues 
retdln firmness, they are known as dry rots, If soft, soft rots and If 
putrefactIOn sets In, wet rots The~e symptom~ mamly occur m storage 
and m.lY result from parasItIc as wdl as non-p lrd<;ltlc agencies The 
well known bJack-heart of e£1_atoes and other frUits IS caused by high 
storage temperature and III ventJ)atlOn 

4 Scab IS epIdermal infectIOn and IS not deep seated, the powdery 
scab of potatoes IS a fdmlltar example Prolonged ex.posure of dehcatc 
frUIts ltke grapes, citrus and pap'lya to direct sun may also mduce 
such InfectJon<; 

5 Cankers on the other hand are deep-seated and lOvolve the 
cambium layer they Involve destructIons of woody tissues and arc 
common mfectlOns on stems of Citrus, mango and many frUIt and 
forest trees 

6 Anthracnoses destroy the coUenchyma and cambl um layers and are 
dIfficult to dlstmgulsh from the cankers descnbed above, the leSIOns 
are sunken In the centre WIth raised margins, tYPIcal of grape, rose, 
beans and chilltes 

7 Leafspots, as the name mdIcates, are lammar mfectlOns, ltmlted 
10 extent and are Imparted WIth vanous colour reactIOns The "buds­
eye" and the" frog-eye" are distInctIve names given to the spots on 
account of theIr SImilarIty to such anImal structures WhIle In the 
majorIty of cases the affected leaf ttssue IS tntact, 1U others, It Withers 
away leavmg holes behmd, such a phenomenon IS deSIgnated as "Shot­
hole" 

8 BlIghts and blast are other types of tissue-destructIons met With 
and are so deSignated because of the overhaul effects produced 10 

mfected pldnts, they Involve raOid and generdl destructIOn of growmg, 
succulent tl5sues, hke shoots, blos~oms, and tWigs etc and are 
deSignated shoot-bltght, tWIg-blIght, early bltght, latc blIght and 
so on 

9 Exudations arc plant excretIons and are brought about by 
dlsea<;ed conditIon of the mfected plant Plants excrete varIOUS types of 
exudates In their normal ltfe whIch must th~refore be distinguIshed 
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from those of pathologIcal ongln Rubber, gum, latex and neera, are 
normal excretIOns and are valued In Industn~s The pathological 
exudatIOns, on the other hand, are of a harm fIll nature and result In 

damage to and destructIOn of such mfected plants The gum disease of 
citrus and bleeding disease vf palm are of the Id~ter type 
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CHAPTER 13 

THE DISEASE IN PLANTS 

Disease IS a biological p hen 0 men 0 n brought about by an 
mteractlOn among the host and the parasite, aided by environment 
In this aSsociatIOn, the~pilfaslte--.c--acts" (offensive) and the host 
" reacts" ( defensive), the sum total of this reaction rnaOlfests Itself 
mto the complex: phenomenon of disease Disedse mamly ongmates 
as a disturbance I n the functional process, which ultimately may lead 
to an unthnfty development of the organl~m It IS a conflict be ween 
host and the parasite, the ultimate success or failure of which I') 

determmed by the "actIOn" of the parasite (virulence) dnd the 
reactIOn of the host ( resistance) The course of this b I 0 log I c a I 
conflict IS largely governed by environment as stated In Chapter 14 

Since disease I'> a dynamic phenomenon, the two parhes to the 
phenomenon contmually modify their respectIve positIOns and tactics 
to SUit the SituatIOn ansmg from time to tim e, actmg and reactmg In 

the process and trYing 10 their own subtle way to overcom'" each other 
It IS a Virtual race between the host and the paraSite, the external or 
mtemal factors sometimes aiding the host and at other times, the 
parasite and which ultlmatcly detcrmme the course and seventy of the 
disease The SituatIOn I~ more complex In infectious disease where 
both the host and the parasite are hVIng entities and capable of 
continual adjustment and modifications of their mnate characteristics 

It would be well, at this stage to compare and contrast the 
phenomenon of disease, as It occurs In phytopathology and human 
pat hoi 0 g y, Since such a comparISon Will lead us to a clear 
understandmg of the phenomenon and aid us In devlsmg ratIOnal 
methods of controllIng It, Which, after all, IS the malO object of our 
study 

PHYTOPATHOLOGY AND HUMAN 
PATHOLOGY COMPARED 

Defence 
Nature of defence 
Pathogens 
Mode of mfectlOn 
MechanIsm of IOfectlOn 
Nature of disseminatIOn 
Effect of environment 
Doctor'~ part 
Nature of control 

Human Pathology 
Skin and sweat 
ACid 
Mainly bacterial 
PaSSlVe 
Absorption 
Autonomous 
Shght 
After InfectIOn 
Curative 
( Thera peuilc ) 

Php.fJpatholog)! 
CUtlcle~ 
Alkalme 
Fungus and bactenal 
Active 
InvaSIOn 
External agencies 
Profound 
Before lllfechon 
Protective 
( Prophylactic) 
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Disease, 10 plants, thus IS a complex phenomenon and therefore 
more dIfficult to control, on account of ItS nature and mode of 
InfectIOn, dlssemmatlOn and the profound effect of the environment on 
ItS ultJm'lte chmcal picture On account of the relatively mInor part 
that enVIronment plays on human dI<;eases, the doctor deals WIt h the 
host and Its p.uaslte while the plant doctor has to concern hImself, 10 

additIOn, to the third fador of envIronment, which governs not only 
the lIfe processes of the host but also of the parasite The plant 
doctor IS beset With another formidable difficulty, he IS unable to 
cntJl.ally study the behaVIOur of the parasite and chmcal course of the 
disease except llnder natural conditions, which on account of their 
ever-changmg nature, are difficult to Imitate under any artificial 
experIments SUl..h" study, however, IS greatly faCIlItated 10 human 
pathology because of the comparatIvely sltght 10fluence of the externdl 
conditIOns on the human body and the pathogen 

Dhe'lse m'lnlfests Itself III the form of symptoms (Symptomatology) 
and effects or structurdl changes ( Pathologic Histology), WhICh h ave 
been discussed 10 Chapter 12 A clInical picture of the phenomenon of 
disease comprIses of the fol1owlng phases 

I InfectIOn 2 Incubation 3 Disease expression 
4 Reco\ery or healIng 5 Return to health 

In plant disease, the 4th and the 5th phases are absent, as once 
mfected, a plant rarely recovers or regams health, dnd hence the plant 
doctor depends more upon preventive rather than curatIVe measures of 
control An example of d plant cured of a disease IS very rare 10 

plant pathology, a possible exceptton bemg the powdery mildew 

VarIous modlficattons of thiS !tfe associatIon between the host and 
the parasite eXist 10 nature One of the commonest examples of such 
highly organised associatIOn IS " SymbiosIs" 10 the well-known hchen ... , 
where a fungus lIves 10 close dssoclatIOn With an alga for mutual benefit 

SImilar associatIOn between Rhizobium legummosarum and the 
roots of legumes ( the nodule bacterta) IS of an mgenlous type and not 
only derIves mutual benefit but IS of highest slgmficdnce m Agnculture 

" MycorrhIzal" assoclattons, so common 10 forest trees, between 
certam plant roots and fungi, have Important ImplIcations In SilViculture 

An a~soclatlOn exhlbltmg parhal parasitism eXists between the 
green mistletoe ( Lorallthus sp ), and the roadSide trees, between the 
Slnga and the Sorghum and several others These aSSOCiatIOns are 
stable 10 character and do not IOvolve VIOlent disturbances III the 
eqUIlIbrIum of the two organtsms and are, therefore, comparatively less 
harmful tn nature 

DJseases are often spoken of dS "caused" by an agent, ltVtng or 
non-hvmg ThiS IS not the correct manner of descriptIOn, disease IS really 
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tlated or mClted and mayor may not exhIbIt Itself at the pomt of 
ectlOn In systemIc dIseases, the infectIOn takes place at one pomt 
t the actual symptoms of dIsease appear much farther away, such 
example IS the smuts and bunts of cereals, where the actual mfectlOn 

)t IS the seedling but the symptoms of dIsease appear I n the 
)SSoms, removed both In time and space 

DIsease, thus, may mantfel>t Itself In the followmg spheres of the 
1St 

1. Anatomy (Structure) 2 PhYSIOlogy 3 Function 
Dbease has an mdlvldual as well a!. an agncultural aspect WhIle 

former IS the concern of a mycologIst, who continually looks for 
iN records of fungI, bactena and other mIcro-organisms and IS 
refore more academIc, the latter aspect IS the domain of the p I ant 

thologlst, who seeks a cntlcal study of the dIsease, as It affects the 
f1cultUrlsts and hIS agncultural economy, It IS an Intnnslc and reahstIc 
proach to the economic aspects of the problem, which ultimately 
termme the welfare of mankind Thus, dIseases of economIc 
portance, whether of paraSItic, non-paraslttc or Virus Origin, 
horough lRvestJgatlon Into their nature, etIology and measures of 
ntrol form the mam theme of the sCience of phytopathology Such 

all-pervadmg concept of dIsease Includes those that not only 
rea ten the }tfe of plants but also those whIch lower the value of 
nculturaI crops and tnelr produce as economIc producers and for 
uket purposes Examples of the latter type are the scab-affected frUits, 
nker-affected lemons and eel worm-affected tubers, whIch on account 
their ugly appearance, become unfit for market 

Havmg discussed the phenomenon of disease, Its mamfestattons, 
, ImplIcatIOns, the gross effects produced and nature of the aSSOCiations, 
,modIficatIOns and ItS vanous aspects, It IS now pOSSIble for us to 
mSlder the questIOn of control, whIch compnses mamly of prophylactIc 
easures ThIS wIll be done In the next few chapters 
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CHAPTER 14 

Environment in relation to disease in plants 

That environment played a great part In the development of 
disease 10 plants. was recognised SInce times Immemorial Early 
wntIngs. on the subject, are full of such observatIons on the profound 
10fluence of the vanous fdctors such as temperature. ram. cloudy ddYs. 
dew fall and so on Envlronme'lt plays a more determined part In 
phytop'lthology than 10 human pathology, as It vit'llly afft-cts the 
growth and lIfe processes 10 plants more than In m,tn Plants are 
more subject to outside enVironment, readily react both Internally and 
c'Ctermlly md contmu1I1y modify their mode of lIfe. their structure 
md their orgmlzatlOn, to SUIt these ever ch1ngtng conditIons Disease 

IS a complex phenomenon, resultIng from an mterdctlon among the host, 
the pathogen and the environment The suscepttblltty or resistance of 
the host, the relatIve aggresslvene~s and virulence of the pdraslte and 
the vanous factors of the enVironment, combme and rea~t to produce 
this phenomenon The rehtlve p1rt each of the above factors play In 

this phenomenon therefore IS difficult of accurate assessment and must 
be determined by cumulatIve effects The subject hds been well 
discussed by FOI~ter ( 193~) and Jones ( 1924), Humphrey (1941) and 
Chupp ( 1946 ) 

Euvlronment compnses of three groups of fdetors (I ) Meteorological 
(21 Soli and {3) BIOlogical These factoTs seldom act alone, they are 
cumulatne 10 effect They sometimes act IOdependentiy ( direct) on 
the parasite and at other times mdlrectly through the host Some of 
the Important factors. so mfluencmg disease, are hsted below 

ENVIRONMENT 
_______________ 1 ____ __ 

/ I I 
(!) Meteorological ~ Soli 

Temperature SoIl temperature 
Humidity SOil mOIsture 

PrecIpitatIon SOil conditIOn 

Dews SoIl reactIon 

Topography SoIl defiCienCies 
Light 
Hall-storms 

IndustrIal by-products 

I 
(!__) BIOlogical 

Insect flora, 
SoIl flora _ 
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METEOROLOGICAL FACTORS 
/ 

An temperature, In general, has a profound efi\.ct on the 
development of disease Diseases can be grouped 10 a broad sense 
mto tropical, temperate and sub-tropical on this basl~ as follows 

Tropical Temperate Sub-tropIcal 
'B\ast of nee Late Bhght of Black stem rust of 

potato wheat 
Long smut of RUst of hnseed Downy mllde~ of 
sorghum 'Yellows' of cabbage grape 
Root-rots Stnpe rust of wh~at Powdery mildews 
Leaf rust of Common smut of Cereal rusts 
sorghum corn 
Leaf rust of Bunt of wheat Loose smut of 
sug1rcane wheat 
Leaf rust of Brown rot of Fusanum WiltS 
bajra stone frUits 
Plant VlTuses Ergot of rye 

A well-known '\nd clear cut example of the role of air temperature 
10 development of disease IS provided by three rusts of wheat 10 the 
Indl.ln sub-contment The black stem rust (P gramlnlS tntlel) IS 

generally prevalent In southe~ parts, the leaf rust (P tntlClna) In 

central India and the stnpe rust (R glumarum) 10 extreme northern 
sectIOns, With correspondmg clear-cut temperature lImitatIOns dUrIng 
the growmg pCTlod 10 these regIOns, as shown below 

'fable S 

DIstributIOn of the three rurls of wheat In India 

Range 01 air Prevailing Regions temperature durmg Rem1rks 
growmg penod rust 

--------

1 North 55 - 65°F StrIpe rust Oversummers above 
( yellow) 7000 ft 

2 Central 60 - 70°F Leaf rust Over<;ummers above 
(Brown) 5000 ft 

3 South 70 - 80°F Stem rust Oversummers above 
( Black) 4000 ft 

Air temperature IS ollso a controllmg factor 10 the development of 
the late bhght of potatoes, Virus diseases of potatoes, powdery mIldews 
and storage diseases The cardmal aIr temperatures for the develop­
ment of late bhght of potatoes 10 the field are 3-4°, 19° and 25° C 
In storage, the potatoes do not develop the storage rot below lOoC 
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and the susceptIbilIty of the tubers IOcreases with lDcrease In the 
storage temperatures, similar IS the cas e In the field, where aIr 
temperatures are a lImitIng factor m the development of disease This 
IS corrobonted by the extensive mCldence of the blight In the cooler 
regions and In hdl statIOns and ItS absence from the plams, where an 
temperatures In the growing season, are above the optimum 

Au temperatures also playa very Important role m green house 
studies for determInation of rust reactions In cereals Workmg wIth 
Pucclma glumarum t"tlCI, Gassner and Stralb ( 1929), found that the 
reactIOns of this rust on wheat varIeties were greatly modified by change 
In air te-nperatures At lOoC the reachon was of susceptIble type, 
whde at 20°C It was of Immune type On the other hand, results 
obtamed "Ith PUCClnla gramlnlS ( Newton and Johnson, 1932) showed 
a reverse posItion VIZ that the reachon was of resistant type at 14°C 
and highly susceptIble type at 24°C (Fig 45) 

Similar results were obtalOed m stnpe disease of barley caused by 
HelmmthospoTlumgrameneum whIch has cardmal temperatures of 0°,25° 
and 33°C The seventy of mfectlOn was found to mcrease wIth 
reductIon In aIr temperature At 5-10°C the seventy ranged between 
80-83%, at 15-20°C It was 15-45~o and It was only 5% at a temperature 
of 25°C These rcsults, however, vary WIth vanetles of the host and 
the strams of the parllsite (Isenbeck, 1937) Many storage diseases, 
such as dry rot and black heart of potatoes, om on smudge, npe rots, 
brown rot of peaches, etc are profoundly affected by s tor age 
temperature (FIg 46). In such cases however aeratIon of the storage 
alsu plays a promment part The temperature relatIOns for the 
development of the frUit rot of banana caused by Botryodlplodla sp In 

storage were determmed by Chona ( 1933)· ID Punjab and are given 10 

the followmg table 

Table 9 

Development of frUit rot of banana at different temperatures m storage 

Temperature °C 

15 

20 
25 
30 
35 

40 

• Ind Jour Agel sa 3 673-687. 1933 

Percent InfectIon 

10 

15 
45 
75 
90 

10 
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Some of the common diseases and the cardinal air temperatures 
at which they develop are shown below 

Table 10 

Cardmal temperatures °c for development of disease in plants 

Late bhght of potatoes ~ 
Downy mJldew of grape~ 
Powdery mtldews ._/ 
Black stem rust of wheatv 
Early bhght of potatoe<; ../ 
Downy mJldew of hop 
Leaf mould of tomato 
Brown rot of stone frUIts 
Dry rot of potato ( storage) 

Mm Opt Max 

12 22 27 
12 22 30 
10 24 35 
15 25 33 
15 25 15 
10 17-18 30 
5 22 33 
o 20 30 
5 24 30 

It Will be seen from the above statement that the tYPically tropical 
diseases have a higher optimum (2S-27°C), while the temperate 
diseases develop best at lower temperatures VIZ 18-2YC 

Humidity plays a great part not only 10 the development of disease 
but also 10 Influencing infections and determlOlng incubatIOn periods 
of a disease In diseases caused by aquatic and semi-aquatic 
pathogens, It IS a hmltmg factor and determlOes the seventy and 
course of the disease Many downy mJldew fungi depend largely on 
this factor for their development, sevrnty and destructiveness The 
downy mildew of grapes, the H Koleroga" of arecanut, the late blight 
of potatoes, the downy mildew of hop, the downy mildews of cereals 
and many others are highly Influenced by relative humidIty Similar 
IS the case with such blight diseases as blast of nce, early bhght of 
potato, bacterial blIght of soya bean, angular leaf spot of cotton and 
scab of apples ThiS factor malnlv act'> through the paraSIte, as hIgh 
humIdity favours It although ItS action on host 10 making the fohage 
more susceptible, cannot be ruled out altogether, the opening of the 
stomata and lentlCels, the excessive water supply and a low rate of 
transpiratIOn resulting from changes In air humidity, tend to favour 
mfectlon and Increase the incidence of the diseases, by JOcreasmg the 
"prediSpositIOn' of the hosts, concerned 

PrecIpitation and dew fall play thclr own part JO mcreaslng 
atmosphenc humidity and cannot be conSidered In IsolatIOn Heavy 
dewfall has been known to favour germmatlOn of spores and mfectlOns 
m such diseases as downy mildew and rusts and thus help JO the actual 
course and seventy of the diseases These factors m combmatJOn with 
temperature have brought about eplphytotJcs of black stem rust of 
wheat, late bhght of potatoes, "Koleroga" of arecanut, downy mildews 
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of grapes and corn and blast of nce The notOriOUS country-wide 
epidemic of black sh .. m rust of wheat 10 India dUring 1947-48, the 
destructive nature of the outbreak of downy mildew of grape 10 

Bombay dunng 1928, the WIdespread damage caused by the downy 
mildew of corn m the Phlhpt'me Islands durmg 1918-20 and above all 
the rulOOUS and Wide-spread na ture of the outbreak of blast of ric e In 
Bombay dunng 1949-50 were mamly the results among others, of the 
cumulatIve mfluence of the above factors 

PrecIpitation and the resultant high humIdIty have played an 
Important role JO the course and devclopment of the" Koleroga " of 
arecanut 10 parts of Bombay and other southern states The planta­
tIOns sItuated m valleys and hedvy ramfall tracts, surrounded by dense 
forests 10 the mteflor, always suffer heavIly, sometimes vergmg on total 
destruction, whtle those planted on high level areas WIth moderate 
ram fa II are much less subject to the ravages of thiS disease Kernal 
bunt of wheat caused by Neovossw md/ca develops best 10 areas With 
showers of ram and low temperatures (15-20°C) at blossommg periods, 
whtle the IOfectlOn IS negligible 10 penods of dry weather The 
development of leaf rust of coffee caused by Hemllela va~tatnx to 

Ceylon and South India IS lOhmately mfluenced by the prevailing rams 
and humidIty 

The part played by hall-storms, bghtemng and mdustnal fumes IS of 
restrtcted nature and occaSIOnal, the aspect IS of special slgmficance 10 

areas situated near mdustnal cities and towns and 10 the VIClOlty of 
smelters Some of the common pOlson gases causmg mjUries and 
damage to growIng plants, crops, kitchen gardens and delicate water 
and ornamental plants, are sulphur diOXIde, hydrochloric aCId, 
chlOrIne and flounne These fumes arIse as a result of mcomplete 
combustIon and are highly tOXIC to delicate folIage and blossoms 
Plants traIled on Iron posts like the grapes are lIable to hghtenmg 
Injury The role of the.,e factors 10 causmg IOjury to c r 0 p plants, has 
not been adequately 'lppreclated and studied on account of theIr 
occaSIOnal VI'ntattons 

J SOIL FACTORS 

Sod temperature by far has a profound lOfluence on the develop­
ment of soIl-borne diseases and greatly modifies theIr course, IncIden(.e 
and seventy ThiS factor generally acts through the host, whIch IS 

highly susceptIble to the ever-changmg mIcro-citmates of the SOIl A 
general retardatIon In the growth of the host at low temperatures bnngs 
10 greater opportuDlhes for the paraSItIc attack and higher InCIdence of 
disease which IS the result and sum total of the conflIct between the 
host and the pathogen and IS therefore determmed by the amount of 
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success attamed by either parties to the conflict Disease, thus, IS 10 

the nature of a race between two opposmg forces, the one trYing to 
overtake the other SOli temperatures, In short, have modlfymg effect 
on the cour<;e of this race Many SOil-borne diseases and those of 
seedhng mfectlOn types, are profoundly Influenced by t his factor A 
convIncmg proof of the great mfluence exerted by this factor 10 the field 
IS provided by two SOil-borne diseases VIZ Root rot of tobacco caused 
by TJlldavla haJlcoia and cabbage" yellows' (Fusarium oxysporum f 
conglutmans) In southern WisconSin (U SA) The behavIOur of 
these two SOil-borne diseases 10 two contrastmg seasons, IS depicted 
10 the followmg statement 

Comparative development of two SOlI-borne diseases at different sOIl 

temperatures ( After Jones L R et at) 

Mean SOil temperatures 

1915 season 20-24 °C 

1916 season 26-10°C 

Development of disease 

Root Rot 0 f I Cabbage Yellows 
tobacco 

Total failure I Good stand 

Good stand \ Total failure 

The above tells ItS own tale The behaVIOur of the two parasItIc 
diseases was m contrast, one favoured by low temperatures (20-24°C) 
and the other by high temperatures (26-30Q C) The seasonal vanatlOns 
10 SOIl temperatures to the field are apt to be so Wide and their e ff e c t 
on the inCidence of SOil-borne diseases so vaned, that Immediate 
necessity was felt of expenmental methods, to assess as accurately as 
pOSSible, the modlfymg mfluence of thiS factor, which profoundly 
affected the course and seventy of such dIseases Pioneer work 10 thiS 
directIOn was started by Jones and hiS associates ( 1926) at Wlscomm 
(U SA) With the development of the well-known" WlscoDSm SOl I 
temperature tanks ',which seeked to control the SOIl-temperatures by 
a thermostatic deVIce (FIg 47) ConSIderable amount of data has 
now accumulated on thiS aspect as a result of thIS Improved techmque, 
which has given a convlflcmg corroboratIOn of the field observations of 
the type cited above Figs 48 and 49 Illustrate the mfluence of 
sotl-temperature on the development of smudge of omon and Fusarium 
Wilt of tomato 

The fol/o~mg table summanses the results obtained by vanous 
workers With some of the Important sotl-borne diseases With speCial 
reference to the relation of soli temperatures to their development 
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Table 11 

Cardmal sOli temperatures eC) for development of plant d,~eases 

Cprdmal SOIl temperatures 
Disease for development of disease Authoflty 

MIN OPT MAX 

Scab of potatoes 
( Actmomyces ~cables) 12 22 30 L R Jonee; et al 

2 Club root of cabbage v"" 
( PlarmodlOrhora brasslcae ) 10 20 35 Monteith ( 1924) 

3 Cabbage yellows 
( Fusarium oxysporum 

f cOllgfutmans) 11 26 31 Tisdale ( 1923 ) 
4 Wilt of tomato 

( F ol:ysporum Iycoperslci ) 20 28 35 E E Clayton 

5 WIlt of cotton 
(1918-20 ) 

(F oxysporum f / 
vasmfectum ) 20 27 35 Uppal et al 

6 Root rot of tobacco 
( ThlelaVla baslcola ) 15 23 30 Johnson and 

7 Root rot of brtnJal 
Hartner ( 1919 ) 

( Vertlclfllum dahlta ) 10 22 25 Patel et al ( 1949 ) 
8 Smut of omon ./ 

( UrocysflS cepulea ) 10 20 30 Jones ( 1921 ) 
9 Smudge of omons 

( Collefofrtclwm clrcmans) 15 28 35 J C WJllker(l92I) 
10 Wilt of Lathyrus £' \ ( F orthacerus var lathyn) 20 26 35 Uppal and Bhl?e 

( 1948) 
II Bunt of wheat 

( Tllletla trltlcl ) 5 12 20 Fans ( 1924) 
)2 Black scurf of potatoes 

( Cortlclum vagum) 9 18 30 Richards (1921-23) 
13 Seedlmg bhght of rIce 

(Helmmthorpoflum oryzae) - 20 36 Ocfernla ( J924) 
14 Stnpe of wheat 

(HelmmthosporlUm satlvum) 12 28 36 MckInney ( 1923) 
15 Hollow stem of sorghum Uppal and 

(Macrophomena phaseoll) 30 36 40 Kolhatkar (1936) 
16 Flag smut of wheat 

(Urocystls tTltICI) 10 22 30 Sattar et al (1952) 
17 Wtlt of flax 

(Fusarium llnl ) 20 25-30 35 -do-
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A careful perusal of the above tdble 10 respect of the optimum SOIl 
temperatures reveals that 10 the case of senal numbers 6,8, II, 12 and 13, 
the factor h'lS worked mdlfectly through the host, which has been literally 
overtaken by the rapIdly grOWIng parasl te, the crops Involved are 
tropical requtrtng hIgher temperatures for theIr optimum growth and 
h.lve, therefore, suffered most at low temperatures due to the attack of 
the rapIdly grOWIng pathogens 

A very mterestmg and convlOcIng example of the mdlrect mfluence 
of sOIl-temperature, workIng through host, IS provIded by the seedling 
bltght of wheat and corn, mClted by Glbherella zea 'lnd b dIagramma­
tIcally reprcsentcd In the follOWIng table 

Table 12 

Development of seedlinr: blight of wheat and corn at different 

soli temperatures ( After DIckson, 1923) 

Host Development of host & dIsease 
12-16°C ~ 24=-2SoC 

Host vIgour DI~ca<;e Host VI~~ DIsease 

Wheat vIgorous ~ltght slow severe 

Corn slow severe vIgorous s1lght 

The card mal SOIl temperatures for dl..velopmcnt of seedltng bltght 
III wheat and corn are as follows 

1 Wheat 12-2S-32° C 

2 Corn Bclow 8-16-24°C 

The SOIl temperature 10 these two cases has acted dIrectly on the 
host and through It on the course and development of the dIsease In 
such cases, It IS a vlftual racc between thc host and thc parasite and 
the success or failure of eIther party IS determmed by the nature of 
envIronmental conditIOns under whIch these two partles find themselve<; 

Fig 50 gIves a graphIC represent'ltlon of data presented 10 table 12 

Sod mOisture does not appear to have the "arne controlling effect on 
the develop'llent of dIsease as the SOli temperature In fdct 10 Judgmg 
the effect of SOlI mOIsture, It IS difficult to conSider t his fdctor 10 

IsolatIOn from other SOil factors, such as phYSical conditIOn, water 
holdmg capacity, dramage, retentiVity and so on All these factors 
tcnd to make up a micro citmate, which Influences the course (If disease 
collectIvely and not IndIVidually In general, moderate SOil mOistures 
favour disease and high soil mOlstures are lOJUrtOUS to the pathogens, 
because of their Impedmg effect on their respiration The InCIdence of 
flag smut of wheat III the Punjab, for example, was found to be 7% at 
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22, 15% at 17, 72°~ at II, 50% at 7 and 25°{, at 4 5 sOIl mOlsturcs 
(Sattar et .;ll, 1952) Similarly 25% s01l mOisture was found to be the 
optimum for development of wilt 1n ban,tn'l caused by F o'(ysporum 
f cubens, while the mCldence of the wilt decreased with Increase 10 

the mOisture content ( Stover. Phytopath, 1953 ) 

In a few specific cases, this factor may retard the growth of the 
host and eventually mcrease the chances of parasitiC attack Such a 
phenomenon IS known as "PredisposItion" Such IS the case In the 
well-known foot rot disease of gtnger, Zlnglber ofJicmale and damping 
off of papaya (Conca papay'a) SOil mOisture also materIally affect'> the 
cour~e of disease In Ph; tophthora Wilt of Piper belle md gummoSJ<; of 
citrus In Fusarlllm Wilt dl<;eases, confllctmg results have been obt11ncd 
by different workers high soli mOisture favouring tomato Wilt but 
retarding development of seedling blIght of cereals and common sC1b 
of potato M my non-parasitic dl<;eases lIke the blossom-end rot of 
tomatocs and corky spot of Ipple<;, mango and other frUIts are 
varIously mfluenced by SOIl conditIOns with speCial reference to the 
water rehtIon The b llancc bctween Intake of water through roo t s 
and transpiratIOn process through leaves, has mtlmate relatIon With the 
development of such diseases the exact nature of that relatIOnship 
bemg, however, obscure 1nd not well understood 

Sod reachon has a profound effect on the development of common 
scab of potatoes, cotton Wilt aild club root of cabb1ge An alkalme 
SOIl fwours development of the scab, while an aCid reactIOn IS very 
congemal for the club root orgamsm High soil aCidity IS IOImlc11 to 
the development of the tobacco root rot caused by Thlelalla basl(ola, 
while such a condition IS highly favourable to Wilt of tomato~s The 
behaVIOur of Fllsar/um O,(Yfporum f vaslIIfectum causmg the cotton Wilt 
m USA and India W.l~ studied by Mundkur (1916), who found that 
the American stram favoured aCid reactIOn, while the Indian stram 
developed best at alkalme reactIOn Root rot of cotton caused by 
Rh,zoctoma dLstruens IS favoured by lIght solis With aCid reactIOns, while 
Fusarium Wilt of cotton In Indld develops best 10 heavy alkalme sOII~ 
The mCldence of covered smut of oats ( Ustallgo levIs) vanes With 
varymg SOIl reactIOns The disease develops best at pH of 7-8 and 
falls sharply With either deCrl-1Se or IOcrease m the soli pH, It IS 
moderate at 6 5 pH 

SOIl defiCienCies 10 respect of such mlOor element" hke ZIOC, Iron, 
boron, manganese, favour the development of defiCiency diseases, such 
as mottle-leaf of CitruS, red leaf blight of cotton, "band' disease of 
arecanut and" potash hunger" III potatol..s and cotton, these diseases 
are practtcally entirely mfluenced by the presence or absence 0 f 
aVailable chemical constituents 10 the SOil, speCIally the trace elements 
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and have been largely cured by the supply of these elements to the sOIl 
eIther through sOIl or by sprays ThIs aspect of subject has been 
treated In detaIl by Bear and Coleman (1949) Zmc deficIency 15 

the m.un cause of mottle leaf of cItrus and deficIency of copper, that of 
.. band" dIsease of areca palms In Bombay 

On the other h1nd, heavy doses of nItrogenous fer t III s e r s make 
wheat and other ctreals greatly "predIsposed" to rust and mIldew 
InfectIOn, whIle phosphatIc and potath fertIlIzers tend to make them 
resIstant, thIs IS due to the denSIty and delayed matunty of the crops, 
brought about by such applIcatIOns 

BIOLOGICAL FACTORS 

These factors Include the msect flora of the locahty and the flora 
that compnses the sOil s The Insect flora are very Important 10 virus 
dIseases of crop plants and IS known to determIne the dlstnbutlOn and 
seventy of these diseases A faml\)ar example of a human dlsea'>e, 
profoundly mfluenced by the "vector" IS malana, whIch entIrely 
depends upon the "anopheles" mosquIto for Its dlssemmatlOn and 
vIrulence, while ItS course remaInS unaffected by the "Cu/e-,," specIes 
SimIlar has been the behavIOur of a few VIruS dIseases of plants both 
as reg1rds theIr dlstnbutIon, dIssemInatIon and vIrulence ThIs has 
been 1>peclally so because of the "specific" relatIOnship that eXIsts 
between the particular vIrus and the specific Insect vector 

The Dutch Elm disease caused by Ceratostomella u/ml, IS not well 
adapted to WInd dIsseminatIOn and can only be transmItted through the 
help of Insects The part played by the Scolytus bark beetle In such 
transmISSion IS very sIgnificant and the dIsease would probably not 
assume vIrulence In the absence of the Insect" vector" 

This "vector Influence" III dIS t TI but 10 n, seventy and new 
mtroductlOns, IS more pronounced In vIrus diseases The well-known 
curly top of sugar beet IS almost exclUSIvely confined to and regIOns of 
the West In the USA and IS absent from the humid areas of the 
e1stern States, as the vector, E.utettl,( tenellus, does not appear to thnve 
under hIgh humIdIty On the other hand, the disease IS transmItted m 
Argentma, through the agency of the leaf hopper, Aga/lea stlctocollts, 
which, however, thnves at hIgh humIdIty ,md therefore may tend to 
extend the range of the curly top VIruS III the USA, If Introduced In 
that country 

The SOIl flora comprISes of bactena, fungI, eel worms ( nematodes) 
and protozoa, they are eIther saprophytes or parasites, they act as 
fnends as well as foes 

7 
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The posItion regarding their Interaction between themselves and 
theIr varymg mfluence on the mCldence of disease IS more complex than 
IS apparent at first SIght It may be 10 the nature of " bIOlogic 
antagonism .. , antibiotic actIvity or mere competitIOn The mlubltion 
and control of the Texa~ root .. at orgamsm (Phyma/alnchum 
omnnorum) 10 cotton salls of the southern USA, t h r 0 ugh 
apphcatlOn of g r e e n nl1nures. IS probably of the 1.ltter type between 
the pathogen and many s'lprophytlc orgamsms attack10g and growing 
In green humus The beneficial activity of va no us type .. of saprophytIc 
fllngl and mtrogen fixmg bacteria of the type of Rhyzob,um, Azotohacter 
and Clostndlllm IS well known the moulds act on complex orgaOic 
matter, reducmg them mto "Imple substances and help the green plants 
In ready assimilatIOn In other re"pects they are sCdv1ngen and help 
to keep the earth In samtar} condition The part played by the nodule­
bacten 1 I~ of vltdl Importance to agflculture and mateTlally helps 10 

replentshmg the fertility of solis and indirectly assist a good crop 
c;tand free from dlsea~e The presence of Azotobacter In nce SOl I s, 
which remain unfertlhsed In parts of India, has been a boon and IS 
mamly responsible for good crops, whIch otherwl<;e would end In 

fallure of stand These orgamsms, however, are profoundly mfluenced 
by sOIl temper'ltures, low sOIl temperatures Impeding thclr growth, 
and mdlrectly of the legume crops (Fig 51), sOils defiCIent tn 

such beneficial bactena, are known to become unfit for vegct1tlon 
unless replemshed by addItion of the s e organism, which 10 adv'lnced 
countrtes hke the USA, IS carned out through top dressmg of pure 
cultures of such organisms, specially In cool regIOns S I m I I a r 
situations are In eXistence In parts of GUJarat, where, due to defiCiency 
of nodule bactena, peas ( Pisum satlvum) have not been known to 
give a he'llthy crop. speCially In sandy solis, which .I revery poor 10 

thIS benefiCIal SOil-Ron Addition to such Salls of pure cultures of 
RFlIzoblllm legumlllosarum as top dressmg has matenally helped 10 

obtammg good stand dnd crops of peas and other legumes 

SOlIs are known to harbour pd thogemc orgamsms .. uch as bactena, 
fungi and nematodes and thus many times become unfit for 
cultivation, such a condition IS known as "sick-sod' Some of the 
common harmful organisms that I n h a bIt SOils are Fusanums 
Rfuzoctomas, Sderotlums, Pltytlllums, Xanlhomollas campestrlS, Phyta: 
hacterlum solanacearum and lIeter~a ~examples of such Sick-soli .. 
which become unfit for cultivatIOn are proVided by SOIls Infected WIth 
Fusarium o\ysporum r cubells, Ph)to-bactenum solanacearum and 
Xanthomonas campestns m parts of IndIa It became ImpOSSible to 
grow crops of banana, potato and c1.bbagc respecttvely 10 such Salls, 
until the posItion was redeemed by mtroduchon of resIstant vanetle .. 
to some cases, and annu1.1 Importation of snow-grown potatoes In 
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FIG. 45. Influence of air 
temperatures on the reaction of 
wheat plants to stem rust in 
green house. 

a : Resistant ( 14°C ). 
b : Susceptible ( 24°C ). 

