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ABSTRACT

Cassava bacterial blight is the nost inportant of several
bacteri al di seases of cassava and is of w de occurrence in N geri a.

Surveys were undertaken at Zaria and other sites in the
Northern Quinea and Southern Qui nea Savanna zones to evaluate the
i ncidence and severity of the disease. The incidence and severity
of the di sease were higher in the Southern Qui nea Savanna zone t han
in the Northern Quinea Savanna zone. Some variations were observed
within every environ visited and these were attributed to the
nature of crop mxture, cassava cultivar type, spacing and pl ant
age.

The incidence and severity of the disease were significantly
reduced following late planting with a local cassava variety while
the decrease was non-significant with the inproved variety TM
4(2)1425. in the intercrops, a significant reduction of the
I ncidence and severity of the disease were achieved with the
inproved variety. On the other hand, incidence and severity of the
di sease were significantly higher in the sole inproved cassava.
There were no significant differences between the tinme of
I ntroduction of the conponents of the mxture on the incidence and

severity of the disease in both varieties.

Screening for resistance to the disease in field and in pot
trials using six cassava varieties reveal ed that disease incidence
and severity were lowest in TM5 30572 and TMB 1(2) 1425 while a
| ocal variety, TM5 91934 and 60506 were highly susceptibl e.

The inproved cassava varieties TME ||, TM5 305"  TMS 4(2) 1425, TMB
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81983 and the local varieties, Isu and Broni were identified as
being fairly resistant to bacterial blight conpared to other

varieties tested in tw different trials.

Leaf trash collected inthe field frombeneath di seased pl ants
at approximately 9 nonths yielded the pathogen. 1In both |local and
| nproved cassava varieties, bacterial populations in the trash were

found to be mninmnumin April and maxi nrum in Cctober.
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; fF TNTRODUCTION

1.1 Nomenclature and classification of the cassava plant

Cassava (Manihot esculenta Crantz), is a woody perennial shrub
belonging to the family Euphorbiaceae, the tribe Manihotae, and the
sub-family Crotonoideae (Viegas, 1976). 1In the older literature,

it is referred to as Manihot Utilissima. Other common names of the

crop include "mandioca", "yuca", "manioc" and "tapioca" (Bellotti
and van Schoonhoven, 1985).

The different levels of cyanogenic glucosides it contains in
the root has often made varieties to be classified into "sweet"
and "bitter" types, but there is no clear-cut demarcation between
the two.

1.2 O0Origin and distribution of cassava

Cassava originated in South and Central America where its
widest morphological diversity exists ;(Leon, 1977; Lozano, 1977).
Renvoise (1973) reported that sweet cassava may have been
domesticated first in Mesocamerica and bitter cassava in northern
south America.

The crop was first introduced to the congo basin as early as
1558 by the Portuguese and spread rapidly through what is now
Angola, Zaire, Congo and Gabon, and later into West Africa (Jones,
1959). 1Its introduction to Asia from South America is more recent
(Jennings, 1959). 1t is now grown throughout the tropics between
latitudes 30°N and 30°S, although the bulk of it is grown between

20°N and 20°8 (Jones, 1959).



Cassava has been cultivated in Nigeria for over 400 years
(Mauny, 1953) and is one of the oldest Nigerian food crops.

1.3 Economic importance of cassava

There are well over 200 Manihot spp., of which M. esculenta is
the most important from the nutritional and economic point of view

(TTTA, 1985). M. esculenta exists only as a cultivated crop, but

there are large numbers of wild Manihot spp. The only other
species of economic importance is Manihot glaziovii, Ceara rubber,
which is used on a very limited scale for production of latex
(CIAT, 1985).

Cassava is a major source of food for 300 to 500 million
people (Bellotti et al., 1985) especially in developing countries
where calorie deficiency and malnutrition are widespread. It ranks
fourth as an important source of food energy after rice, sugarcane,
and maize in the tropics (FAQ, 1980). Cassava storage roots form
the basic carbohydrate element of the diet and leaves are eaten as
a preferred vegetable in many parts of Africa, providing protein,
minerals and vitamins (Hahn, 1984). The bitter varieties are
processed and used to make "gari", "atieke"; "chikwangue", "fufu"
as the dishes are known in Africa (Silvestre, 1989). The tubers
are also used as livestock feed, while other important products of
the crop are starch and processed starches such as tapioca
(Bellotti and Van Schoonhoven, 1985).

World production is about 157 million tonnes from 15.6 million
hectares of land (Mbanaso et al., 1993). FAO (1980) reports

indicate that approximately 65% of total production is used for



human consumption, about 19% goes for animal feed, about 5% is for
industrial uses and the remainder is wasted.

Nigeria is a leading world producer, accounting for 16% of
total world production (FAC, 1990) with the country producing about
26 million tons (FAO, 1991). Cassava is extensively cultivated in
Nigeria (Okpala, 1974) providing the daily carbohydrate needs of
over half the population and sustains the people during adverse
situations when other food crops fail (Okeke and Ene, 1985). 1Its
importance has increased within the country with diversification of

its use in industry and as feed for poultry and livestock (Okeke

and Fne, 1985).

1.4 Pests and diseases of the cassava plant

Cassava's low average yield of 6.4 t/ha in Africa compared to
the world's average of 8.8t/ha is primarily a result of heavy
disease and pest infestation in addition to poor soil and crop
management practices (Hahn and Theberge, 1985; IITA, 1990).

Whyte (1985) 1listed some of the important insect pests

attacking cassava as the green spider mite (Mononychellus

tanajoa), shootfly (Silba pendula), lace bug (Vatiga manihotae),

mealybugs (Phenacoccus manihoti and P. herreni), and the white

scale (Aonidomytilus albus), with the greatest diversity of the

pests in the Americas. The green spider mite and mealybug are the
most devastating pests to cassava production in Africa after their
accidental introduction to Uganda and Zaire respectively (Bellotti,

1977; Hahn et al., 1979).



A number of cassava diseases have been rsported to be of
economic importance throughout the world (Lozano and Booth, 1974;
Terry, 1982). About 20 fungal diseases have been reported
affecting the leaves, stems and roots of cassava. The Cercospora
leaf-spots (Cercospora spp.), concentric leafspots (Phyllosticta
sSpp. )., superelongation disease (Elsinoe brasiliensis, and

anthracnose (Colletotrichum spp.) affect the leaves; Glomerella

and Botryodiplodia spp. affect stems; and Phytophthora, Pythium,

Sclerotium and Rhizoctonia spp. affect the roots (Hahn et al.,

1979; Lozano, 1977).

Lozano and Booth (1974) reported a number of virus and
mycoplasma-like diseases of cassava (Manihot. esculenta Crantz)
including cassava mosaic disease (African mosaic disease)
transmitted by the whitefly, Bemisia spp.; cassava common mosaic;
cassava broom streak disease; caésava vein mosaic disease; witches
brown disease; and latent virus.

The root knot nematode, Meloidogyne spb. may be a serious

disease of cassava when grown simultaneously in the field with okra
or eggplant (Luc and Deguiran, 1968).

Several bacterial species have been reported on cassava (Terry

and Mclntyre, 1976) but only Xanthomonas campestris pv. manihotis,

causal organism of cassava bacterial blight (Terry, 1973a);

Zanthomonas campestris pv. cassavae, causal organism of cassava

bacterial leafspot (Wiehe and Dowson, 1953); Erwinia carotovora
var. carotovora (Erwinia cassavae), causal organism of cassava

bacterial stem rot (Maraite and Meyer, 1975; Mattos, 1977); and



Agrobacterium sp., responsible for bacterial stem ball (Heys, 1975)
have been established as being truely pathogenic to cassava.
Casgava diseases of major importance in Africa are cassava
mosaic disease, cassava bacterial blight, (CBB) and cassava
anthracnose disease (Hahn and Theberge, 1985).
Major cassava diseases in Nigeria are six pre-harvest fungal

diseases caused by Cercospora henningsii., €. caribea, Phyllosticta

sp., 0idium manihotis, Glomerella manihotis, Uromyces sp.; four

pre-harvest bacterial diseases caused by Xanthomonas campesgtrig pv.

manihotis, Bacterium cagsavae, Xanthomonas campestris pv. cassavae.

Bacterium tabaci; three pre-harvest viral diseases: cassava mosaic
disease, cassava brown streak, cassava latent virus; and cassava
rot diseases associated with four major fungal pathogens:

Sclerotium rolfsii, Fowmes lignosus, Phytophthora sp.and Roselina

rniecatrix, as well as the bacteria, Bacillus sp. and Corynebacterium

sp. (Arene, 1990).

Cassava bacterial blight is the most impdrtant of several
bacterial diseases of cassava (Costa, 1940; IITA, 1972; Lozano,
1972; Pereira and Zagatto, 1967). The disease was first observed
in Nigeria in 19772 in many locations in the central and southern
regions (Williams et al., 1973). Brinle (1981) reported its
occurrence in all areas of Nigeria. The highest incidence was
observed in the then East-Central and Mid-Western states where 100%
crop losses were recorded {(Terry, 1975). Losses due to CBB range
from 20 to 100% depending upon the cultivar, bacterial strain and

environmental conditions (ITTA, 1985). Thus CBB is a contributory



factor to Nigeria's average yvield of 9.5t/ha compafed to a

potential yield of 37.5t/ha (FAO, 1973).

1.5 Objectives of the investigation

Cassava production has intensified in the drier savaﬁnas of
Nigeria during the last twenty years where traditional "sweet™
types are being grown alengside "bitter"™ types (Erinle, perscnal
communication}. Often, cassava is the only surviving crop on
upland sites during the dry season and conseguent upon their
perceived importance, farmers often erect fences around their
cassava crops to prevent livestock encroachment.

From casual observations, CBB is a very serious limiting
factor lo producition of cassava in the semi-arid zones of Nigeria
hut there are no reports to confirm this. it is in the light of
this that a detailed work on this disease wage deewed necessary.
The objectives of the study include the following:

(1} A survey to assess the level of disease incidence and
severity. |
{iiy To determine the seffect of planting date and inter~
cropping of cassava with maize on the incidence and
severity of the disease.
{iii) To screen cassava varletiss {lecal and improved) for
resistance to the blight disease, and
(iv) To determine the longevity and population dynamics of

the pathogen in infected leaf trash.



