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Abstract
Open pollinated seeds from cassava genotypes were used
anthracnose disease fungus. Seeds from each genotype were

and incubated for 8 days, at 25 + 2°C. Microscopic examination indic

the seed-borne fungi, with up to 40 per cent incidence in some

of C. gloeesporioides, were selected for transmission studies. The
the greenhouse. The pots were placed closed to each other to in

development at temperatures of 25-32 “C. After six weeks,

tassava anthracnose disease. The stems, leaves and roots of th
and incubated for 5-7 days. Microscopic examination of the fur
olants were monitored for 3 menths under vactor-free condition

and defofiation of 35-38per cent was recorded on some genoty
pathogenicity tests on young healthy cassava seedlings with st
three synthetic fungicides; benlate, captan, thiram, two anti-mi
Ocimum gratissimum Linn at full strength concentration, and h
increased seedling emergence and plant vigour index of the

Introduction

Cassava (Manihot esculenta Crantz) constitutes the
pincipal carbohydrate source for more than 800 millioh
people in developing countries {(FAQ, 1993). The crop has
been constantly attacked in the past three decades by some
ferty different bacterial, furaga! and viral diseases (Lozano,
1989). Cassava anthracnose disease (CAD) caused by
Colietotrichum gloeosporivides f.sp. marihotis Hern (Penz)
Sacc, is an epidemic disease in most cassava-growing areas
ot the tropics. it is characterised by cankers on stemns and
branches, leaf spots and tip die-back (Muimba et al., 1983;
ITA, 1987). Leaf infection could lead to a reduction in
photosynthesis, thereby decreasing the production of the
much-needed carbohydrates (Lozano and Booth, 1974).
Ifection could also lead to a significant loss in planting
materials and total crop failure when the infected cuttings
e used (Makambila and Bakala-Koumouno, 1982).
Available information on the epidemiology of the disease
id how it can be effectively managed in areas of sudden
wtbreaks is limited. Fram available literature, CAD is a
Imiting factor in the cultivation of cassava in many regions
in the tropics (Terry and Oyekan, 1976; NTA, 1987).
limited surveys carried out in the Congo and the
Democratic Republic of Congo {(former Zaire}, and
vestigations at the International [nstitute of Tropical
hiculture {HITA), indicate that CAD is of sconomic

importance for cassava farmers in tropical Africa.
{assava seed is an important material for crop improvement
ftudies.

't is a useful téol for studies in breeding for
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to investi'gate the survival and transmission of cassava
surface- sterilized; cultured on potato dextrose agar (FDA),
ated that Colfetorichum gloeosparivides was one of
genotypes. Seeds from five genotypes with high incidence
y were planted in steam-pasteurized soils in jiffy pots in
credse canopy relative humidity needed for anthracnose
some plants exhibited symptoms that resembled those of
ese plants were washed, surface sterilized, plated on PDA
gus identified conidia of C. gloeosporioides. The rest of the
s for typical anthracnose symptoms. Mean maximum wilt

pes. C. gloeosparioides f. sp. manihotis was confirmed by
em puncture inoculations. Treatment of infected seeds with

crobial plant products from Azadirachta indica A. Juss and
ot water treatment, significantly reducad fungal incidence,

cassava genotypes,

resistance to major diseases, germplasm conservation and
stability. Apart from a report by Persley {1978) of the
seed-borne nature of CBB with a low percentage seed
transmission under favourable conditions, little attention has
been focused on cassava seed pathology.

Post harvest treatment of cassava seeds before storage has
been shown to increase seed viahility and planting guality
{Lozana er af., 1984}, In some developing countries where
the use of resistant genotypes as the best control option
has not been attained, anti-microbial products such as neemn
{Azadirachta indica A. Juss) and Qcimum gratissimum Linn,
have been used as promising alternative control agents
{Amuah, 1989; Akpa er al., 1991), '

With the increasing seed production technelogy, there is
need to focus research on cassava seed-borne diseases,
possible transmission mechanisms and also to develop
control strategies under the integrated control management
principle.

Materials and Methods

Experimental site: The study was conducted in the
greenhouse and Advance Plant Pathology Laboratory of the
Root and Tuber Crop Improvement Programme (TRIP),
International Institute of Tropical Agriculture (ITA), Ibadan,
Nigeria.