[After Newton and Johnson. 
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FIG. 46. Progressive development of brown rot of peaches at different tempera-
tures in storage. [ After Brooks and Colley. 

FIG. 47. A battery of" Wisconsin .. 
soil temperature tanks. 

[After Jones, L. R. et 81. 



FIG. 48. Development of smudge of onions at different soil temperatura. 
[ After Walker J. C. 
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FlG. 49. Development of Fusarium wilt of tomatoes at different soil temperatures. 

[ ACter Clayton E. E. 
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FIG. SO. Graphic representation of indirect ioftuence of soil temperature on the 
development of seedling blight of com and wheat, caused by Gibberella 
%eM. [ After Dickson 

FlO. 51. loftucnce of soil temperature on the de1eIopmeDt of soyabean tl &: 
nodule bacteria. Note undet-deve1opmoDt at lower limita. 

( After Joaea, et al. 
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others Similar situations were experienced In USA and other 
countries, In connection with "Yellows" of cabbage In the St1te of 
WISwnSIn, foot rot of wheat and Wilt of flax In North Dakota and In 
parts of Bombay State, the OnIon smut In Northern sectIOn of USA, 
Fusarium wilt of cotton all over the world and Texas root rot of cotton 
10 southern parts of USA 

~ 
SOil mfestatlOns with Heterttdf&a have become a limiting factor m 

part'> of Bombay In the cultivatIOn of Piper betle and Piper longum 
which consequently have been largely abandoned 
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CHAPTER 15 

~PIDEMIOLOGY 
EpidemIOlogy of disease IS the study of the outbreak of dIsease, Its 

course, Its mtenslty, cause and effects and the varIOUS fa c tor s 
governmg It Disease may affect Isolated individuals wlthm a crop 
and IS termed sporadic On the other hand, If a dl~ease assumes 
destructive nature over Wide-spread areas, involvIng sudden outbreaks, 
concentrated In character, such appearance IS known as epidemic or In 

Amertc.an terminology, eplphvtotIc, when the host and the pathogen 
reach a state of .. biOlogic eqUilibrium" and the association assumes 
apparently harmless charader, the disease IS termed endemiC The 
Citrus canker IS cndemic 10 Its home, ASia but becomes epidemic when 
mtroduced In a new localtty, 'is was the cas e In FlOrida (U SA), 
the downy mildew of corn became epIdemic 10 the PhIllpplOe Islands, 
although It IS proverbially an endemiC disease 10 India 

When an epidemic disease spreads over contments or sub-con­
tlOents and Involves mass mortality, It IS considered as pandemic The 
outbrt:ak of plague In the earhes of thiS century and that of Influenza 
at the close of the 1st world war In India, are examples of pandemic 
diseases Slmil'lT was the case with the outbreak of black stem rust of 
wheat In India dunng 1947 

An epidemic may cause Wide-spread and mass destruction 10 a 
short spa(..e of time or may become "long drawn out" persistIng for 
long penods dependmg upon the three factors, responSible for disease 
host, pathogen and enVIronment 

A course that an epidemIc may follow to nature differs with the 
nature of the host, the pathogen and the e n vir 0 n men t In 
Areca catachu, the "Koleroga" fungus ( Phytophthora arecae) assumes 
d destructive aspect dUrIng the monsoon perIod ( July-Sept) and wanes 
away with rISlOg temperatures 'lnd dry conditIOns, to return agam 10 

the succeed 109 ramy season Similar situations have been expenenced 
with the outbreak of PhyfoplztJlOra WIlt of Piper belle 10 parts of India 
In temperate zone, the peach leaf curl and the appk scab follow 
Similar course and the character of the epidemiC may be deSCrIbed as 
"seasonal' or annual 

Epidemics caused as a result of IOtroductlOn of new pathogens In 

localities hitherto free from them, appear In two phases-the first IS a 
progresl>lVely destructive phase and the other a comparatively mnocent 
phase, due to the • bIOlogiC eqUlltbnum' reached between the "new 
comer" and the ongmal mhabltdnt The well-known epidemICS of 
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late bhght of potatoes In Europe and the blast of nce In Bombay 
constItute such categones SImIlar has been the experIence of epIdemIcs 
of downy and powdery mIldew of grapes In Europe, the leaf rust of 
coffee In Ceylon, dnd the anthracnose of g rap e (Gloeosp0rlum 
ampelephagum ) In IndIa, where the pathogens after taking heavy toll, 
have" settled down" and lIve In comparative peace 

CultivatIOn and concentratIon of a Single crop In large areas as for 
Instance wheat In North Ameflcd, Cotton In parts of IndIa, and nce In 
south-east ASIa, are frought WIth danger of an epIdemIc, on the other 
hand "mIxed croppIng", so generally practIsed In IndIa, has much less 
chances of faCing an epIdemIC 

FA(_, TORS GOVERNING EPIDEMICS 

A dIsease IS sometImes sporadIc and assumes e p Ide m 1 c 
proportIOns under spel.lal cIrcumstances A dISCUSSIOn of the s e 
CIrcumstances Will be useful In the proper understanding of these 
phenomena SInce dIsease IS the product of an InteractIOn among the 
host, the pathogen and the enVironment, such factors can be grouped 
under the three heads, as follow~ 

J Nature of the host, Its relatIve susceptIbilIty, Its predlsposltton 
and concentratIOn 

2 Nature of the pathogen, Its VIrulence, Its a bIll t Y of 
propagatIon and dIssemInatIon, specialIzatIOn of parasItIsm and 
tolerance to extreme conditIOns 

3 EnVironment, Its fluctuatIOns and nature 

An epidemIC can only result from the cumulative effects of all the 
three factors mentIoned above, actIng Simultaneously ThIS IS a remote 
POSSlblhty In nature and fortunately accounts for the comparative low 
frequency of epidemiCS BeSIdes, only a few pathogens are capable of 
assuming eplphytotlc proportIOn .. , while others are sporadic In nature 
The fungi mducmg late blIght of potato, the downy mIldews, the rusts, 
the blast of nce and a few of the bhght causmg fungi, are among the 
former group 

SUSCEPTIBILITY OF HOST 

Plants possess mnate abilIty to combat disease whIch mamfests 
Itself as susceptIblhty or resIstance Plants also are capable of 
aVOIdIng disease and sometImes become "predIsposed" to the attack 
In accord wllh their nature, the envIronment and stage of growth 
Early matunng vanetIes of groundnuts, and wheat for mstance are 
known to aVOId InfectIOn by Cerco~pora aracllldicola and Ustllago tntlcl 
respectIvely Late sown sugarcane aVOids leaf rust InfectIOn In the 



104 INTRODUCTORY PLANT PATHOLOGY 

Deccan canals In Bombay Wheat becomes susceptible to black rust 
at the" boot" stage but IS .. resistant" when young Susceptibility of 
nce plants to blast lDcreases with application of heavy doses of 
mtrogenous manures SImilar expenence IS true of wheat crop In 

respect of rust InfectIon Numerous examples of hosts becoming 
.. predisposed" to Infection are found among sOil-pathogens Cotton 
IS susceptible to Fusarium Wilt at SOIl temperatures of 26-28°C, brm]al 
to Vertlce/llllnJ Wilt at 29°C, Sorghum to root rot at 30"C, f1ce to 
seedlmg blJght ( He!mltlthosporlum) at 20°C but .. resistant" at lower 
or higher SOil-temperatures 

The accumulatIOns of susceptible plants In Wide-spread locahtles IS dn 
Imporlant factor faVOUring epidemics The destructive epldcmlc of 
.. Tlkka·' (Cercospora sp ) of groundnut m Bombay state dunng 1912-13 
was mamly the result of cultivatIOn of local vanetles, wluch on account 
of their hte m'ltunng quality and large concentrations, fell a ready 
prey to the ravages of thl:> dlse1~e The experience with Panama 
disease of b mana dunng 193';-40 and the Pmcu!ana blast of nce 
durmg 1948-49 In parts of Bombay, tells slmJlar story The mass 
cultivatIon of a highly susceptIble table variety of banana (Son) m an 
Isolated but Important centre was greatly responsible for the destructive 
epIdemIC In that area and resulted In a complete amhllatlOn of thiS 
Import'lnt lOdustry, until the situation was revoked by introductIOn 
of a resistant varIety ( Basra! ) 

The SituatIOn With regard to the unprecedented outbreak of black 
rust of wheat In the USA and Canada from tIme to tIme and of nce 
blast In South-East ASld, where these crops are grown III concentrations 
m large areas e~tendmg from MeXICO In the south and Canada In the 
north In the case whe1t, unprotected by any natural barners, I!> mdeed 
unique and mtnguemg and mamly accounts for the frequent eplphytotlcs 
of stem rust and blast In the respective areas 

1 he posItIon WIth regard to outbreaks of red rot (Colletotnchum 
fa/catum), the whip smut ( Ustllago sCltammae ) and leaf rust (PucclIlla 
sacchall) In sugarcane In Bombay, IS, mdeed, very interesting The 
country-wide cult" atlOn of the local varieties (Punch a, KhaJurra 1nd 
others) prior to the present mtroductlOn of exotic VaTletlcs, devcloped a 
sItuation where the red rot orgamsm saturated Itself In these vanetJes 
and practically made theIr cultivatIOn ImpOSSible, on account of their 
high susceptibility ThiS position was saved by the IntrodUction of 
new vanetles ( Co & P 0 J ) which were re.,lstant to red rot .. The 
ImportatIOn of these new varIetIes, however, developed mto a menacIl)g 
SituatIOn, "hlch brought to the forefront, outbrCak of new diseases VIZ 
whip smut and leaf rust, which hitherto were of no Significance or 
absent m the crop and are now endanger}"g the cultivatIOn and even 
the eXistence of these vanetJes of sug1rca,e 
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Another example of an epidemic caused by the introduction of a new 
bost IS furnIshed by the recent outbreaks of the Angular leaf spot of 
cotton ,XantllOn1onas malvacearum) In Bombay Deccan This orgamsm 
and the disease were of very mmor Import.lOce In Bombay due to the 
resistance of the indigenous Varieties, although they caused senous 
damage to Cambodia cotton (G hzrsutum) 10 the nelghbounng Madra .. 
State The Introductton and cultivation of an exotiC variety C4 
( Cambodia) In large concentratIOns In the humid canal areas dunng 
1948 onwards, developed an Intnguetng SituatIOn and the pathogen, 
which was considered harmless, grew lOtO a Virulent parasite and caused 
Wide-spread damage and misery under the new set-up Here, It was 
agam a highly Sllsceptlble host that determmed the character and the 
course of the epidemic 

Recent observattons (unpublished) have shown that the rust 
sltuatlOn In Penmsular India Wit h reference to wheat, IS steadily 
undergomg a perceptible change Stem rust (Pucclma grammlS t"tICI) 

which held sway 10 this area, IS slowly giVing WdY to the leaf rust 
(P tfltlema) whICh was of very mmor Importance so far but IS ltkely 
to develop Into a major problem with the growlOg cultivatIOn of the 
new stem-rust resistant hybrId wheats locally known as "IS.0£"_ad_' __ _ 

The introductIOn of a new alternate host IS an Important factor In 

determinIng the course and mtensltv of an epidemiC ThiS IS of speCial 
Significance 10 heteroecIOus fungi II k e rusts The history of the 
outbreak of the heteroecIous blIster rust of ptne (Cronartlum flblcola ) 
In Europe & North Amenca makes Interesting readlOg and proves 
beyond doubt, how man's actiVIties appearently Innocuous 10 making new 
IntroductIOns of plants, lead to a devastatlOg epidemiC of a disease 

The blister rust was endemiC 10 Eastern Europe, the vanety of plOe 
belOg PinUS cembra, which had apparently developed resistance by long 
associatIon Man 10 hiS zeal for better varIeties of tImber, Imported 
lOto Europe, the pine varIety, Pmus strobus from the USA which 
went lOto ~xtenslve cultivatIOn and brought It In contal.t With the 
endemiC ared The new SItuatIOn created by the IntroductIOn of the new 
host developed lOtO a disaster and the rust, which was hitherto endemiC 
and lOnocuous, developed lOto an epidemIC, covermg practically the 
whole of North European countnes 

The picture IS not complete The pathogen was remtroduced lOto 
North Amenca from Europe on pIne stock 10 1909 through the 
activItIes of man and brought In rum of a Wide-spread nature to 
pme forests 10 the East and the West, where thiS species of pine was 
found 10 large concentratIOns over WIde areas 

An endemiC disease, thus, flared up IOtO not only an epidemiC but 
even mto pandemIC proportIOns as a result of a Simple mtroductJon ot 
a new alternate host 
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NATURF OF PATHOGEN AS A FACTOR IN EPIDEMICS 

In consIderIng the mfluence of pathogen and Its nature on the 
course 'lnd ::.eventy of an ePIdemIc, some of the Important factors 
determInIng such a course are the aggrescHvene~s of the parasIte, 
mtroductton of new vIrulent strams of the parasIte, hIgh fecundIty 
and effiCient mode of dlSSemln'ltlOn 

AN AGGRESSIVE PATHOGEN 

The hIstory of the outbreak of blIster rust of pIne In the USA 
has been already narrated above, thIS IS an Instance of how 
mtroductJOn of a new pathogen Into that area lead to the development 
of an epIdemIc, whIch took .1 heavy toll of the pIne Industry 

Some of the well-known Instances of such epIdemiCS caused as a 
result of IntroductIon of new pdthogens, are provIded by the epIdemICS 
of downy and powdery mildews of grape VIlle, and the gooseberry 
mIldew In Europe, the CItrus canker and chestnut blIght In the USA 
The outbreak of a dIsastrous VIrUS dIsease of banana ( Bunchy-top) m 
Southern parts of IndHl and a sImIlar dIsease ( chlorosIs) In p'lp'lya 
( Canca papa}a) In Bombay, narrates the same story The long drawn 
out and tragic hIstory of the IntroductIOn of new pathogens and the 
consequent development of epIdemICS have bee n graphically narrated 
by Large ( 1940) 

A very Interestmg example of mtroductlOn of an aggressIve m~ect 
parasite causmg wIde spread destruction IS prOVided by the part played 
by cochmlUl Illsect ( Caetob/ast sp) ThIS msect was mtroduced mto 
India from Ceylon and spread lIke wild fIre, destroymg, In ItS w<lke, bag 
and bagg<lge, the flourIshmg hedge plant, the spmy cactus, (Opuntw 
difJenll ), the spmeless varIety remamed absolutely unaffected the 
country was ltterally made free from thIS obnOXIOUs hedge plant, 
withm a very short time 

SImIlar results were obtamed 10 the elImInatIon of the obnOXIOUs 
weed In AustralIa through the mtroductlOn of the moth borer, 
CactJjtastl!> cactorum from Argentma dUrIng 1925-32 

The great eplphytotlc of late blight of potatoes 10 Europe (1843-45) 
resultmg m Wide spread potato famIDe and large scale mIgratIon WdS 

c'lused .IS a result of the mtroductJon of the pathogen, Ph)tophthora 
mfestan~, on some solanaceous hosts from ItS native home, ~outh 
AmerIca, WhiCh, although endemiC III the native home, assumed an 
unprecedented aggressIve character when brought 10 contact with 
highly su~ceptlble potato varietIes grown In large concentratIOns 10 

Europe 
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VIRULENT PATHOGENIC STRAINS 

The story of the outbreak of the country-wIde epIdemIc of black 
stem rust of whedt on the IndIan contInent and speCIally Bombay 
dUring 1947, where It fidred up lIke" wild fire" 'lnd developed mto d 

total" wheat famIne" IS Indeed most InterestIng, the domInant factor 
that brought In dIsaster was the prC'ience of Virulent strams or for m s 
of the rust org'lntsm The number of phYSIOlogIc forms of thIs rust 
found In IndIa IS comparatIvely small, ot whIch forms 15, 21, 40, 42, h, 
and blOtypes of 42 are of common occurrenc(' In Bombay, the 
vanetle'i of whe'lt grown are" Durums ., In dry areas and" dlcoccum • 
(Khap/J) In IrrIgated tracts, both varIetIes dre hIghly susceptIble to form 
42 and Its blotypes of the rust, although Khaplt IS wcll-k now p for It<; 
hIgh resistance to other forms The year 19,n wa<; specIally maT ked 
out by abnormal weather condltlOfl3, accompanted by drIzzlIng rams 
and heavy dew fall dUrIng the growmg season of whe.t (Jan -Feb ) 
These explOSIve weather condlllons were reInforced by the do mIn ant 
presence of the VIrulent forms of rust (F 42, 42A & 42B) whKh 
brought 10 dIsaster and swept ,Iway both varIetIes of whedt, durumv 
and KhaplJ, although such result~ were not expected to normdl tIm e ., 
WIth the highly" resistant" Khapll varIety 

Similar experiences have been recorded 10 the USA and Europe 
With regard to the epidemiCS of black rust (Stakman, 1934), bunt, 
loose smut and strIpe of wheat HIghly rust-resIstant varIetIes of 
wheat lIke Kanred, Ceres and Thatcher, Hope & Lee when mtroduced 
111to northern sedlons of the USA mamtamed theIr resIstance for 
so ne tl n ~ but suffered heavily from stem rust as a result of appearance 
of new but more vIrulent" races" or "forms" 10 these regIOns 
capable of attackmg these new introductIons The pOSSIbIlIty of 
outbreak of epIdemICS Increases WIth the number of phYSIOlogIC forms 
or p'lthogemc straInS of the parasIte present 10 d 1 0 call t y 
Compdrdtlvely, therefore, the wheat belt area of North AmerIca & 
Canadd would be more subject to the outbreak of eplphytotIcs of stem 
rust than the wheat belt area In India, because of the relattvely large 
number of parasItIc forms (over 200) present In the USA The 
presence of pathogenIC strams, the ref 0 r e, In an area not only 
complIcates the breedIng programme for dIsease-resIstance but also 
Increases the chances of eplphytotIcs, Just In the same manner as new 
pathogen would 

HIGH FECUNDITY OF PATHOGEt'-lS 

Pdthogens WIth high reproductIve capacIty and capable of rapId 
dissemInatIOn over WIde areas are more fitted to cause epidemICS 
Endophytes With the formatIOn of theIr reproductive parts InSIde plants 
and tIssues, are less effiCient In thiS respect, than those whIch produce 
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them on the surface of host or readily break through The finger and 
toe disease of Crucifers. the wart of potato, the peach leaf curl are 
examples of diseases, which on account of their endobIOtic habit of 
spore-formatIOn, are not well adapted for producmg epidemics On 
the other h'lnd, pathogens of the type of Ph) tophthora mfestans and 
Ph arecae, the downy mildew and the powdery mildew fungi, the rusts 
and the blast fungus, Pmwlana oryzea, are emmently fitted for t hIs 
purpose, on account of their high fecundity and efficIent 'lnd long 
dlc;tance dispersal of their comdla, through the agency of wmd and 
water, provided other conditions reqUisite are fully satisfied 

The high degree of fecundity and the en 0 r m 0 u s amounts of 
Inoculum produced by some common plant pathogens can be Judged 
from the followmg tahle 

lable 13 

Reproduct ~e capacIty of fungI 

Pathogen 
---------

1 A smgle spore-horn of 
chestnut bhght fungus 

2 A slOgle gall of cedar 
rust of apples 

3 A smgle barberry bush 
WIth aecml cups 

4 An acre of stem rust­
mfected wheat 

5 An acre of smut-mfec 
ted corn 

6 A smgle frUit body of 
Fornes applanatus 

7 A corn pia n t WIth 
downy mildew 

8 Downy mlldew 10 a 
vIDe yard 

9 An apothecl urn of 
(Sclerotmta) 

IO A smgle kernel of 
bunt of wheat 

I Extent of fecundity AuthOrIty 

150,000,000 spores Wallace, E 

Two billion telrospores Lloyd et al 

64,000 million aeclO- I evme, M 
spores 

Ten trIlhon uredlo- Stakman, E C 
spores 

FIfty billion spores Chnstensen, J J 

5460 bIllion spores Stevens, F L 

225 million COnIdia 10 Weston Jr 
one night 

32,000 comdla per sq Mlllardet 
cm 

31 m I II Ion aseo- Stevens, F L 
spores 

6-12 milhon spores Heald et al 
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ENVIRONMENT AS A FACTOR IN EPIDEMICS 

Environment, specially fluctuations 10 metenologlcal conditions 
playa prcdomment role and mamly determines, the course and seventy 
of epidemics The downy mlldew of grapes had been present m 
Bombay practic.llly SInce 1910 but wa5. not known to cause any 
appreciable damage, the maIO problem In vIDe cultIvatIOn was powdery 
mildew, whIch WdS kept under control through spraying of bordeaux 
mixture In 1926, attempts were made to mtroduce the simple sulphur 
du~t t rea t men t In place of the cumbersome and expensIVe spray 
programme, for controlhng the powdery mildew, which used to attack 
vmes dunng the dry cool period (Nov -Feb) In 1928, abnormal weather 
conditIOns prevailed, for the first time, In the vme areas dunng Its 
frUlttmg season, accompanied by frequent drIzzling rams and hedvy dew 
fall with resultmg wet conditions, the copper spray which was a speCific 
for downy mildew, had disappeared from the scene and the pathogen, 
which was leadmg a passive and latent hfe, resumed activity and flared 
up vJTtually hke wild fire mfhctlOg unprecedented rum and misery to the 
vme growers The situation was, mdeed, mtnguemg and arose out of an 
unusual conspiracy between abnormal wcather and change In control 
med~ures, the plant pathologists were caught unawares and kept 
'. at bay" and had to retrace their steps to evolve a combmatlon 
programme conslstmg of copper spray and sulphur dust (Kamat, 1955) 

The pOSitIOn With regard to the outbreak of paddy blast (Pmcillarta 
oryzea) 10 Bombay durmg 1948-49 was of a similar nature The 
pathogen has a very high fecundity and IS capable of producmg millions 
of cOOidJa, which are capable of very easy dlssemmatlOn over Wide 
areas through air currents The disease which was of local Importance 
10 southern dlstncts, spread With rapidity and high speed followmg 
Ideal weather conditIOns aDd contact With highly susceptible vane ties, 
throughout the nee-belt 10 the state wlthm a short space of two years 
and developed lOto a destructive eplphytotlc All the three conditIOns 
VIZ concentratIOns of susceptible hosts, high reproductive capacity of 
the pathogen and prolonged wet and warm weather, conspired to 
develop an epidemic of bldst 

It IS a normal phenomenon that eplphytotlcs reach a "peak' and 
then tend to subSide It IS also a com m 0 n place expenence that 
epidemiCS become progressIVely harmless With age and their frequency 
wanes unless new factors enter the SituatIOn Such has been the case 
With the epidemiCS of downy mildew of grapes, the black stem rust of 
wheat, the blast of flce and many others ThiS IS largely due to the 
development of resistance through natural selection 10 hosts and the 
mcreac;ed tolerance of the pathogen, aptly deSignated as "bIOlogic 
equilibrium " It IS difficult, however, to separate these factors as these 
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exert a cumulative effect and do not act In IsolatIOn Nature brtngs 
mto play several forces, which act sometImes on the host makIng 
them more resistant or tolerant and at other times on the pathogen, 
which gets .. accustomed" to Its host. resultIng 10 reduced 
aggl eSSlVeness 
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CHAPTER 16 

PRINCIPLES OF PLANT PROTECTION 

"Prevention IS better than cure" forms a golden rule In the 
control of plant diseases, for, like the humans and alllmals, plants can 
not be cured of disease The problem, therefore, In plant pathology IS 

really protection or prevention fr 0 m dlsea~e-producmg orgamsms 
This IS largely due to the Inherent dlffl!rencec; In the constitution of the 
two groups of organisms dnd the nature and mecha11lsm of InfectlOn, 
alreadv discussed In chapter 13 under 'The DHease" The vital role 
played by environment In plant pathology makLs the posItion more 
complic'lted as control measures dC'dscd agalOst a disease under one 
set of factors become useles~ or obsolete With '1 new set up The well 
known Inst.mce of this character ~s tht' outbreak of downy mil dew of 
grapes m B 0 m bay State and lts control, already descnbed under 
" EpidemIOlogy" The methods ot control or rather protectIOn, 
therefore. are pnmanly designed as preventive measures Measures 
of control III plant pathology are, not directed agdlllst llldlVldual~ a~ III 

human medlcme but ag'llllst groups or mass of crops 'lnd seek to protect 
them agamst mfectlOn and not disease Economic limitatIOns are of 
the 11Ighest consideration In deVISIng such methods They are malOly 
prophylactic In nature and correspond to public hygiene III medlcme 
The f 0 u r wholesome p r Inc I pie s governtng such measures are 
J PreventIOn of IntroductIOn of disease mto d new locality (EW/USlOlI). 
2 Prevention of dlssemmatlOn of mfel.llon and disease (EradicatIOn ). 
3 Prevention of dlsease-producmg organIsms from IOfectlllg plants 
(ProtectlOn),4 Develop resistance to plants agamst disease (Immunology) 
Nos I, 2 & 4 aim at mdlrect approach, while Item 3 represents direct 
method of the control problem 

EXCLUSION 

These methods aim at excIudmg new pathogens and diseases from 
reachmg an area hlth~to free from them ThiS IS achieved through 
quarantme laws and Disease and Pest Acts passed by legislatures of 
either State or Central Governments or local authofltles Quarantmes, 
thus, are man-made barners and operate through vanous legislative 
measures All clvlltsed and progressive countrIes of the world have 
resorte,Cto such laws to safeguard thelT AgrIculture from the attack ot 
new pathogens The general ImpreSSion, however, gamed over long 
penods, has been that these laws have rematned meffectual III praCtice, 
since many new diseases and pathogens have ' filtered their way" mto 
new locahtles msplte of such laws The quarantine laws were enacted 10 

the USA 10 1912 and are known as Fedenal Plant QU'lTantme Act 
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In Indl'l the DestructIve Insects and Pests Act was passed In 1914 and 
subsequently supplemented by other provIsIons Such quarantIne laws 
were enacted Ifl France ID 1660, JO Denmark m 1903 and specIally 
aImed at de:;tructwn or eradication of the barberry bush, whIch has 
been known smce early tImes to harhour black rust of wheat These 
laws dre enforced by periodIcal IOspectlOns 10 the field, market 1nd port 
of entry or embarkatIon, carned out by authOrIsed state agents The 
mtroduchon of aIr-travel between countnes and ItS rapIdIty have made 
the questIOn of enforcement of these laws more difficult 

Reasons for mstltutmg qua ran tIn e s are two-fold, VIZ 
1 to prevent a new dIsease from mIgrating to regIons free from such 
disease 1nd 2 to Isolate and locahse a dIsease after It has reached 
a locahty so as to eradicate It 

Quarantme laws, enacted mdlscnmmdtely, defeat theIr own purpose, 
they are meffectual Some of the Important consldentlons governtng 
enactment of such Idw<; and acts are bIOlogIC as well as geographIC The 
etIOlogy or exact hfe cycle, the manner of spread, the mode of 
transmiSSion, the host range, the phenologIcal relations of the pathogen 
and disease are Important bIOlogIcal consideratIOns Some of the 
mherent characteristics of the pathogen may, themselves, act as barners 
and therefore, may not necessitate operatIOn of quarantme laws The 
late b_I.!_ght and the _pow~lery scab of pot'.!!.ges1 for Instancj:, are tYPlc;Uy 
[m.Qerate andhave no chance~ev_elo~o_Qlcal clunates 
A quarantme 10 such cases IS uncalled for SImIlar IS the case In 
tYPIcally aIr borne diseases lIke the cereal rusts, smuts, and blasts Whose 
mIgratory habits are beyond the operatIon of any man-made laws 

GeographiC consIderatIOns Include the nature of the country, 
contIguous and non-contIguous and the presence of such formld.lble 
natural barners lIke the oceans, deserts and mountaIns Quardntmes 
In such cases, may be effective only WIth non-contiguous countnes, 
such as between contments or regIOns of the latter type In contIguous 
countries such laws can be and are enforced to locaIJse and Isolate a 
few speCIfic dIseases speCIally those carned on or III plant stock and other 
vegetatIve parts Panama du,edse of banana and "Katie" disease of 
cardamom 10 parts of Bombay and bunchy top of banana m southern 
states of Indla, Ceyon and AustralIa, are amenable to such local 
enforcement 

Quarantme laws, thus, are effechvclly enforced 10 diseases which 
l!~ e!]!Dd.rtJy carrte_d andArueOOlDated _thrQ.I!&.O pla.Qt~ Plim ~~ck and 
other vegetatIve parts such as tubers. cl!!!.!.!!g.s. rbJZ~S, corm~s 
and other nursery stocJs These laws have been of speCIal slgOlficance 
Tn preventmg and reguJatmg movement of dIseases lJke wart of potatoes, 
CitruS canker, grape anthracnose, angular leaf spot of cotton, bunchy 
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top and Panama disease of banana, " Katte" disease of cardamom etc 
all of which are camed through vegetative propagative parts 

According to these laws, the exportatIOn of plants and plant stock 
rou.,t be accompanied by a health certificate regardlOg freedom of such 
sto("k from dl!>eases and pests listed 10 the Act which otherWise arc 
hable to be dC'itroyed at port of entry While It IS comparatively easy 
to detect mfcctlOn of fungus or bactcnal onglO, diseases of VIrUS ongln 
1re detected only 10 standmg crops SpeCial measures are, therefore, 
taken 10 ,>uch plant stock, the seed - merchants or societies dealmg III 
such stock are prohibited from selling or exportmg such sto("k without 
a health certificate from an accredited agent, who carnes out penodlc.ll 
cxammatlOn of ~tandmg crops and then Issues certlficates accordingly 
SpeCial techOlques such as " Tuber-mdexmg" (Fig 55) and "Seed­
certificatIon" are resorted to 10 such cases and are now a regular 
practice 10 Europe, USA and other progressive couutnes 

Although not much success has attended man's attempts to exclude 
new pathogens from reachmg areas hitherto free from them, the part 
played by local quarantme measures In Isolating new diseases and 
radlcatlon thereof, cannot be mmlmll>ed Phenomenal succcss 111" 
leen ,lchlcved 10 stamplOg out citrus clnker from Flonda and other 
Julf statcs of the USA and South Afn ("d , wart of potatoes and 
)utch elm disease from North Amenca, bunchy top of banana from 
:eylon and AustralIa and "Kalle" disease of cardamom fro m 
outhern distrIcts of the Bombay State ThiS has been done through 
ystematlc operation of local qUdrantme measures and applicatIOn of 
he Insect Pest and Disease Acts It IS true that thiS has been achieved 
~t great costs, WhiCh, however, have" paid " In the long run MillIons 
)f dollars have been and are being spent 10 the USA, Austraha 
md other countncs for uproot 109 these and other diseases, that have 
aken a foot-hold 10 those countnes, With great benefit to the 
IgncultuTlsts and rcllef to agncultunl economy 
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/... CHAPTER 17 

METHODS OF ERADICATION 

These measures primarily aim at breaking the" infection chain" 
by removal of "foci ot infection" and starvation of the pathogen. 
A critical study of and insight into the life cycle of pathogens with 
special reference to the methods of hibernation, host range and habit 
of growth are essential pre-requisites for devising appropriate sanctions 
against the diseases concerned. Such measures, in general, however, 
are "prophylactic" in character and mainly consist of maintenance 
of general sanitation and hygiene, clean-up campaign and the practice 
of improved cultivation; these measures necessarily differ and are a~ 
varied as diseases themselves. Some of the important measures so 
directed will be discussed in the following pages. 

1. Maintenance of sanitation by destruction of diseased parts :­
This is a simple prophylactic method and aims at maintaining general 
sanitary conditions in the field; destruction of diseased parts of plants 
in the field removes the main "foci" of infection and thus breaks the 

Fig. 52 A tree-top of Areca­
mIt palm showing infection 
by PhylOph'hora arec'1t. 

[Courtesy: Mysore Dept Agri. 

chain. Excellent example 0 f control of 
this type is provided by the" Koleroga" of 
areca nut, where the pathogen, PhytophtllOra 
arecae, over-summers in tree-tops, during 
the off seasons, (Fig. 52) resuming activity 
during the monsoon. Destruction of such 
affected tree-tops and maintenance of 
general sanitation in the gardens by burning 
all diseased nuts and leaf-sheaths has led to 
an effective protection against the onslaught 
of the disease. Field trials mad e over 
several years in parts of Bombay, have 
demonstrated the effectiveness of sue h 
simple measures. The spread and dissemina­
tion of many virus diseases and of citrus 
canker can be materially checked and 
severity greatly minimised by such practices, 
which are the main lines of attack in these 
diseases. This method of "tree surgery" 
is of special significance in orchards and 
forest areas for controlling diseases. 