2. LITERATURE REVIEW

2.1 Nomenclature

The causal organism of CBB is Xanthomonas campestris pv.

manihotis Dowson. The pathogen was first named Bacillus manihotis
(Arthaud-Berthet (Bondar, 1912) and later Phytomonas manihotis

(Arthaud-Berthet and Bondar) Viegas (Viegas, 1940). Later, Starr

(1946) changed the name to Xanthomonas manihotis (Arthaud-Berthet)

Starr (Bergey, 1957). Studies of the bacterium isolated in

Colombia, Brazil and Venezuela revealed that the three strains of

Phytomonas manihotis were sufficiently different from Xanthomonas
manihotis to be considered a separate strain (CIAT, 1971, CIAT,
1972; Lozano, 1972; Lozano and Sequeira, 1974a). Lozano and
Sequeira (1974a) described the characteristics of the causal
organism and indicated that the cassava blight bacterium should be

considered as a strain of Xanthomonas manihotis.

2.1.1 Pathogenic variability

Studies carried out during four years from plantations in
Africa, Asia and America to determine the virulence of 52 strains
of ¥. ¢. pv. manihotis suggest the presence of strains of the

pathogen differing in virulence (CIAT, 1976).

Verdier et al. (1993) investigated the establishment of virulent

and avirulent strains of Xanthomonas campestris pv . manihotis on
leaves of in-vitro cassava plants and found that, within six days
the aggressive strain increased rapidly and lesions developed on
the leaves while the non-aggressive strain did not 1ead to visible

alterations in leaf tissues.



2.1.2 Distribution and host range

The disease was first recorded in Brazil in 1912 (Bondar,
1912) but has since been reported in Colombia and Venezuela
{(Lazano, 1972; Lozanc and Sequeira, 1974a and b), NWigeria {IITA,
1972) Zaire (Hahn and Williams, 1973), Cameroon (Terry, 1975), and
also been observed in several other countries of tropical America
and Africa (Lozana, 1975),

1t has only bheen reported in species and varieties of the
genus Manihot (Amaral, 1942; Bondar, 1915; Burkholder, 1942).

2.1.3 EBconomic Importance of CBB

CBB is the most important of several baéterial diseases of
cassava (Costa, 1940; TITA, 1972; Lozano, 1972; Pereira and
Zagatto, 1967). 'The disease has caused severe losses in several-
Latin American countries and Africa where epiphytotics have been
recorded in the most important cassava growing areas (CIAT, 1985).
The disease has been recognised as one of the most important
- factors limiting production in affected areas, where in wet seasons
it can recult in complete loss of yield (Costa, 1940; Lozanc, 1972;
“TLozano and fSequeita, 1974a; Pereira and Zagatto, 1967). Cock
{1974} reported a reduction in yield from 47t/ha to 25t/ha in
suscepl.ible c¢lones.

2.2 SQywptoms of CRB

The hacterium penetrates the host via stomatal openings or
through wounds (Tozano, 1972; Lozano and Sequeira, 1974a and b).
Following penetration, the organism finds its way intoe the vascular

system, whore hacterial cells Are able to move systemically



througout the plant (Lozano, 1972; Lozano and Sadueira, 1974a),

In general, symptoms develop within 11-13 days after infection
(Lozano, 1972; Lozano and Saqueira 1974a and b). Symptoms of the
disease are characterized by angular leaf spotting and blight,
wilting, defoliation, die-back, gum exudation, and stem and root
vascular necrosis (Lozano, 197%). Leafspots appear initially as
water-soaked angular areas and later bhecome brown or dark-brown
(Plates 1 and 2) and sometimes depsnding upon the susceptibility of
the cultivar, a vellow halo surrounding the spots is clearly
noticeable (Lozano, 197%). Dry rotting of stems and roots caused
by the disease has also been reported (Lozano, 1875},

Hahn (1978) indicated that as plants become older, the tip
die~back symptom of CRBRR increases and older, lower leaves exhibit
more serious zymptoms than younger ones, Young plants are more
susceptible than clder ones. Severe attack results 1in rapid
defoliation of the plant, leaving bare stems commcnly referred to
as "candle sticks" (IITA, 1990). |

2.3 Eplidemiology

2.3.1 Transmission

Amaral (194%) sugygested the possibility of the pathogsn
gpreading from one area to another by the use of infected cuttings.
Lozano {1972) and Lozano and Sequeira (1974b) confirmed this and
also indicated that splashing rain is the most important means of
dissemintion in localised areas. This accounts for the increased
incidence of the disease in the rainy season (Drummond and

Hipolito, 1%40-41). Contaminated irrigation water has been

9



considered to be of minor importance (Lozano, 1975). The pathogen

can also be spread through true seeds taken from infected crops

(CIAT, 1981).

10



Plate 1: Leaf of local cassava variety showing extensive blight

and water-soaked angular spots (lower surface)

Plate 2: Extensive blight in leaves of TMS 91934 (upper surface).

11



The spread of the pathogen by soil movament'during cultural
operations or by the use of contaminmated tools during pruning has
been suggested by some workers (Carneirc, 1940; Drummond and
Hipolitoc, 1940-41; Pereira and Zagatto, 1967). Other suggestions
on the use of contaminated tools in the bacterial dissemination

have alsc been made (Lozano, 197Z; Lozano and Segueira, 1974a and

b).

Insects have also been suggested as possible agents of
diggemination {Amaral, 1945). This hag heen demonstrated at CIAT
(Lozano, 1975) but the spread attributed to insects only occur over
short distances (CIAT, 1972: fLozano, 1972; Lozano and Sequeira,
1974b). It has also been cbservaed that mouth parts and appendages

of the variegated grasshopper (Zonocerus variegatus) becoms

contaminated with woist bacterial exudate (Terry, 1974b}; it thus
seems likely that they may aid in spreading the disease.

Possible dissemination of the pathogen by the movement of mén,
animals and Iinsects through the crop has alsc been suggested
(Lozano, 1975). |

2.3.2 Favourahble weather conditions for disease development

Lozano {1972) found that, at least 12 hours at 100% relative
humidity are required for the bacterial establishment following
artificial inoculation experiments. During dry periods, digease
development slows down, little gum containing bacteria is exuded
and hence spread of the disease is halted, but the bacteria remain
viable in the plant and become qctive during =subsequant rainy

periods (Lozano, 1975).

12



The optimum tempsrature for growth and development of

Xanthgmonas campestris pv. manihotis has been sghown to he 30°C

{UCL/IITA, 1980). CBE severity, however, is highear is cooler areas
“wnere the day and night temperatures average 20-25°C and where
night and day temparatures are 15-20°C and 20-30°%, respectively

(Takatsu et al., 1979). Hahn and Theberge (1985) also reported

that CBB severity is higher in cooler areas where day and night
temperatures average 20-30%. - -

2.4 Survival of the Pathogen

Xanthomonas campestiris pv. mgnihotis’does not survive in the
seil hut in the bacterial exudate and infected plant parts. This
was demonstrated by Ikotun (1975, 1977, 1982) in the laboratory and
greenhouse studies and confirmed by Terry {(1974a, 1976). Other
reports (Lozano, 1975; Arene, 1976) indicate a short survival of
the pathogen in the so0il. ‘

The pathogen can survive for up to 6 months in plant debris
but its survival time is reduced by flooding or desiccation (CIAT,
1976). The pathogen is unable to survive fbr more than a few weeks
in debris in the soil kept at field capacity, but can survive
sevaral months if the so0il remains dry (Persley, 1978). Amusa
at al. (1992), using three sources of the inoculum: infected plant
dehris, plastic mulch material and the so0il showed that the
~ bacterial population was high in the rainy season and low in the
dry months in a field fallowed for one year under mucuna. Ikotun

{1977) showed that, Xanthomonas campestris pv. manihotis survived

for up to 24 months in field-cpllected bacterial ooze, for 30

13



months in infected stems and for 6 months in infected leaves. The
bacterial cells within pellets remained infective after 22 months'
dry storage at room temperature (IITA, 1976}. Studies by Persley
{1978) in three geographical regions of Nigeria (forest,
forest/savanna, savanna} revealed that, debris collected beneath
dead plants at 5 months yielded the pathogen.

It has also been suggested that a low population of the
pathogen can survive the dry season as epiphyte (IITA, 1976)
following Jdetection of an epiphytic population of X. ¢. pv.
manihotis on the surface of apparently healthy leaves during the

dry season {(January) and also during the growing (rainy) season
(June}. |

2.5 (BB in cassava intercrops

At least a third of cassava is planted in nﬁxed-culture
worldwide {Cock, 1985). The use of cassava as a component of mixed
cropping systems is8 a common practice in Brazil (Porto et al.,
1979) and in various countries in Asia (Chew, 1979. Rffendi, 1979;
Sinthuprama, 1979), Africa (Ezeilo, 1979), and Latin America
(Moreno and Hart, 1979; Thung and Cock, 1979},

Estimates of the incidence of CBB made in Nigeria during field
surveys range from 14% in cagsava plots interplanted with both
maize and melon to 100% with cassava as a sole crop {Terry, 1973b).
Experiments carried out at Umudike, Nigeria have shown that
intercropping cassava with maize and melon reduced the disease

while the highest incidence (22.8%) occurrnd in sole cassava

plantings {(Arene, 1977).
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Cassava yields are usually 6-8t/ha in mixed cropping and 10-
12t/ha in sole cropping against experimental yields pf 15-20t/ha
and 25-30t/ha in the former and the latter cropping systems
respectively (Mbanaso et al., 1993). Higher returns and a greater
number of calories have been reported from the following complex
mixtures: cassava/maize/melon; cassava/maize/okra/melon;
cassava/maize/okra/cowpea (IITA, 1990).

2.6 Control of CBB

2.6.1 Pruning

Delay in spread of the disease by pruning most of the above
ground portion of infected plants has been reported (CIAT, 1972;
Lozano, 1972; Lozano and Sequeira, 1974b). However, the success of
this method depends on the susceptibility of the cultivar and the
interval between initial infection and pruning (Lozano, 1975).
2.6.2 Sanitation

The complete control of CBB and exclusion of the pathogen by
the use of clean "seead"” has been suggested (Carneiro, 1940;
Drummond and Hipolito, 1940-41; and Gonclaves, 1948). A successful
means of producing bacteria-free "seed" has been aestablished
(Lozano, 1975). Amusa et al. ({(1992) suggested that, after
harvesting infected plant debris, the infested plastic mulch
material should be collected togather and burnt, and the soil
should be turned over and left fallow,

2.6.3 Cultural Practice

The use of crop rotation has been suggested as a possible

means of control (Carneiro, 1940}, Drvond-Gonclaves (1948)

15



recommended a 4-5 year crop rotation, but Lozano and Booth (1974)
suggested a six-month fallow period while Leu and Chen (1972)
recommended that plants be replanted on the same site on the same
day after harvest. However, young cassava plants grown on bare
ridged soils have been reported to develop CBB in plots that had
been left to mucuna fallow for one year (Amusa et al., 1992).

2.6.4 Resistant cultivars

Control of bacterial blight by the use of resistant cultivars
was first suggested by Gonclaves (1948) and numerous resistant
cultivars have been reported (Carneiro, 1940; Drummond and
Gonclaves, 1953; Pereira and Zagatto, 1967).

