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INTRODUCT ION

Tapioca widely kunown as cassava ([anihot eéculenta

| Gﬁantz), is the major food crop of the middle and lower
income class of people of Kerala State. This is now, and
will be for some time to come, their primary source of: foods
With the limitations in land, labour ani capital in the
production of rice, more attention has been_given to the

production of tuber crops, with tapioca topping the list.

‘In India tapioca is ecultivated in sn area of
3,83, 700 hectares with an annual production of 63,06,800
metriec tonnes. Out of thig, Kerals Statc alone accounts
for 82 per cent of the area and 89 per cent of the
produaction of thé crcp. Hence the importance of tapioca
cultivation and its economic significanece in XKerala State -
need not be over emphasized,

Of the several diceases of taploea, bacterinl blight

(wilt) is the most important one, based on ite nature of
damge ané extent of loss, Cassava bacterial blisht is
reported to be of very sericus consequence in foreign
countries like Brgeil, Veneszuela, Colombia and Afxica.

The disease wag reported for the first time in Kerala
during 1975 and also from Kanyakumari distriet of Tamil
Nadu since 1976 (Nair, 1977, unpublished). This has

become a serious concern to the tapioea growers of the State.



It ié quite ﬁossible that the disease ean £lare up in
epiphytotic propartiéns and can caugse very heavy orop

;ossee under congenial elmmatié conditions, beeause even
total ercp losses have been repartéa due to this disease

in other countrics (bgsta, 1940; Lbzand apﬁ 3equeira; 1974 o3

Lozano, 1975).

In view of the potentisl ecrop losses, that the
disczse can cause and also of the econoznie significance of
the disease to the tapiloca growers of the atate, iﬁpesti-
gations were taken up on its aymptomatolozy, characterigation
and identity of the pathogen, atandardization of inoculation
techniques, host range and survival of the paéhogen, host
nutrition in digease incidence and development, influenes
of age and IHCN content on the disease, in vitro asensitivity
of‘the pathozen to antibiotics and toxigenicity of the

bacterium. The results are presented in this thesis.
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REVIEY OF LITERATURE

HISTORY AND GHOGRAPHICAL DISTRIBUYL ION

Phe "Bacterial Blizht (wWilt)" is the most important

of several digseases reported on tapioca (Manihot esculenta
Crantz). It was recorded for the first time in Brazil
(Bondar, 1912; Coata, 19240) and has singce then been reported
from Colombia and Venezuela (Lozano, 1972; 1973 a; Lozano
and Segueira, 1974 aj; 1974 b); Nigeria (Anon., 1972),

Zaire (Meraite and Meyer, 1975) and has been observed in

several other esuntries of tropical Amerien and Africa,

Serious damage was first noted at Puli in Central
Taiwan in 1963, though the disease probably existed bsfore
1945 (Mau, 1951). Bacterial wilt of cassava has been causing
gevere reduotion of tuber yield in the Szvanna of southern
part of Zaire since 1970. The disease is caused by

Xanthomonag manihotis (Lez and Chen, 1972). In Africa,

cassava bacterial blight (CBB) caused by X. manihotis was
first reported in Nigeria (Williams et al., 1973) and
subgequently in Zaire and in Camerocon (Terry and Ezhumah,
1974). Teu (1976) reported serious damage of cassava by
bacterial blight which is known as "bacterial wilt® or

neunning diseasev,



This disease is now recognised as one ofithe most
important factors limiting prodpofian, where in wet geasons,
it ean cause  complete losé of yleld (Costa, 1940;1Drummonﬂ
and Hipolito, 1941; Elliof;m1951; Pereira and Zagatto, 1967;
Liozano, 1972; 1975; Lozano and Booth, 1974; Lozano and
Sequeira, 1974 a). Iima (1944) reported that 90 per cent

losses were regorded in the State of Santa Catarina,.

In Kerala the disease has been reported by Paily gt al.
(1975) and Daniel et als (1975).

SYTIPT AT OLO3Y

The £irst symptoma of the disease ih the field are
1098 of turgldity of leaves followed by their rapid wilting
and shrivelling. Afterwards the base of the petiole collapse
but the leaves generally remain attached to the stem for some
time. IFinally the unlisnified tips of young branches die,
and later new shoots appear at a lower level.. Infection
. progress to the base of the stem also, causing wilt of the
newiy formed shoots, Because of these symptoms the disease is
known in Zaire as the "Oandle disease® (Maraite and Meyer, 1975).

In Colombia, the symptoms of the disease are
chafaoterised by angular leaf gpotting, blisht and wilting
of leaves, die baok and sum exudation of atemland vageular
ncerosis of stem and root. The leaf spota are water saaked
initially, turning brown or dark brown, often with a yellowlish



halos, Leaf spots often exude gunm, that collects in dropleta
mostly alonz the lowsr surface of leaves along veins, Gum ia8
alzo cﬁaracteriatically oxuded from oracks, which often develop
on the young infeated atem and petioles (Lozano, 1975).

Fair (1977) had observed these typical symptons,
described by.ilaraite and leyer (1975) and Lozanb (1975), in
his studies in Kerala, in all the susceptible varieties, except
leaf spotting and gum exuadation, This phenomenon of eympton
variation hap been reported by Maraite and Meyer (1975),! Bondar
(1939) reported that the symptoms differ detween sweet and
bitter varidties, | |
Pathozen
Némenclature pf the_bascterium.

The caueallbaeterium was f£irgt named Bacillus manthotis
Arthaud - Berthet (Bondar 1912), but was later renamed
Phytononae manihotis (Arthaud - Berthet and Bonder) Viegas
(Viegas, 1940), Howover, Drummond and Hipolito (1941) fouhnd

that some of the characteristics of the baoteriun they isolated

‘Irom cassava in Drazil were different from those of the mpecies
originally describeg by Bondar (41912). Burkholder (1942)
eoncluded that the organism should be placed in the genus
Phytombnas and fhe name Phytomones manihotis was 1nnluﬂed.in
the Bergey's iianugl (HNreed et al., 1948).

e



Comparative studice of a new igolate with theiStrains‘
of Burkholder and of Drummond and Hipollto were made by Amaral
and Vasconcellos (1945). They concluded tﬁax all the three
‘strains belonged to P. manihotis. later, Starr (1946) changed
the mame to Xanthomonas manihotis (Arthaud - Berthet) ‘Starr
(Breed et gl., 1957).

Isolation and properties of the bacterium_
Lozano and Sequeira (1974 a) isolated the pathogen

from diseagsed leaf and stem tissues, after making a suspension ~
. in sterile distilled water. A loopful of the suspension was
streaked on Kelman's Tetrezolium Chloride (T2C) medium
(Kelmén, 1954), ingubatéd at 30°C, and single coloniea selected
on the basis of e¢olour and fluidity. The culture was stored in
distilled water suspension,

tYaraite and Meyer (1975) made imolations in a eimilar
oanner, after surfage disinfection with 70 per cent ethanol,
on Difco Rutrient Agar (NA) at 28°C. All igolates of similar
colony appearance were chosen and stored on Commonwealth
Mycolegiéal Institute's stornge médium (Anon., 1968) andi
transferred every three months to fresh mediunm,

Leu (1976) isolated the pathogen on Potato Dextrose
Agar (FDA) at 26 - 30°C from diseased tissuecs or gum substances,

Maraite and Meyer (1975) studied the cultural characters
of the bacterium and reported that individual colonies of



purified isolates appearcd on' NA medium after 24 hours of
“incubation at 28°0.' After 48 hours the eolonies measured 1 mm
in diameter, He observed that the growth on Difeo PDA and
Tryptone Soya Agar was faster than on NA,. Led (1976) had
obgerved that the bacterium zrew poorly on NA while the growth
on PDA vame profuse, - In liquid medium the. zrowth was membransous
and tended to be ring form when shaken and left standing
overnight, Amaral (1942) reported that broth cultures (48 hr
at 30°C) were aharaéteriaed by denge turbidity ard zbundant
viseid sediment. FNair (1977) studied the pathogenieity of the
bacterinm grown on different media., The colony growth, colour,
shape, size, slime production and fluidity of the isolates on
Hutrient Agar, Potato Dexirose Agar, Tetrasolium Chleride Agar,
Potato Sucrose Peptone Agar and Host Extract media showed asome
differences. Growth on PDA was faster than on HA.

Maraite and Meyer (1975) observed that the colonies.of
X. manihotis were white=grey to cream, raised, convex, smooth,
shiny, with entire edges, initially hyaline, then opaque and
turbid and of viscous consiatency on NA. After 6 days incubation

at 28°C, the colonies measuréd 14 mn on KA, 10 mm on PDA and

7 ma on Tryptone Soya Agar, Cclonies on T4C medium were 8 mm

in diameter after 6 days and were round, smooth, with a bright
red centre and a;naérow white édge. They resembled colony type
B =« 2 of weaklly pathogenic mutents of Pseudomonag solanacesrun
(E.F,Spith) &,F, Smith described by Kelman (1954). Ieu (1976)



had observed that the oolonies were civeular, c&nvez, entire
and f£iliform, with mo odour, no fluorescence, milky white in
eolour and stioky in texture on Na., On PDA the colonies were '
milky white and mucoidal.

Braley (1965) and Stolp g§,§;. (1965) reported that the
optimun temperature for the growth of the bacterium was higher
than that of most Xanthomomads. ILeu (1976) observed that the
temperatiure range of the bacterium was 14 = 36°0 with an
optinum at 3¢ - 34°C.- ThErﬁal death point was 52°C. Lozano
and Sequeira (1974 a) observed that the mass doubling time of
the OBB lsolate 1. 235 in TAC 1liquid wedium at 32°0 was 46
minutes, at 30°0 47 minutss, at 23°C 55 minutes and at 34°0
57 aninutes, The bacterium did not produse visible growth at
4°C or 39°C, Nair (19T7) observed that the temporature range
£or the growth of the baoterium was 20 to 32°C and profuce
growth was obtained at 36 to 32°¢C,.