The removal of mum m i fi e d fruits in 
orchards a~cted with brown rot organism 
( Sclerotinia /ructicola) and burning them, 
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IS a whole~ome practice and materially aids 10 breakmg the infectIon 
cham and minImiSeS subsequent development of the dIsease The 
orgaOlSm causmg the late blight of potatoes chIefly persIsts through 
mfected tubers and refuge whIch act as primary sources of infectIOn 
Careful and systematIc removal and destruction by fire of such refuge 
and tubers IS, therefore, of utmo~t Importance 10 preventmg not only 
pTlmary mfechon but eve n further dlssemmatlOn of the disease 
C;J1ntlar expenence has been obtamed 11\ the control of Angular leaf 
~pot of cotton, by removal of volunteer cotton plants, whIch harbour 
mfecllon and help In perpetuatmg the IOfectlOn cham 

2 Improved cultural practices - These methods are m a I n 1 y 
( 

deSIgned to modIfy envITonmental condItIOns and make them unsUItable ( 
for the growth and development of the pathogen The foot rot of gmger ) 
(PI tIl/urn mYflotylurn) In parts of India IS a dlseas!' of the low bed 
,treas, which are subject to floodmg and are 1I1-dramed and which 
consequently favour the aquatic pathogen and retard the growth of the 
host plants whIch, thus become "predIsposed" to infectIOn A radIcal 
change 10 thIs condItIOn I~ effected through an Improved cultural 
practice, conslstmg of plantmg the crop on raIsed beds mstead of flat 
beds and has secured excellent control, the raised bed c;ystem has 
removed the environmental condltlOn~ that favoured the pathogen and 
mdlrectly JOvlgorated the glOger plants to better growth and stand 
SimIlar results have been obtained In the control of onton ~ 
(Urocystls cepu/ae) m the USA An onIOn crop, raIsed by 
"seedmg , a field IS hIghly susceptible to the smut, the IOcldence of 
this smut has been largely prevented by a change m the usual practlce 
of culture, by the method of • transplantmg" glvmg way to "seedmg", 
a simple contTlvance of dlsedse-e~cdpe 

3 RotatIon and fallow - ThIs IS a whole-some practice In the 
control 01 persistent SOli-borne diseases The pathogens have 
varymg penods of vlablhty tn sOlI and affect a smgle or group of hosts 
A knowledge of thiS aspect of their I1fe cycle IS thus, qUIte essenttal 
before devlsmg SCientIfic methods of rotatIOn and fallow The method 
.Hms at preventlOg continuous croppmg for varymg pen ods depcndmg 
upon the nature of the pathogen In chromc soll-lnfectlOns, long 
term rotatIOns or fallows are deSirable and aim at starvatIOn of the 
pathogen by ehmmatmg the host and ItS mean~ of subSistence for 
varymg penods Diseases hke the bactenal-'!!Qg ()[_P9tat~s, q_lack_IQ_t 
of cabbage, pow~erysca~atoc<;, Neel!la dls~dSe!h_bla~k~ 
cabbage, !loathe hke are amenable t~ such method" wh!ch are, 
however, of a temporary nature Some of tne common SOil-pathogens 
with their penods of viability 10 the sOlis are glVen 10 the followmg 
table 



116 INTRODUCTORY PLANT PATHOLOGY 

Table 14 

Period of Viability of some Important pathogens In sOil 

Pathogen 

Urocystls cepu/ea 

Fusarium llm 
F Oxysporum f cong/utmans 

pythlum sp 
Sp of Sclerotium and Rh,zoctoma 

Phymatotrlchum ommvorum 

CorynebacterIUm solanacearum 
Fusarium mvum 
Spongospora subterraneae 

Plasmodlophora brasslceae 

Wheat mosaIc VIrUS 

Period of persistence 
In sOils 

5 years 

10-12 years 

11-14 years 

3-5 years 

3-4 years 

Indefinite 

6 years 
15-18 years 

3-5 years 

6-10 years 

6 years 

These sOlI pathogens can be broadly grouped as those attackmg 
cereal crops and those mfectmg non-cereals It IS, therefore, of 
advantage to rotate a cereal crop wIth a non-cereal one In a system of 
rotatIOn for control of such persistent sOli pathogens 

4 Roguemg - ThiS practice consists of destructIOn of affected 
plants from the fields at an early stage by removmg .. focI' of 
Infection and preventing wIde dlssemmatlOn of the pathogen. thiS 
method has been successfully employed In protecttng pla.!l_ts_~nst 
vJrus dls~s ~ The control of yellow m~d "Katie" 
disease of cardamom In Bombay has been secured through such 
methods, earned out In a systematIc manner, the whip smut of 
sugarcane (Us/liago sCltammae) In the canal areas of Bombay In Co 475 
varIety has been greatly checked by such methods carned out over 
Wide areas and long pen ods In Jamaica, a country-wide campaign 
of destroymg Infecred plants has ~ucceeded In the control of Plnama 
disease of banana Bodily removal of s u c h parasitic growth as 
Loranthus growing on trees and the rust galls from the Cedars has 
prOVided good control, though of lImited value, In preventing spread 
of these diseases 

S Destruction of alternate host - While thiS practice has not 
succeeded In completely stampmg out diseases lIke the heteroecIous 
ru~ts of cereals, the rust of apple and pme, expenence gamed over long 
penods have defimtely establIshed the wisdom of such methods 10 

greatly mlmmlsmg the seventy of attacks and frequency of epJpltytohcs 
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FIG. 53 Eradication of barberry 
treatment for control of stem rust of wheat. 

,/ 

[ After Cot! . U. -
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The Barberry eradi­
cation campaign in 
the control of black 
rust of wheat 
( Fig. 53 ), of the 
buck-thorn ( Rhamnus 
sp. ) in the control of 
crown rust of oats, of 
T h a lie t r II m sp. in 
controlling the I e a f 
rust of wheat (Puccillia 
triticina), of currents 
and Cedars in the 
rot e c t ion of pine 

forests and a p pie 
orchards fro m the 
ravages of blister rust 
and cedar rust respecti­

vely in the U. S. A , Europe and Australia, tell a hopeful tale and have 
completely changed the entire picture and brought hope in place of 
despair ( Fulling, 1943). Figures and facts collected in the U. S. A. 
have clearly shown the remarkable success of the Barberry Eradication 
Campaign since its inception in 1918 ( Fig. 54). The success of such 
measures would naturally be determined by the extent and manner of 
operation of the campaign which if carried out on a mass and country 
wide scale, are bound to yield excellent results. State sanctions and 
agencies are thus, the only appropriate medium for operating such 
campaigns, since experience has shown the futility of leaving them in 
the hands of indifferent individual farmers. 

6. Destruction of complimentary host: - This measure has its 
limitations and can only succeed in special circumstances. where 
pathogen persists on wild hosts and weeds. In dis e a s e s of a 

FIG. 54. Extent of barberry eradication campaign in U. S. A. (1918-1949) 

Dots represent barberry bushes. [ After Stakman E. C. 
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cos mop 0 II tan nature where pathogens, hke the SclerotIUm or 
Rlu=octoma are able to IOfe<..t a large _ nl!mb~ of hosts and 
perpetuate themselves on pere~~ ~sts_.lLke the fnllL1reClS, such 
measuresnave-tess -ctlances oT success The yellow vem-mosalc of 
HibiSCUS perSistsonaWlld llosr-( HibiSCUS tetraphylus) 10 nature and 
the sy:.temattc removal of thiS Wild plant has succeeded In "tampmg 
out the disease m the experimental areas In Bomb'lY On the contrary 
the Vlru" causlOg mosaIc of Carica papaya, which IS a perenntal plant 
perpetuates Itself on many cultivated hoste; hke the cucumbers and 
bottle guard and IS, therefore, not amenable to such mea Sur e s 
Successful control of Fire bitght of apples and pears (B a c 11 I II S 

amllovo·us) has been obt'llned m New Zealand by a State ACit passed 
In 1922, reqUiTIng compulsory removal, from the VICinIty of the 
orchards, of hauthorn bu<;hes ( Crataegu!> sp ) which serve as collateral 
hosts for the pathogen Similarly, cffectIve control has been obtamed 
10 sugarcane against mosaiC, In Barbodos, by the eradicatIOn and 
systematic removal of maize from the neighbourhood, as the latter acts 
as a collateral host for the perpetuatlOn of the vlru~ mfectlOn cham 

7 Seed selechon - Thl'. IS a purely preventtve method and 
althougn not of general appitcatlon, has remarkably succeeded In 
certalll specific mstances, III keeplOg down the mfectlOn and spread of 
disease The seed-borne diseases carrymg Infection IOternally mto either 
seed or propagative vegetative parts, are speCIally amenable to such 
treatment The red rot and whIp smut of sugarcane, the bactenal flng 
of potatoes, the foot rot of gmger (Zmglber officmale), WIlt of Piper betle, 
loose smut of wheat, bunchy-top and Panam'l disease of banana. "an 
be kept under proper <..Ontrol and damage greatly mmlmlsed by ngld 
selective methods of seed, carned out before planting Such dlsease­
free seed can be obtaJned either from areas known to be free from such 
dIseases or by mamtatntng speCIal seed-plots m Isolated areas Such 
practices such as frequent change of seed and" Tuber IndeXIng " have 
been resorted to for obtamlOg dIsease-free seed and protectmg crops 
a~amst the attack ot viruses and other parasitic dIseases In Ind18, the 
potato diseases like bacterHI nng and virus lllfectJon have been 
effectively controlled by plantmg seed potatoes obtained annually from 
hIgh snow-clad altitudes, the Simla HIlls, where the seed remams free 
from such InfectIOn Sllntiar practices are In vogue mother countnes 
also "Tuber Indexmg" (Fig 55) IS a speCial tech~lqut:.de~loped 
for protectIng potato crops agamst VIruS diseases and IS comriIDnly 
practIsed by the nurseries and seed merchants deahng m such seed 
In thIS respect plantmg of whole sugarcane lnd potato tubers m vogue 
tn parts of India and other countnes IS a harmful practIce, a" the 
presence of mfectJon In such propagatFc parts, IS not eastly detected at 
p]antlllg time The practIce of t1kll~ "ratoon" crops of sugarcane 
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FIG. 55. Method of Tuber-indexing for virus control in root-crops. 
[ After Stevens and Stevens. 

should also be avoided, specially in crops infected by whip smut 
( Usti/ago scitaminea ), and red rot (Colletotrichum falcatum) as the 
underground parts left over, harbour .the parasitic mycelium and the 
diseases consequently intensified in the succeeding crops. 

8. Closed season:- This method also known as "trop-free 
period" which aims at avoiding continuity of crop and break its 
chain, is only successful with annuals but not with perennials. A part 
of the season is " closed" for cultivation and helps in breaking and 
interrupting the" infection chain"; this method is primarily based on 
the same consideration and principles as those governing removal of 
alternate and complimentary hosts. Prohibitory orders are issued by 
the state authorities under the Disease Acts to prevent cultivation of 
crops in certain season in such cases. The control of the black stem 
rust of wheat in India and the yellow vein mosaic of Hibiscus are 
examples illustrating the effectiveness of such rpethods. In the absence 
of its alternate host, the Barberry, the rust fungus oversummers in 
India in the uredial stage on summer wheat in the hills, from where 
the "inoculum" is carried by air currents to the next" kharif" crop 
grown at the foot of the hills and ultimately reaches the main" rabi " 
wheat belt area in the plains; there is thus continuity of wheat crop 
which is dangerous and helps in perpetuation of the rust fungus. 
Since the crops grown in hills and in "XIzarif" season are of little 
economic importance and yet dangerous and provide" infectiOfl foci", 
a good control of the rust can be obtained by "closing" the summer 
and Kharif seasons for the wheat crops ( Gokhale et aI, 1952). The 
growing of Kharif crops has, thus, been banned in Bombay State by 
enactment for this purpose. Good results have been obtained in the 
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control ofthe yellow vem mosaic of HibIScus with this method, which 
consists of bannmg of cultlvatJon of this vegetable In one season, so 
as to break the contInUIty of the crop cham and eventually also of the 
mfectJOn cham 

The enforcement of a " crop-free" perIod for celery In CalIfornia 
has been effectlve In greatly reducIng the mCldence of mosaiC, a Vir us 
disease The Yields of celery which fell from 1000 crates to 300 crates 
per acre between 1930-1935 due to the ravages of this Virus, were 
restored back With three contmuous and systematIc .. Celery-free .. 
seasons ( Steven", 194; ) 

9 High buddIng - This IS purely a mechanIcal way of avoidIng 
mfectIon and IS practIsed 10 the control of gummosls of citrus trees, 
the "low budded" plants, where the "bud" POInt IS In close proximity 
to the lOfectlOn centre (the sOlI), become re'ldlly diseased Hlgh 
buddIng, therefore, IS a simple deVice for lengthemng thIS distance 
between the bud-pomt and the mfected SOlI, so that the SOlI-borne 
pathogen (Phytophthora palrmvora and P cltrophthora) has no chance of 
reachmg the bud-pOl nt, through which It enters the bark In the 
brown rot InfectIOn of citrus frUIts by the same organIsms, staking of 
lower-most branches arIsIng close to the SOIl, Increases the distance 
between the frUIts and the SOil moculum and removes the chances of 
brown rot mfectlon 

10 Change in planting seas on has bee n p r act IS ed Wit h 
remarkable success In the control of leaf rust of sugar(.,ane ( PUCClnla 

sacchan> and blast of rOKl (Pmcularta oryzae) In parts of Bombay and 
Madras respectively ThIs IS a tYPical case of "disease escape" The 
crops are planted dunng September-October Instead of In June-july 
and thus escape the onslaught of the pathogens • 

11 ObtruDIng seed from disease-free localitIes has bee n very 
successfully resorted to In the elImmatlOn of m1ny seed-borne diseases 
In the USA, seed-potatoes are InvarIably grown In northern snow­
clad sectIOns, where VIruses are practically absent and then exported to 
variOUS other sectors 10 thl" south SimIlar practIce has been In vogue 
In IndIa, where seed-potatoes are annually Imported In southern <;tates 
from Simla hills for control ofvlfuses and bacterIal rIng In the USA, 
the seed growmg areas have been shifted to and paCific regIOns for 
such crops as cabbage, turnip, beans 'lnd peas for 0 b t a I n I n g 
disease-free seed and mdlrectly controllIng such diseases lIke black leg 
and black rot of cabbage and turnip and anthracnose of beans and 
peas etc 

Similar practIce 1'1 obtained In parts of Bombay, where the foot rot 
of gmger (Zmglber officmale) caused by Pjtlilum m) riot) fum prevalent 
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in the southern parts, is controlled through the importation of secd­
rhizomes from disease-free arid regions of the north, where the disease 
is practically non-existent on account of the dry climate, lighter soils 
and moderate rainfall. 

12. Trenching bet wee n rows of trees in orchards has been 
effectively utilised in arresting the growth of the Texas root rot 
organism (Phymatotrichum omnivorum) through soils in the U. S. A. 
This method has worked successfully in the recovery of cit r u s 
trees from dieback in parts of India by improving soil aeration and 
drainage. The growing of an intercrop of cereals such as corn or 

FIG. 56. Control of" potash hunger" in cotton by soil application of potassium 
sulphate. L: Non-treated, diseased. R: treated, healthy. 

[After Young, V. H. 

FIG. 57. lnter-cropping (centre) as a method of control for Texas Root rot of 
peaches. L : diseased, R: healthy. [After Young, V. H. 
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Sorffhum between rows of peaeh trees has slmll,uly given good re<;ult<; 
In combating the Texa<;-root rot infectIOn In the USA (Fig 57) 
The cereals remam un.ltf.:cted by the soIl-parasite and thus work as an 
effective bdrner 

12 Mixed cropping - TIllS method of cultivation 1<; of spcclUl 
"lgOificance In A<;hln countnc<; and has been dlscu~~ed In Chapter 14 
under Epldl.J11lO!ogy ThIS practice hds matl.rtally hdped In effectively 
ched.tng the spread of mfectlOus dIseases Tho root rot of cotton 
(..:lU<;eri by Rlllzoctoma batatleola 'lnd thl.. blight of pulse crops cdu<;ed 
by Phl'lloltlcta phaseolllla In parts of Punjab, hwe been succe~sfully 

overcome by such practices The growth of an Illtercrop of math, 'l 
legume, m between lOWS of cotton tends to keep down the high soli 
temperatures, which are 50 essential for the development of root rot 
and thus Indirectly reduces tlie Inci'8ence or the disease lilmtlar result" 
have been obtamed 10 respect of the bllght disease by growmg the 
pulse<; a<; a mixed crop with .. ereals like So r g II II m ,\nd bo)ra 
Experiments made In Uttar Pradesh ( India) with the root rot and wilt 
of cluster bean (CyamopsH psora/ordes) have also cemonstrated the 
efficacy of this method of culture In combatmg these sOIl-borne 
diseases Intcrcroppmg of Sorghum and Phaseolus In a crop of cluster 
bean reduced the mCldence of the two dlsea~es from 50-60 percent In 
single crop to 8-15 per cent In the mixed crop (Smg, 1954) 

14 Mo(hfymg soli reaction - This method, which consists 0 f 
applicatIon of eIther lime or sulphur to SOIl, ha<; been employed with 
good success In the control of club root of cabbage and powdery <;cah 
of potatoes The former IS controlled by the applicatIOn of lime 
( 1200 pounds per acre) and the latter by sulphur ( 900 Ibs per acre) 
In the Punjab, root rot of tob'\cco caused by Macrophomella phaseofl 
has been overcome by the applicatIOn, to the soli, ot 1-2 ton" of hme 
per acre The method workc; through J110dlfYlng the pH of thc <;011, 

m'lkmg It ufl<;Ultable for the growth of the pathogen 

Grow1Og of "trap-crops" 'lnd prumng are c;ome of the other 
methods employed 10 the eradicatIOn of infectIOUs dl"eases Improved 
methods of ungatlon and dramage have given good results In the 
control of both parasItic as wcll as non-parasitiC diseases, mainly 
aTlslng through sOil conditions The dlc-b'lck of citrus has Yldded to 
such methods 

Other unusual but Simple methods of eradication employed In 

vanous countrIes, beSides the 1bove, con SIS t of shallow plantmg 
ImmedIately followed by flooding ~..!!_le control of smuts of sorghum, 
bunt of wheat 10 Egypt and flag smut f wheat 10 nor ern arts of 
T_!@la, use of resistant .. jamburI" stoc s mg sweet lIme for 
the control of gummosis ii'rfn1lfl, the use of l'mrjera stocks for grafting 



METHODS OF ERADICATION 123 

AmerIcan grapes for the control of chloro:'lS 10 the USA, synnglng 
water under pressure for the control of powdery mIldews of rose, 
beans, cucumbers and cereals, and flooding for 6 to 8 weeks employed 
for kIllIng sclerotia of the brown rot fungus 1U Flonda (Stevens, 1947) 
A recent discovery of a wIld 'lp of Vlt/~ resistant to diseases m nature 
found 10 IndIa prOVides excellent stock for obt11nlng disease-resistant 
grapes (Syamal, J 953 ) 

Application of chemicals specially cert,lln essential elements like 
copper, potash, Zinc, manganese, Iron and buron has mdlrectly helped 
to control deficlt"ncy diseases such as "mottle le1f" of CitruS, potash 
hunger m potatoes. and cotton (Fig '"56) and "band ,. disease In 

Jrecanuts, bitter Pit of apples, frenchlng of tobacco, brOWnIng ot 
c1bbage and cauliflower, sand-drawn In tobacco etc 

The additIOn of organic manures s u c h as green compost, humu'l 
or hay (m the proportIOn of 25-30 tons to an acre) to the sOils, has 
successfully overcome the root-rot mfectlOn m cotton, m southern 
parts of the USA by encouraging profuse growth of saprophytic 
organIsms, which 10 turn brmg about mhlbltlon of the pathogen-an 
mgcmous method of bIOlogiC control 

The measures discussed above are speCially useful In preventmg 
dlssemmatlOn of the pathogens II1tO new areas and arresting the spread 
of mfectlOn 1 he value and effectiveness of these methods are 
determmed by the systematic manner of operatIOns carned out and the 
co-operative efforts put In by the fdrmers m a given locality Although 
these measures are not spectacular m nature and effect, like the 
protective measures discussed m the next chapter, they constitute 
effective but me"<penSlve means of combatmg InfectIOn speCially m such 
~rops, where other expensive 'lleasures are not eIther a practical 
proposItion or do not '0 pay" It would, therefore, be adVIsable to 
lay greater stress and emphaSIS on such measures where man power IS 
freely available at comparatively low cO'lt 
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CHAPTER 18 

METHODS OF PROTECTION 

The mam purpose of these measures IS to prevent germmatIon of 
pores that lodge on the surface of the hosts and theIr subsequent 
)CnetratlOn and InfectIOn ThIs IS accomplIshed by applIcatIOns of 
'anous types of agents, chemIcal or otherwIse, dusts or lIqUIds, to the 
urf1ce of plants, plant parts, 'i c e d and theIr enVIronment ThIs 
nethod IS mamly protective and hus Its own lImitatIOns, It mvolves 
ugh costs, technIcal knowledge and skill and IS cumbersome to operate 
md can, therefore, be employed WIth e<..onomy and success m only 
noney crops, orchards and plantatIOns, whIch leave large margInS of 
)rofits ApplIcation of these methods IS not a profitable proposItion 
n the case of genera} crops hke the cereals, vegetables, pulses. fodder 
IUd legumes In the latter cases, "remedy IS hable to be wor"e than 
he disease Itself' 

The agents or substances employed m the appltcattonsare known as 
unglcldes A fungICide IS any agent that IS used to protect plants and 
)lant parts agamst dlsease-producmg organIsms be they fungI bactena, 
lematodes or flowenng parasites, m the latter two cases, such agents 
lfe known as nematacldes and weedlcldes respectively It may be 
hemlcal In nature or may be m the form of heat and steam, It IS 
unglcldal but not phytoc,dal A good fungICIde should have the 
ollowmg Important charactenstlcs 

Fool-proof 5 Easy spreadmg nature 

2 Non-tOXIc to host 6 Easy of applIcation 

3 EaSIly avaIlable 7 EconomIcal 

4 Long reSidual effect 8 Slmphclty In preparatIOn 

A fungiCIde, therefore, WIll defeat Its own purpose, unless It satisfies 
the above reqUIrements In large measure SelectIOn of a fungICIde, 
manner and mode of applIcatIOn are Important conSideratIons and 
determme the success of the operatIOn A fungiCide, for Instance, m a 
lIqUId form though effectIve, has less chances of bemg accepted by a 
farmer than one In du!>t form, because of the cumbersome nature of 
the former The copper sulphate steepmg method In the control of 
gram and loose smuts of Sorghum In India, although an effective 
protectIOn, has not found favour WIth the f'lrmers, who have preferred 
to have the alternative method of sulphur dust Slll'llar has been the 
expenence Wit h the application of sprays as agatnst dusts Soli 
appitcatIons, as a general ruie, Cdn only be pructlsed With cffi"'lency 
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and profit, m small-scale areas like tho'ie 10 seed beds, green and hOI 
houses, b.Jt are rarely practised on a field scale Instances of applicatIOn 
of the latter type are rare lnd are a vall a b 1 e In the control of 
Phytophfhora wilt of PIper belle 10 IndIa and of onIOn smut In the USA 
EconomiC consideratIOns and the easy manner of apphcatJOns are thus, 
.. Sin qua non ' to the selectIOn of a fungicide m <l control programme 

For the purpose of these protective mea<;ures, dlsease<; can be 
grouped under four heads 1 Soli-borne, 2 Seed borne, 1 Air-borne and 
4 Insect-borne 

lhe time of applications of fungicides, thus, must conform to the 
nature of the disease, agalOst which they are cllmed, 10 order to 
obtalO the best result!>, In other words, such "pphcatlOns, 10 order to 
be effective must be made at certam defimte st,lgl.S of thc plant growth 

SOIL APPLICATIONS 

Thl~ IS a method of sot! dlslOfectlOn, sometime .. aJ"o known as 
sOJI-stenhzallOn and IS largely curative 10 nature as It prunartly ~lIms 
at killing the sOil-pathogens and making the sOil "s'1fl." for the growth 
of planb In some respects, however, the method IS also protective 
and seeks to protect the germtnatlOg seed, 10 Its early stages and young 
seedllOgs from the onslaught of sOil-pathogens The method, thus, 
can be curatlve 10 some cases (Damptng-off In seed beds Wilt and root 
rot-orgamsms In green houses and experImental plots, root-knot 
organisms etc) and protectIVe In others (seedling blights of cereals, 
omon smut and wIlt In PIper bette) In the latter case, It create" a 
Ie safe fungIcIdal Island which prevents the pathogens from their 
onward march 

He it, steam, formaldehyde, Bordeaux mixture and Its various 
substitutes, like Pereno\, Dlfhane and chestnut compound, various SOIl 

fumigants hke Ferno"(one, Benzol, Methyl b rom Ide and Ethvle1le 
compounds have been used 10 different countries, for the purpose 

SOIl dlsmfectlon by the use of heat and ~te;J.m IS a common 
practice 10 hot houses, green house .. and glass houses In the culttvatton 
of mushrooms and expenmental plants, It IS u.;ed on !tmtted scale m 
nursenes and seed-beds for the control of damplOg-off dl'ieases and 
other SOli orgamsms hke Fusarium and Rlllzoctoma Apphcatlon IS 
made through underground pipes at depths vary 109 from 9· to 18" 
dependmg upon the nature of the pathogen, the steam IS allowed to act 
'1t a temperature 01 200 F for 15 to 20 mlOutes 

Chemical dlsmfectlon of SOIl IS car r led out by the lise of 
formaldehyde, Bordeaux mixture ,md Its substitutes and corrosive 
subhm'lte thIS, however, IS of a restricted application, as It IOvolves 
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FIG. 58. Control or onion smut by soil application to formaldehyde. 

Centre rows, non-treated. ( After Anderson 

high costs, many times prohibitive and is carried out only in forest 
culture, valuable nurseries and in experimental plots. Formaldehyde 
is probably the best for the purpose, being readily filterable through 
the soil and in gaceous state permeates through. the air pores; it is also 
a powerful fl!ngicide and has been used against root rot of. trees caused 
by sp. of F 0 m e s, Ganoderma. Polyporus and Armillaria, in the 
proportion of 1 :50 at the rate of half a gallon to a quare foot; the 
spot is drenched with' the solution and then covered over· by a wet 
cloth for 48 hours. Excellent control has been obtained in onion smut 
by the applications to the soil of a solution consisting of one part of 
the commercial product and 128 parts of water (Fig. 58), applied at 
seeding time, at a rate of 200 gallons per acre with the help of machines 
pecially devi ed for the purpose (Fig. 59). Fermate, applied to the" 

FIG. 59 Apparatus for application of· chemicals to soil. 

[Courtesy : Shell Chem. Corporation 
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soil 2 days before seeding has also given good control of this smut. 
This is probably the first case of soil-disinfection carried out in the 
U. S. A. on a field scale in the treatment of a soil-borne disease. 
Another example of control of serious soil-borne disease by soil­
applications is provided by the notorious Phytophthora wilt of Piper 
belle in India. This consists of the application of Bordeaux mixture of 
2-2-50 strength to the field before and after planting, around the 
growing vines at regular intervals beginning with planting and then 
monthly intervals between June and September, which is the critical 
period for infection to start and spread. The applications are made 
with a can at the rate of two gallons of the mixture to a 10 ft. row 
(Fig. 60). 

Effective control of "damping­
off" of tobacco seedlings in 
Northern districts of B 0 mba y 
and South India has been secured 
by application, to the seed bed 
areas, of Perenox, a commercial 
substitute of Bordeaux mixture, 
in the proportion of It pounds 
of the ingredient to 50 gallons of 
water; the mixture is sprayed by 
a powerful pressure-sprayer, 
onces before (pre-emergence) and 
the others after (post-emergence) 
seeding and at weekly intervals. 
Similar control has been obtained 
by the use of formaldehyde dust 

FIG. 60. Control of betel vine wilt by semesan phygon and 0 the r 
soil application of Bordeaux mix t u r e chemicals. Goo d con t r 0 I 
( Diagrammatic), of damping-off in tom a t 0 

L : treated, R: Non-treated. has bee n secured by seed-
[Courtesy: Bombay Dept. Agri. treatment, instead of soil-treat~ 

ment, by cuprocide and 50~ ~ 
arasan in U. S. A. the former being more effective than the latter 
(Fig. 61). 

Soil application of a novel type has been recently developed in the 
control of brown rot of stone-fruits, incited by Sclerotillia fruclicola in 
the U. S. A. The fungus overwinters in the form of" mummies tt which 
fall to the ground below and are buried; these bodies act as important 
foci of infection and are very difficult to destroy by the usual 
mechanical method; the application of "ground spray" of Krenite 
(0.5%) or calcium cyanamide over the ground just before the spring 
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bas given excellent results and helped to nip the disease in the bud 
by destroying the initial foci of infection. 

Excellent control of "damping-off" of seedlings in tomato due to 
sp. of Pythium and Fusarium and of black root rot of tobacco 
(Thielavia basicola) has been obtained by the application, to infested 
soil, of chloropicrin vapour; this, however, has limited scope. Soil 
disinfection with such chemicals as Methyl b rom ide, Killoptera, 
Iscobrome, ethylyne compound, D-D. has been effectively practised in 
the control of root-knot diseases caused by nematodes. The chemica1s 
are applied to the soil by means of injectors (Fig. 70). Application of 
sulphur dust (2-5 pounds) per tree round about the stem has secured 
good control of Ganoderma stem rot of Cocoanuts in Madras and root 
rot of grapes caused by Rosse/info necatrix in parts of Bombay. 

FIG. 61. Control of .. damping-off" of seedlings by soil application of chemicals. 
L : Semesan R : Formaldehyde. 

SEED APPLICATIONS 

This is probably, the best, effective and economic method of disease 
control and has been advocated as a regular and routine practice in 
crop protection work in recent times, against soil-horne and seed-home 
pathogens; it is essentially a protective measure. Apparently simple 
and inexpensive in its application, it has achieved phenomenal results 
in controlling diseases, which otherwise are known to cause wide-spread 
damage and losses and indirectly stepping up food production, which, 
in India, has been estimated at 5-12%. The grain smut of Sorgllum in 
India. is a typical example. The disease, which with individual 
farmers, is of minor importance, causes an estimated aggregate loss of 
Rs. ) 0,0000000 to the Indian exchequer. And yet this disease with 
such high potentialities has been effectively controlled by a remarkably 
simple and inexpensive method of seed-treatment with sulphur at a 
ridiculously low cost of half an anna per acre. The seed is treated and 
" dressed" with fine sulphur powder. before seeding, with 4 ounces of 
dust to 60 pounds of seed in a revolving drum. 
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A wide range of chemicals has been developed In recent years as 
seed dre~sers and are now available, as propnetory compounds, 
mercun II and non~rcunal In nature Ceresan. Semesan, Uspu!un. 
Germlsan. Fernf.\ape. Agrosall, Sper~01I. PIn 'Jon. Arasan and a host of 
others are placed on the market, besldl.s the usual copper sulphate, 
copper carbonate, cuproClde, pereno'C, formalin. and mercuric chloride 
These chemicals can be used eIther 10 solutIOn or 10 dust form As a 
rule, the propnetory seed-dressers are used 10 dust form and bemg 
largely mercunal have not only gIven effective control of dlse .. bes but 
also a good stand by sttmulltlOg better germmatlon and growth 
Mercun II compounds are, however, dangerous to handle, specl111y 
with uneduc1ted farmers and must, the ref 0 r e, be med and 
recommt.nded wIth care In general, the dusts are use d III the 
proportIOn of 2 to 3 ounces of the powder to 6U pounds ( a bushel) of 
seed, a thorough coatlOg or dresslOg IS effected through the help of a 
revolvlOg drum (Fig 62 ) In advanced countries, seed-dressmg IS 
carned out by state agencIes co-oper,ltlve seed farms and evcn by seed 
merch.,mts for the control of seed-borne dlseast.s hke the smuts and 
bunts of cereals, the stnpe of barley and wheat, the blackarm of 
cotton, the black rot of cabbage, the anthracnose of wtton .lOd 
seedhng bhghts of wheat and corn 

Formalin In I to 40 gallons of watcr has gIven good control of 
black scurf and scab of potatoes, the treatment consIsts of steepmg the 
IOfected tubcr) ID the solutton for three hours The chemIcal h.1S dlso 
gIven good control of covered smut of O.1ts and barley 

MercuriC chlorade has been cffectlvely used to dlsmfect t.abb1ge 
seed agdtn~t the black rot orgaOlsm, thIS I) done by steepIng the seed 
10 the I 1000 solutIOn for 30 minutes, It IS no doubt a powerful fungI­
Cide but mmt be used WIth C.1re on account of Its hIgh tOXIC c ff e c t s 
It IS used In the laboratory for general dlslOfection work against 
table tops, glassware, culture chambers etc 

Copper sulphate hds been .. uOlversal Lhemlcal used since a long 
tIme 10 the treatment of sct.d dg,llnst cereal smuts, It IS a stdndMd 
method employed 10 dl)lOfedlon of seed, seed-stock and 0 the r 
vegetatively propagated parts hke tubers dnd cuttings It IS mamly 
used In solutton Steeping of Sorghum gr.un In 2% solutIOn for 15 
mlDutes gives excellent control of the two seed-borne smuts The 
solutIOn IS also used for dlslOfectlOn of utensIls, pots, binS, Sickles, 
kmvcs etc used for expenment.ll purposc or 10 cutting oper.ltlOns In 

dIseased parts, It IS 1t1ble to IRJurc the seed IOd IfTect tht. stdnd, If 
not handled properly 

Sulphur b maJOly used as a dust and has become exceedmgly 
popular 10 IndIa as a seed-dresser for controlltng seed-borne 
( external) smub of Sorghum, replacang the cumbersome !tteepmg 
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method, on account of Its low co~t and .. afe handlJng, several brand~ 
are avaIlable 10 the m1rket Thc efficIency of thl~ chemical as a 
fungiCIde IS determined by the fJnene~~ of Iti> particles 200 to 300 
mesh fine sulphur dust gives excellent control, 1<; economIcal to use and 
ha<; better adhesIve propertIes In gram smut control, a proportIOn of 
4 ounces to 60 pounds of seed has gIVen excellent results (Upp.ll and 
DesaI, 1931 ) 

Copper carbonate has been a very popular fungICIdal dust for seed 
treatment agam"t bunts of wheat 10 the USA and Austraha Flag 
smut of wheat ( Urocystls tntlCI) 1<; also effectIvely controlled by seed 
dreSSIng wIth thIS chemIcal, the proportIOn tlsed IS 2 ounces to a bushel 
of seed ( 60 lbs ), the mgradlent mu~t be In very fine form to gIve 
good results, It IS an expensIVe seed-dresser but does not aITe ... t the 
stand as In the case of copper sulph.ltc 

Proprietory compounds wIth varIOUS trade names are now avaIlable 
10 the market and there IS almost a bewlldenng range, they may be 
eIther mer(.,ur111 or non-mercun 11, the former arc hIghly tOXIC and 
must be used wIth caution Some of the~e compounds not only act 
on the pathogen found on the surface of the seed. but are also known 
to Improve germlOatlOn and ultimate stand Germlsan, Ceresan, 
Uspulan. Agrosan Gn are mercunal. whIle Spergon, Vanc/de. Nomersan 
(1 MTD). Phygon, Arasan & Fermate are non-mercunals, the latter 
are safe to handle and could be recommended for general use even 
m under-developed countnes The usual proportIon IS 2 to 3 ounces 
to 60 pounds of seed 

The use of these compounds has become a routine practIce III plant 
proteCtion work both for dIsease control as well as Improvement of 
stand Excellent control and stand have been obtamed 10 cereals and 
vegetable agalOst .. d.lmplng off" ,lOd foot rots caused by sp of 
P}thwm, FusaTlum, Rhlzoctoma and Ihlmmtho!>poTlum These seed 
dressers are also effectIve 10 w1.rdtng off the IOlt11.1 IOfectlOn 1.nd 
moculum 10 the control of black arm and 1nthracnose of cotton and 
bla~t of £Ice Tredtment of flax seed With tetramethyl thlUrum 
dlsulphlde ( TMTD ) commerCIally known as " Nomersan " gives good 
control of the anthracnose disease Dehnttng of cotton seed and 
subsequent dresslOg WIth eIther cere ran, pereno'( or agrosan Gr IS a 
wholesome practIce 10 vogue 10 Indl I, Sud.ln and the USA 10 the 
control of cotton diseases, mamly black arm and anthracnose Arasan 
used 10 the propornon of 1/10 lb to 1 pou'ld of seed has gIven food 
control of the notonous OOlon ~mut. Uroc)'vt/s cepuleae, III parts of 
USA Recently, control of black rot of swede caused by Xanthomonas 
campestrls bas been secured 10 Can1da by ImmerSIOn of seed In the 
antibIotIC Aureomycin (1 1000) for 30 mmutes 
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In addition to the above chemical seed-dressers, hot water and 
solar heat have been used In certam seed-borne (mternal) diseases, 
which are not amenable to chemIcal control, on account of the 
dltlkulty IOvolved 10 reachIng the mternal mycclium Hot watcr 
treatment of seed was firc;t deVIsed by Jensen In 1887 for the control of 
loose smut of wheat and has been 'imce Improvcd upon to aVOId 
Injury to seed The seed to be treated, IS Inttlally sO'lked In cold water 
for 4 to 6 hours to activate the mtcrnal mycelium and subsequently 
Immersed JO hot water <1t 129"F (54°q In a water bath for 10 mlOutes, 
the temperature IS maintained t h r 0 ugh 0 u t the penod to a-~old Injury 
to seed, the treated seed-gram 15 thcn Immer~cd In cold water :md 
Immediately dried to avoid mou1dme~s The proccss Involves technical 
skill of a high order and IS, therefore, undertaken by co-operahvt' seed 
soclcties and state agencies, Who dlc;tnbutc such trc'ltcd seed to 
IndiVidual farmers The exact manner of t his treatment IS graphically 
depicted In Fig 63 

In India, a simple substItute treatment hds been deVised (Luthra, 
1934 & 1953) where the summer heat IS utilIsed foc dlsmfectlOn, 
Instead of the hot water The seed IS pre~oaked 10 cold water for 4 to 6 
hours and then spread over In thlO layers on a ~heet of plam galvamsed 
Iron dunng hot summer days from I to 3 p m when the usual out door 
temperatures are m the neighbourhood of 130°F (Fig 64) The seed IS 
wen dried 10 shade and stored with usual precautIOns for subsequent 
plantmg 

The hot water treatment has given good eon t r 0 1 tn black rot of 
cab bag e and streak of sugarcane The seed-pieces of sugarcane are 
Immersed 10 hot W'lter at S2°e for 20 mInutes In the Bombay Deccan, 
a hot water treatment for 2 hours at 500 e has given good con t r 0 I of 
"stunt' disease of sugarcane of VlfUS OrigIn·, the remedy, however. is 
ltable to become" worse than the disease" unless pro per precautlOns 
are taken to mamtaln uniformity In temperature and time of treatment 

Some of the common methods of seed treatment used 10 protcctmg 
crops from seed-borne and seedhng discases arc gwen 10 Table 15 

PLANT APPLICA TlONS 

In these measures, the applIcatIOns are m'lde at different stages of 
plant growth creatmg a thm uOiform film of a fungicIde on the surface 
so as to prevent the germmatlon of spores and their lOfectJon-a purely 
protectIve method These methods arc m'llOly useful In the control of 
aIr-borne diseases like the mildews, blights, anthracnoses, leafspots 
and rusts The applications are made by specwlly deSigned applJances 
such as sprayers and dusters to be descnb(.d hter Umformlty of 

• Gumllste et al PeDe Deccan Sugar Tcch Asso Indm ( 1955 ) 



G. 62. A revolving drum used in seed 
treatment. 

[ After Durrell. 