Some cassava varieties which are low in cyanide levels and
resigstant to various viral, bacterial and fungal diseases and
widely adopted in Nigeria are: TMS 30572, TMS 30555, TMS 4(2)1425,
™S 50395, TMS 63397 and TMS 91934 (Otto, 1989).

2.6.5 Biological control

Both the number of angular leaf spots per leaf and the number
of blighted leaves per plant have been significantly reduced by
foliar applications of a strain of Pseudomonas putida on three
cassava clones of varying susceptibility (Lozano and Laberry,
1993). The yield of the most susceptible clone (MCol 22) increased

2.7 times following such a control.
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2.5.56. Physical contrel

Control by the use of physical treatments such as exposure to..
hot air, hot water, microwaves, and ultraviolet light for .tha.
inactivation of bacteria in infected planting material have so far

given negative results (Lozano, 1975).
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3. A SRUVEY OF THE INCIDENCE AND SEVERITY OF CASSAVA

BACTERIAL BLIGHT IN SOME SAVANNA AREAS OF NIGRRIA IN 1993 -
3.1 Introduction

Cassava bacterial blight (CBB) induced by Xanthomonas

campestris pv. manihotis is the most devastating bacterial disease

of cassava (Hahn et al., 1989). The disease was first observed in
Nigeria in 1972 in many locations in the central and southern
regions (Williams et al., 1973) and later reported to occur in all
areas of the country (Erinle, 1981). CBB is more widespread and
damaging in the savanna and forest/savanna transitional zones than
in the forest zone (Persley, 1977). It was therefore necessary to
determine if there were any variations in the incidence and
severity of the disease in some cassava-growing regions of the
Nigerian. Guinea savannas and to identify some of the factors that
were responsible for such variations.
3.2 Materials and method

. The survey was conducted in some cassava-growing areas in the
Northern Guinea Savanna (NGS) and Southern Guinea Savanna (8GS8)
zones of Nigeria. Since most farmers usually plant cassava in the
middle of the rainy season (mid-June to end of June), this survey
was conducted at the end of the rains between the 28th of September
and 30th of October 1993 (on local and improved farmers' fields)
depending on the location visited.

A random sampling procedure was adopted with a view to

presenting an adeguate overall disease picture of the farms and to

enable data to be analysed statistically. 8mall farms (less than
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BODmH were entirely evaluated for cassava bacterial blight (CBB)
incidence and severity. Larger farms (equal to or greater than
SGUmH were divided by visual approximation into four guadrants and
twenty plant stands from two neighbouring ridges were assessed for
the disease from each quadrant. On the whole, 40 farms were
visited and assessed for the incidence and severity of CBB. Other
parameters recorded on each farm included the crop mixture, cassava
cultivar (local or improved), cassava spacing, and the age of the
plant.

A disease severity scale of 1-5 was used (IITA, 1990) as
follows:
1. no symptoms
2. only angular leafspot
3. extensive leaf blight, wilt, defoliation, gum exudation on

stem and petioles
4, extensive leaf blight, wilt, defoliation and stem die-back
5. complete defoliation and stem die-back, plus stunting and

die-back of lateral shoots.

The mean disease score for each farm survey was calculated
from the raw data.

sum of all diseas. scores
Mean disease 8Core  —-—-remmmcecccscacecccccecccan————
Total number of stands observed

Disease incidence is expressed as percentage of diseased plants
relative to the total number of stands.
Percentage diseased Total no. of plants infected

plant stands T e e x 100
Total no. of stands chserved
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Data was analysed statistically on a completely randomized
design and significant differences evaluated by the ¢t test
(Snedecor and Cochran, 1967) because of the differences in the
number of plots assessed on various sites.

3.3 Results and discussion

The results of the 1993 survey are presented in Table 3.1.
The differences between the means of locations (sites) in relation
to both disease incidence and severity were highly significant
(P =0.01).

The Abuja environs in the SGS recorded higher means of both
disease incidence and severity than the three areas in the NGS
{Table 3.2). The differences between the means of areas in
relation to disease incidence and severity were significant and
highly significant respectively. Disease incidence and severity
were generally high in all four areas visited. This is in partial
agreement with the report of Persley (1977). However, some
variation was observed at any one environ visited.

CBB incidence and severity were generally higher in sole than
in intercropped cassava farms. The highest disease incidence
(100%) in sole cassava cropping system w s recorded in Abuja
environs, Zaria-Saminaka, and Zaria-Funtua & eas but this did not
differ significantly from the highest mean disease incidence
(98.28%) recorded on the University Farm in the 2aria environs in
the same sole cassava cropping system. Sole cassava farms of Sako
(zaria~Saminaka road) and Tudu Ngyia (Zaria-Funtua road) registered

the lowest means of CBB incidence (0%) and CBB rity score (1.0)
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Table 3.2: Summary of mean dan everit

cassava bacterial blight in the four areas

surveyed in 1993.

o — T S o W W o W i T W T — o T ——— -

Area surveyed Mean disease Mean disease
incidence (%) severity score
(1-5)
Zaria environs 68.00ab 2.34b
Abuja environs 50.00a 3.04a
Zaria-Saminaka road 59.31b 2.22b
Zaria-Funtua road 49.00Db 2.01b

—— S e M e — . —— ]

Column values followed by the same letter(s) are not significantly
different (P=0.05)

24



which however, did not differ significantly from means obtained on
the same type of farm in Saminaka (6.67 for disease incidence and
1.13 for disease severity score) and Tudu Ngyia (33.75% for CBB
incidence and 1.68 for CBB severity score), The cassava/banana
mixture in the Abuja environs recorded the highest means of both
CBB incidence (100%) and severity score (3.20), closely followed by
the cassava/maize mixture (100% CBB incidence and 3.0 for CBB
severity score) in the same area. There was no significant
difference between these means and lower means (80% CBB incidence
and 2.8 for CBB severity score) recorded on the cassava/maize/yam
mixture in the Abuja environs, as well as those registered on the
local cassava cultivar/maize mixture (77.51% CBB incidence and 2.39
for CBB severity score) on the University farm in Zaria.

The high incidence and severity of CBB in some mixed cropping
combinations may be due to other factors such as the cassava
cultivar, bacterial strain or favourable environmental conditions
(TITA, 1985). The other component(s) of the mixture and the time
of introduction of the component(s) could also influence the
incidence and severity of the disease. For example, the high
incidence and severity of CBB in the cassava/banana mixture was
probably as a result of the low banana plant population density
and/or the 1late introduction of cassava relative to the
establishment of the banana plants. On the contrary, the cowpea

plant provides a higher population density which may have reduced

field spread of CBB, hence low values of disease incidence.
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With reference to the type of cultivar, the highest means of
CBB incidence (100%) and severity score (3,20) were recorded on a
farm with local cultivar. There was however, no significant
difference between the means of this cultivar and the improved
cultivar which recorded the highest means of CBB incidence (98.28%)
and severity score (2.92) on the University farm in Zaria. The
lowest means of disease incidence (42.46%) and severity score
(1.68) in relation to improved cassava cultivar were recorded on
another site on the University farm, but the mean disease incidence
did not significantly differ from the mean of other farms with
improved cassava cultivar. The difference belween the means in
relation to mean disease severity score was however, highly
significant (P = 0.01).

Farms with a mixture of both local and improved cassava
cultivars recorded relatively higher means of disease incidence and
severity score compared to farms with only improved cassava
cultivar, suggesting that, the local cultivar probably constituted
a source of inoculum to the improved cultivar. The highest means
of disease incidence (100%) and severity score (3.0) in relation to
mixtures of local and improved cassava cultivars were recorded in
the Abuja environ followed by those of the University farm, and
lastly by those of another farm in the Abuja environ. The
differences between the means with respect to disease incidence
and severity score on all three farms were not significant.

The means of both disease incidence and severity score were

generally higher on farms with cassava stands having a spacing of
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0.50m x 0.50m and 0.50m x 1.0m than those with a spacing of 0.75m
¥ 1.0m and 1.0m x 1.0m but the differences between these means were
not significant. There was however, some variation among farms
having the same spacing of cassava standq suggesting that other
parameters like crop mixture (Terry, 1973a), cassava cultivar,
bacterial strain and environmental conditions (IITA, 1985) were
probably responsible for such variations.

There waere significant differences between means of 2-3 months
old cassava plants and those more than three months in relation to
disease incidence and severity score with the former recording
higher values. This agrees with a report of IITA (1990) that, the
manifestation of the severity of CBR depends on plant age and time
of evaluation.

The results of this investigation indicate that CBB is more
widespread and severe in some parts of the Nigerian savanna than
others. Often, farmers have the tendency of transferring cuttings
from one location to another with the view to meet the planting
requirements of an area. This operation enhances the spread,
development and even saeverity of bacterial blight in areas
previously not affected or where it was minimal. It is therefore

necegsary to encourage the rapid propagation of resistant germplasm

and their distribution.
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4. EFFECT OF SOME CULTURAL PRACTICES ON THE INCIDENCE AND
SEVERITY OF CBB

4.1 Introduction

CBR incidence has been shown to be greatly influenced by
rainfall patterns and has been demongtrated to be highest during
heavy rains (Arene, 1972; Terry, 1976). Manipulation of planting
has therefore been recommended as a means of control. Ezumah and
Terry (1974a3) recommended that planting should be just prior to the
dry season or soon after the first rain of the year. Satisfactory
control has also been achieved by planting early, before the heavy
rains, with maize and melon as intercrops (Arene, 1990).

Results of several cassava-based intercropping studies have
shown that land productivity is higher under intercropping of
maize-cassava, bean-cassava and cowpea-cassava than monocropping of
maize or cowpea (TITA, 1974; CIAT, 1975; Okigbo, 1977). Terry
(1973b) and Arene (1977) reported lower incidences of CBB in
cassava/maize/melon mixtures than in sole cassava plantings.

Based on the rainfall pattern in the Northern Guinea Bavanna
zone (90D-1400mm/annum, falling mostly between May and Octcober), it
was therefore necessary to establish the effects of planting date
and intercropping of cassava with maize as well as the time of
introduction of the components of the mixture on the incidence and
severity of the disease.

4.7 Materials and method

One local and one improved cassava varieties were used. Each

variety was tested in two separate trials on the same site.
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4.2.1 Local Variety

Cuttings of approximately 20cm length were planted on the
crest of 5m long ridges at a spacing of 1m x 1m. Plot size was 5m’.
Maize, variaoly TZH, wan sown on one slde of the ridge at a rate of
two seeds per hole and a spacing of 50cm, on various dates
{Table 4.1). Approximately 52.5kg/ha of NPK (15-15-15) fertilizer
was applied by side dressing on both cassava and maize plants three
weeks after planting (WAP). The experiment was laid out in a
Randomized Complete Block Design (RCBD) comprising three dates of
planting treatments viz: 3rd July 1993; 17th July 1993 and 31st
July 1993 in nine replicates. With respect to cropping pattern,
there ware five treatments designated as A,B,C,D and R respectively
(Plates 3,4 and 5).