Survival of €. gloeosporicides f.sp. manihotis and other
associated fungi in cassava seeds: Seeds from 13 open
pollinated cassava genotypes were stored at 5-10°C for ten
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months after harvest from the |ITA cassava breeding field
at Ibadan, Nigeria. The seeds were used to investigate the
presence of CAD fungus, and other fungi present in the
seeds. Two hundred seeds from each genolype were
surfaced-sterilized for approximately 3-5 minutes in 10 per
cent sodium hypachlorite solution and rinsed with five
successive changes of sterile distilled water. Solidified
Potato Dextrose Agar (PDA) in 9cm pyrex petri dishes were
cut with a sterile 6cm corkbarer, and aseptically transferred
with a sterile forceps into empty sterile plates. - The sterile
seeds were dried on sterilized filter papers and placed on
the PDA containing 100mg/dm® sodium novobiocin
(PDA + N) added to suppress bacterial growth, The seeds
were incubated at 25+ 2°C for 8 days under intermittent
mixed irradiation for 12h/day from near ultra-violet and
daylight type of fluorescent tubes suspended 50cm above
the plates. Each seed lot contained 10 seeds per petri
plate, in 10 replications arranged in a randomized complete
block design. The plates were examined for fungal growth
and identification using a stereo binocular compound
microscope. Records on number of infected seeds, the type
of fungi identified and the percentage infection were taken.

Seed transmission of C. gloeosporivides f.sp manihotis:
Cassava seeds from five genotypes (TMS 91/00059,
81/01188, 91/00052, 91/00165 and 91/00313)
_detarmined to have higher incidence of C. gloeosporivides
atter the seed fungal survival and identification study were
selected. Seediing nurseries were established in wooden
boxes in the greenhouse. Two hundred seeds were used
trom each seed lot. The seeds were planted in fine steam-
sterilized soils in jiffy pots and watered daily until seedling
emergence. At the height of 10-15cm, the sgedlings were
transferred to plastic pots (10.5cm diameter) filled with a
sterilized mixture of soil and sand (2:2v/v). Pots were
placed close to each other on benches, 1o obtain the thick
canopy needed for anthracnose disease development.
Seedling pots were arranged in a randomized compiete
block design with 4 replications per treatment, and each
treatment consisted of 5 plants per cassava genotype. The
plants were watered daily throughout the growth period.
Temperature and relative humidity in the greenhouse were
monitored with a hygrothermegraph. A temperature range
of 26-32 C in the day and 22-26 C at night and relative
humidity range of 80-98 per cent was maintained.

Plants showing symptoms of infection were sampled to
determine the causal agent. To do this, stems, leaves and
roots of infected plants were washed, air-dried and
surfaced-steriiized with 10per cent sodium hypochlorite for
3-5mins and rinsed in five successive changes of sterile
distilied water. The plant segments were dried on sterilized
filtef paper and plated on PDA+ N in petri dishes. The petri
dishes were incubated for 5-7 days at 25+ 2°C, 1o allow
for growth of any micro-organisms associated with the
infection. The rest of the plants were manitored for typical
anthracnose symptoms, and symptomatic plants were

Pak. J. Biol. Sci., 2 (3): 849-854, 1999

850

recorded to determine the percent infection, disease
severity, leaf infection, defoliation and wilting at two weeks
interval for three months.

Effect of different seed treatment methods on C.
gloeosporioides f.sp manihotis survival and the effect on]
seedling growth: Seed samples determined to have a high]
incidence of CAD pathogen were selected from six cassavs
genotypes (TMS 85/00136, 91/01188, 30572, 91/006844
91/00300 and 91/00344), stored for 12 months at 5 (]
and 60 per cent relative humidity, and subjected to the
following treatments:

Fo T R

ey

Surface-sterilization: The seeds from each cassaw
genotype were soaked for 3-5 minutes in 10 per cenf
sodium hypochlorite, They were rinsed in 3 successivy
changes of sterile distilled water, dried in sterilized filtes
paper and plated on PDA +N medium and incubated
25+ 2°C for 7 days under 12h/12h alternate cycle of nea
ultraviolet light and darkness. The other treatment
followed the same incubation conditions.

Hot air: Seed lots were incubated in an oven with
temperature maintained at 60 C for 24 hrs (Perley, 1978
and transferred aseptically with torceps to PDA + N medi
in 9cm petri dishes. They were incubated under the sz
conditions ds above.