FIG. 63. A simple method of hot water 
treatment for control of loose smut 
of wheat. 

[ After Brentzel. 

G. 64. A simple method of solar heat treatment for control of loose smut of wheat. 
[Drawing: Miss Kumud LaG. 

O. 65. Method for preparing Bordeaux mixture. [ After Coons snd Levine. 
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apphcatlon, economIcal consumption of the fungIcIde and easy mode 
of operatIOn are essentIal reqUIsItes for the success of the treatment 
effected through such a p pI I a n c e s The general consIderation ... 
govecolOg such appltcatIons have been already dIscussed lO the opemng 
para of thIs chapter 

Fungicides compnsmg copper, sulphur and hme have been used 
10r many years 10 the control of plant dlscuc;es and have occupIed 
a promment place In the plant protectIon work The ear 1 I e c; t use of 
cop per was made by Prevo!>t In 1807 and of sulphur by Robertson In 

1821 These non-specIfic protective chemIcals are now bemg 
substItuted by organtc compounds of high specificity, whIch, howevcr, 
are not Ilkely to find fa V 0 U I In under developed countnes for r ... asons 
already discussed Some of the Important and outstandmg fungicides, 
theIr prepardtlOn and use will be brIefly discussed 

COPPER-CONT AINING FUNGICIDES 

Bordeaux mixture -This IS the best known fungIcide In general 
use and has remaIned a standard preparatIOn Ins pI t e of many 
substItutes The history of the discovery of thIS mIxture by Millard$! 
In 1882 IS well-known and needs no repetItion = ==--

Bordeaux mIxture IS prepared by mIXIng copper sulphate solutIOn 
with solutIOn of eIther stonehme or hydrated lime In delimte 
proportions The two solutIons ar~ prepared separately In wooden or 
earthern utenSIls ( to aVOId corrodmg) and the dilute copper sulphate 
solutIOn IS sio'ftiy poured lOto a concentrated lIme mixture m a thIrd 
tub prOVIded wIth constant agItatIOn, the resultmg mIxture IS neutral 
or slIghtly alkahne and has no InJUriOUS phytocldal propertlcs ThiS 
mIxture IS used almost Immediately It IS prepared and deterIorates on 
standIng In such a case, stock solutIOns of the two mgradlcnts can 
be prepared and mIxed together In the requIsIte proportIons whenever 
reqUIred (FIg 65) 

Bordeaux mIxture IS used 10 vanous concentrations, dependIng 
up 0 n the nature of the pathogen, the nature of plants and plant p'lrts 
and stages of the host, whIle higher concentratIOns are useful In 

woody, tough and mature tIssues, lower concentratIOns gIve good result .. 
With succulent, growmg tIssues, at blossommg stages and on young 
bemes and frUlts, as they avoId spray-Injury 5-5-50 IS the standard 
formula, conslstmg of 

Coppcr sulphate ( bluc stone) 

Stone or hydrated hme 

Water 

5 Ibs _/ 
5 Ibs ._// 

50 Gallons 
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ThIS IS a I % mIxture and can be modIfied to SUIt each case 
WhIle ordmanly, thIs mIxture IS qUIte effective and has good adhesIve 
properties 10 dry seasons, addItion of certam adhesIves or spreaders IS 

qUIte deSIrable 10 wet seasons and dunng monsoons, to avoId washlOg 
of the spray CaselO, ROSin and fatty 01ls are used for the purpose 
Recently a tendency to IOcrease the proportIOn of lIme has developed 
for spraymg frUits aglOst scab and brown rot attack wIth the malO 
purpose of avoldlOg spray Injury 

WhIle thIS mIxture has remamed unrivalled as a fungIcIde, It sulfers 
from a few draw-backs It IS cumbersome to prepare, deteriorates on 
standmg and st.llno; the frUit makmg them ugly and unmarketable, the 
latter defect makes It unservIceable for use 10 ornamental plants 

Bordeaux mIxture l~ a specIfic agamst Downy mIldews, Late blIght 
of potatoes, Koleroga of arecanuts, Colfee rust, leaf spots, blights 
and anthracnoses It has rem . .l1ncd as a st'lndard fungIcIde ag'lInst 
downy mildew of grapes and hop, since ItS InceptIOn 10 1882 ThIS 
mIxture, In addItIon to Its fungIcidal properties, has stllnulatmg elfel.t 
on the foliage and growth of the sprayed plant~ dnd prevents defolIatIOn 
,!he fungll-ldal actIOn of thIS mIxture IS due to the lIberatIon of free 
~pper, whIch, 10 the pt=gsence of dew and water, IS tOXIC to the spores 
that lodge on the host sur~ 

The detaIls about the actual spray-programme followed 10 each 
specIfic case may be obtalOed from standard books dealIng WIth such 
dIseases WhIle one applicatIOn IS enough to control the Koleroga 
( Phytophtizora arecea ) of areca palm In southern parts of IndIa, three 
are reqUIred for controlltng the downy mildew of grapes, four for 
downy mildew of hop and two each for late bhght of potatoes and 
coffee rust In BIhar ( Indll ) 1-2 applIcatIOns of thIS fungICIde or ItS 
substItutes lIke pereno"" or dlthane give good control of leaf spot 
of potato caused by sp of Cercospora TIme IS the essence of the 
treatmont, whIch If not strictly observed may end 10 disaster Since 
envIronment plays an Important role and determmes mfechon and 
progress of a parasItIc dIsease, the spray programme has to be adjusted 
to SUIt the changing weather and season'll condItIons 

Burgundy mn:ture, sometImes known as Soda-Bordeaux mixture, 
has been a populdr fungICide as a substttute for the standard Bordeaux 
mIxture and IS WIdely used III spraying frUits and ornamentals to aVOid 
stalmng Its use against anthracnose of frUIts of banana and papaya 
( Sp of Col/ectotr/chum and Gloeosponum ) has given good control In 

Bombay The formula IS 

Copper sulphate 
SodIUm carbon'He 

Water 

41bs 
51bs 

50 gallons 



PROTECTIVE METHODS 137 

The mixture IS a lIttle expensive but IS easy of preparation and 
specially sUitable In tracts where fresh stone lime IS difficult of 
procurement and storage 

Ammoruacal solutIOn of copper carbonate, copperlime dust, cuprous 
oxide Agricop, Fung/copper. Copper acetate and collOidal copper known 
as "Bou/sol" and Dlthane are other preparations used as substitutes for 
Bordeaux mixture and have given good control In specific cases but are 
not of general applIcation 

SULPHUR-CONTAINING FUNGICIDES 

Sulphur was used for the first time as a fungicide by Robertson 10 

!~d III England for the control of powdery mildew of' v'ne as 
early as I~It has now become a universally accepted fungICide 
alone or 10 combmatlOn for the control of powdery mildew, .. cab of 
apples and brown rot of frUits In the form of dust as weITlis s~~ 
The effectiveness of Sulphur as a fungicide IS determmed by the fineness 
of Its particles, 200-300 mesh fine brand being excellent for the 
purpose 

Several brands of sulphur are avalldble In the market-ground 
sulphur, sublimed sulphur, precipitated sulphur and commercial brands 
of varIOus comblOatlOns Kolodust IS a proprletory compound and 
has high fungiCidal propertte<; Sulphur dust IS sometimes mixed With 
a " filler" conslstmg of gypsum, talc dnd even hme to reduce Its 
lDJunous effect on fOliage and berfles Dustmg sulphurs of 300 mesh 
fineness are now available 10 the market and have powerful fungiCidal 
effects, beSides bemg ecomomlcal to use 

Sulphur dust IS apphed to the plants by means of speCIally deSIgned 
dustmg machmes, of whIch there are many 10 the market, a very thm 
and uOlform covenng IS made, which act<; as a chemical barner against 
the surface pathogens Sulphur has a tendency to " cake" and thiS IS 
prevented by the prOVISion of a "stirrer" 10 the hopper of the machme 
Sulphur ,. acts at a distance" and bemg volatile, readily acts as a 
fungiCide by the formation of either sulphur dIOXide (S02) or hydrogen 
sulphIde ( HIS) m the presence of atmospherIC oxygen ThiS action IS 
slow and accounts for the long reSidual effect shown by the fungiCide 

Sulphu( IS effective agamst powdery mildews, It IS extensIvely used 
all over the world for powdery mildew of rubber 10 the East Indies and 
S:;crl_on, of grap~s, mango, cumin, peas, beetle leaf, rose, 'llb,SCUS, 

gooseberryallilmany other vegetables 10 the USA, Europe, Australia, 
America, India and other countnes 

The actu'll dustmg programme vanes With the crop and the 
seasonal conditions fhe number of applIcations IS 1 to 5 10 grapes, 
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2 to 3 in mango and 1 each in peas, cumin and beetle leaf. The quantity 
required for effective control is 75 lbs. in grapes, 25 pounds for peas, 
cumin and beetle leaf per acre, two pounds per tree in the case of mango 
and 20 pounds per 100 bushes in the case of gooseberry. A method 
known as "ground-dusting" has been developed in South India for the 
control of powdery mildew of tobacco, when sulphur dust is applied at 
the base of the plant at the rate of 40 lbs. per acre; this is done to 
avoid damage to the aroma of the leaves and" acting at a distance" is 
effective in preventing mildew (Mathrani et aI, 1955). 

Sulphur dusting is a more economical operation than spraying 
bordeaux mixture; it has however its own limitations; the dusting is 
ineffective in humid weather and in rainy season. 

Sulphur dust has been recently used to control stem rust of wheat 
in the U. S. A. and Canada through the help of helicopters (aeroplane­
dusting) (Fig. 66); one application of 30 pounds per acre is given at 
blossoming time, which is critical for the rust infection. It is a good 

FIG. 66. Aeroplane dusting by helicopters. 

[ Courtesy: New England Craberry Sales Co. 

remedy in experimental areas and nursery plots for protecting valuable 
cultures from the rust attack; excellent results have been obtained by 
this method in highly susceptible varieties at the rust experimental plots 
at Mahableshwar in Bombay; the method, however, is not a practical 
proposition on a field scale owing to the narrow margins of profits left 
behind. 

Lime-suJpbur solution:-This is a concentrated solution and is made 
by combining lime with sulphur in the following proportions: 

Sulphur (flowers) 2 pounds 
Stone lime 1 pound 
Water 1 gallon 
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The stone lime IS slowly slaked and kept boIling In water, the 
sulphur IS made up mto a thm paste and then added slowly to the 
boIling !tme solut1On, the bOiling process IS contmued for 45 mID utes 
untIl a deep amber coloured product IS attamed, the specIfIc gravIty of 
the mixture should be about 27-30 Baume, the concentrated mixture IS 
stored 10 stoppered bottles for future use and should be diluted with 
from 40 to 90 parts of water before applicatIOn 

This fungicide IS findmg more favour In spraying programmes In 

orchards, frUit trees and ornamentals It IS also a good remedy 10 

comblOed IOfectlOns of fungi and msects It IS bemg Widely used In 

the control of mite IOfections 10 potatoes, chillies and CItrus 10 India 
and 10 scab and brown rot of apples and pears m Europe and USA 
The apple mildew (Podosphaera leucotrlcha) IS effectively controlled 10 

America by 5-8 apphcatIons of thiS fungicide, the pure sulphur treatment 
IS found to Injure the foliage 

Lime-sulphur dust - ThiS IS a dry preparation and used 10 the 
dust form dnd IS ~onvenient 10 dry seasons The proportion used IS 
equal parts of the mgredIent~, It IS, however, not as effective as the 
solutIOn, the rate per acre IS 25-30 pounds 

Many substitutes are avaIlable 10 the market, under vanous trade 
names " Wettable'" sulphur, floatation sulphur, sulsol, su/finette, 
ultra-Sulphur are a few e"{ampies and have been claImed to give good 
results as substitutes 10 place of commercial lIme-sulphur and Bordeaux 
mixture Some of these compounds, however, must be used with care, 
as some plant~ are "Sulphur-senSltlve" Pi ants like apple, cotton, fig, 
tobacco and cucurblts are known to be damaged by sulphur .!Od ItS 
combmatlOns 

Sulphur-DDT-Dust - ThIS IS a comblOatlon fungicide and has been 
tound to gIve excellent control of the combmed mfectlOn of oidIUm and 
hoppers ( ldeocerus sp ) m mango 10 penmsular India It IS prepared 
by mlxmg 20 parts of 50% DDT with 80 parts of finely ground 
sulphur A ready made compound commercldlly known as Guesarol 
comblOtng sulphur and DDT has been effectively use<l 10 place 
of the above dust 

WOUND APPLICATIONS 

Prunnmg IS a common practice 10 orchards and tea and rubber 
culture, ,md In forest aredS where such wounded surfaces are reqUired 
to be protected with a dI::'1Ofectant to prevent InfectIOn by wound­
paraSItes The protection of wooden posts and rafters used In railway 
tracts, agricultural estates and road Sides, from the attack of fleshy 
fungi and white ants has become an urgent and pressing problem 
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Excellent protection is afforded by the application of coaltar and 
its bye-products, creosote oil and carbolic acid to the wounded surface 
as these are highly impregnable and constitute good barriers against 
microbial activities. In India and the U. S. A. these products are 
being extensively used for disinfection of gum-wounds caused by 
infection of PhytophtllOra palmivora and P. citrophtiJora. 

Zinc cbloride, Zinc sulpbate, Cyoide of mercury, Bordeaux paste and 
many other disinfectants and" wound dressers" have been recently 
developed for use in such instances. Soft grafting wax and lead paint are 
used in fruit plantations to cover the wounds caused by prunning. 

The manufacture of various types of " wood preservations" for 
protecting timber, logs of wood, railway posts and rafters, fencing 
posts and the like from invasion by micro-organisms has developed 
into an important and flourishing industry in the U. S. A. and millions 
of dollars are being spent annually in such work. 

CONTROL OF STORAGE DISEASES 

Fruits, tubers, bulbs and other vegetative parts are subject to 
various types of infections by pathogenic as well as saprophytic micro­
organisms in storage and in transit. Rhi=opus, Aspergillus, Fusarium, 
Rlzizoctonia, bacteria, Co/letotrichum, Botrytis, GloeoJporillm and 
Cladosporium are a few such organisms that attack such stock. The 
ripe rots, dry and wet rots, the blue mould, black-heart, neck-rots are 
some of the storage diseases, so caused. 

FIG. 67. Control of apple scald in storage by oil wrappers. 
L : Wrapped. R : Exposed. 

[ Courtesy: Bureau PI. Ind. U. S. Dept Agri. 

While prophylactic methods con sis tin g of general sanitary 
measures, disinfection of storage places, cold storage, thorough drying 
of grain and bulbs, rigorours selection of sound fruits etc. are essential, 
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special methods for dlSlnfectmg plant stock and frUlts have been 
devised for tackhng the growmg problem of transit losses BleachlDg 
powder, Sodium bIcarbonate, Calcium hypochlorlde, Borax, Nitrogen 
trichloride, PotassIum metasuJphlde are variously used as fruit washes, 
gas-dISInfectants or dressers The use of wrappers prevIOusly 
Impregnated with dlphenyl has been also recommended for the purpose 
[Fig 67] Treatment of fruit with 8-10% solution of borax as a fruit 
wash has given excellent protection to CitruS fruits agamst blue moulds 
Potdsslum metasulphlde IS mixed with the packmg dust used 10 transIt 
of gr.tpes agamst PemcIlllum and Bolrylls mould (Brooks, 1939) 
Pamtlng of stalk-ends with copper sulphate p a .. t e or benzoIc aCI(l has 
been effective In reducmg stem-cnd rots of water-melons and black rot 
of pme apples respectively In transit 

CONl ROL OF INSECT-BORNE DISEASES 

Vuus diseases of plants are mamly Insect-borne, m the sense that 
many, mfact, most of them, are tr.tnsmltted m nature through the help 
of suckmg msects In such cases, therefore, fungicides have no place 
In a control programme Inste.td, Insecticides are lIkely to afford 
protection to plants agamst such msect "Vectors' In practice, however, 
tnsectlcldes h ave f.tlled to afford the deSired rehef, as the" vectors ., 
persIst on weed and other collateral hosts, be~ldes the main crop, and 
are thus difficult to reach, beSides such a method, though effective, 
mvolves high costs and therefore IS prohibitive This method, however, 
can be practIsed with success, In green house studIes, 10 expenmental 
areas ,md for dlsmfectlon of virus dnd gldss houses and, therefore, has 
hmlted application 

BIOLOGICAL CONTROL 

Thl!t mode of attack IS becommg more common In the control of 
tnsect pests and IS bemg extenSIVely expenmented up 0 n Many 
entomogenous fungi have bee nus e d m sue h tnals with some 
success (Dresner 1949) It IS known that In nature fungi causmg 
powdery mildews, rusts and ergot are parasitized by other fungi 
( hyperparasltes) Itke Sp of Dar/uea and Cerebella, the practical 
appltcahons of sue h methods, on a field scale, howe v e r, are 
problematical The control of root rot of tea caused by Armzllana 
me lea has been attempted by the use of Sp of La.!J/dlp/odlQ In Nystland 
Remarkable control of Rlllzoctoma dampmg-off of sugar beets has 
been recently obtamed through the additIOn of hve cultures of Baed/us 
sublills to the tnfected sOil, In the USA (Dunleavy, 1952) In 
Hawall, control of root-knot nematode of ptncapple has been secured 
by the apphcatlOn to the mfested sOil of pmeapple refuge .It the rate of 
100 to 150 tons per acre The apphcatJon of the organtc matter 
favours the g row t h and development of the nematode trapptng 
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fungus, Daety/ella bembleOities, whIch kIlls the sOIl-nematodes and 
thus make!: the mfested land safe for further croppIng (ng I QI) A 
very recent example of tnsect control by bIOlogIcal method IS proVIded 
10 the c'1nn'11 areas of Bombay In sug.Hcane The leaf-hopper (Pynlla 
Sp ) whIch causes great damdge to thIS crop, has been controlled both 
10 expenmental areas as 'Well as field scale by spraymg a "pore 
suspcnslOn of the mu~cardme fungu<;, Sp of Materrlll:lIlnl ( Kam1t et 
aI, 1952). thl!> method has been nl<;o <;ucce<;sfully employed In the 
control of frog hoppers Hl <;ug'1rc'me Hl the West Indlcs Imect 
control by the use of fungi has been attempted 10 m1ny Cdses 
(Fawcett 1944 Dressner, 1949) 

SPRAYING AND DUSTING APPLIANCES 

The<;e appll1nces are deSIgned and modelled In d I IT ere n t 
mechanIsm') '1nd 'He very useful In the '1ppllc 1 tlOn of fungIcides, 
Jnsectlcldl), dnd weedlcldes to the growIng plants the soIl and c;tor1ge 
placl.. for protectIOn 'lg'lInst dIseases, pe&ts and obnoxIOUS weeds A 
great vanety of these appll lnces are now avall.lble tn the market 
These applIances enable the operator to make these 1pphc1tlons 
economiC, thorough, rapid and effective through the mlstltke sprays or 
clouds gIVen out by these machlOes 

Sprayers are used for applIcatIon of IIyUlds and dusters for dry 
powders The hand machInes of the type of knapsack, holder, pressure 
and bucket pumps are mamly useful on small sCdle baSIS and are bemg 
t:xtenslVely used In areas where labour IS cheap and easIly avalhble 
C Fig 68) In big orchards and large scale estates, such machmes 
have no place Instead, power drIven machmes are used and have 
been found to be economIcal and give satisfactory results The latter 
t) pc are now In common use In the USA, Rus'ila and other 
countrIes, where large scale applIcatIons are reqUIred, they arc med both 
for applIcatIons to low as well as hIgh crops and have been employed 
10 orchards and forest Heas The spray nozzle IS an Important part of 
the eqUIpment and enables the opcrator to delIver the lIqUId In fine mlst­
hke form wIth UnIform cover'1ge and economy Aeroplane dustIng hIS 
been resorted to 10 the USA and Canada for dustIng wheat belt 
and forest areas with sulphur and other Insecticides for control of stem 
rust Insect pest and In desert areas of IndIa and Pakistan for control 
of locusts (FIg 66) 

The dustmg machmes are of three types, bellow s, crank 
( CentrIfugal) and power Crank type hand machIncs have been very 
popular all over the world where small scale operations are needed 
(Fig 69, 2 & 3) Bellow types (FIg 69,4) have become obsolete. are not 
effiCient and do not gIve good" cover'lge .. 
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FIG. 69. Dusters, various types. 
l. Hand. 2. Dust-gun. 3. Roots. 4. Bellows. 
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Special types of pumps known as" Soil-injectors" 
have been devised for fumigating soils in the control 
of root-knot organism ( Fig. 70 ). 

Spraying is an effective operation against most 
endophytic diseases like blights, rusts, downy mildews 
and late blight of potatoes, as the liquids have a long 
residual effect as compared to dusting dry powders. 
The operation, however, is cumbersome and labour­
consuming. In certain ectophytic dis e a s e s 1 ike 
powdery mildews, mite infections and pests, dusting 
has given effective control being more rapid, easy of 
operation and economic. Dusting, however, has 
a limited scope being possible and effective only in 

FIG. 70. Soil dry seasons and in still atmosphere. 
Injector used in 
soil fumigation. 
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CHAPTER 19 

Development of disease-resistant varle 

of crop plants. 

Plants show a wide variation in their natural am'ity to teIist the 
onslaught of disease; such an ability is inherent and is expreued in 
the form of morphological, structural, fonctIool and protoplasmic 
peculiarities. Diseue-resistaDce commonly met with in the plant 
tin,oom is ftllative • • iatore, total immpnit¥ heiR, too ~ Its 
hereditary traiWiiiSlion from parent to oft'-spriDl is eaentlally 
.. Mendelian", bat ofJeD polygenic. 
immunity to diaeases in plants by the therapy cOllllllODly adopted in 
animals with terUJD. YlCCiDation, inoculatioa ad dIemicaI to pnMhce 

.c. 

anti'bodies. Jane betn of limited 
am (Stoddard, 1949 ). This 
apJIIIm to bo hqDIy ftle 
dift'crcDccI ia their Ulltomical 
structures ud tho absenc:e of a 
defiaite aod body-wide drcula­
tory IYI1em. Temporary 
resistance is, DO do U b t, oft'ered 
by plants &0 penetratioa and 
iafecaion by micro-or~s. 
more specially viruses, but 
definite proor of an tibodies 
baYin, beal in_wei in ada a . . 
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Another interesting example of aquired immunity by 
" pre-inoculation" is furnished by p I ant s of Nicotiana sylvestris 
inoculated by tobacco mosaic vi ru s, which consequently, developed 
immunity to subsequent infection of aucuba mosaic virus ( Fig. 72). 
At best. such a therapy can be practised in individual plants but is not 
practicable as a measure of crop protection on a field scale. 

FIG. 72 Premunization of tobac:co leaf 
against Aucuba mosaic virus. 

L : treated, R : NOD-treated 
[ After Kunkel, L. O. 

Apparent resistance in plants 
co u I d either be environmental 
e. g. (Disease - escape) and 
( Disease-endurance) or heredi­
tary e. g. m 0 r p hoI 0 g i c a I, 
structural, fun c t ion a lor 
protoplasmic (True resistance); 

. two types are of 
a casual nature and variable. 
true resistance is inheritable and 
has therefore been t a ken 
advantage of in the development 
of disease-resistant varieties of 
crop plants. This line of work 
has achieved phenomenal success 
as a major item in the control 
programme in recent years. 

Diffen ( 1905 ) in England was 
the Irst to recognise the 
importance of such measures 
in his breeding w 0 r k for 
rust-resistance in c ere a 1 s. 

Orton (1909) followed in the U. S. A. on similar lines and succeeded 
in developing W1't~resistant varieties of rnttoD, cowpea. wate~ 
and other farm crops. Voluminous literature has since been developed 
in this subject, which has made rapid strides and has been recognised 
as one of the best and effective methods of tackling the disease problem 
in plants. The programme of development of disease-resistant plants 
has. by its nature. to be a long term one and involves high techni::al 
skill and an intimate knowledge of the sciences of plant pathology, 
plant breeding and genetics. The programme has its own limitations 
and is operated through State agencies, co-operative societies and 
scientific organizations, who can command highty technical staff and a 
big finance; it is generally beyond the scope of individual farmers. 

Control of plant diseases through resistance need to be adopted 
only in certain specific categories of diseases. which cannot usually be 
controlled by other easier means discussed in tlie preceding chapters 
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or where ordinary control measures are prohibitive in cost. The 
well-known diseases, which deserve to be tackled by such methods 
are wilts and root rots, rusts of cereals, red rot of sugarcane and blast 
of rice, stripe diseases, blights etc. It would be inadvisible, for instance, 
to operate such a programme in the control of smuts of Sorghumt 

mildews of orchards and fruit crops, which are amenable to protective 
measures like seed-treatment, spraying and dusting. Besides, the cost, 
labour and difficulties involved in such a long term programme would 
not" pay". 

NATURE OF DISEASE-RESISTANCE IN PLANTS 

Disease-escape, disease-endurance and true resistance are the 
three categories encountered in plants. These categories are, however, 
not rigid and are capable of being modified to some extent by both 
internal and external factors. Environment plays a prominent role in 
this respect. 

Disease escape:- Plants may "escape" disease due to factors other 
than resistance which are inherent in the plants themselves or to 
various environmental or seasonal variations. Early maturing varieties 
of groundnut escape "Tikka" inti . on Cercospora arachidicola); early 
varieties of wheat are also known to escape rust and loose smut 
infection. A change in planting season has also been successfully 
employed as a mea sur e of securing escape; the leaf rust of sugarcane 
( Puccinia sacchari) in the canal areas of Bombay severely affects cane 
when planted in June, but is of min 0 r importance or absent in crops, 
sown in October; similar is the case with Piricularia oryzea, affecting 
the ragi c r 0 p (Eleusine coracana) in parts of Madras, where an 
effective control of tIielilliSfhas been obtained by sowing the crops in 
October instead of in June. In soil-borne diseases like root rot sand 
wilts where soil-temperature atgrowing periods determines the severitY 
o infection, variation of a few weeks in sowing time may make a great 

FIG. 72 a. Influence of soil-temperatures on wilt-resistance in highly susceptible 
variety of peas under artificial infection. 
L: Disease escape at low temperature (lSOc); R: Hi2h infection at 270 C 

[After Wells, D. G. et al. 
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difference 10 the ultlmate chmcal picture of the diseases, as In FusaTlum 
wilts of cotton m Bombay, flax In Punjab and peas In USA, where 
sOil-temperatures at sowing tIme play an Important role 10 determining 
seventy of dIsease At low sot! temperatures ( 18-20C>C ), even highly 
susceptible vanetles show high degree of resIstance, a tYPIcal example 
of dlsease-escape (Fig 72 a) A change 10 the actual method of 
cultIvation also enables plants to "escape" disease Transplanted 
onton seedhngs, for In!>tance, escape the smut 1Ofe(.,tlOn (Urocystlj 
cepulae) but not the seeded fields 10 the USA High-budded lemons 
and mo~ambles arc known to escape mfedlon by the gummosls fungI 
and so do the lemon frUIts hIgher up on the tree, escape brown rot 
tnfechon more successfully than those on the lower branches A very 
mterestmg case of "dIsease escape" has been recently recorded 10 the 
Bombay State In respect of yellow mosaIc of Dolzchos lab/ab t A 
selectIOn of this leg urn e was found to be consistently "resistant" to 
the VlTUS under field tests, but succumbed miserably under artificial 
1Ofectlon earned out through the' vector" 10 the green house f his 
apparent "resistance" was ultimately traced to the deterrent actIOn 
exerted by the leg u m e on the vector brought a bout as a result of the 
highly glabrous and hairy nature of the h 0 s t The" resIstance" was 
phenotYPIc, not determined by any gene complex and thus not 
10hentable 

In all these cases, the resistance exhIbIted IS of the nature of 
" disease escape" and therefore unreal, since these plants, If exposed 
to artIfiCial mfectlOn under controlled condltlons, might show hIgh 
degree of susceptIbIlIty to these diseases All the same, dlsease-control 
based on s u c h methods, should not be lost SIght of, stoce It IS one of 
the !>lmplest and the most economIc methods of control 

Disease endurance -This IS brought about by IOfluence of external 
factors It IS a well-known phenomenon that plants fertIlized WIth 
phosphattc and potash manures are more tolerant to dIsease, thIS IS the 
case 10 wheat agamst rust mfectJOn RIC e crops fertIlIzed by SIlicates 
are" resIstant' to blast (Pmcularza oryzae) 10 Japan Wheat crops 
fertilIzed by potash and phosphatic manures are hl~hly tolerant to 
mIldew and rust InfectIon The fertIlizers, III such cases, act mdlrectly 
to arrest vegetattve growth and promote early mat urI t y, better straw 
and strengthemng tissues which form a bulwark agamst pathogentc 
lDvaSlon The Nlphad 4 vanety of wheat IS hIghly tolerant of black 
stem rust on account of Its bemg early to mature In addItIOn to ItS 
possessmg the low resistance of one of Its ancestors "Khapll' Several 
vanetles of nce when tested for blast ( Pmw/ana oryzae) have been 
found to tolerate InfectIon remarkably (Fig 73) Such phenomenon 
thus offers a good field of InvestIgatIOn and a comparatIVely easier 
method of control of diseases 
------ ~- - ------ ~ -~ 

1 Cure SCI, 19, P 248 1950 
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FIG. 73. Relative resistance of rice varieties to blast, under artificial infection. 
1-3 : Highly tolerant; 4: Highly susceptible; 5-7: Highly resistant. 

[ Courtesy: Bombay Dept. Agri. 

THE BASIS OF RESISTANCE 

True resistance is inheritable and much less subject to environmental 
influence. It is specific in character. The basis of resistance may be 
either morphological, functional, structural or protoplasmic. 

Morphological characters determining such resistance include 
nature and thickness of cuticle, skin, cell membranes, bloom, hairs 
and waxes (Fig. 74 ). 

FIG. 74. Morphological resistance to disease in plants due to thickness of cuticle 
(1) and nature of stomata; (2) S : Susceptible, R: Resistant. 

[ After 1 Ainsworth, 2 Mclean. 

Functional nature of resistance is determined by opening of the 
stomata, time of opening of flowers and time of maturity, rate of cork 
formation and cambial activity. 

Structural characters include the proportion 0 f strengthening 
tissues, fibre content, nature of middle lamella, corky layers, number 
and structure of stomata and lenticels and their sizes ( Fig. 75 ). 

Protoplasmic factors controlling resistance are related to cell 
contents, and inc Iud e acids, tanins,. anthocyanins, chemical 
constituents and their proportion, antibiotic activity and hypersensiti­
vity present in the plant cells and in addition, biological antagonism 
of the protoplasm of the host and the pathogen ( Fig. 76 ). 



FIG. 75. Structural resistance to stem 
rust in wheat due to sclerenchyma tissue. 
1. Highly susceptible, 2. Mod era tel y 
resistant, 3. Highly resistant, E. Epidermis 
P. Parenchyma, S. Sclerenchyma, 

G. Vascular bundles. [After Hurch. 
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FIG. 76. Protoplasmic resistance 
to powdery mildew in red clover. 
1 & 2 Upper, Susceptible, 3 & 4 
Lower, Resistant. Note abortive 
haustoria in latter. [After Smith, O. F. 