A sole cassava ridge was maintained at the beginning of each
replication as control and to enhance natural field infection.
Assessment of the incidence and severity of bacterial blight on
plants was done as outline earlier (Section 3.2). The data was
analysed statistically and differences between means determined
with Duncan's Multiple Range Test {(Duncan, 1955).

4.2.2 Improved Variely

The improved cassava variety, TMS 4(2)1425 and maize variety
TZB were used. The procedure was as outlined for local variety
above, but there were only two planting dates corresponding to the
last two dates of the local variety (17th July 1993 and 31st July

1993) and four cropping patterns or treatments (T1, T2, T3, T4) in
g8ix replicates (Tabhle 4.2).
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Plate 3: TLocal cassava variety intercropped with maize.
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Plate 4: Healthy local cassava plant in maize intercrop.

Plat 5: Diseased local cassava plant in maize intercrop.
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4.3 HResplts and Discussiaon

4.3.1 Local Variety

The results of the 1993 field trial are presented in Tablé 4.1,

4.3.1.1 Planting date _ _ - S e

CBR incidence and severity scors were generally higher in
Flants evaluated 14WAP than the same plants evaluated B8WAP but the
differences between these means were not significant. The means of
CBB incidence and severity score for July 3rd (A) plants were
greater than those for July 17th (€) plantg, however, there were no
significant differenceg between them. These were followed by July
31st (D) plants whose means were significantly (P = 0.0;) lower
than those of A and C plants. The lower mgans of CBB incidencs and
sevarity for ¢ and D plants compared to those of A plants were
corraelatad to the decrease in the amount of rainfall and relative
humidity {Table 4.3) following late planting.

| This experiment has demonstrated that the number of plants
infected and the severity of the disease were agignificantly
decreased with late planting. With referance to cassava crops
planted on July 3rd (A), planting on July 17th (C) and July 3ist
(D) in the same year reduced the number of plants infacted by 9.4%
and 54.7% respectively and decreased the severity of CBB by 9.8%
and 38.7% respectively.

Disease incidence and severity for July 3rd plants were
greater than those of July 17th plants probably becaude both maize
and Céssava were planted at the same time (contrary to 17th and

31st July plants in which maize was planted two weeks before
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cassava) with the result that, ths maizé plant.(in A} was not
sufficiently established leading to a low population density which
did not sufficiently reduce the dissemination of the CBB pathogen
which is known to occur through rain splash (Lozano and Sequeira,

1974b).
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Table 4.3: Weather records ip Samaru* during the field

experimental periods: 1993.

o e i — —  — — — — —— o — T —— i —— T — —— i — — — — —— " —— ———— —— T ———————

Months Rain Mean temp. (°C) % R.H. Sunshine Wind-

fall weremensmcemmmn . o——————————— hours speed

(mm) Max. Min. 10a.m 4p.m (km/h)
July 269.0 25%.5 20.2 78 .4 56.7 6.6 166.80
August 300.8 28.4 19.5 81.8 62.1 5.0 132.03
September 181.8 30.2 19.3 76.7 58.2 T80 TL.59
October 32.4 34.1 18.7 63.1 54.0 8.4 70,27

* Data were taken at the weather station in the IAR farm
close to Shika.
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4.3.1.2 JIntercropping |

The sole caséava treatment (E) (Table 4.1) racorded the
highest disease incidence {100%) eight weeks after planting (WAP).
All other treatments recorded higher CBB incidence 10WAP compared
with those recorded at 8WAP but the differences wers not
significant (P = 0.01). The disease did not spread beyond the
incidence recorded at 10WAP, The means of CBB severity score
obtained 12WAP were higher than thcse recorded 10WAP for all
treatments except for treatment A. Disease severity did not
increase following 12WAP in all the mixtures except in the . sole
cassava.

With respect to means of CBEB incidence and severity score
(Table 4.1), treatment E had the highest mean, followed by
treatments A, B and C in that order but there were no significant
differences between these means. Treatment D racorded the lowest
mean for both CBB incidence and severity. With respect to sole
cassava plantings (E)}, planting maize two weeks bafore cassava (C)
reduced the incidence and severity of the disease by 17.6% and
15.1% respectively. Within the cassava-maize 1intercrops, with
respect to simultaneocus planting of cassava and maize (A}, planting.
maize two weeks after cassava (B) increased the disease incidence
by 0.2% and reduced the severity by 1.7%. On the other hand,
planting cassava two weeks after maize (C) reduced both CBB
incidence and severity by 9.5% and 9.8% respectively with respect

to simultaneous planting of cassava and maize.
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4.3.2 Improved Variety. T o o R

The results of the 1993 field trial are shown in table 4.2,
4.3.2.1 Planting date |

The means of both CBB incidence and severity ﬁere lower for
July 31st plants (T3) than July 17th plants (T2). However, the
differences batween these means were not significant (P = 0.01).
Late planting therefore, decreased CBB incidence and severity and
these were probably due to the decrease in the amount of rainfall
and relative humidity (Table 4.3). | | |

4.3.2.2 Intercropping

In general, the means of CBB incidence and severity for the
treatments at 14WAP wers higher than those recorded at 8WAP (Table
4.2) but the differences between these means were not significant.
Treatment T4 registered the highest means of CBB incidence and
severity. This was followed by treatment T2, T1 and T3 in that
order, whose means did not significantly differ from those of
treatment. T4. With respect to sole cassava planting (T4),
planting maize twa weeks after cassava (T2} reduced both CBB
incidence and severity by 41.1% and 26.3% respectively. wWith
reference to sgimultaneous planting of rassava and maize (T1),
planting maize two weeks after cassava (T2) increased CBB incidence
and severity by 11.7% and 5.0% respectively. In contrast, CBB
incidence and severity were reduced by 28.2% and 15.4% respectively

when cassava was planted two weeks after maize (T3}.
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In both trials, CBB incidence and qeverity were.reduced in the
intercrops with the decrease being non significant in the local
variety but significant in the improved variety. On the other
hand, incidence and severity of the disease were higher in the sole
cassava with the increase being non significant in the local

variety but highly significant (P = 0.01) in the improved variety.
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5. EVALUATION OF CASSAVA VA 5] R CE TO
BACTERIAL BLIGHT

5.1. Introduction

Cassava bacterial blight (CBB) has been reported to cause
losses ranging from 20 to 100% depending upon the cultivar,
bacterial strain and environmental conditions (IITA, 1985). Otoo
(1989) listed some cassava varieties low in cyanide level and
resistant to various viral, bacterial and fungal diseases and
widely adopted in Nigeria. The level of susceptibility or
resistance of some of the materials in the savanna regions of
Nigeria has not been determined previously. It was against this
background that some randomly selected cultivars were evaluated for
their resistance to bacterial blight.

5.2, Materials and method

5.2.1. 1992 Wet Season Trials

5.2.1.1, On the I.A.R. Research Farm, Samaru, Zaria

A field trial was conducted during the months of July-October
in which six varieties of cassava (TMS 91934, TMS 30001, TMS 30572,
TS 4(2)1425, 60506 and local) were screened for resistance to
bacterial blight under natural field infection. The experiment was
laid out in a Randomized Complete Block Design (RCBD) with three
replications. The plot size was 3m x 5m, consisting of three
ridges spaced 1m apart.

Each plot was surrounded by a guard row of 2m wide. Cassava
cuttings of approximately 25cm length were planted on 14 July 1992

at a spacing of 1m on the ridges.
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Assessment of the incidence and severity of bacterial blight
was done as outlined in section 3.2, from eight weeks after
planting (WAP) to 14WAP.

5.2.1.2. On_ithe University farm, Shika, Zaria

Two cassava farms of IITA's experiments were assessed as

follows:

5.2.1.2.1 Twenty-ninhe varieties established from rooted cuttings

These were planted on 10 July 1992 at a spacing of 1m x 1m on

20m long ridges.

5.2.1.2.2 Fifty-three varieties established from "true" seeds

These were sown in June and transplanted on 13 July 1992 at a
spacing of 0.%m x 1.0m on 20m long ridges. |

Both experiments were laid out in a Completely Randomized
Design (CRD) and were assessed at the end of September 1992 fof CBR
severity as outlined in section 3.2.

5.2.2 1993 Trials

5.2.2.1 Pot Experiments

The pot trial was conducted during the months of March-June in
Samaru, Zaria for comparison of results with the six varieties
tested on the field during the previcus year. Clay pots were
filled with heat sterilized soil and cassava cuttings, 20-25cm
long, of each of the six varieties was planted on 26 March 1993 in
pots. The pots were arranged in a completely randomized design in
the open air and were watered daily throughout the duration of the

experiment.

41



Plants were inoculated 6WAP in the evening with a suspension
of the CBR pathogen prepared from plates of sucrose pepione agar
{SPA). The suspension contained ca. Z.leﬁ?cfu/ml. Adjustment of
the inoculum concentration to an optical deansity of 0.08 at 640nm
wavelength was carried out by the use of a spectrophotometer
{Spectronic 20, Bausch and Lomb, G. Britain). Inoculation was by
dipping a sterilized tooth~pick into the inoculum and producing a
gerateh of apprqximataly émm long on the leaf blade of the threa
lowast leaves of each plant. A separate foot-pick was used for
each leaf inoculated. Also, each plant was inoculated by stem
puncture using a different tooth-pick which was dipped into the
inoculum and maintained in the second axil (from the stem apex) for
approximately 12 hours. Control plants were treated in the same way
but using sterile distilled water. -

Plants were observed daily and assessed for bacterial blight
uging the method outlined in section 3.2. | |

5.2.2.2 Pield Expariments

Two IITA's experimental cassava farms located at the
University farm were used for this study as follows:

5.2.2.2.1 Eight cassava varieties established from in-vitro culture

These varieties were transplanted on 7 July 1993 at a spacing

of 1m x 1m.
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I

5.2.2.2.2 Thirty cassava genptypes establighed from "true" seeds

These varieties were transplanted on 30 June 1993 at a spacing
of 0.5m x 1Im aftef a one month nursery period. Both trials were
laid out in a CRD and also assessed three months after
transplanting for CBB incidence and severity under natural field

infection.
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5.3 Results apd biscussion .

5.3.1 1992 Wat Season Trials

5.3.1.1 The J.A.R. Research Farm Trial

The results of the 1992 field trial on six cassava varieties
are shown in Table 5.1. The differences between the varieties in
relation to CBB incidence and severity were significant (P=0.05).