Hot water: Seed samples were put in canvas bags ay
immersed in a water bath maintained at 60 C for 2
minutes. They were dried on sterilized filter papers a
plated on PDA + N medium. ]

Fungicides: Three synthetic fungicides, 0.3 per cent thirag
{tetramethyl thiurum disulphide), 0.3 per cent captan |}
trichloromethyl-tio-4 cyclohexane-2, 2-dicarboximide),
per cent benlate [methyl-N-{-butyl-carbomo-2-benzimadazy
carbamate)], and 2 antifungal plant products at full streng
concentration from A. indica and Q. gratissimum Wi
used. Uniform seed dressing was achieved by adding d
required amount of fungicide into each 500mi fig
containing the test seed samples and vigarously shaking
a mechanical shaker for 30 mins (Nisar er al., 1990), 1
treated seeds were plated on PDA + N medium and plag
in the same incubation conditions as described ab)
Untreated seed samples from each seed lot served
controls. After 7 days of incubation, seed samples
obsarved under a stereo binocular microscope and |
incidence of C. gloeosparioides f.sp manihotis recorded

Effect of different seed treatrnent methods on
incidence and seedling growth: Seed genotypes deter
micrescopically to have high CAD infection were subje
to the different seed treatment methods, and the cof
treated with sterile distilled water. The seed lots ¥
planted in fine steam-sterilized soils in jiffy pots 8
treatment, and placed in wooden boxes in the greenh
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E £ach treatment contained 200 seeds per genotype arranged
narandomized complete biock design with 4 replications.
Watering was done daily ta obtain a soil moisture level of

f 90-100 per cent field capacity before seed planting.

; Seedling emergence was recorded in each treatment 7 days

| after planting, and at 2 days interval thereafter, for 14
teys. Seedlings were considered emerged when the
twotyledons were opened and epicotyl exposed. After
aining a height of 15-20cm, the seedlings were
tansplanted into plastic pots (10.5¢cm diameter) filled with
steamn-sterilized soil. Watering was done daily until the end
of the study. Data for mean shoot length (MSL}, mean root
length {MRL), and seedling vigour index {SVI) were taken.

E Seedling vigour index was calculated as follows: SVi=

{MSL+ MRL x % seedling emergence.

Statistical analysis: The data were subjected to analysis of
variance (ANOVA) procedure using SAS statistical package
fAS Institute, 1989). Fischer's protected least significant
dfference {LSD) and Duncan’s multiple range tests of mean
separation were performed only when the ANOVA showed
sgnificance.

Resuits

Swvival of C. gloeosporioides f.sp manihotis and associated
fngi on cassava seed: The incidence of ¢ gloeosporioides
l.5p. manihotis and other associated fungi (Cuvularia spp,
Fizopus spp, Macrophoma spp, Pennicilium spp, and
spergifius spp) identified, was determined 8 days after
ubation at 25+2 C (Table 1). A maximum mean
jereentage incidence of 40 per cent for C. gloecspariaides
isp manihotis was recorded on TMS 91/00059, with a
mhimum mean survival of 12 per cent recorded on seed of
atype 90/00333.  There were significant differences

psociated fungi that survived on the seed had mean
eximum values of 66 per cent for Curviiaria sSpp. on
enotype 80/00333, 41 per cent  for Rhizopus spp on
1100344, 47 per cent for Macrophoma spp on TMS
000333, 51 per cent for Pennicilium spp on TMS

pocent for Pennicilium spp was on genotype TMS
100052, and 16 per cent for Aspergillus spp on TMS
[00344.

siava anthracnose disease expression on cassava

ths after planting (MAP), with significant differences
205) in the level of symptoms expressed (severity, wilt,
diation and leaf infection) {Table 2). The genotype
0313 recorded the highest mean CAD incidences of 63
i 83 per cent at 10 and 12 months after planting
ectively, while the least incidences were recorded on
Eienotype 91/00059 with mean values of 36 and 64 per
t There was an increase in CAD severity at 12 MAP,
fiamean maximum score of 3.2 for genotype 91/00313

P 0.05) in fungal incidence among the genotypes. Other”
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and least score of 2.2 for genotype 91/00059. At 10
MAP, the highest mean leaf infection of 30.6 per cent was
recorded for 91/000582 and the least of 11 per cent for
genotype 91/00059. At 12 MAP, the highest mean leaf
infection of 42 per cent was for genotype 81/00165 and
the least value of 16 per cent for genotype 91/00059. Wilt
symptoms were less than 30 per cent at 10 MAP in all the
test genotypes, while at 12 MAP, the highest wilt incidence
of 38 per cent was on genotype 91/00313 and the least of
21.4 per cent on 91/00059. There were significant
differences (P- 0.05) in defoliation among the genotypes,
with a mean maximum defoliation of 38 per cent on
genatype 81/00313 at 12 MAP and the least value of 21.2
per cent on genotype 91/00052.