Lozano and Sequeira (1974 a) in their veport on the
morphologieal characters indioated that the bacterium i5 a
slender gram negative rod, with o single polar flagellum and
nunerous plli, non capesulated, non spore forming and was
either singlé or formed short chains of 3 to 4 gells, The
bacterium grew on ocdinasy sulture medla, did not produce
pigments and fbréeﬁ very slim# coionieq on sucrose containing
media. The bacterium ﬁydrowsea starch, liquified golatin,

reduced litmus-miik, produced levan, cafélaae, exrginine



hydrolage and lipaas but not hydrogen sulphide, indole,
ursase, tyrosinase or. phenyl alanine deaminasc. It grow
on ordinary wedia containiang sodiun ahloride ox teiramolium
chloride gt maximum concentrations of 2.5 and 0.2 per cont
regpoetively., It utilised nitrate and ammcnia as swrces_of\
nitrogen and most of the simple- Gugars ne sourcos of carbon,
but aeld was not proﬂueéd. Various amino acids and other
crganie aoids were readily utilieed. The physiolozieal and
bioshemieal characters of the 12 161ataa studield by then
were similar in aanture, The baeteéium_ grow well vith weak
aeid production on ba;aai. medinm containing D « mannege,
D = glucose, %(~) fructoss or welobloss, but grow poorly with
slight aoid produstion on baaal mediun containing L - !;'izamnoae,
D (=) ribose or maltose, The bacferiwa also grow well on
basal medlua containing (+) ,:&10&9-@} G-J a:‘at;iziosa, but no
aeid woo proauaezl._ ‘E‘he‘ organicm grew poorly on basal mediun
eontainiang salioin,saccharin or lactoas, The utilization
pattera of sucross, celiobiose and trehnlose by the iasclates
varicd. |

Bioohamicai charactern were studled by Maraite and
neyer (1975) and they obtained similar resultc., Shey observed
that the bact‘érmm fzon 40 hr old4 cuits;res- on 4 were pram |
negaﬂve roag ef 1¢3 x 04 mlx {140 = 175 X 0428 = D.0),
noatly single or im pairs with about 50 per cent motile colls
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in 0.5 per cont glycose solution. The percentage of motile
cells decreased with agze of the culture., Ilectron photoe
mierogzraphs revealed the presence of a single poler flagellum
and numerous pili on the surface of the cells, Ieu {1976)
had “obgerved the morphological characters and repcrted that
the bacterium was a gram negative rod with round ends, 8
single polar flagellum, no capsule and tending to begoac

gran positive when agod. Nair (1977) had studied the
physiological and biochemieal characters of 8 isolates of the
bacterium and obtained siamilar results ag the above workers.
He reported that the teata indieated the bacterium under
gtudy to be X. manihotis (Arthaud - Berthet) starr,

Pathozenie variability
As a result of the studies on the morpholozy, phbysioloszy,

agrology and phage susceptibility of the isolates of the
bacterium from Colombia, Erazil and Venezuela, Lozano and
Saquedira (1974 a) concluded that they were sufficiently
different from X. manlhotis to bo considered as a saparate
otrain, They also reported that comparison with a type
culture of X, manihotis revealed differences in pathogzenicity,
growth rate, serological charsoters and phage susceptibility,
Recently, howsver, comparative studies amonz different
American and African isolates of the organism revezled that
they possibly belong to the éame bocteriel apeciés althouzh

there are differences in virulence and s fow physiologieal
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characteristics (Lozano, 1975). The results of Maraite and
Hoyer (1975) also suggested that strains of different
pathogenieity may exist within X. manihotis, ILeu (1976)
reported that no viaible mutanta oxr chenges in pathogenieity
wore noted, Older (one month to several months) cultures

in the laboratory and subeultures (1 « 4 years) were all
found to induce the came degree of digease ineldence as those
of freghly isolated cultures.

Serolozy and phage sensitivity
Serolozical resctions and phage susceptibility were

algo studied by Lozano and Seaueira (1974 a). Out of the six
non pigacnted Xanthomonads only X. manihotis induced slight
serological roaction after 15 days of incubation. Plagues
induced by Bdellovibrio sp. were 5 times larger than those
induced by the same phage on the same bacterial culture.

HOST RANGE

Xanthomonas manihotis has been reported to infect only
gpecies and varieties of the genus lianihot (Bonﬂar; 18153
Amer”al, 19423 Burkholder, 1942). ILeu (1976) reported that
the:casgava blight bacterium infeots only cassava. Injection
of the bacterium near the apioal meristem of the seedlings
of tomato, wateremelon, lettuce, cuciumber, sorghuam and lima
bean and algo into trees (Bilgchofia trifoliate, Oodeaccum

variozatum and Euphorbia pulcherima) failed to result in
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syuptomg, No symptoms were also éhserved by pouring the
bacterial suspenscion into the injured roots of the seeilings
of the above mentioned plants. Arene (1974) alao reported
that the cassava blight bacterium is host specific,

HOST PARASITE INTERACTION AND DISEASE DEVELOPMENT

Lozano and Sequeira (1974 a) used four different methods
of inoculation on 2 month 0ld oassava plants of the variety
L. lanera, grown in sterilised sandy soilg.in,potsa: They
used a bacterial suspension containing 1 = B.x)jog oells per
ml of sterile distilled water and kept the ;noeulated planté
in a growth chamber or green house at 25 to 30°C. Plants
which were sprayed with the e¢ell suspension showed water
socked angular spots on leaf lobes 8 = 10 days after inoculation.
Three days later tiny milky drops exuded from the spots. Ey
20 dayas efter inoculation the aspots had enlarged and coalesed,
covering a part or entire lobe of leaf lemina. Similar
results were obtained on the plants inoculated by the leaf
rubbing method. In plants inoculated by the stem puncture
metnod, wilting of leaves appeared mear the poimt of inocu=
lation, 5 « 6 doys later. Afterwards additional leaves wilted,
The atem exuded gum profusely and by 20 days after
incoulation the entire plant had wilted. A1l the root
inopulated plants showed no noticeable symptoms of the

disease even after 4 months,
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Teu (1976) had tried 4 methods of inoculation ueing a
thick bacterisl suspengion on "Wu=Chiv the most widely
cultivated variety. He observed that after the dipped cuttinzs
sprouted to a height.of 6 « 10 cm the leaves wilted with gum
exudation and plantlets dled in a few days. When plants wore
injocted with bacterial suepension, gum exudation, indicative
of infection, was noticed at the point of injection. Then
the infection was seen to spread to the upper part of the stenm
and étipules. Intensity of infection was high and often
reached cont per cent., After spraying, wilting and gum
exudation of plants oceurred in 10 to 20 days. About 10
per cent of inceulated plants left uncoverced and 90 tp 100
per cont of those kept covered with plastig bags died in a
fow days after inoculation. Water soaking was consplcuous
whén robust plants were sprayed and kept-.covered and not-so
vhen kept uncovered and even when young plants wore kept
covered after inoculation. Pouring bacterial suspension into
the injured root caused wilting and death of plants 3 to 4
weeks after inoculation in summer. Ieaf blades, cut with
bacterin contaminatel seissors, wilted and defoliated without
gun exudation.

Nair (1977) tried 9 methods of inoculation and the
plante showed wilting symptoms 4 to 7 days after inoculation.
Of the 9 methods tested, the planie inceulated by smearing
the lowor surface of the leaves with injury developed wilting
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syaptoms: £irst and wilted completely in 8 days. Next to wilt,
were the plants inoculated with stem puncture, wilting
completely in 10 days, followed by inoculation aftcd nipping
the growing bud, wilting in 12 days. Smear inoculation of
the upper surface of leaves, lower surface of leaves and
upper surface of leaves with injury, pﬁoﬂuce& symptong at a
relatively slower rate with lese severity, wilting completely
in 15°to 20 days. Spray inoculation, set dipping and root
incculation methods were not succesaful and the pianfs did
not produce any visible syuptons even after 2 months.,

EPIDEMIOLOZY .

Amaral '(1945) suzgzested that the pathogen possibly
spreads by the use of infected cuttings or through insects.
Other workers (Carneiro, 1940; Drummoni and Gonealveg, 1939;
19433 Drummond and Hipolito, 1941; Lomano, 19723 Iozano and
Sequoira, 1974 b) have sugzgested or demonstrated the role of
infected cuttings in aispeminmation of the disease froa season
to season. Splashing rain and soil movement through oultural
operations are also involved in dissemination over localised
arcas., That baeteria can penetrate the roots, wae suggested
by Amaral and Vasconcellos (1945), Pereira and Zagatto (1967)
and Drummond and Hipolito (1941), but this is of minor
jmportanes bseause of the short survival of the pathozen
in soil (Lozano, 1974). |



The possible role of insects in the dissemination of
bacteria was recently demonstrated at GIAT, in controlled
ex@eriments, and was shown to be as high as 100 per cent
{.ozano, 1975). It was also revealed that insect transmission
oceurred only over short diestances (Anon., 19723 Lozano, 1972;
Lozano and Sequira, 1974 b).

Terry (1974) studicd different factors affecting the
incidence of cassava bacterial blight in Africa and reported
that 1to severity varied with locality and climatic conditions,
Pactora that may affect ita severity are soil type, cultural
practices and varieties., Most serious outbreaks of the
disease cccur during the vainy seasons (Anon., 1973). Terry
(1976) observed that there was a decrease in thé anguler
leaf spots after the rains subsided in Hovember. Ifaraite and
Heyer (1975) also reported that the recent epidemics of wilt
in 2aire could also be due-to the conditlons becouing
particularly favourable. The severity varies greatly
according to cultivar, climate and soil fertility, each of
‘these factors being limiting.

laralte and Meyer (1975) reported that, the repetition
of the culture of a highly susceptible cultiver without
rotation or fallow, leads to a decrease of the soil fertility
which greatly increases the predisposition of cassava to
wilt, Surveys conducted in Nigeria and Zaire (Zzhumah and

Terry, 1974) buggestéd that 0B3 was more severe on cassava
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planted on infertile soils. Glaser and Ogbozu (1974) also
reported that the dipease caused greater crop lossges on sandy
infertile soila and in fields under continuous cassava
cultivetion. They reported that there was pignificant
difference in disease incidence between plants growing in
water=logged soll at the bottom of the slope than in betier
Grained soil further up the slope. Plants in water=lozged
soil were smaller and less vigorous, but there was less
defoliation and death due to (1B,

The effect: of s0ll type and the aidition of NPK
fertilizers on discage development wae investigated experi=-
mentally by Terry (1976). The results suggested that the
disease was wmore severe on plants grown in low nutrient soils.
The indication that the addition of NPK fertiligers might
decrease the number of plante killed by CBB had igplicatiom
for disease control and efficient resistance screening and
suggested that there was strong correlation betyeen the vigour
of the plant and resistance to CBB. Albuguerque (1963) had
reported that the damage is really serious only when the
crop is grown in poor leached soils,

The soil type and fertilizer levels were important
factors affecting the ssverity of the disease although the
nature of the effect was not knowns -Nutrients played an
igportant part in the reduction in severity of many plant

diseases but the mechanisn of action was often obscure,
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The effect of potassium and bactevial blight on stareh
yieids of ocassava cultivars was studled by Adenji and
Chigbesan (1976) and Obigbesan and Hatuluko (1976). The data
gollected by Adenji and Obigbesan (1976) revealed that only
at 90 kg K20 per heectare, there was no reduction in yileld.
The highest atarch ylelis were produced at this K febiliszer
level wiiich suggested that the déliterieus eifect of OB
coald be reduced, o

During the dry season (November to Mareh) dew deposits
were an important sourco of leaf wetness and was probably a
vital factor in produeing acme woisture for some bacteria
to remnin viable during the dry peried (Rotem and Palti,
1969). Terry (1974) xcported some epidemiological factors
that may affact'fhe survival and diesemination of the
pathogen X. maniﬁotia in pelletted bodieg under natural f£leld
conditions. It vana found that during periods of heavy early
morning dew deposits, water droplets form around the bacterial
exudation on the leaf suvifaces, As solar radiation
increases, these droplets evaporate leavinz pelletted bodies
eontaining up to 1.5 = 10° viable cells. X. manihotis cells
from pellets remained viable for 14 months aftver they had
been collected from infecoted plante (Anon., 1974).