With respect to CBB incidence, the local variety; varieties
91934, 60506 and 30001 registered the highest means followed by
varieties 4{2)1425 and 30572. The means of variety 91934 and the
local variety were significantly higher than that of variety
4{2)1425. However, the mean of variety 4{(2)1425 did not
significantly difier from that of variety 3G001. Variety 30572 had
the lowest mean disease incidence but there was no significant
difference between it and that of variety 30001. |

In relation to CBB severity,varieties 91934, local and 60506
had the highest means followed by those of varieties 30001 and
4(2)1425. The mean of variety 91924 was significantly higher than
those of varieties 30001 and 4(2)1425. The mean of variety 60506,
however, did not significantly differ from that of variety
| 4{2}142%. Variety 30572 again had the lowest mean but there was no
significant difference between it and that of variety 4(2)1425.

Hahn and Theherge (1985%) indicated that, screening for CBB
should be done during the wet season when conditions for symptom
development are maximum, Weather records during the experimental
period (Tahle 5.2) reveal that conditions were favourable enough

for any difference between varieties to be ot~~rved.

44



Although there were no sign%ficant différencas batween -
variefies TMS 91934 and local with respect to disease incidence and
severity, however, the local variety recorded more main shoot die-

backs than T™S 91934,
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Table 5:2: Weather records in Samaru during the field experimental

periods; 1992.

B e T T T T Y S ——Pp———

Month Rain- Mean Sunshine Wind-
fall Temperature hours spead
(mm) (°c) % R.H (km/h)
Max Min 10a.m 4p.m
July 243.6 28.4 19.8 82.6 68.1 6.2 146.78
August 287.3 29:5 20.0 83.0 22.8 4.9 150.46
September 229.7 29.5 20.2 78.6 65.1 4.6 94 .58
October 39.2 31.5 17.7 61.1 %2 8.9 68.98

——— — ———— i ——— — o —— —— o — —— " o S S S s T S T . . o St B S T S . B . W — o — -
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5.3.1.2 The University Farm Trial

5.3.1.2.1 Twenty-nine cassava varieties established from rooted -
cuttings

The results are presented in Table 5.3. Varietal differences
were highly significant (P = 0.01) with respect to CBB incidence,
severity score and the number of main shoot die-back per stand.

With respect to CBB incidence, the mean of variety TME II was
the lowest. There was no significant difference between it and
those of varieties 81/01135, Chop-an-die, 91/00931, 89/10003, ISU,
30572, 91/01189, Danwaru and Akala which recorded higher means,
The mean of variety 30572, however, was not significantly different
from that of variety Rogo-1 and all other varieties that had the
highest mean of CBB incidence.

In relation to CBB severity score, the mean of TME II was
again the lowest and was not significantly different. from those of
varieties 81/01135, 91/00931, Chop-an-die, 89/10003 and ISU that
recorded much higher means. The mean of variety ISU, however, did
not differ significantly from that of variety Danwaru and all other
varieties that had the highest means of CBB severity score.

The means of varieties Local-3, Local-2, Bakin Rogo, 91/0351,
91/00126, Danwaru, Dankporo, 82/00260, Bakin IRI-2, Local-1,
91/01189 and Chop-an-die were the highest with respect to the
number of main shoot die-back per stand evaluated. This were
followed by those of varieties 60506, 1-4 and ex-Obasanjo which

were significantly different from that of variety Chop-an-die.

48



Table 5.3: Incidence and severity of bacterial blight on 29
cassava varieties established from seedlings at the
University farm, Shika during the 1992 wet season.
S/ Variety Source Mean disease Disease severity
No. incidence ——m—mmmmmm——— e ————————
(%) Mean Score Number of main
(1-5) shoot die-back/
stand (%)
1. 30572 1990GP 72.35abc 2.45¢ Oc
ZARIA
b ex-Obasanjo " 96.30ab 2.98abc 04.67bc
3. 91/00058 " 100.00a 3.00abe Oc
4. 91/00126 % 100.00a 3.45ab 54.54abc
o 91/00931 i 54 .54bc 2.09cd Oc
6. 91/01189 n 72.73abc 2.55bc 18.18abc
T 91/00363 " 100.00a 3.00abc Oc
8. 91/0351 B 100.00a 3.36abc 63.64ab
9, Danwaru o 75.00abc 2.90abc 56.25ab
10. TME 11 w 0c 1.00d Oc
11. 60506 1990GP
ZARIA 100.00a 3.06abc 06.09bc
12, 82/00260 # 100.00a 3.45ab 27.27abc
13. 91934 . 94 ,18ab 2.88bc Oc
14. 4(2)1425 » 89.99%ab 2.81bc 01.80c
15. Local-1 ZARTA 100.00a 3.19%9abc 19.05abe
16. Bakin Rogo . 100.00a 3.74a 83.33a
17. Bakin Iri-2 " 100.00a 3.2babc 25.00abc
18. 1-4 1990GP
ZARTA 100.00a 3.09abc 09.09bc
19. Local-2 " 87.50ab 3.44ab 97.32a
20. Local-3 Ebevya
village 100.00a 3.78a 100.00a
21. Chop-an-die - 50.00bc 2.13¢cad 12.50abc
22. 30555P - 100.00a 3.00abc Oc
23. 81/01135 - 42 .86bc 1.86cd Oc
24, 1Isu - 66.67bc Z2.33cd Oc
25. Rogo-1 - 80.00ab 2.60bc Oc
26. Akala - 75.00abc 2.50be Oc
27. 89/10003 - 57.14bc 2.14cd Oc
28. Atu-Iwo - 90.91ab 2.82be Oc
29. Dankporo - 100.00a 3.44ab 44 .44ab

B R ———————eE R PR et

Column values followed by the same letter(s) are not significantly
different at P = 0.01.
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The mean of variety 4{2)1425 was the lowast bﬁt there was no
significant difference between it and that of variety ex-Obasanjo.
All othar varieties did not show a die-back of the main shoot.
Correlation analysis (Table 5.4) revealed that the rela-
tionship between CBB incidence and severity score, and CBB severity
score and number of main shoot die-back per stand avaluated were
positive (0.928 and 0.651 respectively) and highly significant with
86% and 42% coefficient of determination respectively. The rela-
tionship between CBB incidence and the number of main shoot die-
back per stand was positive (0.331)} but not significant. On these:
bases, varieties TME TII, 81701135, 91/00931, 89/10003, Isu and

30572 were most resistant to the disease.



Table 5.4: Correlation analysis of pai 0 ara ers obta

screening 29 cassava varieties for bacterial blight at
the University farm, Shika during the 1992 wet season.
Correlation Coefficient of
Pairs of Parameters Coefficient (r) Determination (r’]

——— T — ———— e . o S i . o — —— — —————— T ————— — T ———(——— " ———

Disease incidence and
saverity score 0.928*% 0.86

Disease incidence and number
of main shoot die-back/stand
evaluated 0.331N8 0.11

Disease severity score and

number of main shoot die-back/
stand evaluated 0.651%% 0.42

—————— — —— T ———— o ——————————— ———— T —— T S - T ———— T ——— —————
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5.3..1.2.2 Fifty-thros cassayn varielies sown from "trua® seeds
Tha ronultas nro ghown in Table 5.5, The differances hatween

varietier wag highly significant (P=0.01) with respect to means of

Gt Inecldeance and savarity.

™ ralation to CAR Incidenca, tha maan of variaty B2/00876

wate tho lowasgl, 'hin war followad by thoge of varlaeblens Qranl and
A(2)1425% raspactivaly. The mean of CRB incidence was high in 43
out of the 53 varieties evaluated, amongst which was variety
4(2)0267 whose mean, however, was not significantly different from
those of variéties 60506, Zaria bulk and 1095%-D with lower means.

With regards to CBB severity score, the mean of variety Broni
was the lowest. This was followed by those of varieties 82/00576
and 81983 which did not significantly differ from the means of
varieties 82/0447, Local-3, Atu Iwo, 4(2)1425 and 4(2)0267 with
much higher means. Thirty-two out of the 53 varieties had very
high CBB saeverity scores amongst which were varieties Olekanga and
Kwukwurl Ehinia whose means were not significantly different from
those of varieties 30001, Zaria bulk, B11 and NR 8212, but differed
significantly from that of variety 4{(2)0267. |

As evident from this trial, no cassava variety was iﬁmuna to
the disease based on disease severity scores. However, some
improved varieties such as 4(2)1425, 81983 and some local varieties
such as Broni, Atu Iwo and Local-3 were relatively resistant.
compared to the other varieties. To better assess the economic
importance of the disease, it will be necessary to determine the

potential yield of these varieties under disease-~free conditions.
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5.59: Inc;depce and_severity of bacterial blight on 53 cassava
varieties sown from “true’ seeds at the Universiiy farm,
Shika, during the 1992 wet sealgon. !

— . L e i e ks e i e B e . s B ke i g it o R o ] . . Akl T ot Ll A T . AL . kYR et L . ik A AR e S i PR T e b et e

Maan disease Maan disease

Serial incidence severity
No. Variety _ Source (%) score {1-5)
1. PYT Y/R ZARTIA, 1992

GSN. 100.00a ' 3.00a
2. High Yield and -

Resistant " 100.00a 3.00a

3. Tarraka Uganda 80.00g 3.02a
4, Bl11 Uganda 85.60f 2.8584
5. CE Exotics ZARIA 1991GSN 100.00a _ 3.00a
6. Mokwa bulk " 100.00a 2.80e
7. CGM evaluation " " 100.00a 3.00a
8. NR 8212 - : _ 100.00a 2.83de
9. 30853 B : 100.00a 3.00a
10. CE Poundahle - 100.00a . 3.00a
11. PYT bulk - 100.00a 3.00a
12. Ankara Ghana 100.00a : 3.00a
13. Ankara Tatum " 100.00a - 2.70ef
14, Broni Mckwa 1991

Local Germplasm 58.331 ' 1.58k

15, 82/00576 ZARTIA 1991GSH 38.46) s 1.773
16. Busumensia Ghana 100.00a . 3.00a
17. Suleja-4 Wiger : 100.00a . 3.00=a
18, 81983 { LCM

Poundable) ~ Zaria 1991GSH 75.89h ~1.86]
19. Dan Pam Mckwa, 1991
Local germplasm 100,.00a 3.00a
20. AYT Serra _

' Leon bulk Serra leon 100.00a 3.00a
21. Clonal bulk Serra leon 100.00a - 2.70f
22, 84/00040 Zaria, 1991GSN 100.00a 3.00a
23. 82/00249 " 100.00a 3.00a
24. 82700033 w 100.00a 3.00a
25, Rogo-Giwa Mokwa, 1991LGP 100.00a 3.00a
26, Rogo-2
: ‘ { Zuguruma ) " 100.00a 2.69f
27. Panva-Akpu " 100.00a 3.00a
28. Omi-Alata " -~ 100.00a 3.00a
29. 40764 " ' 100.00a 2.40gh
30. Rekiva Osojokodo _ " - 100.00a 3.00a
31. 820422 " 100.00a - 3.00a
32. 81/01135 " 100.00a 3.00a
33. 30474 " 100.00a 3.00a
34, 30555 " 100.00a 3.00a
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Sarial
Ny .