FIG. 77. Resistant (R) and Susceptible (S) varieties of cotton growing in wilt-sick 
soil in pot tests. ( Courtesy: Kulkarrai Y. S. 
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The present posItion regardlOg nature of resistance has been 
admirably summarIzed by Brown ( 1936, ]948) and Wmgard ( 1941 ) 
It IS not always easy to dlSttngUISh clearly between true resistance and 
other type .. In nature A hlgl-Iy susceptlbk ,-otton stram when grown 
at sOil-temperature ]ower or higher than the optImum, Il> hIghly 
•• resistant" to wilt-orgamsm, the red vanety of olllon. which IS 
considered hIghly resistant to smudge. becomes highly susceptible with 
removal of the outer red scale The elrly m..ttunng vaflety of grolJnd­
nut IS highly .. resistant' to Cercofpora aradlldlcola In ndture but 
become .. highly susceptible under artifiCial mfecuon Wheat vanetIes 
highly suslephble to stem rust m seedlIng stage may show high degree 
of resistance at maturity In the field These are cases of disease-escape 
or dlsease-endurance, which "fcul" under optImum conditions of 
tnfcchon and environment 

True reSistance, however. 1" of .1 specific character and Il> deter­
ntlned by the defence equipment and actIvlues of the plant Itself 
agaInst the parasitIc lOvaSlOn and IS therefore not subject to any 
apprecIable modifications by external fJctors 

GENETICS OF DISEASE-RESISTANCE 

The earlIest demonstntlOn of the behavIOur of "disease resbtance" 
as a character t,.tnsmlsslble from pdrent to olf-spnng In the 
c, Mendeltan" fashIOn, was given by Bllfen (1905) In his work on 
yellow rust of wheat Smce Ihen, mtenslve work hds been done on 
this aspect whIch has proved the v.l1ue of applYing genetical prIncIples 
In developIng dIsease-resistant V3netJes of p I ant s for effectIve control 
of dlseascs 

Much useful work has been done In cereals, vegetdble crop~, 
cotton, tobacco, legumes, and other crops, With a view to obtam 
resistant vanetIes ag.lInst such parasItIc diseases as FusarIUm WiltS, 

root rots, blast, mildews, late blIght, rusts, chaff, smuts, bunts, 
stnpes, and even vIruses OutstandLOg attamments In thiS directIOn 
Include Wilt-resistant varletlcs of cot ton, cowpe.t, water-melon, 
lathvrus, tobacco. tomato, brrn}als. PtdS and flax, anthracnose-resistant 
beans, club-root-reslstant crUCifers, and late blight-reSistant potdtO, 
•• yeIIows "-reslstant cdbbage, Vlrus-reSI<;tant bedn~, mOSellC-reslstant 
sugarcanes, wart-resIstant potatoes, rust-rt .. slstant asparlgus, blast­
reslstdnt nce red rot-rCSIl>tdnt sugarcane". mold-reSistant tomdtoes, 
bhght-reslstant gram, curly top-resistant beets, rust-resistant cereals 
and many others, too numerous to mentton 

Some outstandmg commerCial dl<;ease-reslstdnt vanetJes of crop 
plants together WIth the IOCdllty of their ongm are given below _ 
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The results obtamed 10 respect of the Inheritance of thiS charaLter 
of resistance and ItS factonal basIs, are, however, not uniform and 
show varying behavIOur While resistance IS a dommant character 
10 some crosses, It IS recessive lfi others The factonal basIs also 
differs ResIstance IS sometimes governed by a few genes and at other 
tlmes by polygenes Many Instances, however, of a stratght Simple 
lOhentance governed by a mono-hybnd raho have been on record and 
prOVIde hope and stlmulus for more extensIve work on thIS as pec t of 
disease control 

ReSistance to one disease IS seldom synonymous with resistance 
to another dIsease of the same c r 0 p plant ~uch a state of behaViOur 
IS seldom encountered 10 nature Sugarcane resistance to red rot IS 
highly suscephble to leaf rust and whip smut Wilt-resistant Amencan 
and Egyptian cottons are highly susceptible to bla("k arm and rust 
m India Rust-resIstant varIeties of wheat are highly susceptible to 
black chaff disease tn the USA MarqUIS wheat which was resistant 
to stem rust and bunt, was found to be highly susceptIble to scab 
mfectIon Several oat Varieties, which were re!olstant to crown rust 
and smut, were highly susceptible to Helmmthosponum &tnpe, due 
to their .. Vlctona' blood The highly rust-resistant Khap/t wheat 
was found to be highly susceptible to Helmmthosporlum stripe 10 

Bombay, the late bltght resistant potatoes we r e equally susceptIble to 
powdery mildew In Holland "Thatcher" wheat highly resistant to 
stem rllst was found to be susceptible to leaf rust m north USA 
Instances of thiS type can be multIplicd hmes out of number .. 

Another perplexmg phenomenon, which has materIally addcd to 
the difficultIes of the Plant Breeder and the Plant Pathologist, IS the 
close aSSOCiatIOn, of either phYSIOlogiC or genetic (linkage) nature, 
between IOfenor agronomic characters and disease-resistance The 
phenomenon IS wlde!>pread among plants, even a~ In antmals Highly 
wilt-Immune "Million Dollar" cotton of ChlOese descent has very 
mfenor agronomic characters which !>how a dose linkage The supenor 
" Son" vanety of banana IS hIghly susceptible to Fusarium wilt, whIle 
the tnferlOr " Kab " IS highly re~lstant The" boxl" wheats of India, 
highly pnzed for thetr qualIty and Yield are hlghlv susceptible to 5 t e m 
rust, while the tnferIor "Khapa/t' IS highly re~lstant The sweet 
vanetles of citrus arc IlIghly susceptible, whIle the sour vafJetles show 
high degree of resistance to gummosls mfectlon Supenor types of 
nce like the" Bhangar Kaddl' and" Kolamba readily succumb to 
blast IOfectlOn ( Pmcularea oryzae), while the tnfenor clnd w II d types 
show hIgh degrees of resistance Instance~ of thiS klOd have been 
recorded In a Wide variety of crop plants and are a real obstacle 10 the 
development of disease-resistant vanetles of deSirable commercial 
qualIttes It IS the latter aspect w hi chis more difficult of attainment 
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and entails long dehys and high techmcal skill and knowledge of plant 
hreedmg and genetll-s 

MEANS OF SECURIl'IG RESISTANT VARIETIES 

Disease-resistant c r 0 p plants may be obtalOed 10 the three 
followmg ways -(I) IntroductIOn, (II) Direct selection and (Ill) Selection 
In hybndlzed matenal 

1 Introduction 

As previously stated, resistance to dis e as e IS an wherent 
characterlstlc of some plants and occurs 10 vary10g degrees throughout 
the plant kingdom A very sImple and inexpensive way would be to 
make direct Introduction of varieties exhibiting high reSistance, mto 
regIOns affected by a spt"clfic disease, m order to combat It While 
theoretIcally thiS method appears a very simple propOSitIOn, unfortu­
nately 10 practice, It IS beset With great difficulties and even nsks As 
already explained, the real problem 10 thiS res p ec t IS not so much of 
obtammg resistant varIeties a~ of secunng vanetles ('ombmmg dlsease­
resistance With commerCial or deSirable agronomic characters It IS the 
latter aspect that confronts the plant pathologIst and the plant breeder 
Seldom do these two characters go hand 10 hand In nature and hence a 
Simple mtroductlOn does not have high chances of success 10 a new 
localIty With dlffercnt sets of envll;onmental conditIOns It IS some­
bmes possible that strams of the same pathogen prevaIling 10 the new 
locahty may be different The risks mvolved 10 such a procedure 
cannot also be overlooked Agatn a newly Introduced vanety may 
prove resistant to one disease but may be extremely susceptible to 
another disease Expenence of introductIOns shows many mstances of 
thiS kmd as already explamcd under the chapter on "EpIdemIology' 
BeSides, environment and seasonal condItions playa promment role 10 

the development of the dIsease The accldmatIzatlOn of these new 
mtroductlOns to new enVIronment IS 10 most cases a difficult problem 

The mtroductlOn of Co 475 varIety of sug1rcane 10 Bombay has 
conquerred red rot but brought 10 leaf rust and whIp smut to the fore 
The marquIs wheat 10 the USA conquerred stem rust but brought In 
the problem of scab, WIlt-reSistant Amcrlcan cotton vanetJes Introduced 
10 India, became highly susceptIble to red bhght, rust and black arm 
Kenya varIeties of wheat whIch arc hIghly resistant to stem rust 
became hIghly susceptIble to loose smut III experImental areas In 

Bombay The IntroductIOn of Hope and H44 varietIes of wheat In 

the USA brought ~tem rust and bunt under control, but Introduced 
a new problem of black chaff to which these vanetles were highly 
susceptible In other words, IntroductIons whde solVing the problem 
of a prevalent disease may bnng In new dIseases, probably more 
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vIrulent and devastatIng and therefore cannot be depended upon for 
controllang diseases (Stakman et al 1938) However, cases of success 
attend 109 such direct introductIOns are on record The lOtroductlOn 
mto India of early matunng vanetles of groundnut from the USA 
has successfully conq uerred the pro b Ie m of Tlkka (Cercospora 
arachldlcola ), Indore vanety of LAlhyrus satlvus reslstant to FusaTlum 
Wllt lOtroduced mto northern sectIOns of Bombay, have solved the wilt 
problem In that locality So was the Case wlth "Basra! ' vanety of 
banana In the ("ontrol of Panama dIsease, In parts of Poona dlstnct 
These IOstances are, however, so few and far between that such a 
method cannot be considered as of general applicallon 10 a control 
programme 

2 Direct seleetlon 

This IS a better method than the prevIOus one and has more 
chances of success In obtamlng dlsease-reslstant plants The work of 
selection IS carned out either In the naturally Infected fields under field 
condltlons from out of the mass of heterogenous matenal or 10 

mdlvldual cultures to be tested under conditions of artlficI,:ll epidemic 
eIther In the nursencs or specIal gllSS houses with controlled 
envITonment ( Plant selectIOn) The former IS an meffectlve method 
and many times ends 10 failure, smce the selectIOns made may be only 
10 the nature of" dIsease escapers" and not truly resIstant mdlvlduals 
In years of heavy eplphytotlcs, field selections are lIkely to YIeld better 
results, as such selectIOns Will have bee n effected from among')t plants 
which have surVIVed the epidemic (Pig 78, 6) BeSides, the cloo;e 
assoclatton often found 10 plants between disease-resistance and 
lOfenor agronomic characters, presents obstacles which can hardly be 
surmounted by selection 10 naturally varylOg materIal 

3. Hybrldlzataon 

ThiS method of developmg disease-resistant crop plants combining 
commercIal quahtIes, though effectl\e and the best, IS a long-drawn-out 
process lOvolvmg 11lgh techOlcal skill It IS, however, the only effective 
way to break up the unwholesome association of characters and 
overcome the dlfficult Situations referred to above and obtam eventually 
combmatlons and recombmatlons of characters, With the ultimate 
view of selectmg out of thiS matenal, deSirable mdlvlduals combmlOg 
resistance to disease The degree of success and rapidity With whIch It IS 

achieved are naturally dc:termmed by fhe nature of the onglnal matenal. 
the envlTonmental condItIOns under whl;;h the work IS carned out and 
the pattern of the breedmg programme Due regard must be paid to the 
three factors that make up " disease" 10 plants VIZ the host plant, the 
pathogen and the environment The presence of more than one paraSitiC 
strains or phYS10logiC forms 10 a gIven pathogen and the complicatIOns 
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anslng out of such phenomenon have mtImate beanng on the breeding 
programme, so IS the case wJth environmental factors, which must be 
controlled In order to obtam reliable results Thc programme of 
breedIng, which normally consists of Initial hybridization (for obtain­
Ing corrbmatlOn and rccombmatlOn of ch lr lcters) followed by 
systematic seledlon and selhng (for fiXing such characters) must be 
car ned out under conditions of environment which are stand<lrcl and 
optimal for the development of disease and standard mfechon usmg all 
the pre\aJhng p1.rasltlc strams of the p Ithogen Such a pro,ramme 
red.Jces to a nUOImum the nsk.s mvolved III Imlatlon of "llisease­
escapers" The modern conception of dlsea'\e-reslstance IS broad-based 
and takes mto account the vanou!> para!>lhe strams wlthm the pathogen 
and the varymg envlfonmental conditions IIlfluencmg the ultimate 
chmcdl picture and seventy of disease Any ratIOnal a,.nd SCientific 
programme for developmg disease-resistant crop plants must, therefore. 
be based on such conceptIOn, III order to achieve real SUCCCI>!> 

The ploncer work of obtammg dlseasc-reslstant vanetJes of crop 
plants camed out at WlsconslD by L R Joncs and hiS a'lsoclates III 

soIl-borne dIseases, the breedmg programme for obtammg ru"t-resl .. tant 
vanetles of wheat carned out In the USA by E C Stdkfnan and 
bls associates and by other workers 10 Canada, Australia and 111<lIa, the 
success that attended the development of wilt-reSistant vanetles of 
cotton and lath}Tus 10 Bombay by Uppal and hiS aSSOCI.ltes and 
blight-reSistant vanettes of gram (Oeer afletlllum) In Punjab by 
Luthra and hiS co workers, to mentIOn only a lew, were m IInly based 
on and due to such comprehenSIve conslderatlOn~ havmg.ormed the 
basts of the breeding programme 

In general, such a programme for breedmg and development 
of disease-resistant crop plants assumes the followlOg pattern ...J.. 

Make field selections from heavtly Illfected areas from ~artable 
matenal, either available fro,m natural populatIOns or from 
segregatmg generations of crosses 

2 Self such plants and obtam progcflles 

3 Test the progeml.s 10 pot cultures meimeiually for dlsease­
reSistance, under artifiCial mfectlOn (Fig 78, 79 & 80 ) 

4 Use all pre~mJl1lg strams of the pathogen for mfectlon 

5 Mamtam optimal conditions 01 envlfonment either of SOli ( m 
SOil-borne dlse,lses) or meteorological (In airborne diseases) 
thwughout the tfl'lls 

6 Ehmlndte all susceptible mdlvlduals 

7 Transpllnt pot and glass-house selections In disease nursery, 
specl1.IIy mdmt1.llled for the purpose 
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METHODS OF INVESTIGATION 
. ( In plant rusts) 

FIG. 80. Methods of Study in Plant rusts. 1. Seedling inoculation; 2. Incubation 

chamber for seedlings; 3. For adult plants; 4. Interior of a rust 

glass· bouse; 5. Hypodermic needle inoculation; 6. Special chambers 

for maintaining rust cultures; 7. Heavily rust-infected plants; 
8. Creating artificial rust epidemic in field by the muslin canopy 

method. [Kamat, 1953. 
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8 Self desIrable cultures and repeat the process In subsequent 
generatlOns untIl homozygoclty IS attaIned 

9 Make selections for both agronomic characters and dlsease­
resistance, every time dlscardmg the undesirables 

10 Carry out tests of the selectIons so made under varying field 
condLtlons on state farms, for commercml and dlsease­
resistance characters 

11 Multiply seed of the best selectlOns for general dlstnbutIon 

ModificatIons of the general procedure outhned above are made 
10 accordance with the nature of dIsease. pathogen, environmental 
conditIons for the development of the dIsease, nature and genetical 
constItutlOn and behavIour of the host and the facllttIes and eqUipment 
avaIlable In sOLI-borne dIseases, like wIlts and root rots, spcclUl 
artIficIally I n f e c ted plots are malO tamed for test 109 mdlvldual 
perform'lnce of each plant culture, beSides the umformly mfected pot 
cultures (Figs 78 & 83 ) and the selectIOns so made are finally tested 
under umform sOlI temperatures In SOli temperature tarks (FIg 47) to 
check up the real nature of re!>lstance and ehmmate the "dl<;ease 
escapers ' If any, before the selections are multlphed for general 
dlstnbutIon In mr-borne diseases, hke rusts, blights, blasts, black 
chaff etc. the tests of Fi and subsequent generatIOns are carned out 
under heavy artifiCIal epIdemIc conditIOns (FIgs 79 and 80,8) with a fixed 
layout, uSing varIOUS techmques descrIbed In Chapter 20 (Patel and 
Kdmat, 1950) The malO purpose of such a procedure IS the elimmatlOn 
of" disease eSCdpers ". which are apt to creep 10. If these conditions of 
mfechon and envlfonment are not mamtamed to a standard for 
optimal development of the disease 

A standard system has been developed for proper evaluation of 
the dlfferentJUI reactions of plant cultures to the disease, through 
" mfectlOn types" which vary wIth different diseases Two such charts 
depIcting the" mfectlon types" utilized m breedmg work In stem rust 
of wheat used by Stakm,m et al and cotton wJlt ( developed by Uppal 
et al ) are Illustrated 10 FIgs 81 'lnd 82 On thiS baSIS, three groups 
of" reactions" 'lrt.. recognIsed VIZ Immune. hIghly resistant and 
hIghly susceptible and these are deSIgnated for conveOlence by the 
numerals 0, 1 and 2, 3 and 4 respectIVely 

Hybfldlzatlon or erossmg. thus, has become an establtshed and 
effective method for obtalllmg dIsease resistant vafletles of plants 
ThIS IS accomph<;hed by effectmg crosses between vanetles as well as 
specLCs In addItIOn to the us u a I techntque of straIght crosses, two 
other effecttve techntques have come mto prommcnce In recent years 
VIZ Backcrossmg and Po)ypIOldlzahon, the former enables the breeder 
to recombIne and fix deSIrable parent II ch'lracters In the hybrid 



160 INTRODUCTORY PLANT PATHOLOGY 

o 2 
FIG. 81. Infection types ill stem rust of wheat. 

resistant, 3 & 4. Highly susceptible. 

3 4 
o : Immune, 1 & 2. Highly 

[After Stakman, E. C. 

FIG. 82. Infection types ill FU3arium wilt of cotton. L to R. Decreasing 
resistance determined by extent of leaf mottle. 

[ After Uppal, B. N. et al 

FlO. 83. Resistant (Left) and Susceptible (R ight) varieties of tobacco growing 
in root-rot infested soil. [After Johnson J. 
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generatIOn and the latter has been utIlIzed In securIng fertIle plants out 
of an otherwl<;e Infertile bybrId of InterspecIfic and mtergenenc cross 
by the well-known "colchlcme treatmcnt' Inter-<;pcclfic hybrIdIzatIOn 
has been of great value 10 mtrodu("mg deSIrable resIstance from w II d 
typcs mto commercIal vanetJes 

The foregOIng dISCUSSIOn about the methods employed In the 
development of dlseas~-reslstant varIetIes of crop plants WIll not be 
complete without a bnef reference to the dIfficultIes encountered In thiS 
type of W 0 r k Some of these difficultIes have bt.en already dIscussed 
but Will bear a repetition The most Important of these arc as 
follows _w 

ASSOCIatIon of resIstance and mferIor commercial characters 

2 Absence of resistance to major diseases 10 commercial vanetles 

3 EXIstence of paraSitIC strams of varylOg capabilIties In a 
pathogen 

4 Self-stenhty 10 the host plant 

5 StrIctly regIOnal aspects and reqUirements 

The pO<ltJOn With regard to Items 1.2 and 3 has been already 
discussed Self stenhty 10 plants IS a great ImpedIment at fixation of 
characters and attamment of homozygoclty 10 the off-sprmg The 
POSitIon IS Identlcal WIth cross-fertilIzed plants like corn cabbage, 
croto/arla etc and IS overcoml- through specIal techniques hke 
"slb-crossmg , or controlled pollInation between different hnes earned 
out through the medIUm of polhnatmg hl.es (Uppal and KulkarOl, 
unpubhshed data) 
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CHAPTER 20 

Methods of Study with Plant Diseases 
Methods Involved 10 the study of and investigatIOn mto plant 

diseases vary with the nat u r e of diseases concerned A knowledge of 
the general laboratory techOlque consisting of the use of camera lUCida, 
mll;rometry, prepardtIOn of m e d I a, methods of sterilization and pure 
culture IS prereqUisite 1 he student would be able to obtam c;ufficlent 
Information on this score from the laboratory gmdes ( 3, 4,7,) Cited 
at the end of the chapter The followmg discussIOn will therefore 
relate to the general procedure followed JO the JOveStigatlOn mto 
InfectIOus plant diseases 10 the laboratory and the field 

The first step, 10 thiS direction, IS to exam me the dIseased plant 
carefully, either 10 the fields or 10 the laboratory A thorough 
macroscopIc as well as mIcroscopIC examinatIOn IS necessary ThiS IS 
done, generally, 10 three ways direct observation, sections and IsolatIOns 
The first one IS done by a hand lens or with a blOocular for the 
presence of any fungus parts, felt of mycelIum, sclerotia, penthecla, 
pycmdn or bacterial ooze, charactenstIc wIth Wilt and root rot orga­
nisms, powdery mIldew or bactenal dIseases SectIOns Will help to 
loc'lte the mycehum and Its nature, the t y p e of spore-frUits and then 
actual relatIOnships with the host tissues and are, therefore, likely 
to give the worker a true Idea of the nature of disease In case the 
two mcthods fall to throw ltght on the actual nature of the disease, the 
t hI r d method of Isolation IS employed, thIS method alms at obtamlOg 
the pOSSible pathogen from the diseased tissues 10 pure cultur e, and IS 

sometime'! also known as smgJe-spore 0 r tissue cultures ThiS IS 
accomplished by either spore Iso/atlOns or tissue Iso/at Ions through 
such techmques as .. dilution" or "pJatmg" method (rtg 84), loop 
and cyhnder method, the m I C rom a n u p 11 a tor and many others 
( HIldebrand, 1950) 

In diseases caused by obhgate parasites hke the downy and 
powdery mildews and the rusts, the pathogens are cultured 10 hvmg 
plants and are known as plant cultures which are used In subsequent 
mvestIg'lhon work (Manners, J 0 1951) The method" of cultunng 
pathogens of f'lcult'ltJve nature differ from the abo,e ThIS IS done 10 

artlfielal media, of whlch there are many, the commonest 0 n e s 
employed for thiS purpose, bemg potato dextrose agar, oats meal agar 
and nutrient agar Such orgamsms like smuts, Phytoplttlzora, Pytlllum, 
Allernarla, FusaTlum and bactena could be so cultured and mamtamed 
10 the laboratory for further study (Fig 85) 

The next step 10 thiS direction after the orgamsm IS brought In 

culture, IS to test It for Its pathogeneclty, for, the mere presence or 
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FIG. 84. Dilution method of isolation (Upper) and Colonies (Lower). 
[ After L. Lohnis, R. Dugger. 

FIG. 85. Method of making transfers and sub-cultures. 
( After Lohman. 



METHODS OF INOCULATION & STUDY 
In plant dinases 

FIG. 86. Phytopathological methods. 1. Bell-jar method of incubation; 
2. Inoc'Ulation of plants in humidity chamber; 3. Microcage for study 
of virus-vector relationship; 4. Hypodermic inoculation; 5 Spatula 
method of inoculation; 6. Incubation chamber for seedlings; 7. Incuba­
tion chamber for adult plants; 8. A glass-house for culturing rust fungi; 
9. Glass canopy method of creating artificial disease epidemic in nurse­
ri~s; 10. Preparing wilt-sick soil (note giant cultures of the fungus in 
fl,\sks on left) 11. Study of varietal reactions of cotton to Fusarium wilt 
jn pot tests; 12. Soil temperature tank for study of soil-diseases at 
('ontrolled soil-temperature; 13. Incubation chamber with controlled 
'emperature, humidity and light; 14. Sorghum seed inoculated with 
smut spores. 

[Kamat, 1953. 



~IG. 87. Method o[ preparing wilt-sick soil [or POt tests. L: Mass cultures of 
Fusarium, R: Mixing inoculum with soil. 

G. 88. Canopy method of creatiDg artificial epidemic iD air-borDe diseases. 
[ Courtesy: Plant Patb::>logist, Bombay. 
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association of the orgamsm on, In or with plant tl~sues IS not the true 
mdex of Its pdrasltlsm This IS done by JDoculabon methods of which 
there are many ane! vary with the nature of the orgamsm and disease 
(FIg 86) Inoculatton may be defined as mtroductlOn of 11 ve 
Inoculum (p1thogen) lUto or upon a host Such methods are only 
possible and desirable with paraSItic dlseaselt mcludlng viruses but not 
with nonparaslttc onl.s The technique employed 10 the former two 
types only will be discussed In this chapter 

An moculatlon expenment may be designed with the followlDg 
flUrpose 

To prove parasitism of the orgamsm Isolated 
2 To study ltfe cycle of the orgamsm 
3 To study host range of the orgamsm 
4 To study specmltzatton of parasItIsm 
5 To study relation of environment to dlltease 
6 To study vanetal resistance of host 

The essential requirements of a successful moculatlon expenment 
were long mnunclated by Robert Koch ( 1876) and are well known as 
Koch s postulates which may be summansed as follows -

( I) isolation of organism 10 pure culture from diseased IOdlVldual, 
( Jl) InoculatIOn of the orgamsm 10 healthy mdlVldual, 
( Ill) ReproductIOn of typIcal symptoms and disease, 
( IV) Relsolahon of onglOal organtsm from dlsea.,ed mdlvldual 

Smce disease IS the product of an Interaction between the host, the 
pathogen and environment, an moculatIon expenment also must satisfy 
these three conditions, which should be brought together m such an 
expenment For thiS purpose, the hosts after moculatton are grown 
under bell-Jars, muslm cages, glass houses, specially designed for the 
purpose, (Fig 86), and where envIronmental condItIOns s u c h as 
temperature, Itght and humidity are controlled In sOlI-borne diseases, 
the moculum (pathogen) IS moculated IOto sOil and plants to be 
tested grown 10 such" sick" sOlI (Fig 87) In air-borne diseases, the 
moculum IS sprayed on the plants In the form of spore-suspensIOn, 
which are then IOcubated under mOIst chambers In seed-borne or 
seedhng diseases, the moculum IS smeared over seed or placed round 
about seed at sowmg hme VarIOUS modificatIons of these methods 
are resorted to, to SUlt each speCial case ( Fig 86) 

In field expenments, where the plants and the pathogen are tested 
dnd studied on a mass scale, the moculum IS either sprayed on growmg 
plants (m air-borne diseases hke the rusts, blast and blIghts) or IS 
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added to the sOIl In measured doses (In sOIl-borne dIseases) specially 
mamtamed for the purpose and plants to be tested grown 10 such sick 
sOlI (FIg 87) In aIr-borne dIsease'> specIal mushn cages or canopIes 
are used to cover the lnocuhted plants for maIntaIning hIgh humIdIty 
(FIg 88) to aId 10 successful mfectIon 

METHODS WITH VIRUS DISEASES 

The methods of research and InvestigatIon Into VIrUS diseases of 
plants are necesi>anly dllferent from those descrIbed above, because of 
the obltg'lh.. nature of the vIr u s, Its mode of transmission and Its 
ultra-microscopIc character The" VIrUS" particles dre permeated 
through the cell sap, WhiCh, 10 turn, are transmitted to new plants 
through the punctures of SUCklOg IOsects 10 the majority of cases The 
pathogen (?) thus cannot be cultured m artificial media nor Will It 
admit of Inoeullhon with the usu'll technIque employed for parasItIc 
dIseases Instead, the cell sap IS expressed from dIseased IndIVIduals 
and moculated Into healthy plants by needle punctures or other 
sUitable mechanism 

FIG 89 A mlcro-cage used 10 

In cases, where thIS method IS 
not successful, suckmg In'iects 
such as aphIds, leaf-hoppers, 
white files and the hke, usually 
found feedmg on the diseased 
crop, are reared artificIally In 

speCially des I g ned c age S 

~ tnsectanes) on healthy plants, 
allowed to fee d on dIseased 
plants for varymg length of tIme 
under controlled msect-proof 
cages and these .. vIruhferous .. 
Insects then transferred to 
healthy r lants III "mIcro-cages' 
(Fig 89) ThiS mode of mocu-

IDsect transmission of viruses 
[Courtesy Verma P M 

JutlOn IS known as Insect­
transmISSIOn These methods and modIficatIOns thereof. can be 
employed m the InvestIgatIOn of vIrus dIseases to determme (I) parasI­
tism of VIrUS (2) mode of transmlS!>lOn (3) mscct vector mvolved 
(4) host range (5) mcubatlOn penod In the JOsect vector (6) relative 
resistance of host (7) Isolatloo of viruses from mIxed mfectlOo etc 
etc (SmIth, 1937 ) 

StudIes 10 the hfe cycle of pathogerue orgamsms have vlt'll beanng 
on control measures, the study of the orgamsm Itself 10 lis vanous 
aspects such as habit of growth, formatIOn of spores and sporefrulls, 
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spore germlOatlon and vlablltty, provIde Important tnformatJon, on the 
nature of the organtsm The method of ovcrsummermg, mode of 
transmlSStOn, host range and environmental factors affecttng the 
deVelopment of dIsease, YIeld weak spot~, whIch ultimately help the 
plant pathologIst In hIS onerous task of developtng ratIonal measures 
of protectIOn 
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CHAPTER 21 

TAXONOMY AND NOMENCLATURE 

Taxonomy In fungi IS beset with great difficulties on account 
of their diversified nature, fragmentary knowledge of their structure, 
dt"velopmental process, cytology, sexualtty and other aspects of th'::lr 
hfe cycles The student IS naturally beWildered with the confhctlOg 
lDterpretattons f 0 u n d lD the vanous clas~i1ficatlOns presented In 

standard books of mycology, but will do well to remember that 
mycology IS undergOing a "transitIOnal" stage and Will take some tune 
before It crystahses and takes a definite shape Taxonomy, to be 
successful, must be based on a natural system and aid the student 10 

readlly IdentJfYlO8 the vanous micro-organisms 

All orgafllsms are either plants or afllmals, excluding those of 
lOtermedlate nat u r e, such as the shme-moulds also known as 
Mycetozoa meamng animal-fungi Fungi have more affinities with 
plants and as such are grouped under the plant kmgdom Of the 
three well known groups of Cryptogams (Sporophytcs), fungi belong 
to the phylum, Thallophyta, which compnses, 10 additIOn, the bactena, 
the shme-moulds and the algae A Simple key to the vanous classes 
of the Thallophyta IS glVen below -

THALLOPHYT A 

( A Simple key to the classes) 

A Chlorophyll, present, aquatic Chlorophyta 
(Algae) 

B Chlorophyll, lacklOg 

BB Unicellular, dlvldlOg by Schlzomycophyta 
fiSSIOn Class Schizomycetes 

( Bacteria) 

CC VegetatlVe body, naked, Myxomycopbyta 
a plamodlUm Class My'(omycetes 

( Slime moulds) 

DD TYPically filamentous With cell Eumycopbyta 
wall, dlVldtng by buds ( True-fungi) 

Mycelium non-septate, asexual 
spores motile or non-motile, Class I Phycomycetes 
spore-fruits absent ( Algal-fungi) 
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SporefrUits present, my~eltum septate, 
propagat1on by non-motile conidia 

2 Sexual spore, an ascospore Class II 

3 Sexual spore, a basidiospore Class III 
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Carpomycophyta 

Ascomycetes 
( Sac-fungi) 
Bas/([/Omycetes 
(BaSidial-fungi) 

4 Sexual spore, absent Class IV Fungi-Imperfect I 

The Chlorophyta con.,tJtute the green algae, the Schlzomycophyta 
the bactena, which are tYPically Unicellular and probably the smallest 
known mlcro-orgamsms, exclusive of the Viruses, which h ave a 
problematical pOSitIOn, the Myxomycophyta are the slIme moulds, 
comlstlOg of naked multi-nucleate vegetatIVe body, the Plasmodium 
The Eumycophyta constitute the true fungi With tYPically filamentous 
fOfm, a true sexualIty, a definite cell wall and dlVldmg by buddmg 

These phyla are further subdiVided mto orders, families, genera, 
speCies, sub-speCies, races and forms The names assigned to these 
diVISions and all descrIptions are In Latm, which prOVIdes a common 
medIUm of nomenclature and therefore admit of easy ~ompan.,on 
between the vanous SCIentIfic workers, workmg 10 dIfferent parts 
of the globe 

NOMENCLATURE 

The well k now n, "Bmomla 1 system' In troduced by Carl 
Linnaeus 10 1753 pubhshed 10 hiS book, Species Plantarum, forms the 
baSIS of modern system of nomenclature A plant bears, thm, two 
names, the first, a noun, the genus, and the second, an adjective, the 
specIes These names are often deSignated after well-known mycolo­
gIsts ( de Bar}anum, Butlen, Ajrekarl, Kulkarmella, Kunllll, Daslunello 
and so on) or after dlstmctlve hosts (brasslOceae, arecae, palmlvora, 
gramlnlcoia, soiam, fiCl, gOSSYPI, tntlcl, heltant/ll, chr}santheml, sorghl 
and so on) or again aftcr countries or regIOns In which they were 
discovered ( md,ca, bengaTensls, hlmaia}anSIS, plllitpPlllensls, poonaenSIS, 
cubensls etc ) or after part of the host affected ( vasm/ectum, frucllcola ) 
and so on 

The name., of the orders end 10 - ales, those of famlltcs In - ceae 
and higher rank - ete The name of the author who first named the 
organism Immediately follows the bmomlal VIZ Phytop/zt/zora areeae 
Coleman In case of shIfting of names and more than one name appear­
mg after the binomial VIZ Sclerospora sorghl (Kulk) Weston and 
Uppal. NeOVOSSla mdlca ( Mitra) Mundkur, Neovossla /zornda (Tak ) 
Padwlck & Azam, the name In the parenthlSls IS the ongmal author 
and the one outSide, who subsequently modIfied the bmomlal 
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Rules of nomenclature have been framed by the International 
Botanical Conferences held from time to tunc, on a standard and 
universally accepted system, which IS now belOg followed hy all 
bIOlogists the world over Thf' authorq and dates which have been 
accepted f0r the purpose of nammg orgamsms ,ue as follows 

Myxomycetes 1753 Lmnaeus SpecIes Platarum 

Fungi, BasidIomycetes 1801 Persoon 

FungI, other groups 1821 Frtes 

SynopsIS Methodlca 
Fungorum 

Systema Mycologlcum 

New names are permissible only for such orgamsms that are 
discovered after the above dates 
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CHAPTER 22 

-'tHE PHYCOMYCETES 

This class of Eu~~cophyt1h sometimes known as algal-fuMI or 
lower fungt'-.tncludes aquahc, amphibious ano terrestnal forms The 
lowest forms possess a simple undifferentiated thallus and are thus 

ft 
(I 

called olocarpl~. whIle the hIgher forms produce richly branched 
filamentous mycebum and reproductive bodies and are called ~c~ 
The vegetative mycehum IS tYPically 'coeno.cl1lc' (unIcellular and 

ultmucleate) - -

Asexual reproductIon takes place by zoo-sporangIa or comdla. 
hlCh. 10 lower forms. give fiSC to z~~r &w~spores and to 
lrect germ tube In the higher forms The zoospores lire motile and 
ossess one or two flagella on theIC body and are adapted for aquattc 
\\b\t and water-01SSemm'ltlOn In hlghcr forms, the COnlOla, 1re 
roduced endogenously In sporangIa and arc known af'apJanospores,lf 
lese are tYPICally terre~trJal 'lnd are wInd-dlssemmated No spo';­
Ults are produced III these fungI 

Sexual reproduction IS dIverse and r mges from copulation between 
Jotlle gametes In lowest forms, heterogamy or oogamous types In 

Jtermedlate and Isogamous In highest forms The three types are 
eSlgnated as ~anola~ehc copulat~n, oogamo.!_ls rerhhzab~ and 
ygogamous conjugatIOn and result in the formatlon of zygotes, oospores 
nd zygospores respectively ---

ParasitISm and habitat are of a varied type The lowest are 
rater-moulds -and saprophytiC, the mtermedlate forms are seml­
quatlc or amphibiOUS In habit and are either facultative or exhibit 
bhgate paraSitism Such fungI as Pyth,ul11 and Phytopht/lOra are of the 
)rmer type, while members belongIng to Peronosporaceae, sometimes 
1so known as downy mildew fungI, are of latter type The members of 
he hIghest group constttute the moulds, which mamly grow 0 n 
ecaylOg orgamc matter and are therefore, In the nature of scavangers 
he Mucors and the bread mould belong to thiS category 

Many members of thIS c1a~s cause ~ertOU<; and Wide-spread diseases 
If crop plants The claSSical lite blight of potatoes, the wart of 
lotatoes, the downy mildew of gl.lpes, hop and cereals, the white rust 
,f cruclferous crops, the koleroga of arec'lnut, the Wilt 10 betel vme. 
he gummosls of cItrus all belong here I)(lme members ~rasltlze 
nsects and have been utilized In bIOlogIcal control of Insect pests 

The c1ass11iCafiOn of thiS class IS mamly based on the nature of the 
plant body ( thallus), the type of sexuality dnd sexual '>pores and the 
number and type of flagella of the zoospores The older c1asslficdtlOn 
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PERONOSPDRALES 

FIG. 90 / G_eneriC--characters. \.!, Pytbium; (3 Phytophthora; (~3 ... Albugo: 

6 Basidiophora; ~ Peronospora; &; Plasmopara; 't1; Bremi<l; 
rB Sclerospora. [ Kamat, 1953. 



THe PHYCOMYCETES 173 

has been based prtmdnly on the former two characters, whIle the 
modern system ( Sparrow, 1943) has been framed In accordance with 
the number and type of flagella present on the body of the zoospores 

Accordingly, the Phycomycetes have been subdivided mto three 
sub-.classes or senes as follows 

A KEY TO S_UB-CLAS~ES OF THE PHYCOMYCEfES 

~ Zoorpores present 

I Holocarplc, aquahc 
sexuahty, planogdmetlc copulation 0rchlmycetes 

2 Eucarplc, semi-aquatIc, sexualtty 
oogamous, an oospore Goomycetes e Zoospores absent 

3 Eucarplc, terrestnal, sexuality 
Isogamous, a zygospore __:)Zygomycetes 

The Archlmycetes, the Oomycetes and the Zygomycetes are In 

general homologous to the modern senes, the UOIt1agallates, the 
Blt1agellates, and the Aplanates respectively 

The order Peronsporales constJtute fungi of very great economic 
Importance and comprtse practically all the destructive diseases cau'led 
by members of this class The type of the COnIdiophore IS a distInctive 
character 10 taxonomic claSSificatIOn of this order (Fig 90) 

A detailed d.lsslficallon of the three sub-classe£. will he found In 

any standard book or mycology 

A statement gIVing the Important diseases caused by these fungi, 
their nature, causal organisms, host range, hibernatIon and distrIbu­
tion IS given In the accompanying Statement I 
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CHAPTER 23 

THE ASCOMYCETES 

The Ascomycetes, well-known as sac-fungi, compnse a large 
number of "pecles which are characterised by the formation, In thclr 
perfect stages, of the ascus, this structure IS a distinctive feature of the 
class and IS homologous In ItS morphology to the sporangIUm of lhe 
Zygomycetes Many members of this class wcre orIgmally grouped 
under Fungl-ImperfcctI on account of the absence of ascI In thclr life 
cycles but were transferred back to their proper posItIon under thiS 
crass, With the discovery of the asclgerous stage 

UnlIke the Phycomycetes, the mycehul1! IS profusely septate and 
commonly forms strom'lta, sc1erotla-and chlamydospores Comdl'l are 
abundant 10 certam groups and sC<lrce or ab!'cnt 10 others The ascus, 
which takes such diverse forms as c1av'lte, globose, cyhndtlc, paltsade­
like, fihform etc, con tams usually eight ascospores ThiS number may 
vary 10 certam spel.les but IS. 10 general, a multiple of two and a­
defimte number The ascI~ In turn, are produced In tYPical s_Qore­
frUlts known as ASCOCARPS which are mainly of t h r e e types 
i'i)Clelstotheclum.' ~ closed spherical bod/opening by breakage of 
Its o~~ll and discharging the as.£l wlthm (2) Perltheclum~\ globular 
or flask-shaped frUIt With a narrow oshol~ through which the ascI and 
ascospores are released (3) Apotbecium. a~_p or saucer shaped body, 
generally tk~n character. and hned on Its lOner Sides. With aSCI, m 
parallel oiPahsade layer, which discharge the ascospores dlfectIy mto 
the atmosphere \I In a few pflmlhve species, however, none of the 
frUit-bodIes desoflbed above are present and the ascI 10 these fungi are 
naked, some-time smgle or formed 10 groups or layers (Fig 91) The 
ascus, thus, constitutes the perfect stage of the fungi grouped under 
the das" It IS d sexual structure and the ascospores, sexual spores 

These fungi greatly vary 10 their paraSItism, rangmg from oblIgate 
saprophytlsm to true parasitism and are well adapted to terrestnal 
dlssemmatlOn They carry 0 u t thelf active phase With the help of 
diverse types of comdla or asexual spores followed by the ascigerous 
phase which IS a hlbernatmg stage Pleomorphism occurs In many 
speCIes, a phenomenon I a c kin g 10 Phycomycetes PhYSIOlogiC 
speclahzatlOn of a high order IS met With 10 several forms 

Sexual phenomenon 1S of Isogamous type In the prImitIve groups 
and hIghly develo_ped heterogamo~ higher forms In the latter, a 
spec1alised fe~1l known as ascogontUDl.JS fertilised by a male cell. 
the !!1~heredJ~ often With help or a tncbogyne, which forms a recepllve 
structure of the female cell, un 11 k e the fertilization tube In the 
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Oomycetes; the ascogonium, on fertilization, gives rise to one or more 
ascogenous hypbae which ultimately grow into asci and surround 
themselves in higher forms with an outer supporting structure, the 
peridium; between the asci, are many times intermingled the sterile 
hair-like hyphae, the parapbyses. 