Liea (1976) studied the ability of the causal bactoriunm

in goil to induce the disease. The bacterizl suspension was
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pourad and mixed with soil and infected plante were chopped
ani mixod with soil, He showed that either 3 out of 9 planta
in the former and 2 out of 12 plants in the latter wilted
and died soon after cuttings were planted in the flat.
However, if cuttings wpre planted 1 or 2 weeks later, no
gymptons appeared. The incidence of the disease dropped

from 28.5 = 35 per cent when planting occurred immediately
after ploughing to zero per cent when the interval was S0 days
(Ancn., 1973). Bondar (1915) reported that the bacterium

i found in cuttinss stored for long periods. Lozano (1974}
puggested that because of the short survival of the pathogen
in soil, the possibility of the pathogen penetrating the

roots is rather limited.
GONPROL

The existence of varietal resistance to this disease
has been noted. GControl by the use of cultivars resigtant
to the hacteria was first suggosted by Drummond and
Gonecalves (1948), and numerous field resistant cultivers
has singe then been reported (carnetnq, 1940; Druamond, 1946;
Drummond and Gonecalves, 19393 1948; 1953; Peroira and
Zagatto, 1967; Lozano and Sequeira, 1974 b; Agbo, 1974).

The studies conducted by Lozano and Sequeira (1974 b) also
revealed that three possible types of resistance exist in
di:fbrent cultivars: one type apparently limits penetration,
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anﬁtherlimits systenie invasion and the third type ia
apparently baged on.hypersenaitive respouse of the host.

For soreening resistant varieties.of the host,
cuttings were dipped in bacterial suspension and planted
(Leu and Chen, 1972; Loeu, 1976)Q Lézano.and Sequeira (1974 b)
tested 1,293 (olombiun cultivars for resigtance to infection
by artifieizl incculation. The amount of leaf apotting
alone appeared to be as good an index of resiétance as
all other characteristica eombinea. The use 6£ resipgtant
culitivars remains the most promising method of control of
the disease in the tropics (Lozano, 1972; Lozano and Sequeira,
1974 b). Habn gt al. (1974) reported breecding for
reasistance to CBB in Niggria. The Internationnl Institute
of Tropical Agriculture has been involved in the research
for resistance to cassava bacteriel blizht in Afrieca, -
Baned on the results of these trials, it seems possible to
produce high ylielding varieties with a high level of

resistance to cascava baetoerial blight.

Maralte and Meyer (1975) reported in Zaire that,
besides measures to preserve or restore soil fertility and
the planting of healthy cuttings, selection of resistant
cultivars is the most effective method of control. The
introduction of an assortment of resistant cultivars is
advisable in order to reduce fhe_danger.of the appearance

of new bacterial strains infeeting ome particular resistant



cultivar, A combination of the use of resistant varieties
and the use of bacteria free planting material gppears to be
the most promising means of controlling this important
disease (Bondar, 1939; Oastro et al., 1939; Drummond and
Goncalves, 1939; 1948; Freire, 1963; Lozano, 1975 b; 1974;
Logano and Sequeirs, 1974 b; Terry, 1976; 1977). |

Nodu (1974) sugzested some chemical methods of
controliing CBB in Rigeria. He puggested spraying of foliage
with dodine and Bordeaux mixture, use of paints to heal ocut
surfaces of cuttings, use of systemic fungicides such as
benonyl -and thiabendazole, application of methyl bromide
and c¢hloropicrin to the soil, use of streptouycin to prevent
the dissemination of infection and control of imsect vectors.
| Arene (1974) reported preliminary evalustion of some
fungicides for the control of the disease in Nigeria. Three
fungicides (Dithane =45, Bordeaux mixture - 5:5:50 and
copper ammonium carbonate) at six concentrations of 0, 10, 100,
1000, 3000 and 6000 ppm were analysed to determine their
effect in the control of (BB, Bordeaux mixture had no effect
on the organism, in vitro, at any of the concentrations used.
Dithane M=45 showed some baecteriecidal property as low as
10 ppm. Copper ammonium carbonate dcmonstrated bactericidal

effeet in vitro.
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MATSRIALS ARD METHODS

ISOLATION AND PATHOGENICITY OF TS BAGKH SRITHM

Healthy stems of the tapioca variety =165, reported
to be suseeptible, (Nair, 1977) were sollected from the
Instractional Fara, College of Agriculture, Vellayani,
frivandrum. This variety was solely used in this study
unlegs otherwise stated. The plants were raiced in pots of
sige 30 x 36 em., Pottinz mixture consisting of garden soil
(red goil) and sand iq the ratio 2:1 wvas used for all
purposes.

Naturally infected plants of the variety H«165 were
collected from the Instructional Farm, College of Agriculture,
Vellayani, The pathogen was isolated using methods.similar
to that of Lozano and Sequeira (1974 a) and Haraite and
leyer (1975). The diseased material with profuse ooze was
selected, surface sterilised in O.1 per cent mereuric
chloride end in rectified spirit. The material was then
transferred to 10 ml sterile digtilled water blanks in
tubes to get a bacterial suspension. The bagterium was
then isolated from the suspension by stfeaking over Potato

Sucrose Poptone Agar (PSPA) mediumn.

Compogition of the medium
Potato ‘ 300 g

Peptone 2 g
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Sucrose 20 g
K32994 0.2 g
H32H904 0.5 g
0&(H03)2 0.5 2
FeSO4 . 0.05 g
K01 0.05 g
Agar agar 2 =
Distilled water 1000 ml
pH 7+0

The incculated plates were incubated st 30°C for
48 hours, Characteristic single colonies were selected on
the basis of their colour, fluldity and slime, The oulture
wad subjected to two cycles of purification uming the same
medium. Stock cultures were maintained in Yeast Glucose
Chalk Agar (YGCA), and as aﬁspension in gterile distilled
water blanks stored at 4°C. These were subcultured at
wonthly intervals. Pathogenicity of the isolate was tesgted
by placing a plece of cotton dipped in a thick suspension
of a 24 hour old culturs of the bacterium at the tip of the
shoot after nipping the terminal bud (Bud nipping method)
anl keeping the plants under shade.

Growth and eultural cghargeters of the bacterium
The growth of the bacterium was studled on eight

80114 culture medias-



1

2e

Je

4o

5¢

6.
Te
8.

Potato Sucirose Psptone Agar
Nuteient Agar

Bagal medium for Xauthomonads
Tetragoliun Chloride medium

Potato Dextrose Agar
Yeast Glucose Chalk Agar
Glucose Agar

@lucose Yeast Extract Agar

Qomposition of the media

1o
2.

Potato Sucrose Peptone Agar

Buatrient Agar

Boef extract
Paptone

Agar agar
Digtilled water

i

3. DBaeal mediun for Xenthomonads
. HH,H,PO,

KQHPQ4
1gS0,

oL

Yeast Extract
Agar agax
Distilled water
pH

93

(PSPA)
(na)
(BX)

(720) (without tetrasolium
" ehloride) :

(PDA)

(Y6CA)

(GA)
(oYsA)

5.0 g
10.0 g
20.0 g
1000 ml
6.3

0.5 g

0.5 g

0.2 g

5.0 g2

1.0 2
20.0 g
1000 ml
6.8



4. Tetrazolium Chioride Agar

5.

6

Te

. Peptone

Gasamino aeid

Glﬁeose

Ager agar

. Digtilled water

pH

Potato Dextrose fgar

Potato
Dextroge

Agar agar

Distilled water

pil

Yeast Glucose Challe Agar

Yeast Extract
Glucose

dhalk (0&003)
Ager agar
Distilled water

Gluooaeiﬂgar
Beef extract
Peptone
Glucose

Agar agar
Digtilled water
pH

10.0 g
102
5.0. g

20.0 g

1000 nl

6.8

2000 g
20,0 g
20.0 g
1000 ml
6.8

10.0 24
10.0 8

20.0 g

20,0 g
1000 mi

5.0 g
5.0 g
10.0 g
20.0 g
1000 =l

6.8

24
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8. Glucose Yeast Extract Agar:

Yeast extract ' 2.0. &
Peptone . 5.0 8
Glucose 10.0. 8
Agar ngar 20,0 g
Distilled water 1000 ml
pﬁ ‘ | 648

A loopful of a dilute suspension-of the bacterium
was streaked over the medium in the plates. The platee were
incubated at 30°C, Three plates were maintained for each
ﬁedium. Daily observations were regorded, The eolony
morpholozy of the bacterium was recorded along with the
observations on the growth over different media, The gram
reaction of the bacterium wag studied. fwenty four and
48 hour old'culxu?ea were stained and observed under the

oil immeraion objectiva,

For studyinz the growth of the baqterium in liguid
media, broths of the gbove media, exeept Yeast Glucose Chalk
Broth were used. Porty ml of the broth was prepared in
100 @l Pyrex conical flasks, One ml of the bacterial
suspension from a 24 hr old culture was transferred into
each flask containing the broth, using sverile mocro=pippette.
Unindeulatei eocntrols were aleo maintained. The inoculated
media were shaken for 6 hours daily., The optical denaity
of the broth culture was measured at 24 ar intervals for
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3. successive days and the observatidna were recorded. The
ébaemvationa were recurdéd using Spectronic 20 (photo-
electric calorimster = Hogeh & Iamb.) using the uninoculated
broths as blank.

PHYSIOLOGICAL AHD BIOCHIICAL HROPERTIBS or THE
BACTLERIAL ISOLALE .
The physiological and biochemical properiies of the
bactérial igolate were studied according to the methods
reoommended in the Manual of Microbiological lfethods
published by the Society of Ameriean Bacteriologists
(Anony, 1957) and the methods preseribed by Dye (i962),
A1l the tests were made in triplicate and the observations

were recorded in comparison with controls,

Temperature
For assessing the optidum temperature of growth of
the bacterium, a dilute suspension was streaked over PSPA

medium and incubated at 25, 30 and 35°C..

Starch hydrolysis _
The ability of the bacterium to hydrolyse starch was

aseessed using starch agav: containing 0.2 per cent soluble
staxrch,

Composition of the medium

Peptone | , 19.0 g2

Beef extract 5.0 g



starch (soluble) 2.0 g
Agar agar 20.0 g
Diagtilled water 1000 ml

The bacterium was spot inoculated on the media in
plates, After 4 days incubation, hydrolypis was tested by
pouring Lugol's Iodine over the plate. A colouarless brown
zone around the bacterial growth indicated positive starch
hydrolyeis, ‘compared to the blue background of the medium.

Hydrogen sulphide ggoduction
" The production of hydrogen sualphide was tested using

the peptone water medium,

Compogition of the medium

Peptone | 100 g
NaCl 5.0 g
Distilled water ~ 1000 nl
pH 6.8

The medium was autoclaved in 5 ﬁl quantities in pyrex
test tubss. Iead acetate paper strips of esiZc 5 x 50 mn
were prepared by soaking them in super saturated solution of

lezad acetate, atitoclaving and drying., The tubes were

inoculated and the lead acetate strips were inserted aseptically

by the side of the plug in the tube. The tubes were
incubated af 30°C and observations recorded for 14 days.
Blackeningz of the lead acgetate strip'waa 1nﬁi§ative of
positive hydrogen sulphide production.
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Nitrate reduction test
The nitrate broth was used to test the ability of the

baeterium to reduce nitrate.