Moan direasae Mean disease

Variely

Loeal 1
(Okonkwo-1)
10040

hocal -2
Rogor-1
(Zugurimn)
Aru JTwo
Local-3
4(2)1425
RIKT2
/g2/,00003
1095-D
30001
A2/0447
Olalkkanga
Kwiikwiir |
30572

Fhinia

91934
4(2)0267
60506
zaria bulk

bhinja
Mokwn,
Ublaja

1991 LGP

Mokwa , 1991L4P

n

Zaria, 1991GSN

Mokwa, 19911L.GP
L1]

Zarin, 1991

GSN/PIS
n

Zaria, 1990PYT

incidence

100.00A
100.00n
100.00a

100.00aA
100.00a
100.00a
75.56h
100.00a
100.00a
100.00a
95.45da
100.00n
100.00A
100.00n

1060.00a
94.12e

100.00a
96.43bcd
96.15cde

severity
reore (1-5)

e . — et W . S W e e ————  — ———— — ——— S——— -

3.06nA
3.00n
2.671

3.00aAa
2.001)
2.00i3
2.111%
3.00a
3.00aA
3.00a
2.91bed
2.001)
3.00A
3.00n

2.63f
2.659f
2.13hi
2.43g
2.88cad

——————————— T —————— T —— ——————— —— T — ——— — -

Column values followed by the same letter(s) are not

different at P =

0.01.
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5.3.2 1993 Trials

5.3.2.1 Pot Experiments

The results obtained are shown in Table 5.6. Varietal
differences in CBB incidence were not significant. Varietal
differences in CBB severity score were, howevef, highly significant
(P =10.01). The means of the local variety; varieties 60506, 91934
and 30001 were the highest. These were followed by the means of
varieties 4(2)1425 and 30572, which did not significantly differ
.from thosa of varietias 30001 and 91934, h

Although environmental conditions of rainfall and humidity
(Table §.7) were not so favourable for symptom devslopment, the
results of the 1993 pot expariment had thus confirmed the rasults
of the 1992 field trial that CEB incidence and severity were lowest
in variety 30752 followed by variety 4(2)1425. The local variety,
varieties 91934 and 60506 (Plate &) were the most susceptibla.
Variety 30001 in both frials was moderately resistant compared tao

varieties 4(2)142% and 60506.
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Plate 6: Tip die-back of main shoot in 60506
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Table 5.6: Incidence and severity of bacterial blight on 6
cagsava varieties_in the 1993 pot experiment. "

o o —— 1 o . o . o o T — o o o S —————————————— — -

Mean disease incidence Mean disease severity

(%) score (1-5)
Variety 10WAP and 12WAP 10WAP and 12WAP
™s 91934 100.00  2.83ap
TS 30001 100.00 2.67ab
TS 30572 63.50 2.13b
T™S 4(2)1425 71.43 2.29b
60506 | 100.00 2.67ab
Local 100.00 3.50a

— e — i —— ———— — ] ] —— —— o — . "y T — T T ——— S, S o S S B S B B S

Column values followed by the same letter(s) are not significantly
different at P = 0,01
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Table 5.7. Weather records in Samaru during the period for the
pal experiment in 1993.

Mean _
temperature Sunshine |Wind-
(°C) | % R.H lhours | speed
Month|Rainfall (km/h)
(mm) Max. Min, 10a.m 4p.m

March| Nil 34.4 18.2 31.5 29.7 - 442 .17
April 8.3 36.56 23.5 42.7 33.8 - 161.6
May 113.6 37.8 22.0 62.9 46.8 8.2 204.74
June |155.8 31.17 20.9 72.7 51.8 7.6 183.0




5.3.2.2 Field Experiments

5.3.2.2.1 Right cassava varieties established from in-vitro

culture.

The results of the trial are shown in Table 5.8. Varietal
differences in CBB incidence, CBR severity score and the number of
main shoot die-back per stand were highly significant (P=0.01).

With respeclt to CBB incidence and severity score, the means of
variety TMS 3055% were significantly lower than the other seven
varieties (TMS 60444, TME II, TMS 91934, TMS 30001, TMS 63397, TMS
30572 and TMS 4(2)1425). 1In relation t¢ the number of main shoot
die~back per stand, the mean of variety TME 11 was significantly
higher than that of variety TMS 60444. The other varieties which
did not have any die-back of the main shoot were not significantly
different from variety TMS 60444,

Correlation analysis (Table 5.9) revealed that the.
relationship between CBB incidence and severity score was positive
{0.839) and highly significant (P=0.01) with 81% coefficient of
determination. Tha relationships ﬁetwaan CBB incidence and number
of main shoot dié—back per stand, CBB severity score and number of
main shoot die-back per stand were positive (0.189 and 0.537

respactvely)} but non-significant.



Table 5.8: Incidence and severity of bacterial blight on B cassava

varietie§ from in-vitro establishment. at the University
tarm, Shika, during the 1993 wet season.

T S A Ll A R b e s e e s e L h el Rl oy e A T A A AT R e e A e A LY AL A Al M . S Sy T . okt pn e o T — S —

e e Lt e U —

Variety Mean disease Mean score Number of main

incidence (1-5) shoot die-back/
(%) stand (%)

THS 60444 100.00a  2.92a 2.780

TMS 4{2)1425 96.23a 2.8%9a Ob

™S 91934 100.00a 2.89a ab ﬁﬁ

T8 30555 72.73b 2.36D 0b

T™ME T1I 100.00a 3.20a 20.00a

™S 30001 100.00a 2.82a 0b

TMS 63397 100.00a 2.97a Ob

T™S 30572 100.00a 2.97a 0b

Column values followed by the same letter(s) are not significantly
different at P = 0.01.

(§34)



Table 5.9: Correlation analysis of pairs of parameters obtained in
screening 8 cassava varieties for bacterial blight at
Lhe University farm, Shika during the 1993 wel season.

— e = e e o e o T e o — — — —  ——— —— — ——— — e e e o o

Correlation Coefficient of
Pairs of Parameters Coefficient (r) Determination (r’)
Disease incidence and
severity score 0.899%%* 0.81
Disease incidence and number
of main shoot die-back/stand
evaluated 0.189N8 0.04
Disease severity score and
number of main shoot die-back/
stand evaluated. 0.537NS 0.29
** = Highly significant (P = 0.01)
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CBB severity in plants can result in die-back of the main

shoot. as was the case with TMS 60444 and TME II. However, some
cassava varietias such as TMS 4(2)1425, TMS 91934, TMS 30001,
TMS 63397 and TMS 30572 though with similar disease severity score
like TS 60444 and TME 1I, did not show any wain shoot die-back.
These varieties, however, showed other symptoms of severe attack
such as wilting and defeoliation.

%.3.2.2.2 Thirty cassava genotypes sown from "trus" seeds

The reasults of the trial are presented in Table §.10.
Differencses between genotypas with respect to CBB incidence,
severity score and the number of main shoot die-back psr stand were
highly significant (P=0.01).

In relation to CBB incidence, the mean of genotype 89/00053 5,
was the lowest amongst the 26 genotypes that had the highest means.
The mean of genctype 30572 x 30001 Zaria was the lowest. However,
there was no significant difference between it and that of genotype
89/00053 §.

With respect to CBB severity score, the means of genotypes
30572 x 30001 Zaria, €/E Bulk Zaria and (91/01124 x BP)HS were the
lowest. The differences hetween these genotypes and that of
genotype 30572 x 4(2)1425 Zaria, which was among the genotypes that
had the highest means, were not significant. However, the means of
genotypes [820249USIHS = HSE, 30572 X 60121 Zaria, and (Local 1285
HS) HS:HSE, which ware also among those genotypaes with the highest
means, ware significantly different from that of genotype {91/01124
X BP)HS.
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Table 5.10: Incidence and severity of bacterial blight on_ 30

cassava _genolypes sown from "true" seeds at the

University farm, Shika during the 1993 wet season.
Mean Disease severity
disease  ~mmremmmmmee e
incidence Mean Score Number of main
(%) (1-5) shoot die-
S/ back/stand(%)
No. GenolLype
1. C/E. CIAT Bulk 1992 Ibadan 96.67ab 3.00abed 13.33bcd
2. C/E. NY/R ————m e 100.00a 3.00abcd od
3. C/E. Exotics H8! ———emeuee 100.00a 2.87cd 2.19d
4. PYT Bulk HS Z?ria ————————— 97.50ab 2.90cd 0d
5. Mokwa bulk HS® —————emee—m 98.11a 2.98bcd 3.774
6. PYT Y/R - 97.14ab 2.91cd 2.86d
T C/E COGM ————rmm e e e e 100.00a 2.98bcd 0d
8. C/E Poundable and low
cyanide HS* -—-———=—=- ———— 100.00a 3.08abcd 7.69cd
9. C/E 1992 SM1248-15 ———-——- 100.00a 3.00abcd 8.33cd
10. AYT Bulk Zaria -—--—-=——=—==—= 100.00a 2.90cd 20.00abecd
11. C/E Bulk Zaria -————-====== 88.24bcd 2.76d 5.88cd
12. [820249HS]HS=HS1 ————————— 100.00a 3.42a 34.62a
13. [820447HS]HS=PS ————————— 100.00a 3.24ab 29.41ab
14. (40T74HSINES=HS* Zaria ----- 100.00a 3.20ab 25.00abc
15. (91/01124%XBP)HE ———mmemmmm 93.10abc 2.76d 0d
16. (91/01121%BP)HE ————====== 88.24bcd 2.82cd 5.88cd
17, ISy === 96 .00ab 3.20ab 40.00a
18. 30001 x BP Zaria ---—————- 92.31abc 2.77cd 7.69cd
19. 30572 x 30001 Zaria -—---—- 71.43d 2.574 14.29abcd
20. 30001 HS === 90.91abc 3.00abcd 18.18abcd
21, 30572 x 60121 Zaria -----—- 100.00a 3.36a 35.29a
22. 305672 x 4(2)1425 Zaria --- 75.00cd 3.00abcd 50.00a
23. (LOCAL-1045 OP)OP=Za{ia -- 90.00abecd 2.90cd 10.00cd
24. (LOCAL-1285 HS)HS=HS* ---- 100.00a 3.33a 33.33ab
25. 89/00053 Sl —————————————— 88.89abecd 2.78cd 0d
26. 84/00042 Zaria ---—-—-————-— 100.00a 2.90cd 0ad
27. 30572 8y ————=mmmmmm e ————— 100.00a 3.20ab 20.00abcd
28. 91/01138 8§y ————————mmmmm 100.00a 3.06abcd 12.50bcd
29. 91/00300 HS ~——————emmmmemm 91. 30abc 2.83cd 8.70cd
30. 91/02261 HS —————mm—mmmm 91.67abc 3.17abc 41.67a

Column values followed by the same letter(s) are not significantly
different at P = 0.01.
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With respect to the number of main shoot die-back per stand,
the means of genotypes C/E Exotics HS‘,-PYT Y/R, and Mokwa bulk ust
were the lowest among those genotypes that had a die-back of the
main shoot. There were, however, no significant differences
between their means and those of the genctypes that had no die-
back. The mean of genotype C/E Exotics Hs! was not significantly
different {rom that of genotype AYT Bulk Zaria which was among the
genotypes with the highest number of die-backs. That of genotype
C/F Exotics HS‘, however, was significantly different from the
mean of genotype [820249HS]HS=HS2 which was also ameng those that
had the highest number of die-backs.