~ 
~ D 

FIG. 91. Spore-fruits jn the Ascomycetes. ~Naked asci; ~ Cleistothecium 
(Section); . Perithecium (Section); @Apothecium; B. Hystero­
thecium;C!:} Asci in locules. 

(Drawing: Miss Kumud Lad. 

The classification of the class is mainly determined by the manner 
in which the asci are produced and the type 0 f the ascocarp. 
Accordingly four well-defined groups can be recognised on the basis of 
this characteristic. In the well-known powdery mildew group, the 
Erysiphaceae. the number of asci formed in the fruit-body together 
with the type of appendages form distinctive generic features (Fig. 92). 

Some of the important diseases caused by members 0 f the 
Ascomycetes are the powdery mildews, the sooty moulds, brown rot of 
stone fruits, the" ergot " of rye, the Dutch elm disease, the blight of 
gram, the scab of apples and the chestnut blight. Yeasts, the well 
known black and green moulds belong here and have been utilised in 
industries and medicine. The famous antibiotic, Penicillin, has been 
obtained as a result of the activities of the green mould. Penicillium. 
Yeasts are of great importance in bakeries and brewaries in making 
bread and wine. 
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POWDERY MILDEWS 
(ERYSJPHACEAEJ 

The class has been subdivided into two sub-classes according to 
the presence or absence of the spore-fruits, and is further classified 
into series on the basis of the type of spore-fruit, as follows: 
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~ SIMPI E KEY TO 'iUS-CLASSES AND SERIES OF 
ASCOMYCETES 
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Ascocarp lackmg, ascI naked -r Sub-class "emi-ascomycetes 
A'lcocarp present ~ Sub-class ':-- Euascomycetes 

Ascocarp, a clelstotheclum 
wIth no ostlOle Senes I Plectomycetes 

_./ 2 Ascocarp, a peTltheclUm 
with narrow ostlO\s- Senes II _fJyrenomycetes _ 

3 Ascocarp, an apotheclunr'" 
with a broad ostlOle Senes III Dlscom),cetes 

These dIvIsIons are further subdIVIded mto orders and famlhe~ 
The detaIls of the classificatIon Will be found m any standard book of 
mycology 

A statement glvmg Important diseases caused by members of this 
class, their causal orgaOlsms. nature. mod e 0 f dl<;scmmahon and 
hlbern'ltlOn, host range and dlstnhutIon IS given m the accompanymg 
Statement II 
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CHAPTER 24 

THE BASIDIOMYCETES 

The BasidIOmycetes compnse 0 f f u 0 g I chdfactensed by the 
formation, 10 their hfe cycle, of !!!~Ium and basidlo-sJlOres The 
basldlOspores are borne exogeno\lili on the basidIUm which may take 
vapo.Js fQH!1}, septate or non-septate, the basldlOspores m a y....£~ 
def!_n~QL!Ildefinlte 10 numbet, 10 higher forms, they are usually four, 
but always a multiple 0 f two, d I.haractenstlc f~ure found 10 the 
ascus of the Ascomycetes, the basldlOspores are ~~n many species 
and mate In paIrS before 1Ofectlog the host and produce In them a 

"dlkar)'otk..~cehurrl, In thiS respect they are 10 the nature of gametes 
!J 

The mycelium IS typically septate Chlamydospores and resting 
spores are produced I n several species, while rhlzoldal or cord-hke 
sclerotlal bodies are a feature 10 certam wood-rotting fungi The 
spore-frUits, vary 10 theu structure from closed or open son, 
flask-shaped pycOJa, cupshaped aeci \ to such hi g h I y developed 
basldlocarps, hke ~ushrQ.o.ll1S~ to_adJtoolsL br~cket-fUDSl and lU!..ff-balls 
In addition to the tYPical basldlOspores, cOOldla and OIdia of vanous 
types are produced whIch help the fungI In secondary dlssemmatlon 
Pleomorphism IS of common occurrence and IS highly developed In 

~st-fun&.1 

ParasitIsm vanes from obhgate saprophytlsm to obhgate parasitism 
With lDtermedlate/acultatlsm The fleshy fungi are malOly saprophytes, 
the rusts obhgate parasItes and the smuts and bunts, facultative 
saprophytes The basldlOspores m smuts and- hunts.. are funLilOnai 
gametes and therefore. admit of culture In artlficlal media aod accurate 
morphological, cytological and even genetical study Host-parasitism 
IS of a highly orgaOlsed type and the rust fungi specially exhibit a 
speclahzatIon of an extreme type, the hke of which has been rare 10 

othl:r groups 

The ~s, buots and rusts are Important groups of diseases 
OCCUrrIng In thiS class -

Sexual development has been of vaned type and may, 10 general, 
be descrIbed as highly developed Isogamous copulation The nucleus 
JO the baSidIUm or promycehum IS <!!EI.9u1 which undergoes reductIon 
dlVlslOn formmg four haplOld nuclei which ultimately migrate mto the 
basldlOspores or spondla, the haplOid basldlOspores copulate 10 pairs 
and develop dlkaryotlc mycehum when the nuclei of opPosite sex come 
together, but do not fuse. they are conJuate and dlVlde as such until 
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FIG. 93. Generic characters and effects on host. 1. Whip smut of sugarcane, 

spores and their gerrflination; 2 Loose smut of wheat (UslilagQ); 3. Head 

smut of sorghum (Sorosporium); 4. Kertle! smut of sorghum; 5. Loose 
smut of sorghum (Sphacelotheca); 6. Long smut of sorghum 
lTolyposporium); 7. Common smut of corn (Us/ilago maydis); 

8. Common smut of bajra ( Tolyposporium); 9. Bunt of rice, spores 
and germination (Neovossia); 10. Bunt of wheat and germinating 

spores (Til!etia). l Kamal, 1953. 



FIG. 94. Generic characters. Q) Puccinia; W uromyces'GC» Hemileia; 
C!,)Phragmidium; cs... Triphragmidium; (6~ Ravenalia; 7. Melampsora; 
( 8.jCronartium; ~redo; ~ecidium (after Stevens). 

[Kama!, 1953. 
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the chlamydospore IS produced, w her e the y fuse prior to ItS 
germmatlon In certam fungi, specially the mu~hrooms, the haploid 
nuclei come together by a characterIStIc process, known as 
dlpiochzahon, with the help of anastomoSIS and clamp connections, 
which are found In abund,mce In such fungi Homothalltsm and 
heterothalhsm dre common phenomena In this class The sexu111ty 
may be polar or tetrapolar 

The ctasslficahon IS mamly based 0 nth e morphology and 
strUcture ,0 f the basIdIUm and the number of basldlOspore~ formed 
by It 

Some of the common dIseases of economIc Importance caused by 
members of thIs class are the cereal rusts, the white pIDe blister rust, 
the cedar rust of apples, the coffee rust, the flax rust, the leaf rust of 
sugarcane, the rust of Jasmin, rust of ba}fu, the '>muts of ,>orghum. 
wheat, oats barley and corn, the bunts of wheat and rIce, the flag 
'1>mut ~( wl\~~t ~\\<! ~'j~, t;.\\~ wn\\) '1>'m\\\. ~f '1>\\g1ll~'h""'~ 11 ..... \\ t;.\w, W~~\\-l~\~ 
of forest trees 

Mushrooms, and puff balls which belong here, are gredtly prIzed 
for theIr food value and are cultivated extensively I n special hot 
houses 10 the USA and Europe, for cannIng purposes, some of 
these are however highly pOIsonous and fatal to anImdls and man 

The class IS subdiVided mto three sub-classes In accordance WIth 
the nature and septatIOn of the basIdIUm and the number of 
basldlOspores produced by each basidIUm dS follows 

BasldlOcarp absent 
,_,./ 

--_ I • 

~ BasIdIum septate, !2,aSUlw __ VJSub-class I 
J spores Indefintte~ perfect IA order 

,/ " spore,' a chlamydospore 

C!) BasldlUm, septate, ~sldlo- Sub-class II 

zpores defin~ perfect order 
pore;--a ~or$-? 

'BasldlOc!lIP_p_resent 

C BasIdIum, nonseptate, 
basldlOspores, defimte 

Sub-class I II 

BasldiOcarp, open SerIes I 

BasldlOcarp, closed, Series II 

~-basldlomycetes 

Vstllagmales 
( Sm~ts & hU.ll ts..)""'/ 

~otgbasldlomycetes 

Uredmales 
( Rusts) 

Eubasldlomycetes 

H}menomycetes 
( Mu~hro~) 
Gasterom}cetes 
( Puff-balls) 

1 he geneTIc characters of the Ustllagtnales (smuts and bunts) and 
Uredmales (r u s t S) whIch constItute fungI of great economic 
Importance are depicted In FIgs 93 and 94 
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~ 
A statement shoWIng Important dl<;cases, their causal agents, host 

range, mode of dissemmatton and , their nature and 
dlstnbutton IS given 10 the accompanyl g St1tcmcnt III 
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THE FUNGI-IMPERFECTI 

The Deuteromycetes, an old name for this group of fungi, is a 
more or less artificial and heterogenous group of thousands of species 
unrelated to each other phylogenetically. None of them have perfect 
stages and may, therefore, be considered as " form-genera"; in many 
cases they h ave been discovered to be conidial stages of Ascomycetes 
and in a few cases of Basidiomycetes, in which classes they have been 
ultimately placed. They reproduce mainly by conidia of diverse types 
and in a few cases, conidia are absent and the fungi are found i n 
vegetative stages, in which case sclerotial bodies of various t y pes are 
produced. 

These fungi, however, are of great importance as many are known 
to cause serious diseases of economic crops. 

The mycelium is richly branched and profusely septate, hyaline to 
coloured; it forms chlamydospores, sclerotia and rhizomorphs. 
Conidia which are of diverse forms are produced on conidiophores 
which in turn are either free and naked, or organised in groups, 
masses, clusters, sori, pycnidia, acervoli, sporodochia, pionotes, cOl'emia 
etc. ( Fig. 95 ). 

- - A ...... 

,tl" l~) ~ "~~_} D 

~{D ew~ .•• · ~~!1 .. ~ ~~ \~:, y 
\J .. ~~. ~ f G 

A I! c 4 I> E 

FIG. 95. Spore-fruits and spore characters in Fungi Imperfecti. 1. Pycnidia, 
various types; 2. Acervuli; 3. Sporodochium and conidiophores; 
A. Amerosporae; B. Didymosporae; C. Phragmosporae; D. Dictyosporae 
E. Scolecosporae; F. Helicosporae and G. Staurosporae. 

[ Drawing : Miss Kumud Lad. 
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Parasitism ]S mainly of a facultative type which enables the fungi 
to oversummer under adverse conditions There are many obhgate 
saprophytes 10 this class Pleomorphism and phYSIOlogic speclahza­
tlon are present, though not of such extreme types as In the rust fungI 

Some of the most Important groups of diseases of economIc 
Importance caused by members of this cIa s s are the leafspots, 
anthracnoses, fruit-rots, w lIt s and root rots The" flkka" of 
groundnut, the anthracnose ot grapes, the wilt of cotton, the "yellows" 
of cabbage, the Panama dIsease of banana, the blast of f1ce, the red 
rot of sugarc IDe and the bean anthracnose and a host of others are all 
caused by th(.se fungi 

The taxonomic arrangement IS based on (1) type of spore-frUlt 
(2) shape of comdla, (3) sept 1tlOn of cOOidm and (4) colour of comdla 
and I s, therefore, purely artifiCial, without any defimte mutual 
affinIties (Fig 98) The group IS divided IOto four form-orders 10 

accordance With the character of the spore-frUit and IS further sub­
divided mto form-families and sectIOns on the baSIS of spore-characters 
as follows 

A KEY TO THE FORM-ORDERS OF THE FUNGI IMPERFECT! 

A Comdla, present 

Conidia borne to pycmd,a 
2 Comdla borne In acervuli 

3 Comd Ja borne on 
cOOldlOphores, smgle or 
10 groups 

B CQmdlQ, absent 

4 Mycehum 10 strands or 
felt-hke 

Form order I Sphaeropsldales 

" " II Melancomales 

.. " III Mom hales 

IV Myceha-Slenha 

fhese form-orders are further subdiVided mto <;ectlons On the 
baSIS of (I) shape of comdla and their septatIOn as follows 

Spore ] - ceJled 
Spores 2 - celled 
Spores 3 - or more celled 
Spores munform 

Spores fihform, 1 to many celled 
Spores cyhndnc, spiral 
Spores stellate ( star-shaped) 

Amerosporae 
Dldymosporae 
Phragmosporae 
Dlctyospcrae 

Scolecosporae 
Helzcosporae 
Staurosporae 
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These sectIons are further subdIvIded mto sub-secttons on the 
basIs of spore-colour VIZ hyahne, bnght or dark 

Important deseases caused by members 0 f this form-class are 
given 10 the accompanYlDg st ltement IV 
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CHAPTER 26 

THE SCHIZOMYCETES 

The Schizomycetes constitute the b act e r I a, which may be 
consIdered as the smallest orgamsms known, exceptmg, perhaps, the 
Viruses, which have a doubtful position These orgamsms were first 
discovered by Locwenhoek, a Dutch lens maker 10 1676 The epoch­
makmg discoveries and researches of Pasteur ( 1860- 64) on their 
fermentattve actlvltJes, of Robert Koch ( 1876 ) In respect of bactenal 
ongln of anthrax, those of Burnll ( 1878-83) on theIr phytopathogentc 
nature were the true begtntllngs of a new era III the advancement of 
thiS sCience Pasteur, thu~J m a__}'_3_pQy be c~nsldered rulu:...fu_t_h~r of 
the sCience of Bactenology 

Bacterta are untcellular mlcro-orgamsms devoid of chlorophyll and 
dlvIdmg by fiSSIOn Although thev have close slmIlartltes to ammals, 
specially 10 their mot I II t y and mode of nutrttlon, they arc 
traditIOnally grouped under plant ktngdom m the diVISion Thallophyta 
the spore-plants Betng de VOl d 0 f chlorophyll, they have no 
tndependent metaboltsm and are eIther saprophytes or parasites, 
denvtng their nourishment from non-ltvmg and hvmg orgamc matter 
respectively The former are sCdvengers and a 1 so play an Important 
role 10 Industnes, Agnculture and Medlctne and are thus beneficial to 
man, the laller cause diseases of man, ammals and plants The former 
are largely used 10 many of our tndustnes, s u c h as brewery, bakery, 
vlDegar maktng, sIlage, SOlI ferttltty and the I Ike Many of the 
modern antibIOtiCS Itke streptOnl}CIfI, chlorom}Ct'lm and aureomycm, 

which have powerful bactenocldal propertIes and used 10 the tredtment 
of tuberculOSIS, typhOId and other dreaded diseases of man, are the 
products of chemIcal achvlty of bacterta and related orgamsms hke 
the Actmomycetes 

MORPHOLOGY OF A BACTERIAL CELL 

Bactenal cells vary greatly m Size, the majority hemg I u In 

length These cells may be sphencal (cocci), rod-shaped (bacilli) or 
!oplTals (spmh) These cells may, occur 10 g r 0 ups and 
are deSignated strepto-bactl1us 10 rod shaped bacllh, micrococcus 
when In a smgle layer, diplococcus, when drranged 10 pans, pedlOCOCCUS 
when 10 squares, stapb)lococcus, when 10 trregular groups, streptococcus 
when 10 chams and sarcma when 10 cubes or pattern of eight or more, 
these varIOUS groupings are due to the abthty of the vartous specIes to 
dlvlde 10 vaTlous planes 
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The cell wall IS composed of chum. cellulose and other protelnous 
maten<II, the exact nature of whIch has not yet bee n definttcly 
determined Many bactenal cells have the capacity to secrete a sllmy 
or mucllagenous sheath 0 r cap'iule, whIch may afford protectIon 
agamst InJunous chemIcals 

Although the presence of a true nucleus has not been defimtely 
demon~trated, rCl-cnt researches (Knyasl. 1951) claim satIsfactory 
demonstratton of a true nucleus, wIth resultant mItosIS The eXIstence 
of a true bactenal nucleus can, thus. be taken for granted 

LocomotIOn Many of thc true bacteria are provIded wIth organs 
of locomotIOn, called HageIJs over theIr bodies, these are flexible 
and whlp-hke fine threads and are much longer than the mam cell 
The number and poslllon of these organs vary with genera The cells 
wIthout flagella are called atnchous, those wIth a smgle flagellum at 
one end, monotnchous, those with tufts 0 f flagella at 0 n e end, 
lophotrIchous, pentflchous when flagella surround the entIre body and 
amphitrichous In the ca<;e of bIpolar flagella Flagella are very dehcatc 
and dlOIl-ult to observe, except through special stammg techmques or 
through the electron mIcroscope Some bactcna, speCIally spore­
formers, lose thclr flagella with age 

Spores ThIs constitutes the restmg stage and I s a feature of 
ammal pathogens They are sur r 0 un d e d by a thIck resIstant, 
ImpervIOUS wall dnd remdln dormdnt for a penod and resume activIty 
with the return of fdYOUroble conditIOns Such spores are formed 
wIthIn vegetative cells and are known as endospores, they are In the 
nature of hybernatmg stages The maJortty of the spore-formers are 
found 1'1 the rod-shaped bactena, the famIly Bacillaceae, which are 
human and aOlmal pathogens (FIg 96) 

Sexuality The presence of sexuahty In bacterIa IS a moot 
question, not yet satlsfactonly settled, the oplDJOns and eVIdences 
presented are contradIctory, the demonstratIOn of a true nucleus, 
doubtless, me'lns that b'lctena are capable of transmItting heredltory 
characters In the same f<lshJOn as other organIsm~ Sexual fUSIOns 
have not bcen dIrectly oblloerved but the eVIdence for the occurrence of 
such a phenomenon IS forthcoming and WIth bet te r cytologlc<ll 
technIque, may be definttely settled 10 course of tim e Asexual 
reproductIOn by transverse fiSSIOn, tn the meanwhIle, appears to be the 
only method of cell diVISIon In bacterIa 

Cultural characters Bactend are capable of growth In culture 
media, both liqUId and sohd On the latter, they produce colontes, 
whIch are distinctive for species and whIch have been used for 
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SCHIZOMYCETES 
( T flf>es & forms) 

FIG. 96. Structure and types. A. Bacilli, different types, streptobacillus; 
B. Oacti, various types, micro-, diplo-., strepto-, staphylo, sarcina; 
C. Spirilla, various types; D. Trichobacteria; E. Involution forms; 
G. Capsules, various types; H. Spores, 1 equatorial, 2 polar, 3 clostri­
dium type, 4 plectridium (drum sticks): I. Flagella. various types, 
1 atrichous, 2 mono-tfichous, 3 lophotrichous, 4 amphitrichous, 
5 peritrichous. 

[Kamat, 1953. 
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separation of groups. Colonies d i ff e r in colour, transparency, 
topography, marginal variations and may be designated and described 
in various ways as shown in Fig. 97. Common media used for 
culturing bacteria are nutrient broth and nutrient agar. Special media 
either of vegetable, non-synthetic or synthetic type, are use d for 
special purposes. 

.2 3 

\ ~\ /1:\, 
I \ I 

\ / \ 
I I;" 

I I ;; \ 

I ' I J \ 
I I \ ! :\ \ , \ I \ 

I I \ : :- \ , I I I / if , J I I 

FIG. 97 Types of streak cultures. 1. Filiform; 
4. Effuse; 5. Arborescent 
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Life cycle. The life cycle of a bacterial cell is probably the 
simplest among plants. In non-spore formers, the cycle is repeated 
by successive asexual cell divisions and formation of daughter celIs, 
which separate as independent unicellular plants, leading an active life 
all through and only interrupted by unfavourable environment. 

In spore-formers, on the other hand, a resistant spore (endospore) 
stage intervenes, enabling these organisms to with-stand conditions of 
desiccation and freezing; these resistant thick-walled cells resume 
activity with the return of favourable environment. 

Classification. Being the smallest organisms known, bacteria are 
mainly classified on the basis of physiological and cultural characters 
and staining reactions and less on morphology and structure; the 
latter aspect helps in separation of broad groups and the former is 
mainly used for identification of genera and species. 

The class Schizomycetes is subdivided into six orders as follows: 

A KEY TO ORDERS OF SCHIZOMYCETES 

A. Structure, simple, various shapes. Order Eubacteriales 
B. Structure, fungus-like,filamentous. " 

Actinomycetales 
c. Structure, alga-like, sheathed " 

Chlamydobacteriales 
D. Structure, slime-like, resembles " 

Myxobacteriales 
slime moulds. 

E. Structure, flexuous, screw-like, " 
Spirochaetales 

amoeboid. 
F. Structure, minute, human parasites " 

Rickettsiales 
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Much confusion eXists regardmg the nomenclature 0 f these 
organtsms, the S'lme genenc name bewg used by different workers to 
designate different types Some 0 f the Import1nt classificatIOns are 
those of Mlgula, Erww F f)mlt}', Dowson, S A B Committee and 
the recent one pro po sed by Patel and Kulkarnt (1951) for 
phytopathogenic b'lctena American bactenologlsts follow S A B 
system, while the European workers follow Miguia and the recent 
system propo~cd by Do\\son ( )94lJ) 

Smce the present dls("usslOn relates pnmanly to the agricultural 
aspcct of dIsease-producing mIcro-organisms, the ciaSSllication given 
below IS res(rIcted to the plant disease bactena, also called phyto­
pathogemc bacteria 

A SIMPLE XEY TO GENERA OF PHYTOPATHOGENIC 
BACTERIA 

( Modified from Patel & Kulkarni, Curr 50 I2?J) 

Family Ph}tobaeteriaeeae 

General eharaeleTlslleS Short or long rods, generally motile and 
gram negatIve, non-spore formers, not aCid fast, aerobiC, hydrohse 
starch, gelatlO and caselO, ferment dextrose, capsulated, do not attack 
cellulose, Vogues-Proskauer and In dol negatIVe, VarIOUS colour 
reactIOns 

OptImum growth temperature, 20-30°C, plant pathogens, causing 
leafspots, cankers, soft rot, galls, WiltS and blights 
A Motile, polar 

1 Colony, greemsh, \\ater soluble. Genus Chlorobaeter 
Jncltes Jeafspots & cankers (Syn Pseudomonas)./ 

2 Colony, White, InCites leafspots Genus PhytobacleTlum 
or blights (Syn Pseudomonas) 

3 Colony, yellow, water msoluble, 
inCItes Jeafspots and blIghts Genus Xanthomonas ./ 

4 Colony, white, pectlO not-attacked, 
InCItes hypertrophy and gaUs Genus Agrobactenum ./ 

B Motlie, peTltTlL/zoIIS 
5 Colony, whIte, pectin not-attacked, 

inCites bhghts Gcnus ErH-lnta ./ 

6 Colony, whIte, pectIn attacked, 
inCites soft rots Genus PectobacterlUm )I 

C Non-motile 
7 Colony, white, or other shades, 

IOcltes WiltS 
Genus Aplanobacter 
(Syn CorynebacterIum)'/ 

Some of the Important dlstlOgUlshmg characteristIcs of the seven 
genera of phytopathogenIc bacterIa are gIVen In the follOWIng table 
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The Important f eat u res charactensmg the bacterial plant 
pathogens dlstingUlshmg them from the ammal pathogens, are their 
lOablhty to produce spores, their rod shape and their motility, the 
first characterIstic has great Influence on the II fe cycles and IS of 
practical Importance m the control of these pathogens 

Some of the Important dlsea'>es caused by bactena tn crop plants 
together With their causal orgallisms, hosts, their nature, and dlstnbu· 
bon arc hsted In the accompanymg statement V 
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CHAPTER 27 

PLANT VIRUSES 

Virus diseases, also known as degenercltlon diseases, constitute d 

distInct group of plant maladies w h 1 C h may be descnbed as a 
connecting hnk between the non-parasitic and parasitic group Tht"y 
attack a varIety of phnts of economic Importance and cause seriOUS 
damage and losses The highly Infectious nature of viruses was first 
demonstrated by Iwanowskl In 1892 and subsequently confirmed by 
Bel)ermck Jn 1898 

The well-known ViruS lDfectlOns In man are small-pox, Infanule 
paralysIs, yellow fever, measles, mumps and scarlet fever 

SYMPTOMS AND EFFECTS 

Some of the Important types of symptoms may be menttoned as 
follows 

I Yellows, 2 MosaiC, 3 Yellow Vein, 4 Rosette, 5 Curly 
Top, 6 Bunchy Top, 7 Streak, 8 Rmg-spot, 9 Small leaf, 
10 Leaf Curl, I I Phyllodae 

WhIle some viruses can be recogmsed on the baSIS of symptoms, 
they do not provIde reliable cntena for classlfymg them Viruses 
rarely Cause death of affected plants they are 1 n the nature of 
degenerdtlOn diseases and s e rio u sly affect growth, yield and 
performance MosaiC and YellOWing are common symptoms (FIg 98) 

MODES OF TRANSMISSION 

Gra/tmg ThIS IS the only method employed 10 certam speCial 
types of VIrUS diseases Peach yellows, "SpIke ' dIsease of sandal and 
.. small leaf" of cotton In India are well known examples 

2 Sap transmiSSion ThiS IS done by rubbing or In)ectmg the 
dIseased sap Into healthy lOdlvlduals and IS a very common method In 
.. Mosaic" types of VIruses Many virus diseases can be transmitted 
experimentally by thiS means 

3 Through seed ThiS type of tranSOlISSlon through true seed 
IS rare and has been observed In flng spot of tobacco, mosaic of lettuce, 
beans and cucumber 

4 Vegetative parts ThiS IS ave r y com m 0 n method of 
transmiSSIon In vegetatively propagated plants, such as pot a t 0, 
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VIRUS DISEASE SYMPTOMS 
( in plants) 

FIG. 98. Virus symptoms. l. Mosaic; 2. Yellow Vein; 3. Yellow Mosaic; 

4. Leaf Curl; 5. Local lesions; 6. Little leaf; 7. Streak; 8. Breaking of 

flowers; 9. White mosaic; 10. Bunchy top. 

[Kamal, 1953. 



VIRUS VECTORS AND CRYSTALS 
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FIG. 99. Virus vectors and crystals. 1. Aphis (MYZU8 per8icae), adult, vector 

of mosaic of papaya, bean. peas and cucumber; 2. Nymph of same in 
act of feeding; 3. Aphi8 maydi8, adult, vector of mosaic of sugarcane; 
4. Intracellular path followed by stylet to reach phloem tissue; 5. Leaf­
hopper ( Eulattix lenellWl) vector of curly top of beets; adult & nymph; 
6. Leaf hopper (N eplwtettix flpicalis) vector of "Dwarf" of rice; 
7. Thrips tabaci, vector of tomato spotted wilt; 8. Leaf hopper 
(MycrOP8i8 'rimaculala) vector of peach yellow; 9. Aphis (PenkJlonia 
nigronervo8a) vector of buochy top of banana; 10. White fly (Be1nisit:t 
tabt:tei) vector of leaf curl of tobacco and yellow vein of hibisous; 11, 
12 & 13. Crystals of tobacco mosaic, southern bean mosaic and tomato 
bush mosaic respectively ( as seen through electron microscope ). 

[ Kamat, 1953. 
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gladiolus, cardamom, sugarcane and banana Bunchy top of banana 
and" Katte .. disease of cardamom arc well-known examples 

5 Contact Some viruses are more mfectlou~ than others, and 
are capable of bemg transmitted, In nature, by the hands of workers 10 

the fields, the Implements used for vanous agncultural operations and 
kmfe blade used for cuttmg tubers and other vegetatIve parts of 
propagatIOn MOS,llC of tobacco and cucumber and the spmdle tuber 
of potato are examples of this category 

6 Throul{h sot! This IS a very rare method and has been 
demonstrated for wmter wheat mosaic and" big vem" virus of lettuce, 
where the virus persists 10 SOIl for varymg length of time and Infects 
the plants through the root ~ystem 

7 TransmIssIOn by dcdder This I s affected t h r 0 ugh the 
phanerogamlc parasite, the Cllscuta popularly known as dodder, which 
picks up the Virus from the diseased plants through Its haustOria and 
transmits It to healthy plants through newly formed haustona ( Bennet 
1940) The dodder, thus functions both as an alternate host and an 
agent of tran~mlSSlOn This method though not reported m nature has 
been used sucl.essfully m transmlttmg Viruses, which are not amenable 
to mechanical transmiSSIOn (Fig 37) 

8 Insects No other g r 0 up of diseases IS so dependent upon 
msect life for theH dIssemmatlOn under natural conditions as viruses 
Such msects which carry the virus are known as " Vectors" 

Most vectors belong to .. sucking" type of tnsects compTlStng the 
class of leaf hoppers ( ClCadellidae), the aphids ( Aphldldae). and the 
Aleyrodldac, popularly known as white-flies Thnps and beetles also 
transmit a few viruses Aphids playa more Important role In virus 
transmissIOn than other groups The aphiS, MyzUS perSlcae, IS able to 
transmIt over SO VIruses (Fig 99) 

INSECT TRANSMISSION OF VIRUSES 

Specific relationshIp eXists not only between certain Insects and 
viruses but also between defimte groups of Insects and vir use s 
"Yellows" group of vIruses are genenlly transmitted by leaf hoppers, 
while the' mosaic' group are usually carned by aphids 

Vectors exhIbit dIfferential capabIlities m the actual manner of 
transmISSion WhIle some Insects carry the tnfectlve agent as If 
mechantcally, a very large number possess specific relationship With the 
virus Each VlTlb, t h U S, IS transmitted by a specific Insect or Insects 
and no other ThiS may be termed as bIOlogIcal method and IS very 
slmllar to the relatIOnship of the anopheles type of mosqUito tot h e 
transmission of the malanal parasite Many viruses spend va r yin g 
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penods of time In thetr Insect vector before they are capable of belOg 
transmitted to their respective hosts This latent penod IS known as 
" Incubation period" and IS specIfic to the vector In this res p e c t, 
Viruses exhibit an Ingenious type of heteroecIsm The Insect vector thus 
IS not only a transmitting agent but also allows multlpllcatton of the 
vIrus withIn Its body The perpetuatIOn of the VirUS through coloOies 
of lOSect vector and Its multlphcatlon therem, have been recently 
demonstrated (Carl Maramorosch, 1951 ) for aster yellows 

NATURE OF CAUSAL AGENTS 

VIruses were vJrtOusly descrIbed as ultra-microscopIC bactena 
protozoa, enzyme". tOXInS or abnormal products of mal-nutrition Highly 
tnvlslble and filterable ndture of these viruses was, however, recognised 
smcc a long time Th It they passed through the bactcna-proof filters 
definttely pomted out to their dl!>ttnctlvc naturc from the normal 
bactenal cclls BCIJl!rmck ( 1898) descnbcd It as .. ContagIUm Vivum 
flU/dum" Duggar ( 1921 ) dcscnbed It as .. Chemical cnttty produced 
from host cells and capable of mductn8 dIsturbances In hvmg tJssues. '. 
He subsequently advanced the tngemous theory that viruses were 
.. wandermg genes" and mClted dIsturbances to plant celts. Stanley 
( 1935) Isolated a crvstallme protem from tobacco mosaiC, whIch when 
lDoculated Into healthy p I ant s, multlplted d n d mduced typIcal 
symptoms Tobacco mOsaic VIrus, thus occupies a claSSical posltton In 
VirUS mvesttgahon~ It was the first to be mvesttgdted regardIng Its 
mfect1ou~ nature (Meyer, Holland. 1886), Its filterable character 
(Ivonowskl, Ru~sla, 1892) and Its chrystalhne properttes ( Stanley, U 
S A 1935) The nuc1eo-protetn nature of several viruses has SInce 
been confirmed by other mvesttgators (rig 99, 11-13) 

Vuuses. thus, may be descnbed a ~ Nucleoprotems, compnslllg 
nuclelhc aCId and protems, With the follow I n g Imp 0 r tan t 
characteristIc:. 