Composition of nitrate broth

?eptone' 10.0 g
Beef extract 5.0 g
KN03 (ﬁitrité fraeg) 1.0 8
Digtilled watexr 1000 ml

' The medium prepared in tubes were inoculated, incubated
and tegted for the reduction of nitrate at regular intervals
for 15 daya. The tost was performed by adding a few drops of
sulphanilic aeld (0.8 per cent in 5 molar aceotic seid) and
dimethyl alpha naphthyl enine (0.5 per cent in 5 M acstic
acid), to the nitrate broth culturc. Few zino crystalls
were added to ensure whether the negative reaction was due
to the reduction or nitrat~ ro~~nd the nitrite level.

Catalags teat.

The Catalase activity of the bacterium wes assessed.
A loopful of the 24 hour old culture of the bacterium was
gmnecared on a. glass slide. The smear was coverad with a drop
of 20 vol: hydrogen peroxide. Active bubbling indicated
catelase production.

Eovao's Oxidase tost

Kovac's oxldase test was performed on the 43 hour

old cuiture of the bacterium. A loopful of the culturse was
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sfreaked on a filter paper saturated with 1 per cent tetra-
methyl = para phenylene - diamine = dihydrochloride. The
appearance of a red or purple colour in 10 seconds indicated
positive reaction and in 10 to 60 seoonds indicated a delayed

positive reaction.

Utilieation of carbon sources

The roilowing 10 carbon compounds were tested
individually for utilization by the baoterium as indicated
by aeid production (Dye, 1962):

Xylose, Fructose, Glucose, Sucrose, Lactose, Inulin,

Saliocin, Adonitol, Duloitol and Inositol.

The production of aclid was observed by using agar
slants of the basal medium for Xanthomonads (Dye, 1962), The
carbon compound to be tested was added to the medium at
1 per cent concentration anﬁ 0.7 ml of 5 per cent alcoholic
solution of bromocresol purple to get a reddish violet colour.
The medium was sterilised by tyndaliisation and the slants
were inoculated and incubated at 30°C. Periodic observations
were recorded upto 28 dajsa' The change in colour froa
reddish violet to yellow indicated the production of acid,

STANDARDIZATION OF INOCULATION TIECHRIQUES

Eleven different methods of artificial inoculation
were tried on 2 month old tapioeca plants to standardize a
method,



1.

2

4.

Se
6.

Te
8e

9

. (249)

‘?5)

(2g)

10, (2,4)
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Inoculation after nipping the growing bud (bud
nipping method)
Inoculation after puncturing terminal 3 leaf axils.

Inoculation after both nipping the growing bud

and puneturing terminal 3 leaf axils

Inoculation after puncturing lowermost 3 leaf
axilag

Spray inoculation on top 3 leaves with injury
Spray inogulation on top 3 leaves without injury

Smear inoculation on the under surface of top

.3 leaves with injury

Smeaxr inoculation on the under asurface of top

3 leaves without injury

Injeetion below the apieal meristem

~ Inoculation on the, atem after scooping off a

plece of the stem at the base
Root inoculation after giving injury to the
roote with & knife.

Tlie experiment wag 1laid out in a coupletely randomiped

depign with 10 plents (replications) per treatment. Inoculation

was dono with a suspension of 24 hour old culiure of the

bagterium,

The same suspension was used for inoculating the

plants in all the treatmenta,



The disease wao assessed using tho eriteria detailed

below::

1. Percontage of loaves wilted
2. A discase seale with severity rating from 0 - 5
' devised by Terry (1976).

(4] -
1 -
2 -
3 -
4 -
5 -

o infection

Gum egxudation

Pew leaves wilted

Oomplete, wilt and defoliation
Defoliation and die back
Complete death of the shoot

1s Izcovlation after nipping off the srowing bud
The growing terminal bud was nipped off and & piece of

absorban’ cotton dlpped in the inmoculum was placed over the

injury.

2. Inoculation after puncturing the terminal 3 leaf axils

The axils of the fully opened 3 leaves at the top were

punctured with entomological pins and cotton sceied in the

inoculum was placed over the injury.

S

ncotton dipped in the inogulum was placed over the
injured torminal bud and leaf axils.
4. Incoulation after puncturing the lowermost 3 leaf axils
Cotton dipped in the inoculum was placed over the
injured leaf axilsg,

31
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5. Spray inoculation on top 3 leaves with_injury
‘The top 3 fully opened leaves were injured with

entomological pins and the inoculum was sprayed on the leaves

using an atoniser,

6. Spray inoculation on top 3 leaves without injury
The inoculum was sprayed on top 3 fully opencd leaves

using an atomiser,

7. Smear inoculation on the under surface of the top 3 leaves
h_injury _

wit

The lower surface of top 3 fully opened leaves were
given injury with entomological pins, Cotton socaked in the

inoculun wags smeared on this surface.

8. Smear inoculation on the under surface of the t leaves
without in

Cotton soaked in the inoeulum was smeared on the lower
- surface of the top 3 fully opened leaves.
9. Injeotion below the apical meristem
%he inoculum was injected into the axils of the top
3 fully opened ieavgs using a hypodermie syrinze,

10. Inoculation on the stem after scoopinz off a piece of
the stem at the Dage

A piece of the stem (about 2 om lory and 1 om wide)

of the aoriginally planted set was scooped out from the side
of the stem, near the ﬁiddle, by means of a knife and a
smll piece of cotton dipped in the inoculum was plaéed
at that region. The piece of stem was replaced and tied by

means of a twine thread.



11. Root inoeulation after giving injury to the roots with
a knite

The roots of the growing plants were injured by piercing
a knife into the soil in 3 places around and 1 inch away from
the stems A 50 ml aliquot of the bacterial suspension was
uged for inoculatibﬁ.

The plants were inoculated during the month of June

and placed in the open.
{I0ST RANGE OF THE PATHOGEN

Plants having similar taxonomic affinity were inoculated
to study the host range of the bacterium. The following plants
of the family Euphorbiaceae were inoculated.

Y+ Euphorbia genicgulata, Ort

2. e hirte, L.

3+ Phyllanthug neruri, L.

4. 2. grinaria, L.

5. P. rotundifolia, Klein

6. Sebagtiana chamazelea, Muell.

Te Ricinus communis, Ii.

8. Jatropha zlandulifolia, Roxb.

9. de. gureas, I.

10. Hevea bragiliengigm, 1. Arg.

These plants were collected when they sprouted with
the onset of the monsoon and planted in pots. The plants

were inoculated by the bud nipping method vhen they had
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established and put forth new shoots.
SURVIVAI: OF THE PATHOIEN

Detailed studies were conducted on the survival of
the pathogén.

An attempt was made to establish the survival of the
pathogen in infeected planting material. Plants with mature
ptems were inoculated., When the wilting was complete the
stems were collected and stored as usual planting material,
Periodic isolations were made from these stoms to observe
how lonz the pathogen survived in the infeeted planting
material,

3urvival of the pathogen in infected plant debris and
¢rop refuse in soll was also aseeesed; The diseased material
was chopped into emall pieces. Pots were filled three fourths
with gerden soil. A one inch layer of the material wae
spread'ofer the soil ia the pots, which was again covered
with a one inch leyer of the soil. Healthy taplioea sets
were planted in thess pots‘at an interval ‘of 1 day~for a
period of 7 days; at 2 days interval for 8 days and at weckly
interval twice, Ten disease free scts wers vianted each day.
The dlsease irncidence was recorde& uﬁ:to a period of 4 months

from the first day of plantins,.

~The survival of the pathogen in soil incculated with
the culiture of the bacterium was studied. 4 43 hour old
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sliake culture of the bacterium was made in Potato Suecrose
Peptone droth, Hundred ml aliquots were mixed with the top
ono inch layer of the soil in potss The pots were kopt in
the open f£ield under natural conditions. Plantinzg was done in
these pots and periodic observations taken as in the previous

experiment.
HOST HURRITION JIN DISEASE DEVELOPITEWD

An experiment was laid out to study the effect of hoat
nutrition in disease development. Pots were filled with 15 kg
of potting mixture. Threo levela of nifrogen were given in-
conjunotion with liwme, 9205 and K,0 were glven as recommended
in the Fackagze of Practiges Recommendations of
the Kerala Agricultural University. Iutrients were supplied
at the raies ealoulated for 15 kg of soil on the basis that
the top 6 inch laver of soil per hectare weighs 2,250,000 kg.

Tregtments

Neo Z I - (50 kz nitrogen without lime)

Moo X Bygpg = (50 kz nitrogen with 1000 kg lime)
Usg0 * Iy - (160 kg nitrogen without lime)
F100 * Y4000 - ‘(100 ke nifrogen with 1000 kg lime)
Ny X Iy - (150 kg nitrogen without lime)

Y450 X Iya00 - (150 kg n;trogen with 1000 kg lime)

Lime was applied one weck befere planting and the
fertilizers were applied one nonth after planting. Five
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months after planting, the plants were inoculated by the
bud nipping method.

Observations were recorded as:

1. Percentage of leaves wilted

2. Disease index

The experiment was 1laid out in completely randomised
design with éO plants (replicationa) per treatment.

(2]
In another experiment the influence of staggAérowth

of the plant on disease incidence and development was gtudied.
Sets were planted in pots and ilnoculations were done at 1 month

stage to 2@ month staze at monthly intervals.

freatments
1. (Ti) 1 month o0ld plants
2. (Tz) 2 month 0ld plants
Se (TB) 3 month old plants
4, (T4) 4 month old plante
Se (TS) 5 month 0ld plants
Ge (Ta) 6 wmonth old plants
Te (T7) 7 nonth 0ld plants
P (Ta) 8 month o0ld plants
9. (Tg) 9 month 0ld plants

The experiment vwas laid out in completely randomised

design with 15 plants (replications) per treatment.



Observations were recorded as:
1. Percentaze of leaves wilted
2., Disgease iniex
Along with this experiment an attempt was also wmade
tq sce if there is any correlation between the hydrocyanic
acid content of the plant at the time of inoculation and
susceptibility to the disease. Ior this the HCN content from
the plant was analysed at 3 poaitions of the plant,
1. First fulxé opened leaf from the upper position
of the plant
2. One leaf at random froa the middle peosition of
the plant '
3. One leaf at random from the lower position of
the plant,

The HCH content was anaslysed immediately before
inoculation, ‘The method followed was that of Indira and
Sinha (1969). Por the estimation of HON 5 plants were chosen

at random from each of the 9 treatments.

SENSTPIVITY OF THE BACTERTI 10 ART IBIOTICS

The in viiro senasitivity of the bacterium to different
antibioties'were tested. The following chemieals were used

for the purpose.
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1. Agrimyein 100 ! Pfizer

(Streptomyein 15#% and Terramyein 1.57%)
The Pharmaceutical and Chemical
Industrieca (Ampieillin Sodium)

2. Ampieillin

"#gynthoeillin®
Merek Sharp and Dhome of India
Itd. (Streptomyein Sulphate I,P)

3. Streptomyein

nierstrep®.
4. Terramycin s+ Pfizer (Oxytetracyelin)
5. Streptocyocliine : . Hindustsn Antibiotica
6« Chloramphenicol ¢ DBoote

RChloroayeetin®

The antibiotics were made at concentrations of 100,
250 and 500 ppm. Sterile filter paper discs of 10 an dismeter
were dipped in tho solutions and placed over .PSPA medium
geeded with 24 hour old bacterium, The test was conducted
with 4 replications. Dally obscrvations of the zone of

inhibition, were recorded.
POXIN STUDIES

An attempt was made to isolate a phytotoxin from the
culture filtrate of the bacterium. The methodi followed was
partly that of Alouf et al, (1970), -Ludritz et al. (1971)
and Patil et al. (1972).
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The bacterium was grown in broth, containing potato,

peptone and gucrose.