Correlation analysis (Table 5.11) Tevealed that, the
raelationship between CBR incidencs and the number of main shoot
die-back per stand was negative and non-significant. Genotypes
could not therefare be easily separated on this basis because most
genotypes that recorded a high disease incidence did not
necessarily record high values of main shoot die-back and vice
versa. This was clearly demonstrated by genotypes 84/00042 zaria
and 30001 X BP Zaria. The relationships between CBB incidence and
severity score, CBB geverity score and the number of main shoot
die-back per stand were positive (0.554 and 0.669 respectively}'and
highly significant with 31% and 45% coefficient of determination
respectively. Genotypes were easily separated on the last two
bases. On the basis of this gcreaning, genotypes C/E Exotics HS‘,
PYT Bulk HS Zaria, PYT Y/R, C/E Bulk zaria, (91701124 x BP)HS and

(91./01121 x BP)}HS were the most resistant to the disease. On the
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Table 5.11: Correlation analysis of pairs of parameters obtained

in screening 30 cassava genotypes for bacterial blight
at _the University farm, Shika during the 1993 wet
season.
Correlation Coefficient of
Pairs of Parameters Coefficient (r) Determination (r%

—————————— . —— T —— T T ————— T ———— — —— — T I . ! o T — T _——— —— — ——— S W W .

Disease incidence and
saeverily score 0.554%% 0.31

Disease incidence and number

of main shoot die-back/stand

evaluated -0.148N8 0.02
Disease severity score and

number of main shoot die-back/
stand evaluated. 0.669%% 0.45

. —————— i ——— —— T ———— i ————— i ——— — — ———— - ——— T — T — i ———
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contrary, genotypes (820249HS)HS = HSI, (82044 7HS)HS HS!,

]

[407418]0S=Ns’ Zaria, (Local 1285HS)HS = HS!, 30572 S, and 91/02261

HS were the most susceptible.
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6. SURVIVAL AND POPULATION DYNAMICS OF Xanthomonas campestris pv.

6.1 Introduction

Xanthomonas cawpestris pv. manihotis causes the severe cassava
bacterial blight (CBB) disease characterised by éngular leaf spots
and blights, and a systemic infection of the stem leading to wilt.
The epiphytic phase of X. c¢. pv. manihotis has important
implications in the epidemiology of the disease, constituting one
source of inoculum (Daniel and Boher, 1985}. The objective of this
work was to determine the longevity and population dynamics of the

pathogen in infected cassava leaf trash during the dry season.

6.2 Materials and method

Trash showing angular spots was collected from heneath
diseased cassava plants every two weeks during the dry season for
laboratory assay. Five grammes of the sample was comminuted in
100m] sterile distilled water and allowed to stand for two hours at
room temperature. Serial dilutions of the suspension ranging from
fI.O'l to 100 were then preparsd. Approximately 0.1ml of the
suspension was pipetted on to the surface of sucrose paptone agar
(8PA) in Petri dishes and gently swirled round to ensure a uniferm
spread of the suspension. Three Petri dishes were used for each
dilution. Plates were then incubated at 30°C for 48-72 hours after
which the bacterial c¢olonies were counted and identified. A
suspension of the pure culture of the CBB pathogen in sterile tap
walter was prepared and preserved for use in subsequent comparisons

with isolates from other samples.
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Trash from two cassava varieties, local and'improved
(TMS 4(2)1425} were sampled separately. The colony count par
gramme of trash was calculated using the method indicated by
Collins and Lyne (1976} viz:
Colony count/g tissue = Average no. of colonies per plate x
reciprocal of the dilutiom.

6.2.1 Pathogenicity Test of Isglates

The isolates obtained from plates of SPA were purifiad by
rapeated sub-culturing of colonies onto 8PA plates. The
pathogenicity of isolates obtained was determined using two methods
at the beginning of the investigation (April 1993) and just prior
to the establishment of the rains (June 1993). The first was the
hyparsensitive reaction [(HR) of plants using potted tobacco

{(Nicotiana tabacum var, White Burley) plants (Klement, 197%5). A

hacterial suspsnsion of gca. 2.2 x 10/ cfu/ml was prepared as
indicated in sgection 5.2.2.1. The suspension was then injected
into the intracellular spaces of the tobacco leaf using a 30 G
needle,

The second method of pathogenicity test involved the use of
six wesk 0ld potted cassava plants. The bacterial suspensions were
prepared from 48 hour o©ld culture grown on SPA and injected into
the lutracellular spaces of the cassava leaf using a 30 G needle
and maintained in a humid condition for 8 hours. Control plants

were inoculated with distilied water and treated in the same way.
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6.3 Results and Viscussion

Two types of colonies, a fast growing mucoid colony and a more
discrete cream colony were observed 48 hours and 72 hours
respactively after incubation (Plate 7). Only the more discrete
cream isolalte proved pathogenic to cassava plants. This isolate
was obtaipned almost as a pure culture following re-isolation from
artificially inoculated cassava plants on which angular leaf spots
were Ohserved 4 days after inoculation. However, neither of the
two isolates was able to evoke the HR on tobacco plants which
agrees with earlier observation by Lozang and Sequeira {(1974a).

The population of X. campestris pv. manihotis is given in
Figures 6.1 and 6.,2. The pathogen was found to survive for
approximately 9 months in leaf trash collected beneath diseased
cassava plants. In general, as relative humidity increased (Table
6.1) hetween the months of April-June, so did the bacterial
populations. The bacterial population then gradually declinad as
humidity decreased with the enduring dry season (October-Marchj}.

Bacterial populations were generally higher in the local
cultivar than the improved cultivar except during November and
December. In ths 1lpcal cultivar, these populations were
significantly higher than those of the improved cultivar in May-
June and January-March compared with other sampling periods. The
populations of the pathogen in April were minimum {4.67 Xx 10t ana
4.33 x 105coloniesjg of trash for the local and improved cultivars
raspectively) while the highest was recorded in October (384.83 x

10" and 321.5 x 10% colonies/g of trash for the local and improved
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Plate 7: Colonies of XanLhomonas maniholLis (indicated by arrows)

on plate of 8PA after 72 hours incubation.
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Table 6.1:

Wealher records in Samaru during the experimental

periods.
Mean
Month Rainfall| temperature Sunshine |Wind-
(i) {%€) | % R.H hours | speed
= (km/h)
Max. Min. |10a.m 4p.m
ﬁ;rch‘és T -154.4 hla.z 31.5 29.9 - 442.17
April'93 8.3 36.5 23.5 42.7 33.8 - 161.6
May '93| 113.6 37.8 22.0 £2.9 46.8 8.2 204.74
June'93 155.8 31.7 20.9 T8t 51.8 7.6 183.0
Sept'93 181.8 30.2 19.3 76.7 58.2 7.0 75.558
Oct.'93 32.4 34 .1 18.7 63,1 54.0 8.4 TO .27
Nov.'93 Nil 33.6 14.1 -~ ~ 8.6 74.51
Dec.'93 Nil 29.1 14.1 1.0 25.0 6.2 136.88
Jan. '94 Nil 29.6 13.8 23.1 18.7 6.8 100.41
Feb. '94 Nil 1.6 16.0 13.8 12.6 5.9 92.149
Lﬂfrch'94 Nil 37.3 19.9 19.7 25.17 6.4 83.78
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cultivars respectively. These observations were'comparahla to
those of Persley (1978) who indicated that a higher population of

fanthomonas campestris pv. manihotis is known to survive in plant

debris at the beginning of the dry season (December) than after the
first rains (April) in the savanna region.

CBB incidence and severity are high during the rainy season
(Hahn and Theberge, 1985). Therefore, before October, senescent
infected cassava leaves that fell during the cropping season {(Juna-
July) and subjected to mild environmental conditions {temperature
of 20-30%C and relatiﬁe humidity of 52-82%) were probkably
responsiblie for the high bacterial populations in October. In
contrast, before April, the harsh environmental conditions
{temperature of 14-37% and relative humidity of 13-32%) of the dry
season were probably responsible for the low bacterial populations
in April.

Most plant pathogenic bacteria do not form spores and this
places them at a disadvantage during the intercrop season (Leben,
1974). Moreover, Xanthomonads are known to lack competitiva
saprophytic ability, hence Buddenhagen {1965%) classified them as
pathogens whose s011 phase is one of a rapid decline in population,
without contributing much to the propagation of disease from one

season Lo another.
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The survival time of X. g. pv. manihotis in ieaf trash is
further supported by earlier reports (Ikotun, 1977) that, the
pathogen survives long periods of desiccation in the field mainly
in bacterial ooze and in infected host tissues or remains. To
prevent them from serving as a source of inoculum, infected plant

debrigs should be gathered and burnt.



7. SUMMARY AND CONCLUSIONS

A disease survey was conducted at the end of the 1993 wet
season to determine the status of bacterial blight in some cassava-
growing areas in the Nigerian savanna. Various locations were
visited and assessed for the incidence and severity of the disease.
The Southern Guinea Savanna zone recorded higher means of both
disease incidence and severity than the Northern Guinea Savaana
zone, Some variation was observed at every environ visited and
this was attributed to the crop mixture, cassava cultivar, spacing
and plant age.

Field trials were carried out during the 1993 wet season on
the University farm, Zaria to investigate the effects of planting
date and intercropping of cassava with maize on the incidence and
severity of the bacterial blight disease on two cassava cultivars.
Control of cassava bacterial blight (CBB) was achieved through late
planting of cassava. The decrease in CBB incidence and severity
was significant and non-significant in the local and improved
cultivars respectively in two separate trials. In both varieties,
CBR incidence and severiLy were significantly reduced in the
intercrops than in the sole cassava plots. However, there were no
significant differences in the time of introduction of the
components of the mixture with respect to means of CBB incidence
and severily.