Seed treatment effect on CAD incidence, and seedling
growth: Seed treatment with the three synthetic fungicides
(benlate, captan, thiram), and twa antifungal plant products
from A. indica and O. gratissimum crude extracts
significantly reduced CAD incidence, and increased seedling
emergence (Table 3). Seed treatment with benlate showed
the best performance, with the lowest CAD incidence of
1.13 per cent. Although surface sterilization and hot air
treatments were significantly different from the controf, the
other treatments showed better efficacy, with an increase
in seedling emergence and a mean maximum emergence of
30 per cent for benfate, 87 per cent for thiram, 86 per cent
for captan and 86 per cent for 4 indica. There were
significant differences (P- 05) in MSL, MRL and SV| ameng
the treatments. Benlate, captan and A. /ndica treatments
showed significant increase in MSL of 66.2, 65.4 and
64.4cm respectively, Maximum MRL of 15.4cm was
recorded with benlate treatment, followed by 15cm for
captan. A seedling vigour index of 7416 was highest for
benlate treatment, and the least of 1862 was recorded for
the control (Table 3).

The overall response of genotypes to the different
treatment methods showed significant variation in CAD
incidence, seedling emergence, MSL, MRL and SVI {Table
4). The genotype 85/00136 had the highest CAD incidence
of 17.8 per cent, while the least of 7.9 per cent was on
genotype 91/00684. Genotype 91/01188 had the highest
MSL of 48.8cm, while the least MSL value of 46.8cm was
on genotype 85/00136. There were variations in SVI
among the genotypes with mean maximum value of 60661
on genotype 91/00684 and mean minimum of 4607 on
genotype 85/001386, Seedling emergence was highest on
81/00684 with a mean value of 83.1 per cent, which was
not significantly different from 91/01188 with a value of
83.0 per cent. The least seedling emergence of 68.8 per
cent was on genotype 85/00136.

Discussion

This study shows that C. gloeosporioides f.sp manihotis
tan survive In cassava seeds. A survival incidence of 40
per cent was recorded on the genotype 91/00059. The
variation in survival incidence among the genotypes could
be attributed to their different levels of reaction to the
fungl.  An earlier report by Van der Bruggen and Maraite

Pak. J. Biol. Sci., 2 (3): 849-854, 1999
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Table 1: Incidence of seed-borne fungi associated with cassava seed lines

Seed Lines Mean percentage incidence of identified fungi

Colletotrichum Curvularia Rhizopus Macrophoma Penicillium  Aspergifius

5pp spp spp spp spp spp
TMS* 91/00062 40.8a° 10.5e 13.8de 13.2de 11.0ef '47.9ab
TMS 91/01188 37.9b 24.3d 28.5b 24.Qc 37.9cd 46.1ab
TMS 91/000562 35.5¢ 20.2de 17.6d 11.7de 8.2f 35.8bc
TMS 91/00165 32.8d 30.8¢ 34.2b 16.1d 26.6d 35.24bc
TMS 91/00313 32.5d 28.5¢ 29.5b 15.3d 13.6e 53.0a
TMS 82/00011 31.6d 25.0cd 28.7bc 15.4d 22.5de 34.5bcd
TMS 91/00300 23.1e 24.1d 23.7cd 14.2de 15.2e 30.2d
TMS 88/01084 - 23.9e 8.9 27.8bc 33.7bc 51.7a 33.3cd
TMS 91/00344 22.0ef 38.8b 41.0a 8.0e 22.1de 16.7d
TMS 00684 22.3f 19.0de 18.2d 10.2e 17.5e 34.3bcd
TMS 88/00136 18.8fg 10.8e 25.8¢c 39.9b 21.2de 31.9¢cd
TMS 21/000G72 13.9¢g 7.9e 14.7de 8.2e 35.0c 50.7a
TMS 90/00333 12.99g 66.0a 18.1d 47.9a 47.2b 39.0b
Mean 25.92 - 23.70 24.0 19.486 25.00 37.15
CV 15.84 23.60 13.55 20.82 15.07 14.93

*TMS = Tropical Manihot Specie. Mean of 200 seeds per seed lines. "Means in the same column followed by the sam
letter(s) are not significantly different at 0.056 by Duncan's multipie range test.