Potato - 200 g
Peptone - 58
Sucrose - 208
Distilled water « 1000 ml
pH - 70

The broth was inoculated with a thick suspension of
24 hour old bacteriun and m:l.nta:l.nedhas still cultures for
15 daye. After 15 days the purity of the broth eulture was
encured by étreaking'a 160p£u1 of the culture 6var PSPA medium.
The cell fres extract of the culture was prepared by gentri=-
fuging at 6000 rpm for 30 minutes and filteringz the super-
natent throngh a cintered glass filter.

Thé cell free extract was inoculated on 1 month old
tapioca plants by injection to the axils of the top 3 fully
opened leaves. Blank media and distilled water were also
injected in the same way, as controls. One month old plants
were uprooted from pots withoat damaging the roots. These
plantg were kept dipped in the cell free exiract ian 250 ml
beekers.

The cell free extraot was tested for precipitation by
adding ethanol, methanol and acetone., The extraot ‘was mixed

with 3 times ‘the precipitant. The precipitate was allowed



to gettie, decanted into g clean petridish and dried in a
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vacuun desiecator. The precipitate was &issolvea in distilled

water to get a concentration ef 100 ppm. This golution was

injected into the axils of the top 3 leaves.
STATISTICAT, ANATYSIS

Data relating to different experiments were analysed
statistically following the methods of Snedecor and Coehran
(1967)« 'F!' test was cairied out by analysis of variance
methed and significant results were compared by working out
the ecritical difference, The data on the percentaze of wilt

was analysel after transmission to angles.
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RESUILS

Isolation and pathogentcity

Isolation of the pathozen on Potato ‘Sucrose Peptone
Agar‘yielded white, circular and slimy colonies. The
artificially inoculated plants showed typical wilt symptome
in 4 to 6 days after inoculation, Complete wilting of 90
per cent of the plants occurred in 8 to 10 days.

Symptounatolozy _
' Phe symptomatology of the disease was closely observed

during the study. The initiel symptoms of the above ground
portions of the plants started as loss of turgidity of a

few tonder leaves. Soon all the leaves wilited and shrivelled.
In very young plants the whole shoot died within two weeks,
whereas in mature plants only the grecen tips showed die back.
In such eases, after a short period, profuse axillary shoot
growth was obseﬁved. -When theese plants were retained for
gome time, such shoots also wilted. In a few plants, only
gum exudations were seen on the atems Tnitlally cracks
appeared on the stem with the exudation of whitish gum

(Plate I). In monsoon seasons the gum turned spongy with

the absorption of moisture. BIDrownish blaelk discolourations
of the stem were observed around the gum exuded cgaeks. When
preassure was appliéd to these discoloured areas it felt soft
to touch and further exuded gum. After some time one or two

leaves arounﬂ'ﬁhe'discolqured area defoliatcd.



Plato 1I* (Qm exudation due to
cassava bacterial blight

Plate 11+ Vascular discolouration
on infected stems of
tapioca



Plate Ill. Discolouration in
infected arteas

Plate IT. Typical colonies
of the pathogen on
PSPA aediuta



Charaoteristio disecolourations were also obgerved in
the severely infected stem. When the severely infeeted astem
was debarked the vascular system could be seen as brown or
black strands running throughout the length of the stem
(Plate II).

In the underground portions of the plant, the stem as
well as the roots were found discoloured in a ring like
pattern just below the rind. Damage was also observed in the
tubers. 3Barly infecetion showsd brownish black ring like
discolouration in the tubers (Plate III). In advanced
infections the tubers were seen decayed, caitting a foul

smell.

The morpholozy and growth of the bacterium
The bacterium gave rise to white, circular to oblong,

raised colonies in PSPA medium with entire margin (Plate IV).
The colonies were wet and slimy, The amount of growth, slime
and fluldity were uore on Yeast Glucose Challk Agar. The
colony characteristics were similar in Tetrazolium Chloride
negative medium, Potato Dextrose Agar and Nutrient Agar. The
amount of growth was comparatively lees in these than in
Yeast Glucose Chalk Azar and Potato Sucrose Peptone Agar.
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The 24 hr old colonies on Yecast Glucose Chalk Agar were hyaline

and became more or less white in about 3 days. Similar
appearance was algo observed in Tetrazolium Chloride

negative medium,
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The 24 hr old bacterium was observed ag a gram negative
short rod with round emnis, The celle appeoared singly or in
short chains of 3 to 4 cells, There was no change in the gram

reaction at 43 hours.,

The growth of the bacterium was tested in eiszht solid
media and the results are presented in Table 1. Of the eight
media tested the maximum growth was observed on Yeast Glucosce
Chalk Agar as evidenced by the diameter of the individual
ocolonieas, After 24 hours there were hyaline colonies of 3 mm
diameter. By 48 hours the colonies were creamy white with a
precipitated appearance. The diameter increased to 6 mm at
48 hours, 7.3 mm at 72 hours and 9 um at 96 hours. By the
£ifth day a nonediffusible brown pigmentation was observed
in the growth. Subseguently the colonies started to loose
their slime and dry up.

Potato Suorose Peptone Agar and Tetrazolium Chloride
Negative Agar medium supported good growth. The gize of the
eolonies on Potato Sucrose Peptone Agar was larger than that
in Tetrazolium Chloride negative medium. The growth in the
latter had a precipitated appearance similer toutnat in Ycast
Glucose Chalk Agar. The single colonies grew t0 5.5 mm by
96 hours in Potato Sucrose Peptone Agar and 4.6 man in Tetrazolium
Chloride negative mediums The growth in FDA and IIA were ﬁot
so abundant as in the rest of the media, with less slime and
less fluidity. The diameter of the golonies reached 3,5 mm in
PDA after 96 hours and 2.5 am in FA,
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Table 1. Growth characters of Xanthomonas manihotis on differcnt
solid media

Medium Kature of colony Growth,slime Diameter in mm
and eolour and f£luidity 24 48 - T2 96
. hours
P3SPA White, circulzar to G + + » - 2.7 4.5 D5
oblong, raised SL ++ +
colonies with F1 + + ¢
entire margin |
M Bright white, e + 4 - = 1.5 2.5
eireular raised Sl +
colonies with R O
entire margin
740 Dull white, Gr + + + = 146 342 4.6
circular to oblong Sl + »
to irregular, Fl + +
raised colonies '
PDA Dull white, G + + - - 168 3¢5
¢irenlar to Sl + +
oblong,. raised Pl «+
colonies )
YGoA Creany white, N ¢ - I QPR 3e0 6.0 Te3 9.0
" oblonz to irrezular Sl + + + +
colonies initially Fl + + + +
hyaline and
becouing white
GA HO@‘D‘W‘&}] ) - .- .- -n.-r - -“
GYEA No growth cemem=e == = =
BX Very szall Gr + - - - -
initials Sl - ' ‘
A Fl -
L . " .
+ 4+ + * Ixcocllent Gr Growth
+ 4 Good Sl Slime
+ + Moderate FL Flaidity
+ Slight
- Nil
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In Glucose Agar and Gluacose Yeast lxtraet Agar media
there was absolately no growth even after 96 hours, In the
- basal aoedium for ianthsmonaas very minute initials could
" be observed after 43 hours. sSven afier 96 hours there was not

much progreass in growbh,)

Growth in liquid wedia
The bacterium was grown im seven broths. The growth

was measured as the change in the Optical Density of the amedium
in comparison with the uninoculated medium. The resulis are

presented .in Table 2 and Figure 1.

Table 2, Growth of Xanthomonas manihotig in different
liquid media

Optical Density

Media 24 hre 48 hrs 72 hre
PSPA 0.721 0.824 1.222
NA 0.796 0.921 1,097
T%4C 0.041 0.745 0.921
PDA 0.081 04168 0.229
@A ' 0.046 0.036 0,013
GYEA 04036 0.268 06319
BX 04456 0.560 0.629

Observations after 24 hours showed that there we
significant growth in Potato Sucrose Peptone Broth, Hutrient
Brofh and the Droth of the Basal medium for Xanthomonads,
while the growth in the other fLour mediz were negligible,



After 48 hours thée maximum growth was eee; in Nutrient Sroth
£ollowed by Potato Sucrose Peptone Broth, Petrazolium Chloride
Groth, Broth of the Basal medium for Xanthozonads and Glucose
Yeastinxtract Broth, After 72 hours maximum growth was seen |
'in Potato Suorose Peptone Broth followed by Nutrient Hroth,
Totrazoliun Chloridc Broth, Broth of the Basal medium for
Xanthomonads and Glucose Ycast Extract Broth. The growth in

Glucogse IZroth was found to be extremely poaor.

Bffect of temperature on growth
Of the thres incubation temperatures tested 30°C was

found to be the best for obtaining waximum growth of the

bacterium ag evidonced by visual obeervation of the sice of

the colonies.

Physiological and biochemical propertiss of the hacterium
The bacterium hydrolysed starch feebly, produced

hydrogen sulphide and gave negative nitrate reduction test,

Tt was found to be catalase positive and oxidase negative.

Utilization of carbohydrates
Of the 10 carbon compounds tested, the bacterium

produced acid in xylose, fructose, glucose, suerose and
lactose as indicated by the change of the wmedium from reddish
violet to yellow. In xylose and fructose acid production was
noticeable only from the 4th day of inoculation, while in the
latter three it was evident from the second day. There was
no change indicating utilization in adoritol, duloitol,.
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inulin and salicin. Acid produection, indicative of utili-

gation was noticed in inositol,.

‘Standardization of ortificial inoculation technigues
Bvaluaation by the percentage of wilted leaves showed

that inoculation after nipping ithe terminal-bad (T1),
puncturing the lower most 3 leaf axils (T4) and nipping the
bud end puneturing the upper most 3 leaf axils (@3) were on
par and gignificantly better than the other techniques.
Purther T3 wat on par with inoculation after puncturing the
apper most 3 leaf axils (Tz), the latter being on par with
injection below the apical meristem=(T9)., There was no

gignificant difference between the other treatments.

Zvaluation Ey the disease severity scale (Disease
Index) yielded more or less similar resulits (Table 3 and
Fig.2). T4 and T, were on par and significantly better than
the other treatments. This wag followed by Tgv Ta ’ Tg, T?'

TE’ Tﬁ, TB' T10, and T11 in the discending order.

Host rance of the pathogen

Ifone of the 10 plant speeies inoculated belonging
to the fanily Buphorbiccesge, showed any visible symptoas
even after one month, FParts of the plant near the point of
inoculation were subjecte& to ooze test. All these tests
gave negative results, indicating that the pathogen ie
confined to the genus anihot.