Screaning for CBB resistance in the 1992 field and 1993 pot
trials in Samaru, Zaria using six cassava varieties of varying

susceptibilities revealed that, CBB incidence and severity were
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lowest in TMS 30572 followed by TMS 4(2)1425. The local variety,
T™S 91934 and 60506 were the most affected. TMS 30001 was
moderately resistant compared to TMS 4(2)1425 and 60506. In two
separate trials using 29 and 53 cassava varieties, the improved
varieties TME 11, TMS 30572, TMS 4(2)1425, TMS 81983 and the local
varieties, Isu and Broni were found to be resistant to CBB.
Assassment of eight improved cassava varieties from jn-vitro
culture undsr natural field infection during the 1993 wat season on
the University farm revealed a higher incidence and severity of CBB
compared with plants established from rooted cuttings in the
previous year. However, CBB incidence and Sseverity were
significantly reduced in TMS 30555 than the other seven varieties
{(TMS 60444, TMS 4(2)1425, TMS 91934, TME II, TMS 30001, TMS 63397
and THMS 30572).

Research aimed at determining the potential yield of these
cassava varietieg need to be carried out in this agro-ecological
zone in order to correlate the results of this finding to yield.

Lastly, investigations were also carried out to determine the

longevity and population dynamics of Xanthomonas campestrig pv.

manihotis during the dry season. The pathogen was found to survive
for approximately 9 months in leaf trash collected from beneath
diseased plants. The bacterial populations were found to be
minimum at the beginning of the rainy season (April) and maximum at
the beginning of the dry season (October) in trash of local and

improved cassava cultivars.
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APPENDICES
Analysis of variance (ANOVA) of parameters used in the
evalualion of cassava bacterial blight in the 1993 disease

et e —— T —— i ——— i ————— . —— i ————— T — T — ——— —— ——— — ——————

Source of variation DF S8 MG ¥
Location 39 8.2033 0.2103 5.7874*%%*
Error 41 1.4901 0.0363

Total 80 9.6934

—————— ————— —— . — — — ——— - — — . f— S S S — — A T —— T — s i

o o o . o i o g T 8 i i . T T —— A —— ———— — T ——— ——

Source of variation DF S8 MS F
Location 39 36.0429 0.9242 7.3960*x%
Brror 41 8.1232 0.1250

Total 80 41.1661
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T — e o ——— T —— T T ——— ——— —— ———— f——— . ———— " ——

Source of variation DF 388 M8 F
Area 3 1.0294 0.3431 3.21256%*
Error 717 8.2244 0.1068

Total 80 9,2538

- ——— i St Tt i S T e o Wi ] o o i T S S e . . S . . S — T —— ——

9.1.2.2 HMean disease severily score

o e e —— T — T — e, T ——

Source of variation DF 88 MS F
Area 3 6.0667 2.0222 4,5964*%*
Frror 77 33.87170 0.4400

———————— ——— —— — —— T — T — i S S — T Sy, WA i S A P S B D B . W S S . $d e S T > W S

Total 80 39.9437
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9.2 Analysis of variance (ANOVA) of parameters used in determining

the effectls of planting date and intercropping of local

baclLerial blight (CBB) in the 1993 field experiments.

9.2.1 Mean* disease incidence

e — e T —— e — . — T T — T—— T — T T S T o T T T — T —

Source of variation DF 88 MS F
Replication 8 2.0244 0.2531

Sole vs intercrops 1 1.6762 1.6762 8.7348*%*
Within intercrops 3 5.9237 1.9746 10.2897**
Error 32 6.1419 0.1919

Total 44 15.7662

@ —————— ——— s —— ———— T — S . o, i o T — e o U T —— T T ———— -

Source of variation DF S8 MS F
Replication 8 11.7911 1.4739

Sole vs intercrops pi 8.4500 8.4500 8.5096*%%
Within intercrops 3 28.8128 9.6043 9.6720%%
Frror 32 32.77712 0.9930

Total 44 80.8311

e e ——— o —— o o o s g o S, T . o T —— - —



9.3 ANOVA of parameters used in determining the effects of

planting date and intercropping of improved cassava variety

THS 4({2)1425 on the incidence and severity of CBB in the 1993

field experients.

9.3.1 Mean* disease incidence

s ————— T S ——— —— o — T o . o . — T ——— " o T T 7

Source of variation DF 58 MS F
Replication 5 2.3585 0.4717
Sole vs. intercrops  § 3.2875 3.2875 13.6800*%*
Within intercrops p s 0.5197 0.2599 1.0815NK8
Frror 15 3.6047 0.2403
Total 23 9.7704

9.3.2 MHMean* disease severily score

—— i ————————— e o T ——— —— — ———— — T —— T —— ———— . — —— ] — T ———————

Source of variation DF 88 MS F
Replication 5 8.2330 1.6466

Sole vs. intercrops 1 12.6253 12.6253 12.6684%*
Within intercrops 2 1.77338 0.8867 0.8897N8
Rrror 15 14.9488 0.9966

Total 23 37.5804

s — i ————— i — " ———— T — . e f—— T T ——— . — — S ——— T ———— -



9.4

9.4.

ANOVA of parameters used in the evaluation of 6 cassava
varieties for resistance to bacterial blight in the 1992 field

——— . T o T T T T o i e i e e e i e . i St S e e — T ————— i ——— —— — -

Source of variation DF 8S MS F
Replication 2 0.0966 0.0483

Treatment 5 4.4092 0.6813 6.0230*=%
Error 10 1.1323 0.1132

Total 17 4.6381

i —— i ——————— — i 7 . e i T —— " —— i o el T — . —— ——— —— ———

Source of variation DF a9 M F
Replication 2 0.2133 0.1067

Treatment 5 13.7482 2.7496 5.4052*
Frror 10 5.0867 0.5087

Total 1% 19.0482
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.5 ANOVA of parameters used_in the evaluation of 29 cassava

varieties for resistance to bacterial blight at the

University farm, Shika, 1992 wet season.

.5.1 Mean disease incidence

e A —————

Source of variation DF 88 M5 F
Treatment 28 1.8372 0.0656 3.9832%*
Frror 21 0.3459 0.0165

Total 49 2.1831

—— e —— — — — T ——— — — o — — —— T —— —— T ——— . — — o T o S My Tt S S . ) S — g ————

e — o —————— . T i e S . T . T ———— — T —— —— —— — . . . . S s S

Source of variation DF 88 MS F
Treatment 28 12.7448 0.4552 3.6237%xx
Brror 21 2.6378 0.1256

Total 49 15.3826
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-5.3 Mean number of main shoot die-back per stand:

Source of variation DF SS MS F
Troeatment 28 5.1259 0.1831 3.1999*%*
Error 21 1.2014 0.0572

Total 49 6.3263

s o ——— T o ot o o e e e e e e, o et o o o o e o

.6 ANOVA of parameters used in the evaluation of 53 cassava

varieties for resistance to bacterial blight at the

!

University farm, Shika; 1992 welt season.

.6.1. Mean disease incidence

Source of variation DF 88 M8 F
Treatment 52 26.2568 0.5049 12.7125%x
Error 2.901 115.2276 0.0040

Total 2,963 141,4844
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9.6.2 Mean disease severity score

9.

9.

;I

1

———————— ———— — T . S S S S —— T —— — —————— T — —— T — T ———— — ]

Source of variation DF 88 MS F

S T

Error 2,901 160 ,0955

o, en e
S5 a2 sacandtrs send o in asalacibun. f B ansi -

varieties for resistance to bacterial blight in the 1993

pol experiment..

Mean disease incidence

e - ———— o — " —— " T f— — — — ——— ————— ————————— —

Source of variation DF 88 MS F
Treatment 5 1.0020 0.2004 1.8198NS
Error 30 3.3036 0.1101

Total 35 4.3056
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9.7.2 Mean diseasge severity score

o e e e e e e e S, S i S ek Yy B i e o e ek e . e . . ey oy P TN W T TS ke e A TVt W W Pon. = 2 v Py FoTE. v Ak

Source of variation DF 88 MS F
Treatment 5 10,5853 2.1171 3.81L75%%
Error 30 16.6369 0.5546

Total 35 27.2222

e 1 B S e T e i . T o T S A AL L e o e o i bk Utk B P A S o o o e e i o e

9.8 ANOVA of parameters used in the evaluation aof 8 cassava

varieties from in-vitro establishment for resistance to

bacterial blight at the University farm, Shika; 1993 wet -

seasin.

9.8.1 Mean disease incidence

e o i o e et e Rl A AL A Y i ke e B L o i o . e ke okl AL L

Source of variation Dr gs MS F
Treatment 7 0.8078 0.1154 T7.9531%*%
Error 283 4.1063 0.0145 .

Total 290 4.9141
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Mean disease severity score

e e e S ——

Source of variation DF 88 MS F
Treatment 7 4.5971 0.6567 4,5794%%
Error 283 40.5850 0.1434

Total 290 45.1821

e ————— ——————— —— — . — T o . T — s S ——— ——— — . —————— ————— ———

Source of variation DF 88 MS F
Traeatment T 0.2141 0.0306 4.8831**
Error 283 1.7722 0.0063

Total 290 1.9863

—————————— ———— i —————— i ———————— - ———— — T ——— —— — ———— - — ——— ——— ——— ———— -
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9.9 ANOVA of parameters used in the evaluation of 30 cassava

genotypes for resistance to bacterial blight at the

University farm, Shika: 1993 wel season.

9.9.1 Mean disease incidsnce

e e i e T M e A e R et R o S e T el AL ek R} M e e S T P e by sy e ol

Source of variation DF |8 MS F
Treatment. 29 1.5131 0.0522 1.6690%%
Brror ‘ 601 18.7880 0.0313

Total 630 20.3011

T R i s ek ol S ek E L v e Py N g W ) NS e P ) e T o RS S el i T i e ke o e i s ety ke

ety i v — A Sy T ——— T o LA Mt . i i A ok ERS W e M et Sk S i Wy s LAk TR M T T W Al e et Sy

Source of variation DF 88 MS F
Treatment 29 18.6952 0.6447 2.3308%x
Error 601 166.2271 0.2766

Total 630 184.9223

— " P i e A e B By ML ik YR . . L o TR o T et M e Sk L i e —ma e mn . A Pl M ek S e T P o S e S i S S ——

103



Source of variation DF 88 MS F
Treatment 29 10,8860 0.3754 3.8377*%
Error 601 58.7859 0.0978

Total 630 69.6719
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