I Highly tnfechous 

2 Ultra-microscopIc 

3 Capable of multlphcatlon In hvmg host ttssue 

4 Incapable of beIng cultured In artIfiCial medIa, and 

5 Capacity to mutate under changmg environment 

The question as to whether VIruses are lIVIng or non-lIvmg wIll be 
determtned by what constItutes" hfe .. Viruses have many attrIbutes 
usually assocIated With " hfe" and may be considered as a stcPPlOg 
stone between the mannnate and the ammate world, although dlfect 
proof of theIr hVlng nature IS not yet definttely forthcommg 
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SIZE AND SHAPE OF VIRUS BODIES 

The unit of measure­
ment in viruses is IJIOOOth 
of a micron ( 1 milimicron 
or 1 m. u.). It will be seen 
from the table given below 
that viruses vary from 10 
to 250 m. u. in size; the 
smallest b act e ria I cell 
measures 0.5 to 1.00 u; 
this mea n s that the 
viruses are ) /) Oth to 
1/250th times smaller than 
the normal bacterial cell. 

Viruses can also be 
measured by forcing them 
through porcelain filters 
of known pore-size. This 
method, however, has not 
the merit of accuracy. 

FIG. 100. ElectroD microscope. 
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The shape of virus 
particles has been deter­
mined through the help 
of the electron microscope 
(Fig. 100) at a magnifica­
tion of 10,000 to 20,000 
and has bee n found to [ R. C. Model. 

be either spherical, small and big rods and groups thereof, very similar 
to the bacterial groupings. 

Comparative sizes of viruses and other micro·organisms alld bodies. 

Normal fungus spores. 
Normal bacterial cell. 
Red blood corpuscle. 
Parrot fever virus. 
Small Pox virus. 
Chicken cancer virus. 
Tobacco mosaic virus. 
Foot and mouth disease virus. 
Haemoglobin molecule. 
Egg albumin molecule. 

(Modified from Stanley) 

l}l and above. 
0.5 to 1 • 
7500 m. u. 
250 m. u. 
150 m. u. 
100 m. 11. 

75 m. u. 
JO m. u. 
6 m. u. 
4 m. u. 
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Viruses. thus, cover a range In size between chemical molecules 
and bacteria 

NOMENCLATFRE OF VIRUSES 

Untd 1927, viruses were designated by t.fte host name and nature 
of symptoms produced VIZ peach yellows VIrUS, potato spmdle tuber 
VIrUS, tobacco mosaic Virus, sugar beet curly top virus and so on The 
VIrU~S \\ er~, subsequently, naIl!ed by Smith ( 1937) with la~n names 
of h 0 stand numbers such a<; Hibiscus VIrUS I, Nlcotlana VirUS 
1. Prunus vlru~ 2, Solanum VirUS, 1, 2, 3, and so on A bin 0 m I a I 
system of the type used for nomenclature m higher p I ant S has been 
proposed by Holmes ( 1939) and although no finahty has been .reached 
as to the practicability of the above .,ystems, the latter may, perh.!ps, 
prOVide a baSIS for future virus classification 

VIRUS DISEASES OF PLANTS 

VirUS dlscases constitute an Important phase of plant pathology 
and are responsible for great and widespread dq,plage to a large 
number of economic plants They thus proVIde .. really serious 
menace to Agnculture and have consequently attraoted great and close 
attentIOn of the PI.!nt Pathologist and PhYSIOlogist 10 recent years, owmg 
to their mystenous behavIOur and nature S p Ike disease of sandal, 
mosaic of papaya (Canca papaya), small leaf of cotton (Gossypmm sp ) 
"Katte' or marble disease of cardamom ~ElettaTla cardamomum) In 

India, " }ellows' of aster, curly top of sug.!r beets, mosalc1.0f tomato 
and beans, potato and tobacco, and the destructIVe an <i Idespread 
" Bunchy Top" and chlorosIs of banana ( Musa saplentum are a few 
of the well-known VIrUS diseases 0 f economIc Importance causmg 
extensive damage " 

Some of the most common and destructIVe diseases of VirUS ongm, 
theIr nature, mode of transmiSSIOn, vector relatIOnship, host range and 
distributIOn are given ID the accompanY1Og Statement VI 

GENERAL METHODS OF CONTRO~ 

Being highly mfectlOus and msect transmitted, direct measures are 
of lIttle avail In the control of these diseases Methods of eradication 
conslstmg of roguemg, seed-certlficatlOn, IsolatIOn carned out on a 
systematic countrY-WIde scale, offer the best, effectlvc and practical 
solutIOn to the problem Plant Pests dnd Disease Control Acts, local, 
natIOnal as well as IDternatIonal, can be and have been successfully 
enforced 10 stampmg out such diseases like the Bunchy top of banana and 
mosaic of sugarcane, "Karte' dIsease of cardamom and others Annual 
ImportatIOn of seed from hill statIOns has Yielded excellent results In 
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combating the vIrus diseases of potatoes In pennlOsular India Develop­
ment of virus-resistant vanetJes of crop plants, althoguh a new and 
recent hne of development, offers a good field, though difficult of 
achievement and has remarkably succeeded tn a few ca~es, such as bean 
mosaiC, leaf curl of cotton, mosaic of sugarcane and curly top of sugar 
beets A novel method of .. crop-free" penod or .. closed season" 
has worked very effectively m controlling the "yellow vem mosaic" 
of Hibiscus 1D parts of Bombay and 10 mosaic o(lettuce m California 
Tuber-mdexIng bas been developed as a special method (Fig 55) In 

controlhng virus diseases of potatoes and other root-crops m USA 

The enforcement of stnct quarantlOe regulations 10 the movement 
of seed-stock, Isolation, and seed-('ertIficatton have Yielded goo d 
result., and comtltute general methods of controllmg these diseases 
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CHAPTER 28 

PLANT-PARASITIC NEMATODES 

Nematodes arc round worms belonging to the Invertebrates 
and lIve mo'!tly m mOist so11 either as par'l'!ltes on plants and ammals 
or are free-hvmg The parasitic nature of nematode'! 10 plants was 
first discovered by Berkeley In 1855 Hook-worm disease and Gumea 
worm m man and root knot 10 plants are well known examples of 
diseases caused by these animal-paraSites Some species are benefiCial 
and feed on eggs and larvae of lOsects 

NATURE "NO STRUCTURE 

These orgamsms belong to the round worm family and are 
mmute. mostly I m m 10 length and sometImes even microscopIC 
(80-100 u with a breadth of 50-100 u) The structure of the 
mam body IS round. tubular. with the digestive system wlthm, overlaid 
by an outer pad of muscle, which, 10 turn, IS enclosed ID a layer of 
tough "chltm" They are provided With well-developed nervous 
and excretory systems The mouth and head are pro~Ided With sharp 
teethhke structures Many species of nematodes are bisexual and are 
known to be very prolIfic, laymg eggs at the rate of 3()(h.500 per 
female The two Important genera, causmg plant dIseases, are 
Tylcnchus and Helerodera which can be dIstIngUished from each other 
by the shape of their females, the female IS elongated m the former and 
swollen In the latter (Fig 10 I ) 

HOST PLANTS 

The parasItIc nematodes are very cosmopolitan In their host 
relahonshlps, the root knot nematode IS known to mfect over J 200 
speCIes of plants, both wIld and cultivated, whIle the Anguillulma type 
has a restncted range, InfectIng many cereals Some of the most 
Important host plants so affected by the former are potato, tomato, 
bnnJa), tobacco. Cruclferae and Brassiacas, Piper longum, Piper beetle, 
omons, gladIOlus, cannas, dahhas, chrysanthemum, cotton and many 
others, while the latter IS restrIcted to cereals. such as wheat, rye, and 
oats Cereals, peanuts and velvet beans are .unaffected by the 
root-knot types. 

SYMPTOMS AND EFFECTS 

The well-known symptoms of nematode infestatIon are the forma­
tIOn of httle raised pimples or galls on the under-ground parts In the 
case of root-knots and dl:.torhon, malformation and blIstermg of the 
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maIO growmg shoots and dwarfing In the case of the cereals Root­
knots, .. Cockle", hard smut, false ergot, brown root rot are common 
symptoms These mfestatlOns bnne about deficient nutntlon, resultmg 
10 unhealthy appearance, yellowmg, bdd stand, dwarfing, low YIelds 
and ultimately partial or complete wlltlOg In adv mced casec: The 
ovane", when affected, are replaced by dark hard gall hke structures, 
which resemble the well-known "ergots" Some of the common 
symptoms and effects are depicted In Fig 101, ]-7 

ECONOMIC IMPORTANCE 

Root-knot nematodes are by far the mo'lt senous pests and 
cosmopolitan 10 their host relatJOns They are known to cause Wide 
spread damage to many crops and are a lImltmg factor 10 the 
cultivation of such crops hke cotton, tobacco, potato, and other 
solan'lceous crops In all ia~~) of the globe, WIth sub-tropical condItIOns 
Piper [ongum and Piper ~re senously affected In parts of Bombay, 
where these dlseasl..s have become a lImitIng factor 10 theIr cultivation 
Cockle dIsease of cereals, speCIally wheat, has assumed serIOUS pOSitIOn 
In northern parts of IndIa and Pakistan, Southern sectIOns of USA and 
Europe The golden nematode In potato IS confined to small areas In 

the eastern parts of USA and 10 hill stations In India These diseases 
have a world-wide dIstrIbutIOn and have assumed conSIderable 
Importance on account of theIr persIstent nature, difficultIes 
expenenced 10 their control and for bemg fore-runners for other fungal 
and bactenal pathogens 

The "meadow nematode" IS one of the most senous plant 
nematodes and affects a large range of host plants 

LIFE CYCLE 

Nematodes are mostly soIl-dwellers, and hve 10 mOIst SOIl bemg 
abundant m I1ght soils Moderate temperatures are most favour'lble 
for theIr growth and actIVity, they are practically non-existent at or 
lower than 13°C Root-knot nematodes thrIve best at 25°_ 27°C 
They are known to persIst In SOil for varYIng periods, sometimes even 
30 & 40 years The wheat and the rye nematodes are known to persist 
for 28 & 39 years respectively III SOil cultures A female IS capable of 
laymg 300-500 eggs, which escape mto the SOIl through dISIntegration 
of the affected roots and are earned maInly by IfClgatlOn water to 
different parts of the fields They dre capable of completing 10-12 
generations III a year under favourable enVIronment Many species of 
nematodes are bisexual, laymg eggs followmg fertilIzation Females 
greatly predommate the males In several free-hvmg forms Recent 
studies have establIshed the presence of host speCIalIzatIOn III these 
orgaDlsms WIth vary 109 degrees of Infection capacity and host range 
FIg 101,8-13 depict the lIfe cycle of the root knot nematode 
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FIG. 102. Soil fumigation by soil injector for nematode control. 
[ Courtesy: Stevens & Stevens. 

GENERAL METHODS OF CONTROL 

FIG. 103. Nematode-trapping 
fungus, Dactylella bembicoidtB, 
A. A nema trapped at both ends, 
a. open trap; b. cJosed trap; 
c. the fungus; B. Fungus feeding 
within nematode. [After, Couch. 

Nematode infestation is very difficult 
to control by direct methods, specially 
in perennial crops like Piper longum 
and P. b e where fumigation is 
neither- a practical nor an effective 
proposition. Since roo t - k not 
nematodes are not known to infect 
cereals, some control can be secured 
by the practice of long rotations. 
Growing of trap crops and soil­
fumigation are other methods advo­
cated for red u c i n g the nema 
population. Some of the fumigants 
which have given promising results 
are Clzloropicrin, D-D, Iscobrome. 
Met h y I bromide and ethylene 
dibromide. Chloropicrin is applied 
to the soil at 200 lbs. per acre and 
allowed to act for 10-15 days before 
planting. The treated Boil is covered 
with a thin film of water to prevent 
evaporation. The fumigation is carried 
out with the help of a soil-fumigator 
(Fig. 102). In Hawaii, nematode in­
festation in pineapple crop ~as been 
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effectIvely controlled by a method of Co bIOlogical control, ., uSing the 
nematode-trapptng fungus, Dactylella bemblcOldes (Fig 103) 

The "cockle" dlseasc of wheat and other cereals. on the other 
hann, IS relatively easy of control, bemg largly seed-borne Rigid 
seed selection and soaktng seed tn "alt water for removal of mfected 
gram, pnor to seedmg, are suffiCiently effective m combatmg the 
disease 
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GLeSSAltY .F MYC.L.GICAL TEItMS 

AlhlnlSm The white appearam.e 01 plant parts resulting Irom the 
fallure of chlorophyll production 

AnthendlUm The male gamete-producing organ 
Antherozo/(/ A motile male gdmete 

Apothecmm A saucer-shapl"d ascu<;-conlammg fruitIng body 
Aplano spores Non-motile spores produced In a sporangIUm 
Ascogonium Female gametangium of A~comycetes 

Ascus A sack producing endospores, lYPlcal ot Ascomycetes 

Atrophy The reductIOn In size of an organ by disturbed metaboll<;m 
AutoeclOuv The need of only one host for completmg 'l lIfe cycle 
Bacterium A rod-shaped bacteflal ccli 

BasidIOspore A spore formed exogenou~ly on a basidIUm 

BasidIUm A club-shaped structure producmg exogenous spores, 
typical of BdsldlOmycetes 

BlIght The rdpld discoloratIon and death of the t1~sue<; over certam 
portIOns of plants 

Canker A dedd area on a stem surrounded by hVlng cortIcal tIssues 
CarrIer A plant tndt carnes a VIfUS or othcr infectIve agent without 

showmg symptoms 
Chlamydospore A thlck-wdlled "pore forml.d by the modificatIOn of a 

hyphal cell 
Chiorosll!o DestructIOn of chlorophyll 
CI/tum A halT-lIke VIbratory filament attached to a cell 
Clamp connectIOn A bndge-like hyplJal connectIOn tYPical of higher 

BasidIOmycetes 
Clelstotheclum A closed, thKk-wallcd ascu;.-contatnmg frUit 
COnidium An exogenously produced asexual spore 
ConzdlDphore The hyphal branch that bC'lr<; the comdlUm 

ContagIOus Spreadmg from one to another 
Curl The dl"tortlOn of a leaf resulting from the unequal develop­

ment of Its two Sides 
DegeneratIOn A gradu<ll dIsappearance or catabollc modification of 

normal structures of the cells 
Dlkaryon A pair of closely associated nuclei of OpposIte sex 

DiplOId The 2n number of chromosomes 
DISinfectant Any agent for destrOyIng the cau<;al agent of disease 
DHea'le Result of mteractlon between host, parasIte & envlfonment 
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Dlwrftng The underdevelopment of any org In of a plant 
Ectotroph,c Myoorrhlzal aSSOCIatIOn m whIch the fungu<; ha<; ItS 

hvpndc outside or bctw('cn the cclIs 
Endo£:enous Produced m'lde 
EndobIOtic Llvmg wlthm 1nother orgdnlsm 
Endophytic Llvmg wlthm another pldnt 

Endofpores Spores produced wlthm the mother cell 

Eplbwtlc Llvmg upon or out<;lde 'lnother Orgdnlsm 
Epidemic The wIdespread and destructIve development of a dIsease 

on many plant<; In a community 

Eplpln te A plant whIch lIves upon another l>lant denvIng lIttle or no 
nouTlshment from It 

EPlphl tOtlC C;ee EpIdemIC 
EtIOlated 

EtIOlogy 
Yellowed ,IS I re~ult of msufficlent hght 

The descrIptIOn of the cause of dls(!ase 

E'CogenolH Produced outSIde 
E'CudatlOns Llquld<; discharged from the protoplasts 

FacultatIve parastte An orgamsm that IS ordlnanly saprophytic but 
under proper (ondltlons m1y be paraSItIc 

Facultatne saproph) te An organIsm that IS ordInarIly parasItIc but 
under proper conditIOns may be saprophytIc 

Flagellum A long, dehcate, contractile filament protrudmg from 
certam cell~ 

FungIcide An agent that IOhlblts or kills fungi 

Fungus A filamentous, chlorophyll-less tballophyte diVidIng by 
buddlDg 

Gall An overgrowth mduced by an mfectlous entIty 

Gametangium A gamete-producmg cell 

Gamete Sex cell .... Ith I n condItion of chrom()somes 

Gram-negatlle A negative reactIOn to the standard Gram's stam 

Gram-posItIve A posItive reactIOn to the standard Gram s stam 

HairY rool The development of large numbers of small roots on a 
hmlted area 

HaplOId The chromsome number n of the gametophytlc generatIOn 
or phase 

Haustonum A fungus structure used 10 absotbIng food 

HeteroecIOus Requmng two or more unrelated hosts for completIng 
the hfe cycle 
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Ht teroee/sm The developrrent of dIfferent spore stages of the hfe cyc1e 
of a parasIte on two unrelated hosts 

/{eterothaillc Producing gametes on separate and d J S t J n C t 
mycelta 

Homothalltc Producmg fusing gametes on the same mycehum 
Host The plant on or m whIch tbe parac;lte hves and obtams Its food 
Holocarplc CondItion where enhre thallus", converted mto reproduc-

tIve structure 
Hymemum A ferule layer glvmg nc;e to n.productlve bodies 
JJyperplaslQ The abnormal Increase 10 the number of cells without 

their enl Irgement 
Hypertrophy The abnormal enlargement of cells 
Jlyplla A single filament of a fungous mycelium 
Jfypopla~la The underdevelopment of ceil,>, tissues or organs 
lmmJJJJJ/)' A zerD reJJtwnsnlp between a plant and a causa} dgent 

InfectIOn The mvaSlQn and mulhpltcatton of a causal agent 

Intercellular Between the cells 

Intracellular Lros"lng the cell~ 
Kan ogamy FusIOn of nuc1el 

Knot Overgrowth on roots 
LesIon A local Injury or morbId structural change 
Malady A multiplicIty of diseased tndlvlduals 
MeIOSIS ReductIOn diVISIon of the nec1eus for min g hap I 0 I d 

nuclei 
Micron A thousandth of a mllhmeter 
Monotrichous Havmg only one flagellum 
MosaIc VarIegdted pattern m green Pdfts due to chlorotiC patche~ 
MummificatIon The drymg down and shnvclhng of frUits and other 

plant parts 
NecrosIS The death or dlsmtegratton of cells and tIS'iues 
Oospore A fertlltzed egg that develops Into a restmg spore 

Oogonlum Female gametangIUm of Oomycetes 
Oogamous A sexual process charactenstlc of Oomycetes 

Os/tole An opemng of the frUit body 
Para~lte An orgaOism that hves wlthm or upon another hvmg orga­

nism from whIch It denves nourishment and m which It may cauSe 

vanous degrees of mlury 
Parasltlsm The phenomenon of the growth of one organism, the 

parasite, at the expense of another, the host 
Pathogen An entity capable of producmg disease 
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Perltheclum 
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The capacIty of an entltv for producmg • dl'iea"e 
A round to flask-shaped, ostlOlate spore frUit produclOg 

PerztrlLhous Havmg flagella all over the peTlphery of the cell 
Plasmodium A naked multmucleate, vegetative body capable of 

amoebOid motIOn 
Plasmo,!aml- FusIon of protoplasm 
Po/~morpl]/sm The possessIon of several asexual .,pore <;t.ge<; In the 

life c)c1e of an org IOlsm 
Pustule A local elevatIOn of the epldenms that may rupture to expo<;e 

the causal agent 
P}cmdlUm .<\ vaTlolisly ..,haped cavIty contamlng cOnIdia 
Race A "tram of a pathogen characteTlzed by the limItation of It 'I 

ho..,t rdnge to certaIn specie,> and vanetles 
Remtance The sum of the qu Ihtles of the host that retard the 

activities of the causal agent 
RIIl:Old Intracellular thallus branch that absorb'! food and provIde" 

anchorage 
Rh,:omorph An aggregation of hyphae IOto a cord-lIke cable 
Rot State of decomposItIon 

Sapropllvte An org.nIsm that dCrIves Its nOUrIshment from dead 
orgamc matter 

Scab The abnormal thlckenmg of the outcr layer or layers of tIS<;ue<; 
resultmg from local lrntahon 

Sclerotlllm A small, compact, hardened mass of h) phae that may bear 
fruJllng bodies. a fungus tuber 

S,gn The maOlfest,ltlOn of dIsease by the presence of structures of 
the causal agent 

Sorus A compact aggregatIOn of "pores and <;porophores 
Spuran!!;lOphore A spordnglUm-bearing hyph.t 
SporangIUm A sac that forms the asexual spores endogenously 
Spore A one-to <;everal-celled body set apart for reproductIon 
Sporogenoll~ Capable of forming spores 

Stroma A compacted mass of hyphae that may produce frult-
109 bodIes 

S) mptoms ExpreSSIOns of disease 
Su~ceptlb"IfY The <;um of the qualIties of a plant that allows the 

development of the causal agent 
Thallus The undifferentiated veget'ltJve body of the lower plants 
Tolerance AbilIty of the plant to endure the development of the 

parasite Without showtng marked '>ymptoms of disease 
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Variety One or more races of a pathogen that are charactenzed by 
the hmltahon of thelT host range to a certam genU<j or genera 

Valor An agent that may transmIt a pathogen 
VafclIlar necrosIs De'itructlOn of vascular bundles, tYPical of wilt 

diseases 
Wilt The loss of turgescence of plant tissues, usually as a result of 

Inadequate water supply 
WItches -broom A broom-like overgrowth produced by the dense 

clusterIng of branches' 

Yellowmg EtIOlatIOn caused by destruction of green pigment 
Zoospore N<lkcd motile spore 
Zygofpore A resting spore produced by the fUSion of Isogametes 
Zygote A resting spore with 2n condition of chromosome<; 
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Bold fi~ure~ In(lIrale 1IIl/I/ratlOnI 

A 

AbsorptIOn 74 
Abstru ... tlon 46 
Acervulus 19,6, 181, 9S 
o\cldIty of sap 150 
ActmomYl-etalcs 187 
Actmom)Ces scahles 94 
ActmomYl-etes II, 184 
Acuba mosaIC 147, 72 
Adaptation, 44 
Aeuum 6, 178 
AeclO~pores 56, 67, 77, 108 
Af{al/ea stlctoCOI/,S 97 
Af{arlcus see mw,hrooms 
Age of SpOrL~ 66 
Aggn;!s~lvl- p Ithogen 106, I IO 
A~rlcop I '{7 
Agro-bac!crlllm 188 
A~rosan 131 132 
Agrostufls sp 40 
Atnsworth 170 
Air-borne 

dIsease 55,112 126 
- pdthogen 55, 112 
- hunlldlty 88, 91 
- tt'mpcrature 89, 45, 46 

AlbInism 8 I 
Albugo candida 41, 69, 77 
Alexopoulos 167, 171, 177, 180, 183 
Algae 8, 168 
AlkdlOlds II. 12 
AJlernOllo 46, 49, 'i6, 163 

- burnsI63 
- solam 91 

Alternate host 31, lOS 
- eradicatIOn 116 

Amerospore 182, 95 
-\mphltnchous 185, 96 
AnaerobIc 26 
AnastomoSIS 24, 179 
An.ltomy 87, 146 
Anchusa sp 35 17 
Anemochory 'i.5 
Angular leafspot 91, 105, I IS, 131, 

132 
Ammal dlssemmatlOn 57 
Anopheles, mosqUIto, 37, 97, 193 
Antagonism, 

- bIOlogical 98, 150 
Anther smut 61 
Anthocynm 1 SO 

AnthcrldlUtn 22, 173 
AnthrdCnO\C, 

bdn Ind 136 
be Ins 39, 70 
chi lites, 81 
cotton 131, 132 
gr,lpe~ 83, 103 
rosc 83 
p1p1ya 136 

Anthr1x 5, II 
AntibIOtiCS II 12, ISO, 184 
Antl-bodle~ 146 
AphiS 17, 193 
Aplanohacter 188 
Aplanospore" 17,5 6,171 
ApotheclUm 20 21, 108, (i, 174, 

I 177.91 I App·lr1tu~-so.r 127, 59 
I A ppend'lges 21, 52 

Apple brown rot, 58 
I cedar rust 34, 18, 116 

,.. fire blight 58, 61, 118, 34 
- mildew 139 

- scab 91 102 

I 
Appre<;sonum 72 
Aquatic, fungi 17,29, 171 
Ara~an 128, 132 
Archlm)'l.,ete~ 19,23, In 
Areca 

- h'lnd 96, 123 I - Koleroga Z, 3, 38, 39, 57, 77, 
91,92, 102, 114, 136 

i ArIstotle I 
Amllllarea mel/ea 54. 127 
Ascogcnous hyphae 175 
AscogOnium 174 
Ascomycete" 19 48,50,169, 174, 177 
Ascospores 17 5, 47, 48, 174 
A~co-bolu" 50 
Asco-carp 19, 6, 174, 91 
Aspergillus 27, 67, 140 
Aster, yellows 37 
Atrichous 185.96 
Atrophy-see dwarfing 
Aureomycm 11, 184 
AutoeclOu~ see statement III 
AutogenesIs I, 5 
Autonomous 

- dlssemmation 54, 31, 32 

I 
Avena sativa 40 
Avenue of tnfechon 72, 75,40 
Azotobacter 98 
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B 

Bacdlus, 
- am)lovorus 58, 61, 116 
- smastonl 59 
- suhtdes 141 

Back-cros~lng 159 
liactcfJd 8, 9, 10, I I, I, 184,96 

- phytopathogenic 188 
BdctcrIdl dIseases II, 1>tdtement V 
Bdctcrlal nng 

- potato 2, II, 39, 61, 116 
Baehr/urn, 

_ wlanacearum-Sec Potato nng 
- tumljaC/em 78 

Banana, ('hlorosls See statement VI 
[rUl trot 13(, 

- wilt 2, 39, 96, 104, 112, 113, 
-' 116, 118 154, 1'i7 

_ bU(lchy top-See bunchy top 
Band dIsease 96, 123 
Barberry 7, 34, 17, 112. 119 

- erddlcatlOn 53, 54, 116, 117 
Barkbcctk 'i9 
Bdrley, 

- rust 35, 17, 40 
- smut 132 

BasIdIUm 5, 178 
Bd"ldlO-bolus 70 
BasldlO-(.,arp 21,6, 178, 179 
Basidiomycetes I Q, 21 24, 16Q, 178 
BasldlO-spores 178, 179 
BasIs of reSIStance 150 
Bean 'lntnracnose 39, 70 

- mosaIc 'W 
Bcar F E 101 
Bee!> 58, 61, 161 
HelJonnck 192, 194 
Bellows, dusters 142, 69 
BLmeSla gOSS~'Pl 37 

- tabacl 37 
Bennet 60, 63 
Berkeley, 198 
Bctelvtne, 

- mIldew 137, 138 
_ Wilt 2, 96, 102, 126, 128, 60 

Blffen 7, 147, 152 
Umomlal system 169 
BIOlogIc, control 123, 141, 171,201 

environment 88 
equllibnum 102, 109 
races 40, 107 
specl'dlzatlOn 7,40,41 
transmISSIOn 60, 193 

BlOtypes 40 

Bipolar 17~ 
Blrd~ eye "pot" 83 
Birds ne"t fungI 51 
Blsby 170 
Black um-See cotton /' 
Bld("k leg 120 
Black heart 83 
Bldck rot 2, 98, 115, 120, 130, 132 
Black ~tenl rust 2 34 35, 40, 41, 42, 

44, 54, 30, 56, 67, 89, 90, 
91,107,117 119,138 7S 
153,155,156,158,159, ' 

I 160,81 
i Blakeslee 22, 25 
L Bla"!, r Igi 120 
I - nce 2,63,83,92,104,109,131 

BlIght 83 
chestnut 2, 63 
early 91, 136 
frre 59, 84 
Krdm 175 
lite 2, 5 6, 38, 39, 44, 57, 

63, 68, 69, 77, 86, 91, 106, 
115, 136, 152, 153, ISS 

pulse., 121 
Buster ru~t 2, 34, 36, 63, 1O'i 
Bordeaux nllxture 126, 128, 135 

65, 136 
- paste 141 

Boron 1)6 
Botryo-drplodla 90 
Botrytls, 

- cinerea 73, 40 
- anlhophy/a 77 

Bnequet, J 170 
BnnJal, root rot 94 

- ru~t 36, 18 
- Wilt 104 

I Brooks 145 
Brown. W 152,70, 7}, 161 
Brown rot of frUIts 39, 46, 49, 58, 

61,76 78,89,91, 114, 128 
Bryophyta 8 
Buckd sprayer 142, 68 
Buck-thorn 117 
Bud rot 83 
Buller 7, 46, 52 
Bunchy top 82, 192, )96 

_ bdndna 2, 63,82, 106, 1 \2, 
113, 118 

Bunt, wheat 89, 94, IN 
Burgundy mIXture 136 
Burnett 87 

\ 

BUrrIll 6, 184 
Butler E J 6, 53, 63, 84 
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C CItrus, 
- canker 2,61, 62, 106, 113 

Cabbage - dleback 121 
_ black rot 2, 39, 78, 130, 132 - mottle leaf 8, 96 
_ club rot 76, 94 I (,/adosporlUm full urn 140 
_ finger & toe-See above Cl.tmp l.OnneXlOn 25, 179 
-- yellows 94, 116 I Classification of 

Cactofla~tl~ cactorum 106 - bacteria 187, 188 
Cactoblast sp 10& disease 1, 4 
Cactus 106 LUmycctes 8, 168 
CalcIUm cyanamide 128 mycro-organIsm 8 
Canker 83, symptom~ 79 

- Cltrm 61, 106, 113 viruses 196 
_ gUd\d-See statement IV I Clallcepj purpurca 11,39, 61, 89 
- olive 59, 61, 36 Clayton 69, 71 

Capsule 185 I ClelstotheclUm 19,20,52, 174, 
Cardamom 177, 91 

- katte 2, 39,62,112,113,116,196 Chmc'll picture of disease 86, 158 
Carlca papa va, i Closed se,\!'on 119 

- mo~alC 2 118, 10 6 ClostridIUm 98 
Carpomycophyta 169 Club root 76 94, 82, 108, 116, 122 
Carners 58, 61 Cocoanut, 
Cedars 108, 116 117 I - b'lnd 96, 97 
Cedar rust 34, 18, 36, 108, 116, 117 I - bleedmg disease 84 
Celery mosaic 120 COCCI 184 
Cellulase 28 I CochJnlailnsect 106 
Cellulose 28 Cockle, whedt, 200, 202 
Ceratos(omella u/rnl 59, 61, 62, 63, I Cocnocytlc 14, 171 

78, 97 Coffee, rust 2, 41, 92, 103, 236 
Cercospora 103, 104, 136 Cokhlcme treatment 161 

- arachldlco/a 148, 152, 157 Coleus 81 
- bellcola-See statement IV Co/letomclwm, 

Cereals, c"cmam 39,48 93, 94, 100 
- foot rot 95 aossandna£ 67 
- smuts 179 - falcatum 3, 39, 61, 78, 79, 
- rusts, 68, 77, 89 104, 118, 153, 156 

Cereb!fla 141 - brdemutluanum 39, 41, 70 
Ceres, wheat 107 Comdld 17, 171 
Change of seed 120 I ComdJOphores 16,4, 46 
Chemotherapy 147 Conjugate diVISion 178 
Chllhes, VIruS disease 50, 139 ConJugdtJOn 22 
Chlamydobactenales 187 Contact transmiSSIOn 58 
Chlamydospores 17,18, S, 174, 178 ContIguous 112 
Chloro-baeter 188 Contll1uous spread 53 
Chloromycetm II, 184 Control 
Chlorophyta 8, 21, 168, 169 pnnclples III 
ChloropICrIn 201 through change of '>eason 120 
ChlorOSIS 80 ., " " seed 120 196 

banana-See banana .. closed season 119, 196 
4- mfectlous 81 fallow 115 

• • - non-mfectlOus 81 hIgh buddmg 120 
- vme 123 mixed croppll1g 122 

Christensen C M ) 3 resIstance ) 46 
ChrIstensen J J 41, 56, 63 roguemg 116, 196 
Chupp !l8, 10 1 rOlatlOn 115, 196 
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Control sanitatIOn 114 
- sh lllow pl,mtlng 122 
- sOil reaction 122 
- trenching 121 

Coons, G H 161 
Copper, collOid'll 137 

carbonate 131, 132 
- fungicides 135 
- hme dust 137 
- sulph.tte 125, 130 

Coremld 181 
Coprinus /agopus 24, 9 
Cork formation 159 
Corn, downy mildew 102 

- scedtngs bhght 95 
- smut 46,89 

Co~mopolttJ.n 38, 118, 198 
Cotton, 

angular leafspot 105, 115, 156 
dnthracno'le 131 
black arm-See angular leaf 
spot 
potash hunger 96, 123,56 
red leuf blight 96, 156 
root rot 39, 96, 122, 123 
rust 155, 156 
smdllleaf 196 
texas root rot 32, 54, 55, 76, 

101, I 16, 121, 123, 32 
Wilt 2, 1, 30, 39 41, 68, 94, 

96,77 
Craigie 7, 56, 63 
CronartlUm rtb/cola 34, 36, 56, lOS, 18 
Crops 

cereal 116 
concentratIOn of 103, 104 
khan[ JI9 
mixed 119 
rabl 109, 122 
ratoon 118 

Crop free period 119, 120,197 
Crotons 81 
Crown gall 82 
Cruclferae 2 
Cucurblt 139 
Culex, mosqUito 97 
Culture 

bacterIa J 63, 185 
fungi 30, 163, 84 
hanging drop 65 
plant 163 
stredk 187, 97 

CumIn 137 
Cuproclde 128 
Curly top, sugar beets 37, 192, 196 

I Currants 36, 117 
Cuscuta See dodder 

I Cuticle 72 
I Cytology 178 

D 

Dactv lelia bemblcOldes 142, 201, 103 
Dampmg off 82, 126, 128, 129, 131, 

141 
Darluca 141 
Defence reaction 152 
Definency, 

- chemical 4, 88, 96, 97 
- disease 4, 60, 96, 123 

I DegeneratIOn disease 192 
Dc Bary I, 5, 6, 7 
Dew 88,91 
Dlagnom 80 
Dlctyosporae 182,95 
D/ccocum, wheat 107 
Dldymosporae 182 

1 Dle-b Ick 121 

I 
Dllfu~lOn See ab~orptlOn 
Dlkaryophdsc 25, 10, 178 
DlOeclOus 22 
Dlphthena 9, 62 
Diplococcus 184 
DiplOid 22, 10 
[)lploldlzatlOn 24,9 

- role of files 9 
D/p/odw nataiensls See statement IV 
Direct 

control) II 
germmatlOn 65, 38 

- InfectIOn, 72, 75, 40 
- ob~ervatlOn 163 
- penetration 72, 75, 40 

Disease 
acts III, 196 
agncultural aspect 1, 87 
air-borne 89, 90, 91, 126, 

45,46 
ammal13 
bactenal-See statement V 
bleedmg 84 
classlficd tlOn of 3, 4, 126 
control of III, 114, 115 
course of 85 
damage 2, j 

definItIOn of ), 85, 86 
defiCiency 4, 60, 96, 124 
ectophytlc 145 
endemiC 102 
endophytiC 145 
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DI~ease endurance 147, 148, 157 
escape 147, 148, 157, 158, 

159,72a 
epidemic 102 
eplphytotlc 2, 102 
exp' eSSlOn of 80, 86 
gener'll con\ider'ltlOn<; 1 
hyperplasllc 3, 80, 82 
hypoplastll,., 3, 80, 82 
mdlvldual aspect ], 87 
IOfectlou~ 4 

.,.._. mherItance 146, ]52 
lO~ect-borne 126 
IOtroCluchon of 62 
mamfestatlons of 8,; 86 
necrotic 3, 80, 82 
nematodes 200 
non-infectIOus 4 
non-paraSitic 4. 87 
pandamlC 102 
para<;ltlc 4, 87 
phenomenon of I, 85, 86, 87, 

88. 103 
resistance 146. 148, 150, 152 
seed-borne 126, 129 
signs 80 
soil-borne 115, 126, 129 
sporadic 102, 103 
sub-tropical 89 
symptoms 80 
systemic 87 
temperate 89 
tropical 89 
\lrus 41 87,97, 106, 113. 