Table 3. Standardization of different methoda of inoculation
of Xanthomonas manihotis on taplooa

Treatments Percentage of Dipease index
leaves wilted from 0 = 5
(in angles)

1 78.19 4e2
2 39,39 2.0
3 69,68 Je4
4 72.00 2.9
5 16,25 0.4
6 0.00 0.0
1 24434 1.0
8 18.00 0.5
9 37445 1.6
10 18.00 C.9
11 18.00 0.5
CeDs (0.01) percentage of leaves wilted - 31.653
C.n. (0.01) disease indéx - 0.937
1. T, T, T T, g Ty Tg Bq Tg T4 Iy,
2. T,y ﬁ4 T, Tg Ty Tg Tg By Tyn Tyy
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Survival of pathozen

The survival of the pathogen in infeetecd stem was
ageeaseds It was observed that within one month after
cutting and storing, the infected stems began to dry up fast
" from both ends- The pathogen could be isolated froa the stems

upto 3 weeks of storage.

Agsesanent of the survival of the pathogen in infeeted
plant debrie and crop refuse gave the following results,
The maximam périod of survival was noted in the 21st day's
planting, where, one out of the 10 sets planted wilted 36 days
after planting, i.c. 57 days after the incorporation of the
debris in soil. The other records of wilt were 1in the 15th
day planting and the 6th day planting where one plant each
wilted out of the tem planted. The former wilted 22 days
after planting and the latter wilted 28 days after planting.
In these instances wilt was observed 37 days and 34 days after
the incorporation of the plant debris and crop refuse in soil.

In the experiment conducted by adding the 48 nour old
Potato Sucrose Peptone Lroth culture in soil, it was notieced
that the pathogen ourgived for a longer period. The
" maximum period of survival was observed in the planting on
the eleyenth! dny wherein one plant wilted 104 days after
planting 1;9} 115 days after incorporation of theeui}&h.in
goil. The sets planted on the second day wilted 23 days

later. This was found to be the shortest period taken for



the development of the disease under the conditions of this
cxperiment. The results of this experiment are presented
in Pable 4

Table 4., Survival of Xanthomonas manihotis in soil when
48 hour old eulture was inoculated in the soil

Day of planting  Number of  Interval between Interval

after the culture plants plenting and between the

was inoculated in wilted syupton inoculation

s0il out of exprecoion of culture
ten and sympton

: expresgssion

2n day 2 23, 25 . 25, 217

3rd day - 1 26 29

4th day 2 23, 30 32, 34

5th day 2 20, 27 25, 32

6th day 1 29 ' 35

7th day 1 34 41

11th day 2 31, 104 42, 115

Effeetlﬁf hést nﬁtrition on disease development
Three levels of Nitrogen (50, 100 & 150 kz per ha)

were tested for its éffect on the development of the dilsease
in conjunction with lime (I & Iygpo)e The results are
présenfed Ln.@able_s (percentage of wilted leaves) and

Table 6 (disease index). It can be ébseévea from the tables
that in both the methods of cvaluation, the maximum disease
was recorded at 100 kg nitrozen in the presence of lime.

Howover it was observed that the varying levels of nitrogen
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Table 5. Influence of nuirition on discase development"of
tapicea blight (wilt) incited by Xanthomonas manihotis

(Zvaluation by percentage of wilt)

Treatment Nitrogen ke/ha Mean
|  Hso 100 Nysg
Dime kg/ha
Io 24,263 31,932 30,037 23,761
14000 | 28,261 454993 10,020 . 31,151
Mean 264272 | 38.963 24,645

Table 6. Influenge of'nutrifion on dicease development of
tapioca blight (wilt) incited by Xanthomonas manihotis

(Zvaluation by disease index)

Treatmen;' Ritrogzen gg{ha : Mean
50 Moo Y50 :
ILime kg/ha
Lo \ : 1420 1.90 1.65 2375
‘T1000 1.70 2430 1.20 2.600

Yean | t45 2.10 1 0425

ol
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and lime had no esignificant effect on the levels tested.

Influence of aze of the plant on diceage development

The influcnce of age of the plant on diseanc inecidence
and development was tested by inoculating 1 month eld %o
9 month ©0l1ld tapioca plants. The results are presentoed in

Pable 7 and Pig.3.

In both fhé methods of evaluation it was obscrved that
as the age of the plant increased the disease development
decreased., 0One month old plants (T1) were observed to have
significantly higher infection according to both the methods
of evaluation. The 2 month (Ta), 3 nonth (T3), 5 month (TS)’

7 month (TT) and 9 month old plants (Tg) were on par showing
significantly lower disease incidence and development than

1 month o0ld plants and higher disease incidenee and development
than 4 month (T4), 6 month (TG) and 8 month old plants (TB)'
according to the evaluation by the percentage of wilted leaves,

and these two groups were on par,

In the evaluation using the disease index, 2 months,
3 months, 5 wonths, 7 months and 9 montho old plants were on
par and differed significantly from 1 month o0ld plants showing
lagser infection, and from 4 month, 6 month and 8 month 0ld
plants showing higher infection, Further the 4 months, 5 nonths,
6 months, 7 monthe, S months and 9 wonths old plants formed a
group without signifieant difference between them bat showing
significantlyklesser infcetion than the 1 month, 2 months and
3 monthg 0ld plants,



Table 7. Influence of grouwth stages of taploca plants
on Bacterial Blight incidence and development

Treatment Percentage of Digease
leaves wilted index
(in angles)

1 82.62 4453
2 55.19 2,87
3 57.23 247
4 2995 1,73
5 41.36 2.27
6 30419 1.50
7 51,36 2,33
3 29.75 1.53
9 45.74 2407

1, C.D.(0.01) percentage of leaves wilted - 21.85
2a C.D.(0.0'l) disease index - 0.816

1. T1 Tz T3 TT Tg TS Te T4 TB

e




An attempt was also made to correlate the age of the
plant with disease., It was obsgerved that according to both
the methods of evaluation, there was significant negative
correlation between the age of the plant and the disease
geverity. According to the evaluation by the percentage of
leaves wilted, the correlation was significant only at the
10 per cent level but was significant at 5 per cent level

when evaluated on diseanse index basis,

Correlation coefficicent

Percentage wilt 0.6249
Disease index 0.7147
Critical value (0.1 level) 0.,5322

(0,05 level) 0.6664

Another attempt was made to compare the aydrocyanic
acid content (HCN) of the leaves at three positions on a
plant and the infection by the pathogen to cbserve if
therc is any corrolation between the two factors. Further
the difference in HCON content between the different
treatments was also compared as also the HON content between
the three positions of sampling. The resalts are
presented in Table 8, The data revealed that there was no
correlation between the ICN content of leaves at the time

of inoculation and infection, in any of the three positions

o4



Table 8. Comparison of UCH content in tapicca plants
between © aze groups and 3 positions of the plant

Treatmoenta HCN contont at 3 pomitiono [fean
A gm per gm
Upper Middle Liower
1 302 233 230 255
2 244 199 168 203
3 301 246 117 221
4 212 176 17 186
5 344 241 221 am
6 195 N 155 180
7 273 224 237 246
3 241 243 174 219
9 187 172 298 239
1ean 256 215 197.
C.D. (0.05) for treatment - 56.76
G, (0.01) for position - 32,75

CeDe (0.01) for combinntions = 935,25



(Table 9). The dsta also revealed that there was signi-
ficant variation in the HCN content of the leaves over the
differcnt agzes of the plant, But there was no rogular pattern
dencting the trend of HCN in the leaves: Rhere was eigni=
ficant variation in the HON content due to the poaitiona.

[ICK content was maximun in the uppexr leaves. This was
significantly higher than those of the middle leaves and the
lower leavess There was no eignificant difference in the HON

content between the middle and lower leavesn.

An attempt was alco made to standardise g method of
samplinz the leaves of tapioca Lor estimation of IICN. The
coefficiont of variation of the HCN content in the three

positions was assessed and the result is given below.

Coefficient of variation

Upper pogition 36,9532
1iddle position 29,0050
Lower position 4547918

It vas obsecrved that the HON content of the middle
leaves in more eonsistant in sazpling than those of the upper
‘and lower leaves since the coefficient of variation is the
least at this position,

Sensitivity of the baeterium to _sntibioties

Six antibiétics were screened in the laboratory to

Judge the in vitro sensitivity of the bacterium to antibioties.
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Table 9. Correlation coefficient of infection of tapiocea by
Xanthomonos manikotis with HCN content in 3 positions

Positions  (orrelation cocfficient in 2 evaluation methods

of leaves Percentage of wilt Jigease index
Upper 0.50249 0.,47235
Middle 0432485 0.27513
Lovwer 0.21276 0.,19309

G.B.(OGOB) level = 0.6664
GQBQ(0¢01) level = D:5322

Pzble 10. In viiro sengitivity of antibiotics at different
concentrations on fanthomonas manihotis

Antibiotics Iahibition gZone in o Hean
100 ppa 250 ppm 500 ppu

Agrimyein - 100 184,00 + 22,00 23,50 2117
Ampieillin 0.00 0.00 0400 0.00
Streptomycin 20,00. 21.75 24.00 21.92
Terramyein 14.25 16.75 17.00 16400
Chloramphenicol 0.00 0.00 0.00 0.00
Streptocycline 12.50 22.00 24,00 2183
Cede(0.05) for comparipon between antibioties - 1303
C.D,(0.01) for comparison between antibiotics - 2,258

CuDe(D.01) for comparison between combinations ~ 3,002
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Plate V. Inhibition zone with
: different concentrations
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Plate VIII. Inhibition Zone with
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The results are presented in Table 10 and Fig.4. Awmong the

eix antibiotics tested Agrimycin (Plate V), Streptomyein

(Plate VI), and Streptoeyeline (Plate VII) were on per and
8iznificantly superior to Terramyein (Plate VIII)., Ampleillin

~ and Chloramphenicol were not effective (Plate IX) in controlling
the bacterium at the concentrations tested. Agrioayein and
Streptoeyeline at 250 ppa weré found to be superior to 100 ppn
but were on par with 500 ppm. Streptomyein and Terramyeln at

500 ppm were significently superior to the lower concentrations,

Toxin studies

Studies were conducted on the production of toxin
in vitro by the pathogen. Injection of the cell free extract
into the top three axile of the tapicea plants resulted in the
drying up of the terminal leaves and bud. Tip barn and tip
drying were the initial obmpervations. Within two weeks of
injection of the eell frec extract, the top ecluster of not
fally opened leaves dried and twisted up. Later the next
leaf ‘down, one fully opened, also started curling up (Plate X),
with discolouration and sventually dried up. These dried up
leaves later defoliated. The growth of the terminal bud was
arrested. In the control planta, where media and distilled

water were 1njectea no such syuaptoms were observed (£late XI).

_ Uprooted 1 month old plants were kept dipped in the

cell frees extract as well ag the media. Within two weeks



Comparicon of the |
inhibition sones of the
six antibiostics tested

~ Plate IX.
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Plate X. Tip burn and leaf curling,
due to injection of the
cell free extract-of the
baeterium




Plate XI. Comparison between injection
of cell free extract and the
growth medium of the bacterium
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Plate XII, Axillary shoot formation on
plant in-toxin preparation
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defoliation was observed in both cases, Peculiarly the
plante kept in the toxin preparation started production of
namerous axilléry shoots (Plate XII).

The cell free extract was precipitated using ethanol,
methanol and acetone. The maximum preeipitation was observed
in acetone, The precipitate dried in the vaceuum depicator
was deep brown in colqur. When the dried precipitate was
seraped up it had a gticky consistancy. \hen the precipitate
“was reprecipitated in ethanol sfter dissolving in distilled
water, the sticky nature disappeazed, This was ash coloured
and tended to orumble and powder when seraped up from the

dish in which it was dried.

When a 100 ppm solution of the precipitate was
injected to the terminal part of the growing shoot, it
resulted in internodal elongation. The portion of the stem
above the point of injeetion clongated to about 4 times the
normal internodal length. In the control plants where

distilled water was lnjected no such symptom was observed.
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DISCUSSION

The Baeterial Blight (Wilt) incited by Xanthomonag
manihotis is one of the mest serious diseases a0 far reparted
on tapioea. ' This disease is known to cauasc severs losges

in several Latin American countries and Africa.

In Kerale the disease was first reported during the
year 1975 from frivandiram distriet (Paily gﬁ;gg., 19753
baniel .6_1:' B__l-o. 1975)0

Tﬁe aspecta taken up for the_present study were,
syaptomatology of the disease, chaoracterization and identity
of the pathozen, staniardization of inoeulation teehniques,
host range, survival of the pathogen, host nutrition in
digease development, influence of age and {CN on the disease,
in yitro sensitivity of the pathogen to antibiotics and toxin
nroduetion by the pathogen.
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Naturally infeeted plants showod a variety of aymptoms.'

The initial symptoms were loss of turgidity of upper leaves,

- progregcing downwards, followsd by rapid wilting and shrivelling

of leaves. The wilted leaves remain attached to the stem for
some time and eventually fall off, Tﬁe tip of immature stems
showed die baclk, at times involving the whole shoot, Often,
axillary shoots were produced from the green portions below
the die baek affected arcas. Theae shoots also wilted later.
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Maraite and Meyer deseribed the disease as the 'Candle dicease!

of Zaire based on these symptous.

The aboye symptoms had been already reported by Dondar
(1212), Ieu and chap_(19?2), Lozano (1972), Lozano and Sequeira
(1974 a), Lozano and Booth (1974) and ‘mraite and Meyer (1975).
In addition, they reported the production of angular leaf spots

and gum oxudations on the stem and leaves.

In értificially ;noculate& plants moot of these symptoms
wero produced with the execption of angular leaf spots. Profusé
gun exudation was noted on plants from cracke in the stem. The
exuded gum dried up and remainea as brogﬁieh‘encrustationa on
the stems A brownish black discolouration was observed around
the point of gun exudation and freguently caused defoliation
of one or two leaves, The discoloured areas wore soft to
toueh and further exuded gum when pressed, which ceemed to

exude fraé s&ﬁglpcokets in the stem,.

Usually the symptoms were observed within 4 to 6 daye
after inoculation. Young plants wilted completely within 2 days
of thé aﬁservation af_;ni%ial aymptcés, In mature planta the
progresé'a; sympton expresoion was seen delayed, somctimea
taling up to a weck for complete wilting of the plants,
Oceass;bpally a fow leaves on oné side of the gtem wilted,
progress?ng'downmards, and later spréaa.fo all thé:leaves

around.
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Nair (1977) did not observe gum cxudation and leaf
spotting, In the present stuly gum exudation was observed on

the variety H-165.

- The internal sydptoms observed on peeling off the bark
of the severely infected stem were characteristie brownish
blsck streaks. Vascular discolouration could also be obsecrved
in gections of 3 to 4 months 0ld plants. COCracks were frequently
observed in infeeted tubers. In advanced cases of infection
the tubers deecayed and emitted @ foul smell. This is in
agrooment with the observations of Hair (1977).

Maraite and Meyer (1975) reported the phenomenon of
syapton variationto be due to the differences in the cultivar
and variation in the pathogen due to elimatic and soil factora.
Bondar (1939) also reperted that symptons differ between oweect
and bitter varisties,

The bacgterium was igolated from infeeted plant materials
and grown in culture media. The coloniee were whitish to
gream or grey, raised, fluidal, slimy and gonvex., The colonies
were initially hyaline in Yeast Glucose Chalk Agar and then
turned opaque. The baetérium was found to be gram nogative

short rodso.

The growth of the bacterium in different media showed
gome variations. Out of the eight solid media used, maximum
growth was obtained in Yeast Glucose Chalk Agar, with maximum
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amount of slime and fluidity, followed by Potato Sucrose
Peptone Agar, Tetrazolium Chloride negative medium, Potato
Dextroase Agar and Nutrient Agar. The growth in the basal
mediun for Xanthomonade was very meagre. There was no growth
in Glucose Agar and Glucose Yeast Extract Agar. Awnong the
common media PDA was better than HA. This is in acoordance
with the findings of Maraite and Meyer (1975), Leu (1976) and
Falr (1977). 2Dye (1962) had recorded that comsiderable varia-
tion could be expected in colonies produced by Xanthomonads
and this may not be taken as a differentiating character.

Growth of the bacterium in liquid media was assessed
by spectrophotometric methods., In contraet'to the growth in
solid media, the maximun amount of growth was observed in
Rutrient broth at 24 and 48 hours after inoculation. After
24 hours there was significant growth in Nutrient broth, Potato
Suorose Peptone broth and the broth of the basal mediun for
¥anthomonads, At 72 hours of incubation the maximum growth
was observed in Potato Sucrose Peptone broth followed by
Eutrient broth, Tetrazolium Chloride negative broth and the
broth of the basal medium for Xanthomonads.

Fer routins laboratory studies of the bacterium,
Yest Glucose Ohalk Agar and Potato Sucrose Peptone Agar
were found to be the suitable solid media and Potato Sucrose
Peptone broth and Nutrient broth suitablo 1liguid media.
Growth on different liquid media has not been studied by



earlier workers. .
Among the three inocubation teaperaturcs tested 30°C
vwag found to be the most sultadle for obtaining maximug growth

of the pathogen.

With regard to the physiological and biochemioal
properties of the bacterial 1sqlate, it bydrolysed starch
feebly, produced hydrogen sulphide, and reduced nitrate to
free nitrogeﬁ or ammonia. The organism was found to be
cataldase positive and oxidase negétive. 0f the 10 carbon
aompounda tested, the bacterium produced acid in preéence of
xylose, fructose, glucose, sucrome,'lantose and inositol
indicating their utilisation. The acid production was delayed
in xylose and fructose, The bacterium did not produce acid
in adonitol, duleitol, inulin and salicin,

" similar results have been obtained by Logano and
Segueifa (1974 a) and Ieu (1976). The obéervations are in
conformity with those reported by Breed gt al. (1957); Dye
(1962) and Buchanan et al. (1974)s Dye (1962) reported that
physiological characters are of little value in distinzuishing
species, Bécéuée the extent of 1ntrasapeciés variability in
physiological oharactersjis g0 great as intes-species
variability. |

From the present studies, the pathogenic isolate of
the bacterium could be characterised and the identity eonfirmed

ag Xanthomonas manihotis. This ig more pertinsnt in the

64



context of a controversial report by Daniel et al. (1975)
gtatine that the cassava blight baeterium resembles more to
Pscudomonag golanagearum. Bradbury (1975) reported that the

name appears in some disease lists but usumlly in lieu of

Xanthomonas manihotie.

Because of the lack of formation of yellow pigment by
the bacterium, one may qusstion the inclusion of the bacteriunm
unier the genus Xanthomeonas. Cassava blight bacterium possesses
sone of the characteristics of Xanthomonads (Braley, 19653
Stolp et al., 1965). A few non pigmented speeies other than
Xanthoaonas manihotis have been included in the genua
Xanthomonaa (Buchanan gt al., 1974). Another difficulty in
recognising Xanthomonades is the occurrence of albino strains.
Thege do not £it into the genus Xanthomonas if pigmentation is
taken as the most important character, but they fultil_gll
the other characters of Xanthomonads. In X. manihotis and.

X« pedalli only albino strains are known, whereas in
X+ rioinicola and X. uppali, both yellow and albino strains
occur (Dye, 1962; 1963 a; 1966).

From the studies on the morphological, ecultural,
physiological and biochemical charactere coupled with ite
pathogenicity and host specificity, viewed in tho 1light of the
Teports by Drummond and Hipolito (1941), Amaral (1942; 1958),
Starr (1946), Dye (19623 1963 a; 1966), Iozano (1972; 1975),
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Aﬁén. (1973; 1974), Iozano and Sequeira (1974 a3 1974 b)
Lozano and Booth (1974), Buchanan st al. (1974), laraite and
Meyer \1975) ard RBradbury (1975), it is evident that the
- pathogen ineitinz the *Bacterial Blight (Wilt)' of taploca is

" an albino Xanthomonad, Xanthomonas manihotis,

Eleven inoculation methods were tosted and the most
offieient method was inoculation by the 'Bud Nipping HMethod'.
Of the other methods tested, bud nipping and puncturing leaf
~axils, puncturing lower leaf axils, puncturing upper leaf axils
aﬁﬁ injection below the apical meristem also gave infection.
Among all the treatments, better infection was noted when the
inoculum was given aftag puncturing or causing injury to the
plant parts,

Lozano and Soqueira (1974 a) conducted similer experiments
They got infection in 5 to 6 daye in the case of stem puncture
method and only in 8 to 10 days in the case of gpray inoeunlation
and leaf rubbing, Ieu (1976) got cent per ‘cent infection by
injecting the bacterial susponsion below the apical meristen.
Kair (1977) had tried 9 methods of inoculation and regorded
that omearing the surface of leaves with injury gave the
- fastest infection, followed by stem puncture and aipping the
bud.

In the present study of standzrdization of inoculation
teeiiniques, inoculation by the 'Bud Nipping Methed' was found
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to be the best, and gave very good infection and disease

development.

Common plants of similar taxonomic affinity, belonging
to the family Huphorbiageae were inoculated to see if any of
these plants toolz up infection. The bacterium could not infect
any of the plants tested. Bondar (1915), Amaral (1942),
Burkholder (1942) and Leu (1976) also have reported that the
bacterium causing the blight (wilt) of tapioca did not go
outslde the genus lManihot.

It was observed that the survival of the pathogen in
infected stems is only for a short period ir the stems are cut
and stored, Thooe infected stems dry up in 3 to 4 weeks on
storage. But as 1live plants in the field the pathogen is
found to survive as long as-the plant remained alive. In the
experiment econducted by the 1ncorpnfation of infected plant
material in s0il, gymptoms of wilting was ‘observed 36 daye
after planting healthy oteme: i.e. 57 days after incorporation
of the infected plant material, which is the longest period
recorded in this experimont. In a siuilar experiment conducted
by the inoculation of the soil with the bacterial culture,
wilting was noticed 104 &ays after planting the sets: i.e.

115 days after inoculating the soil with the culture.