118, 120, 192, 196 
Disease development In relation to 

air-temperature 89, 45, 46 
air humidity 91 
bIOlogICal factors 97, 98 
environment 88 
hydrogen IOn 96 
msect flora 97 
meteno]oglcal factors 88, 89 
preCIpitatIOn 91, 92 
soli "haractenstlcs 88, 92 
SOil deficiency 96 

DISInfectIOn heat 126 
- hot-water 133 
- sced 129 
- SOil 126 

I
-steam 126 
- <;olar heat 133 

DI<;Junctors 39. 26 
Dispersal acllve 25, 46 

- passive 25, 46 
DlssemmatlOn 

aenal 55,30 
animal 57 
dutonomous 53, 54, 31, 3% 
birds 57 
continUOUS 53 
discontinuous 53, 62 
dodder 37, 63 
lI1sects 58, 33, 34, 35, 36 
man 62, 105 
W<lter 56 

DI~turbance I, 85 
Dilliall£' 126 
Dodder 8. 57. 60 
Dodge BOil, 51, 52 
Doran 71 
Downy mildew 

ccreals 76. 108 
corn 92, 102 
grapes 2,89,91, 108, 109, 136 
hop 91, 136 
oOlon See statement I 

I Dowson 188, 189, 191 
J Dramage 122 

Drc!>ner 145 
Dry rot 83 
Dugg If 194 
Dunleavy 145 
D!lrllm, wheat 107 
Dusting machme'l 142, 69 
Dustmg 137, 138, 145 

- aeroplane 138. 66 
I Dutch elm disease 2, 59, 113 

Dwarfing 81, 200 

E 

SOil reactIOn 96 Early blIght 91 
soil mOisture 95 Ectophyte 14, 32, 33, 46, 145 
soil temperature 92, 93, 94, Eelworm-See Nematodes 

48, 49, 50 Ejection 48 
soIl flora 88, 97, 98 Elm bark beetle 59, 35 

Discomycetes 48, 177 EndemiC disease 102, 105 
DiscontInUOUS stread 53, 62 Endo-blotIc 108 
DISInfectIOn I Endogenous spores 17 

- chemical 126,128,129, 130,131 Endo-paraslte 107 



Endo-phyte 14, 32. 33, 107, 145 
Endo-spores 185, 96 
Endothea parasltlca 57 
Endo-zOlc 58, 59, 61 
Entry IOto host 72, 40 

artificial opeOing 78 
through cuticle 72 
IOJunes 78 
n.ltural openlOgs 77 
non-cuhOlzed surface 76, 77 

INDEX 

I 
Eutettlx tenellus 37 
ExclUSIOn, methods of III 
EXit tube 50 

I Exogenous spores 17 
External factors 

for germmatlOn 64, 71 
Exudations 83 

F 

specI.II organs 76,77 Facultative 27, 171 
vcLlor wounds 78 Facultatlsm 27, 33, 39 

Envl[onment 1,28,108 Fallow lIS 
biological 88, 97, 98, 101 Fawcett 145 

- Influence on dl"ease 88 I Fecundity 107, 108 
mctcnologlcal 88, 89, 90,91, 92 I Fermate 127 

- SOil 88, 92, 93, 94, 9'5, 96 I Fernoxone 126 
E01ymes 28 Fertlltzatton 22 
EpidemiC'>, Filterable 194 

declIne of to9 Flre-bhght ll8 
environment 108, 109 Fltzpatnck 173 
factors for 103 Flagella 171, 173, 185 
p..tndamlc 102 Flax-anthracnose 131, 132 
pertodlc 102 - rust 41, 67, 151 
progressive 109 - Wilt 94, 152, 153 
seasonal 102 Fleming 12 
"evcnty of 102 Flower infection 75, 76 

EpidemIOlogy 102 I FluctuatlOns of environment 103 
Epiphytes 27 FOister 88, 101 
EpIZOIC 58, 61 Fornes Igmans 54, 127 
Eradication Ill, 114 I Foot rots, 

of alternate host 116 corn 95, 130 
of barberry-See Barberry - gIDger 96, 115, 120 

_ collateral host 118 - papaya 96 
_ comphmentary host 117, 118 - wheat 95, 130 
_ methods of 114 Freezmg iDJUIY 78 

Ergot 11,30, 38, 39, 50, 61,89, 200 Form-genera 181 
Ergono vme II, 12 Formae speclGles 40 
Ergotme 12 I Formaldehyde 126 127, 130 
Enksson 7, 40 Frost 78 
Eryslphaceae 175, 176, 92 FructIficatIOns 6 
Eryslphe FrUit bodies 19,6 

_ grammls 41 I-rUlt rot, banana 90, 140 
_ polygOn! 39, 41 Fulhng 117, 123 
_ taunca-See statement III FumigatIOn, SOli 145, 201 

ErwmlO 188 FunctIon 87 
Euascomycetes 177 \ Functional disturbance 85, 87 
Eubactertals 185 - resistance 150 
EubasldlOmycetes 179 Fungi 8, 9, 14 

2IS 

Eucarplc 171 aquatic 29 
Eumycetes 8, 9, 168 autoecIOus-See statement III 
Eumycophyta 168, 169 bracket 178 
Eth~lene compound 126,201 classification 13 
Etiolation 81 edible 12 
EtlOlogy 3, 45 entomogenous 27, 141 
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Fungi fecundity 108 
foes 9 
fnends 9 
heteroellous 105 
Imperfect! 19, 169 181 
Itfe cydcs 32 15 
metdboh"m 26 
morphology 14 
musc1rdml. 142 
nematode tr1ppmg 201, 103 
nomenclature 168, 169 
nutntlon II, 27 
physiology 26 
rl.productlve structure" 17, 5 
role of 8,9, I J, 13 
sexuality 22, 8 
t.lxonomy 168 
terres tn 11 29 
\egetltlve puts 14, 15,3 
wood rottmg 'i4, 140 

Fungicide 125 
1ppllcances for 142, 66, 68, 69 
Ch.lr1ctcnstlcs 125 

- copper 135 136 
- sulphur 137,138, 139 
- proprIetory 131 

Fusarlllm 163 
com:lulmunv 39, 89, 93, 94, 

116, 153 
l ubens 39, 96, 98, 154 
1//1/ 94, 116, 153 
{ytOper~ICI 9l, lSI, 1 '3, 158 
lluum 116, 153 
ortlIOceras94 158,157 153 
PISl 154, 72a 
vasmfectum 30,-See cotton wJlt 

G 

Galls 82 
Gametes 22, 178 
GametangIUm 22 
Gametanglal contact 24, 8 

- copulatIOn 24, 8 
Ganoderma 54, 127 
Gasteromycetes 179 
Gaumann 7, 45, 52, 55, 58, 6\ 79, 

87, 110 
GermInatIOn 64 

basidial 64, 38 
direct 64, 69, 38 
external factors for 68 
host mfluence on 70 
humidIty 69 
hydrogen IOn 69 

GerminatIOn mdJrl.d 64, 38 
mternal factors for 66 
light rehtlOll 70 
mode of 69, 38 
mOisture 64, 69 
nutrIent rel.ltlOn 69 
oxygen relatIOn 64, 69 
"tnTiulatlOn to 70 
telhlllque for 64 
temperature to 68 
types of 64, 38 
zoospordl 64 69, 38 

Glhherclla =£O( 95, 50 
Ginger, foot rot-Sce Foot rot 
Gloeospormm, ampelophagum 39, 103 

- sp 136, 140 
Gokhale 119, 123 
Goodey 201 
Gooseberry mildew 63, 17,7 

I 
Gotlleb 71 
Grafting 122 
Grape anthracnose 39, 103 

chlorOSIS 123 
downy mIldew 2, 39, 62, 106 

109, 137 
powdery mildew 2, 39, 62, 

106, 137 
Green e Ir 82 

I Greenhoue dlseasls 126, 141 
Groundnut, lcafspot-See CeTlOlpOra 
Ground dustmg 138 

- spray 128 
Guewrnl 139 
GUInI. I worm 198 
Gum 84 
Gummosls, CItruS 3, 39, 78, 120, 

140,171 
G}mnosporanglUm 

- Jllmper! verRllllGna 18, 34, 
108, 117 

Gypsum 137 

Hall storm 88, 92 
Hairy root 82 

H 

HaplOId 22, 10, 178, 179 

I 
HarrIngton 167 
HaustOria 14,3, 72 
Hawthorn 118 

j H.lyes H K 161 

I 
Heahng 86 
HeiJwsporae 182, 95 
HelmlTllllOsporium 42, 44, 46, 49, 56 

gramelllum 20, 41, 44, 
satll urn 22, 43 



Heml-ascomycetes 177 
Hemllela-vQstatnx-See coffee rust 
Hermaphroditism 22 
HeteroecIous 17, 18, 105 
Heteroecism 33. 194 
Heterogamous 22. 23. 179 
Heterodora 101, ) 98 
Heterok lryosls 44 
Heteroth llhc 7, 7a, 25 
Hib,scus 116, 118, 119, 120 
Hildebrand 167 
High beds It5 
High buddmg 10 
Hilum 49 
HIstology 86 
History, plant pathology 5 
Hoffm,\fl 65 
Holmes 196 
Holocarplc 171 
Homothdlll~ 22, 7a 
Honeydew 50, 61 
Hookworm 198 
Hop, downy mildew 91,136 
Hope, whedt 107 
Horsfall 145 
Host, al ternate 34, ) OS, 116 

- collateral 3ll, 117, 118 
complImentary 38,117,118 
dltTerential 42 
penetratIOn 72, 40 
resistant 85, 86 
susceptible 84, 86, 103 

Humidity 88, 91 
- air 91 

Humphrey 88, 10\ 110 
Hybndlzatlon 44, 21, 157 
Hydathodes 75 
Hydrochory 57 
Hymenomycetes 179 
Hyperparasltes 141 
Hyperplasld 3, 80 
Hyperplastic 3, 80 
Hypertrophy 3, 82 
Hypha 4 

- mfectlon 72 
HypoplasIa 3, 80, 82 
HysterotheclUm 175, 91 

I 

Idlocerus!op 139 
ImmUnity 146, 

,lcqulred 146 
artIfiCial 146 

- natural 146 

INDEX 

Ilmmumzatlon 111. 147,72 
IncubatIOn penod 86 

I - In Insects 37, 194 
I InfectIOn 

active' 72 
avenue of 72 
bud 75 
cham 114, 119 
flower 75, 76 
fOCI of 114, 119 
hyphal 72 
host 72,40 
mechanIsm of 72 
nectanes 75, 77 
needle 75, 77 
root half 75, 76 
passive 72 
stomatal 75 
stigma 75 
.,ystemlc 74 
types of 19, 42, 159, 81,82 
wound 75 

Influence, cumulative 103, 110 
InoculatIOn 

- expenment 165 
- methods 165, 166. 167,86 

Insects 
bitIng 193 
cochlmal 106 

21 

d'ssemmatlon 50, 58,33,34, 
35,36 

InCUbdtlOn penod 37 
role of 50, 58, 34 
suckmg 193 
vectors 36. 37, 10 3 

IntroductIOn I, 62, 156 
Inoculum 21. 119. 165 
Inspection 

- field 112, 113 
- market 112 
- port 112 

\ 

Intercellular 13, 3 
Intra-cellular 13. 3 
Inter-croppmg 121, 57, 122 
IsolatIOn 

of disease 112, 113, 196 
methods of 16 ~ 
Single spore 163, 84 
spore 163 
tIssue 163 

Isogamy 22. 23, 171 178 
Irnga tIOn 122 
Iscobrome 201 
lwanowsky 6, 192, 194 
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J 

Jasmme. rust-<)ee statement III 
Jen .. en 6 133 
Johnson T 162 
Jonc~ L R 7, 88, 101, 110, 124 
Jumbufl 122 
Jumpers-See Cedar 

K 

Klm1t 7, 21,110,124,145,167 
Kanred, whe,lt 107 
Aalle disease-Sec Cardamom 
Kenphad, whe lt 105 
Khap/t, wheJt 107 
Krenrle 128 
Koch 1, 5, 6, 184 

-- postulates 165 
Koleroga -Sec arecanut 
Kuhn 6 

Large 106, 110 
Late bltght 

L 

-- potatoes 2, 6, 38. 39, 44, 63. 
08, 69, 77. 89, 91. 106, 112, 
115, 136 

Latent lIfe 109 
Latlnrus wilt 94, 1 ~3, 157 
Ledch 58, 63, 70 
Leaf curl 37, 192 
Leaf rust 

bajra 34, 36, 18 
- coffee-See coffee 
- <;orghum-See statement III 
- sugarcane 36, 18, 104, 120 

Leaf hoppers 37, 193 
- miners 61 

Leaf spots 83 
- groundnut 103, 104, 148, 152, 

157 
Lemons 149, 
Lentlcells 75, 77 
Leukel 145 
Lichens 27, 86 
Lid formation 50, 25. 18 
Life cycle, dlscontmuous 32 

- conttnuous 32, 
- nematode 200 
- plant pathogens 32. 166,15 

Light 29 
Llghtenmg 92 
Lime 135, 137, 138, 139 

Lmkage 155 
LlIlnanean 44 
Lmn1cus 44 169 170 
Local qu\rmtlnes III 
LOC1hz1tlOn II:: 
Loewenhoek 1, 6, 184 
LongeVity, of spores 64 
Locust, 142 
Long ~mut, "orghum 76 
Loo~e smut 

- sorghum 2, 3.57,76, 124, 130, 
132 

- wheJt 46, 25, 76, 133. 61, 64 
Lophotrichous 185, 96 
Lor,lOthus 72, 73, 116 
Losse~, dl~ease 2, 3 
Luthra 7, 133, 145 

M 

Maize 
- downy mildew 92, 102, 108 
- seedlmg bltght-~ee corn 
- smut-See corn 

Mal'ma 37, 80, 97, 193 
M'IlformatlOn 198 

I 
M1nners 167 
Martm 111 
M ISS. mortality 102 
Mathur 113 
McCubblO 113 
Measles 192 
MechaOlsm of IOfectlon 72 
Medlcme 

- human 1 J I 
- plant III 

Mehtd 124 
Melampsora lim 67 
Mt..lancomales 182 
Mercury dlsmfectants 130, 131 
Metabohc product~ 30 
Metabolism 26 
Meteorologlc.!1 factors 89 
Methods 

of eradl(..atlOn 114 
- With plant diseases 163 
- of protectIOn 125 
- quarantme III 

Meyer 6, 194 
Mlcro-cllmate 92 
Micro-elements 30 
Mlcro-manupllator 163 
Mlcro-orgamsms 8, 10 

I 
MIcro-scope, electron 100, 185, 195 
Mlcro-techmque I, 163 
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M Igula 188, 189 I NecrosIs 80 
MIllardet 6, 108, 135 Nectanes 40, 75, 77 
Mildew, downy 39, 46, 62, 89,91,92, Needle 40, 75, 77 

108, 109, 136, 171 Nepra 84 
- powdery 39, 46, 57,62,69, 89, Nemataclde 125,201 

91, 109, 137, 138, 139, 175, Nematode 4,1, 10,41,87, 142 
176,92 198, 200 101 

Mmor-elcments 96 Nodule, bacteria 5J, 98 
Mlstle-thrush 57,61 I Non-pdrdsltlC disease 41 
Mites 60, 139 Nomenclature 44 
Mixed Cropplllg 103, 122 bactena 187. 188 
MOlsture au-See humidity - fungi 44, 168 

- soIl 95 - rules of 170 
Momba-See brown rot - vlru<;es 196 
Momitales 182 I Nomersan 131, 132 
Mon leclOU<; 22 Nucleo protem:. 194, 99 
Monohybnd 155 Nursery, stock 62, 112 
MonomorphIsm 38 Nutrients II, 28 
Monotflchou~ 185, 96 NutntJoD 26,28 
Morphological resistance 150, 74 
MosaiC. celery 120 

dl<;eases 80, 81, 192 
- pdpaya 2. 106, 118, 196 
- sugarcane 118, 152. I ')3 
- tobacco 37 

MosqUito anophele~ 37, 97 
- culc"" 97 

Moth borer 106 
Mottle 80 81, 160, 82 
Moulds 13, 27, 171 

- black 27, 140 

o 
Oats, black rust 40, 41 
Oats, .,mut 96 
Obhgate parasite 27 

-- saprophyte 27 

I 
OidIUm 139 
Olea europea 36, ')9 
Olive fly 36, 59 
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- bre..ld 1. 27, 140, 171 \ 

- knot 59 
Onton 

- downy mildew-See <;tatement I 
- green 27, 140 

Mucor-See mould<; 
Mucorales 48 
Mummies 128 
Mundkur 6,21,84,96 
Mushrooms I, 10, 12, 21,6,25,31, 

46, 54, 179 
MutatIOn 23, 24, 44 
Mycelium ectophytJc 14. 3 

- endophytic 14,3 
- mter-cellular 14 3 
- mtra-cellular 14, 3 

Mycorrhlza 27, 86 
Mycelia stenha 182 
Myxoba(,tenals 187 
Myxomycetes 8, 9, 67, 168, 169 
Myxomycophyta 168, 169 
My=us perslcae 37, 193 

N 

Natural barners 53, 62 
Neck rot 83, 140 

- smudge 48, 94 
- smut 94.115,126, 127,58 

OogonIUm 22 
Oomycete') 19, 24, 171, 
Oospore 17, 24, 5, 171, 173 
Oozmg 50 
Operculates SO 
Opuntta-See cactus 
Organic compounds 135 

- mercury 130 
- non-mercury 130 
- proprletory 130, 131 

Ornamentals 81, 136 
Orobanche 8 57 
Orton 7, 147 
OsmosIs 26 
OstlOle 19, 177 
Over-summermg 19, 52, )14 
Over-wmtermg 19 
Oxab~ 36, 18 
Oxygen, mfluence of 28, 64, 69, 
Ozomum 

- root-rot-See Texas root rot 
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PadwIC'k 113 
Pallor 81 

p 

Panama dlse'\se-See banana wilt 
Pap'lya, mOSaIC 2 106, 118, 196 
Pdr.lphyses 21, 175 
Parasite I, 27 

f.lCUltdtlvC 27 
- hyper 141 
-- obhgdte 27 

Park-Rhode~ 4 12 13 
Patel et al 162, 188, 189, 190, 191 
Pathogen 2, 32 

aggressive 106 
fecundity 107 
human 75 
plant 75 
repoductlve capacIty 107, 108 
vandtlOn 42. 45, 20 
vIrulent 107 

PathogenetIc penod 5 
Pathology 

- human 75 8S 
- pIlOt 75, 85 

Patulm II 
Pasteur I, 5 184 
Pea. mildew 137 

- WIlt 149, 72a, 154 
Peach 

- brown rot 46 90 
- leaf-curl 37, 39, 108 
- yellows 37 

Pear, brown rot 58 
- fire blIght 118 

Pecro bacterIum 188 
PenetratIOn, host 72, 71, 40 
Pen/cll/In II 12, 175 
PemcllIlum 141 175 

- chrysogenum 11 
- notatum II, 12 2 

Pereno \" 126, 128 
PertdlOle 51, 27 
PendlUm 19 
PentheclUm 21,6,48, 174, 175,91 
Perttrtchous 185, 96 
Peronosporaceae 171 90 
Pestalalla pSldll 67, 70 
Phototropism 51, 29 
Phragmo~porae 182 
Phycomycetes 168. 171 
Ph)gan 128 
Phyllodae 192 
Phylum 168, 169 

Phyllortlcta phaHolllla 122 
Phymatatmflllm 

- ommvorum-See Texas root rot 
PhYSlOlogll, ~peclaltzatJon 7, 174 

- form~ 40, 21, 107 
Phvslology fungI 87 
Phytop Ithology i, 2, 8S 

- hl,tory of 5 
Phytobd<.tenacae 188, 189, 190, 191 
Phytobacterwm 188 

I PhytobauerlUm solanacearum 98 
I Ph) tophI/lOra 

- arewe-See Koleroga 
Cltroph,hora 120 
m(estalls-See late blight 
pulmlvora 120 
parasltu'a-See betelvme Wilt 

Plloboilll 48, 51, 70, 29 
Pmeappit. 

black rot 141 
- root knot 141, 201 

Pmt: 
- bltster rust 2,105,117.18 

Pmnotes 181 
Pm liS 

- cemhra 105 
- strobus 105 

Piper betel-See betelvme 
- /onr:um 101, 200 

Pmcu/arlQ ory:eae-See blast 
Planogametes 22 
Planogametlc 23, 171, 
Plant protection Ill, 125 
Phny 6 
Plasmodium 9, 169 
Plasmogdmy 10, 25 
Plectomycetes 177 
Pleurage 

- cllrVlcol/a 48 
- jlmlceda 48 

Plugs 49 
I Polltnahon 161 
Polygenes 155 

I PolymorphIsm 37, 174, 178 
PolyplOIdlzatlOn 159 
Pohporus 127 
Pot Ish hunger 96. 123, 56 
Potato 

late bhght-See late bbght 
potash hunger 123 
rIng 118, 120 
scab 94,96,112,116,122,130 
~curf 94, 130, 132 
viruses 2, 118, 120, 197 
wart 2, 118, 120,171 
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Powdery mIldew-See mIldew Reproductive capacIty 107, 108 
PrediSposition 91, 96 103, 104 Resistance, basIs for ISO 
PrecIpitatIOn 88, 91, 92 acqulfed 146 
Prevost 6, 135 breedmg for 146, IS7, 158, 159 
Pnckly pear-See ca('tus field 152 
Promycehum-See bdsldlUm functional 147 
Prophylactic R'i, III 114 mduced 146 
Protectlon methods of 12~ morphologIcal ISO, 74 

- pnnclf)les III natural 146 
ProtclDs, nuelco 28, 194,99 I - protoplasmic 147,76 

- virus 28, 194,99 - structural 150, 7S 
Protozoa 4, 1 - true 147, 148 
Prunnmg 122 ReSistant, mycelium 39, 114, 5 
PU(,Clllia coronata 17, 41 spores 19,39, S 

glumarum 17,35, 41 vanetle~ 152,151,154 
RrammH-See black rust - vegetative structures 33, 39, 3 
IlOrtlel 41 \ RespIration, of bacteTia 26 
penntsetl 3~4, 18 - of fungi 26 
jJurpurea 36, 18 Rhamnus 35,117,17 
sacc/tan -See sugarcane I Rhizobium 86, 98 
sorgh, 34,41,18 I Rhlzoctoma 96, 122, 126, 131, 141 
tntl( InW 35, 117, 17 I Rhlzomorphs 14, 39, 54, 55 11 

Puff balls 21, 48, 179 : Rh,=opus 10, 22, 27, 78, 140, 1 
PutTIng 48 Rice, blast-See blast 
Pulses 121 I - seedlmg blight 94, 104 
Pure culture 163, 84, 85 I -- stunt 7 
PycnldlUm 19,50,6, 181,95 I Rlckettslales 187 
PYlenomycetes 177 I RIker 167 
Pycmum 24,34 50,6 Rmg, potatoes 39, 115, 116, 118, 120 
pythlUm 38, 57, 64, 68, 76, 98, 116, - spot 192 

129,131 Roberts 145 
aphamdermatum 96 Roguemg 116 

de Baryanum-See dampmg off ROSin 116 
mynotylum 39, 96, lIS, 118 I Root, hair 75, 76 

Q 
Quarantme Ill, 112 

acts III, 112 
baSIS for 113 
Inspectton 113 
lO~tl tu hon of 112 
local 112, 113 
reasons for 112 

R 

Races, phYSIOlogic 40 
RalOfall-See preCIpitatIOn 
Ratoon crops 118 
RawlIns 167 
Reaction, of medIUm 28, 29 

-- of SOli <:'6 
Receptive hyphae 24 
Recovery 86 
Red rot-'iee sugarcane 
ReproductIOn 17 

- nodules 27, 86,98, SI 
- rot 81, 93, 94, 104 

Root knot 98,99, 129, 141, 198,201 
Root rot, cotton 122, 123 

fungI 54 
- pIneapple 141,200 
- trees 127 
- tobacco 93, 94, 129 

Rosette 192 
Rot, black 83, 93, 94, 129 

brown 83, 90, 46, 149 
dry 83, 90, 140 
neck 83, 140 
npe 90, 110 
soft 83 
wet 83, 140 
whIte 81 
wood 12, 140, 179 
storage 90, 110, 141 

Rubber 84, 139 
Rust, autoecIous-See statement III 
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Rust baJra. 34, 18 
bhster-See pine 
cereal 179 
coffee-See leaf rust 
IIf<.. cycle 34 
imseed 41 
sugarcane-See leaf rust 
wheat-See black ru~t 

Rye, ergot II, 10,38,39,61,76, 89 

SamtatlOn 114 
~aprophyte 26 

s 

- fa<..ultahve 27 
- obltgate 27 

S'lturatlOn of disease 104 
Scab 83 

apples 102 
CitruS 139 
potatoes 29, 77, 84, 112, 115, 

116, 122 
powdery-See potato 

Schizomycetes 8, 9,1, 168, IS4, 96 
Schlzomycophyta 168, 169 
Schroeter 40 
Sclerospora 

- gramlnlcola-Scc downy mlldt.\\ 
- forghl "" 
- phrlippmensrs " " 

Sclerotia 14,33,39,3,32 174,178, 181 
SclerotmlQ, americana 10 

- jruclfcola 39 48. 78, 114, 128 
Sclerotium 39, 57, 98 116 

-- rolfsll 54, 116 
Scolecosporae 182 
ScolVllis 35, 59 
Season, change of 120 
Seasonal outbre1ks 102 
Seed, certJfkatJOn 113, 196. 

- change of 120 196 
- dlsmfectJOn 129, 130, 131, 132 
- selectIOn 118, 196 

St.-ed-bed dlseclses 82, 126, 44 
Seed-borne 

- dlse1se 118, 120, 126, 129, 130, 
133, 165 

Seedling, blIght 95, 104, 50 
- dl~eases 130, 132, 165 
- mfectIOn 75, 76 

SegregatIOn 158 
SelectIOn, direct 157 

field 157, 87 
plant 157 

- seed 118 

SUlIelan 128, nO,61 
Seml-par..tsIte 74, 40 
Sexu Ihly III fungi 22, 8 
Sh IHow plantIng 122 
Shooting 48, 25 
Shot-hole 83 
Sib-crossing 161 
Single spore culture 48 163 
Sm Illlc If 192 
Small pox 12 SO, 192 
Snuth [ F 7, 188, 189 
Smith K M 167, 196 

II Smudge, onton 94, 48 
Smut haJra 76, 179 

corn 46, 179 
Hag 94, 95, 131, 132, 179 
kerna1-See sorghum 
OnIon 94, liS 126, 127,58 

- sor~hum 2, 76, 122, 179 
sugarcane 104,116,119,179 
whc<lt-See loo~t.- smut 
whip-See sug,lrc,me 

~oll, aerdtlOn 121 
appitcatJOns 126 
borne dlsease~ 76, 93, 94, 115, 

116, 122,126 159, 165, 166 
chemlc<ll constituents 96 
condition 88 
defiCIenCIes 96 
diseases 115 
dlstnfectlOn 126 
factors 92 
fumIgants 126, 201 
f10r l 97 
tnJector 145, 70, 102, 
mlcro-organtsms 57, 97, 115, 

116, 126 
mOIsture 95 
reactIOn 96, 122 
SIck 98 
temperature 92, 94 

SOil temperature tank~ 93, 47, 159 
Sorus 19 6, 178, 181 
Spmow F K 173 
Specl.lhzahon 

- of parasItism 39,40, 41, 44, J 78 
Sperma lid 24 
SpermatizatlOn 24, 8 
SpIke, disease 196 
Splroc.haetales 187 
Sphacella sorgill 61 
Sphacelotheca 

- cruenta-See sorghum 
- sorglll " " 

Sphacropsldales 182 
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Splashmg 51, 27 
SporangIUm 17, 50,56 171,174 I 

Spore, app1anosporc~ 17, 5, 171 I Takaml 7 

mfectlOn 76 
T 

asexu 11 17, 5 TankS-SOil temperature 93, 47, 151} 
cell-wall 64 Tamn 150 
dlsI.,harge 46, 25, 26 Taphrma, deformans 39, 77, 108 
dissemInation 53, 30 - maculans-Statement II 
ejectIOn 48 Tar spot 44 
frUits 19,20.6, 171, 175 Temperature 64, 88 
germtnabon 64 dlr 29, 89, 12, 45, 46 
maturIty 64 body 80 
pnnt~ 48 cardmal 68, 91, 94 
sexudl 17, 5 reqUirements 29, 89 
showers 56 - SOlI 92, 94,95, 48, 49, 728 
swarm 171 T e'(as root rot-See cotton 
vegetatlVe 17,5 Thallophyta 8, 9, 168 
ViabilIty 67, 116 I Thaltctrum 35, 117, 17 

SporodochlUm 181, 9S I Therapy 84, 146, 147 
Spraymg 136, 142, 145 I Theophrustus I, 6 
Sprayers 133, 142, 68 I Th,daHQ baslcola 93, 96, 129, 152, 
Spread, of dlsea~e 53, 126 I 160, 83 

- of mfectIon 72, 74 I Thlrumaldchar 71 
- autonomous 31, 32 Tlkka-See groundnut 

Stdkman 7, 42, 1)0, 113,157, 158, 160: T,/letlll trttlcl-<:)ee wheat bunt 
Stakmg 120 TIpPO 0 170 
Stanley 7, 28, 194 I Tissue changes 80 82, 86 
Staurosporae 182 Toad-stools 21, 178 
<itark 20 I I Tobacco, dampmg off 128 
SterIlizatIOn 126, 163, soIl 126 I - 1eafcurl82 
Stevens F L 79, 124, 177, 180,183 - mosaic 37,194 
Stigma, mfedlon 7\ 40 - root rot 93,96,129,152,160,83 
Stomatal InfectIOn 75, 40 - mildew 138 
Streak-See sugarcane Tomato, Wilt 94, 49 
StreptomycIn II, 184 - curly top 37 
Stnpe disease 94 Transml~slOn, ammal 57 
SuctIOn 74, 77, 40 autonomous 53, 31, 32 
Sugarcane, frog-hoppers 142 bIOlogiC 37, 60 

mosaic 152, 1:>3 endozolc 58, 33 
pest 142 epIZOIC 5~ 
red rot 3,39,61,78, }04, 118, Insect 58, 34, 35, 36 

119, 182 ViruS 192 
ru~t-See leaf ru~t water 56 
smut 39,104,116,119 wmd 58,30 
streak 112 zoocborus 61 
stunt 112 Trap, crops 121, 122,57,201 

SymbiOSIS 27,86 I TrenchIng 121 
Symptomatology 79, 86 Tnchogyne 24, 174, 8 
~ymptoms 3, 80, 43, 44 Tuberales 48 

hyperplastic 3, ~2 Tubl.,rl.,ulosis 1 I, 80 
- hypoplastIc 3, 81 Tuber-mdexmg 112, 118, 511i, 197 
- necrotic 3, 82, 83 Tylenrhus 198 
- virus 192,98 TyphOid 11,80, 146 

Synchytflum \ - Mary 146 
endoblollcum-See potato wart U 

SystemIc, disease 87 Uncmu!a,necalor-See powdery mIldew 
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Uncmula tect(lnoe-See St1tllllllll I[ I VillI 121 
Unger I W 
Uredln1les-See rust fungi 94 I W,llkLr J C 124 
Uredlo-~pore 34,40,54,56,67,77 108 Wart, potatoes 39,63,108 152,171 
Ur(lcysll~, cepulG£-~ee om on smut Water wntent 29 

- Imle1-See flag ~mut I We tther-See environment 
UrO>illl es, hobsonl-See statement III Weedlclde 125 
Ustllagtnaceae 61, 179, 93 WestLOIt 87 
USlila~o cramerl-">ee ~tJtement III I Wet rot 83 

- sCitarnmcae-See whip smut : White flle~ IY3 
- (nIICI-See loo~e smut of wheat White pille-See bhster rust 
- ~eae 23-See ~tatement III I WhetlCl 5, 7 

Uppal 69,71,113 145,158,160,161,162 I Whe1t bunt 94 179 
V Hag ~mut 94 95, 131, 132, 179 

VaccinatIon 146 hollow stem 94 
Vl'n Telghem cells 65 Aenp/md 105 153 
VarIatIOn 42 45 nematode 101 
Vector 34,37, 58,97, 141, 149 192,193 rusts IlR, 75, 152,155,156,158 
Venturia mequabs-See statement I[ 81 179 
J er fI celli urn \\ lit 94 seedling blight 95, 130, 132 
Viability of spore~ 56, 67, 116 smut-See smut 
VICtOria, oats 1 '5 ~trtpe 94 
Ville anthracnose-See grape WIlt 82, banana-See banana 

chloro~ls 123 betelvme 2 118, 126, 128 
- downy mildew-See gr'lpes cotton-See cotton 
-- powdery mildew-See grapes _ lathvrus 94, 153, 157, 158 
- root rot 129 I - JInseed-~ee flax 

VIm/era, stock 122 _ tomato 49, 94, 154 
Virulence 85,101, 107 Wmgard 152, 162 
Virus 2, 4. 6 7, 34, 37. 41, 60, 63, 79, Wltche .. broom 87 

141, 146, 147, 149, 152, 153, Wolf F A 177, 180, 183 
154,166, 169, 192 Wood rot 12, 140 179 

antlbodles 146 Wound mfectlOn 75, 78 
cry stab 194,99 _ puaslte 27, 78 
charactenstlcs 194 X 
control of 113, 132, 133, 196 Xanthomonas 188 
diseases 192, 196 _ campestrrs See cabbage bJackrot 
heteroecism 34 194 _ malvacearum-See cotton Jeaf~pot 
ImmUI1lZatlOn 146, 71 
Illcubatlon peflod 37, 194 I 
methods of .. tudy 166 Yea~t 70, 17'i 
nature of 194 Yellowmg 81 
nomenclature 196 Yellows, cabbage, 93, 94, 101, 116, 

147 72 152, 1:,3, 182 
premunlzatlOn Yellow vem mosaIc 81, 116, 118, 119, protelIl~ 28, 194, 99 120 
re~lstance 146 
SIze of 195 - rust, 152 
spread of 74 42 Z 
symptol1s 192 Zmglber ojJicmale-See ginger 
systematic positIOn 4, 8, 169,196 Zoochory 61 
transmlsslOn60,37,166,192,193 ZoosporanglUm 17,50,171,5 

Vmdtn II Zoospores 17, 50, 57, 5 171, 173 
Viscum album 41 I Zygospore 17, 24, ~. 171, 173,8 
Vltamm defiCiency 30 Zygote 17,23, 171 

- mfluence 12, 30 I Zygo 'l\'l-et~~ 1Q 24, 173 
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