Baged on the above results it is indieated that the:

bacterium ean_survivelin the moil and cause infecgtion to



tapioca upto a perliod of 3 months. This is on fhe asgamption
that o minimum period of 22 days is neceasary for sympton
expression after initiation of infection by the bacterlum, as
evidenced by the results of the experiment conductecd on this

aspect.

Tieu (1976) conducted experiments by incorporation of
infeeted debrisz and also by wixing the baoterial culture in
soil and observed that wiltingz symptoms appeared when sota were
planted immediately but not when planted one or two months
later, |

Studies conducted in Nigeria rovealed that the disease
did not develop when tapiocca sets were planted in a disease
affected plot, 90 daysléfter uprooting the infected plants
and ploughing the field, whereas 25.5 to 35 per cent of the
plants became infected when planting was done immediately after
uprooting the plants 1g the infeected £i0ld (Anon., 1974).

Studies on the effect of host nutrition on disease
development and severity indicated that the dlsoase developument
and severity cannot be correlated with nitrogen and lime at
~ the levels tested, The observations made by Albuauerque (1963),
Bzhumah and Terry (1974) Glaser and Ogbogu (1974) and Maraite
and. Meyer (1975) were gemcrally on the 1line that the disease
is more in infertile and sandy soils, and places where the

same caltivar was repeated. Terry (1976) reported severe
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disease incidence in low nutrient soils and that the addition
of NPK fertilizers might decrease the number of plants killed
by CBB. This indicated an inverse relationship with host
nutrition; In the absence of detailed studles it may not be
possible to draw definite conclusions from this study.

In the study of the influence of the age of the plant
on the digease incidence, development and severity, . it was '’
noticed that infection was possible at all stages of growth
of the plant. The disease development and severity was
maximam in one month 014 plants followed by two and three
month 0ld plants, while the rest of the age groups did not
follow & regular pattern, It was however indicated that there
18 a negative correlation between the age of the plant and
discase development. This was significant at 5 per cent level
when correlated with the disease index and signifiocant at
10 per cent level when correlated with per cent wilt.

Maraite and Meyer (1975) had inooulated 17 month as
well as 5 month old plants by stem and leaf inoculations and
obtained infection in both cases. ZIZventhough all the age
groups in the present study were found susceptible to infection
by the pathogen, maximum damage was caused in the early stages
of crop growth (1 to 3 months).

In the attempt to correlate the HCN content of leaves at
different growth stages of the plant with the disease development,
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it was observed that the HCN content of the leaves had no
correlation with the disease development, The HCN content
of tapioca plants in relation to bacterial wilt has not been

studied so far.

out of the six antibiotics screened for the in vitro
sensitivity of the baeterium, it was found that Agrimyein 100,
Streptoeyeline and Streptomyein had better inhibitory effect
over Terramycin, while 4mpiecillin and Chloramphenicol were
found to be ineffective upto S00 ppme Agrimyein and
Streptocycline had better effect at 250 ppm and Streptomyein
and Terramyein at 500 ppm. UNodu (1974) felt that Streptoemyein

can be ugsed to prevent dissemination of C8B,

From ths present studies the iniication was that
Agrimyein 100 and Streptocycline at 250 ppm and Streptomyein
and Terramyein at 500 ppm had equal in vitro sensitivity
against the pathogen., However detailed studies are necessary
to assess the efficiency of the antibiotics for the control

of the disease on a field scale.

Studies condueted on the toxigenicity of the bacterium
- indicated that some toxie metabolite may be involved in the
pathogenicity. Injection of the cell free extract of the
bacterium produced tip'burn.anﬂ drying in tapioca plants.
Defoliation aﬁd profuse axillary growth were produaced in one
month o0ld plants when kept dipped in the cell free extract.



Similar symptoas are noticed -im naturally infected plants
élgo._“Internpdal elonzation of the plants were produced
when the toxin was injeeted through the tissues near the’

apieal meristen.

From the agbove observations it is felt that some
toxic metabolites may be involved in the pathogenielty of

the btactoriun and syaptom expression.
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SUMMARY

The Bacterial Blighﬁ of tapiocé. popularly known és
cassaﬁa'bacterial blight, ineited by Yanthomonas manihotis
(Arthaud « Berthet) Starr, is ﬁerhaps the most seriocus of all
the diseases reported on the crop. Infeetion of the plant
resalts in the complets 1693 of yield, unlike the other
diseases reportedlon the plant. The disease has been causing
sgvere loss to the erop in the cassava growing tracts of thg
tropical belts of America, Africa and the Asian countries,
The dipease was repcrted'fram Trivandrun in 1975, since when,
there has been reports of its sporadic oceurrence from

various taploca growing traots in the state.'

In view of the potential losses the disease ¢can cause
to the crop, aspects such asg, aymptomatoloay of the disease,
characterigation and identity of the pathogen, atandardization
of inoculation techniques, host range and survival of the
pathogen, host nutrition on disease development, influence of
age and HCN on the disease, in vitro semsitivity of the
pathogen to antibiotics and toxizenieity of the bacterium were
taken up for the study.

Hbst‘df the reported symptoms of the giséaeg such as
lose of turgldity, shrivelling and wilting of the leaves, gum
exudations, die-back and death of the stem, axillery shoot
growth, discolouration of fhe vascular systean and root and
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finaiiy danage and decay of the tuber were observed in this
gtudy. For lahofatony atudies on the pathogen, Yeast Glucose
Chalk Agar and Potato Sucrose Peptone Agar were found to be
the best solid ﬁedia‘and Nutrient broth and Potato Sucrose
Peptone Broth the best ligquid media.

Morpholigically the bacterium was a gram negative
short rod, usually single or in sghort chains of 3 to 4 cells
with maximum growth around 30°C. Physiologiéal and biocheumical
studies showed that the bacterium produced catalase, hydrogen
sulphide, gave negative nitrate reduction tecst and oxidase
test and hydrolysed starch feebly. The bacteriun produced
acid, indicative of utilisation, from xylose, fructose,
glucose, sucrosé. lactose and inositol and not from adonitol
duleitol, inulin and saliein. |

Studies on the morphological, physiological. and
biochemical characters of the pathogen coupled with its host
specificity and symptom expression confirmed the identity of
the pathogen as Xanthomonas wanihotis (Arthaud - Berthet) Starr,

Of. the eleven inoculation methods tested, inoculation
after nipping the bud was found to be the best, giving the
waximum infection. - This method was followed in further stulies.

Plants having similar growth and taxonoaic affinity,
of the family Zuphorbiaceae, were teated to see, if any of
these took up infection, These tests confirmed the reports
that the pathogon does not go out sgide the genus Manihot,
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and the host gpeeificity of the pathogen.

The pathogen was found to survive for 3 weeks in
infected stems, 41 days in infected plant debris in soil, 3
months in soil mixed with the pure culture of the bacterium
and 3 weeks in soll from where the infected plants have been
uprooted. The result, that the pathogen survives for
considerable periods in infected material and soil has some

epidemiological significance in the disease cycle.

The effect of different levels of nitrogen in gonjunction
with lime wan not found to be significant on the disecase
incidence and disease development, though a higher severity
was noted at 100 kg nitrogen per hectare in pregence of lime,

The pathogen infected the plant at all stages of its
growth. Bult the severity of the disease was much more from
1 to 3 months and decreased as the plant grew older. Though
the HOK content of the plant varied significantly between
different ages of the plant, it 4id not have any relation with

the disecase inecidence and severity.

- The pathogen was found to be sensitive to Agrimyein 100,
Streptocyciine, Streptomycin and Terramycin when sereened
in vitro. Purther in vivo trials arc necessary to asseas the
efficiency of the antibiotics for the control of the disease
on a field scale,
The toxic metabolite produced by the pathogen is assumed

to have some role in pathogenisis and symptom expression.
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APPCIDIX I

Analysis of variance
Standardization of artificial inoeculation techniques

sSourge ag lean square

Pereentagae of Jigease
leaves wilted index
(in angles) '

Preatment 10 7016,19237% 10.1164%%
Error 29 12777960

##Sienificant at 0,01 level

APPENDIX II

Analysis‘of variance
Infiucnce of nutrition on disease development

Souree ag Hean aquare
Percentage of - Digoanse
leaves wilted infex

(in angles)

Treatment 5 1647.98 345633
N 2 2457.99 5.8533
L 1 C 171.54 0.6756
EESY 2 157545 2.7249

- Irror 194 1340.22 249043




AFPENDIX ITII

Analyeis of variance
-Influenee of stage of growth on diesase incidence

Source ar Mean Square
ergentage o bisease
leaves wilted index
{(in anzles) -
ibmont 3 4432, 628% 12.,12a%
[} o 126 870.43 129

a*ionificant at 0.01 level

APPENDIX IV

Analysis of variance

Jomparison of HCN content between growth stages of the
plant and leaf positions in a plant

Source at Mean Square
Treatment . 8 13371 .40%
Position 2 ‘ 41399.02%%
T x P interaction 16 9950.36

Error - 108 ) 6032-94

% Significant at 0.05 level
% Significant at 0.01 level



APPERDIX V

Analysis of variance

© In vitro semsitivity of the bacterium to antibioties

Source

ag Mean Square
Troatment 17 411,3962##
Antibjotice 5 1567.5472%
Between 13Vels qf Antibioties.
Agrimyein 2 32433350
Ampieillin 2 0.0000
Streptoayein 2 - 16.,03833¢
Terramyein 2 9.2500#
Chloramphenicol. 2 040000
Strepteeyecline e 204333538 %

* Significant at 0.05 level
*% Sionificant at 0.01 level
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ABSTRACT

‘The Bacterial Dlight of tapioca, incited by Xanthomonas
maniho@is (Arthaud ~ Berthet) Starr, probably the most serious
of all the diseases recorded on the plant, wés.reﬁorﬁed
sporadically from diffevent parts of Kerala since 1975, The
disease 13 characterised by loss of furgidity, sbrivelling
and wilting of leaves, gum exudation, die~back and death of
shoots, vasecular dieeolouration of stém and roots and damage

and degay of. tubers.

The pathogen was confirmed to be Xaﬁthomonas manihotis

from morphological, pnysiologica; and biochemical stﬁﬂies
coupled w;th.symp?omato;ogy and host speeificity. The
pathogenicigy wasg con#irmed on tapioca using different methods
of artificial inqculatipn, of which inoculation after nipping
the bud was found to ﬁe the besfa

The pathogén wvas foﬁnd to survive for 35 to 4 weeks In
infected plant parte in soil, but it survived upto 3 months
when the eulture was inoeulated in soil., X. manihotis was
found.to be host mpecific since it did not infeet the other
Euphorbiaceous piants inoculated. It 1ls reported to be
confined to the genus Manihot,.

Nitrogen in conjunction with lime did not have muech
influence on the ineidence and severity of the disease at the

levels teated. The pathogen infected tapioca plants from



1 to 9 months of age decreasing in severity as the plant
grew. The HON content of the plant did not have any relation
with the disease.

The pathogen was inhibited in vitro by Agriayein-100,
Streptocycline, Streptomycin and Terramycin. The organian
is presumed to be toxigenic asince the cell free extract
produced tip burn and arrest of growth of the terminal
leaves and bud and partly mimicked the symptoms of the

disease,