Table 2. Seed transmission of cassava anthracnose disease on cassava seedlings at 10 and 12 months after planting.
Seedling Disease symptoms rating at 10 weeks after planting Disease symptoms rating at 12 weeks after planting

%CAD CAD %leaf e Wilt % Drefoliation %CAD CAD %Leaf  %Wilt Y% Defoliaid

incidence  seveirty  infection Incidence severity intection ]
91/00313 63.0a° 2.8a 29.0a 26.0a 29.8a 83,0ab 3.2a 38.0a 35.0a 3R.0z §
91/01188 52.0ab 2.6a 19.4b 8.0k 20,40 76.0ab 2.8b 22.0b 22.5b 26.00¢
91/00052 50.0ab 2.0b 30.86a 8.0b 7.0d 90.0a 2.3cd 38.Ca 23.0cd 21.2¢
91/001865 43.0ab ~ 2.0b 29.0a 21.0a 13.4c 72.0ab 2.6bc 42.0a 32.0a 27.0b |
91/000589 36.0b 2.0b 11.0¢ 12.0b 14.5c 64.0b 2.2d 16.0c 21.4b 22.5¢ 1
Cv" 2215 17.81 24.60 19.33 23.49 20.15 26.72 19.68 22.11 23.02

" Means in the same column foilowed by the same letter(s) are not significantly different at 0.05 by Duncan's Multiple Range Test,
°CV = Coefficient of Variation,

Table 3: Seed treatment effect on seedling emergence, disease incidence and other growth parameters.

Seed treatment % Seedling emergence Shoot length {cm) Root length (cm] Seedling vigour index® % CAD incidencd
Benlate 91.00a" 66.16a 15.38a ‘ 7416.10a 1.13h
Thiram 87.44b 65.36ab 14.C4bec 6952.44b 3.58g
Capian 86.28b 63.92bc 15.0Ca 6821.52bc 3.21g
Neem 86.04b - 64.36bc 14.24b 6756.40¢ 3.591
Ccimum 83.60c 63.44c 14.12bc 6475.24d 8.54e
Hot water 82.04c 60.72d 13.62¢ 6110.96e 12.80d
Hot air 72.40c 42.72e 11.44d 3897.18f 19.63¢
Surface sterilization | 6B.84e 35.08f 9.26e 2968.41¢g 32.21b

Control 51.20f 27.729 §.48et 1862.40h 38.67a

3 Determined by: mean shoot length + mean root length % % seedling emergence.
b pMeans in the same column followed by the same letterts) are not significantly different at 0.05 by Duncan’s multiple range test.

Table 4. Overali response of seed lines after treatment to disease incidence and other growth parameters,

Seed lines CAD incidence  Shoot length {cmi Root iength (cm} Seedling vigour index % seedling emergence
85/00136 17.8a° 46.8c 11.9d 4607.75e 68.8¢c

91/00304 16.0ab 50.4b 12.3cd 5406.60d 78.4b

91/00300 156.3b 50.2c 12.5bc 5036.25de 78.20

30572 13.9¢ ‘ 54.6b 129 5579.53c 78.4b

91/01188 12.3d : 58.7a 13.0b 5711.29b 83.0a

91/00684 7.9 57.ba 13.9a B80661.87a 83.1a }
Cv 2415 20.22 19.85 22.46 19.01 ] [ ¢

CAD = Cassava anthracnose disease; *Means in the same column followed by the same letter(s) are not significantly different at Pl
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(1987} showed that differences in cultivar resistance to the
CAD pathogen were especially marked by the number of
stem fragments invaded by the fungus. The factor that best
Uifferentiates between the resistant levels of cultivars
seems to be their resistance to invasion, which corresponds
o the symptoms of necrosis in the stems as a result of
natural infection.
Iformation on seed-borne fungi of cassava is limited since
tassava propagation is mostly done through stem cuttings,
Persley (1979) conducted studies on the survival and
tansmission of X. ¢. pv. manihotis on cassava seeds and
reported that a low percentage of successful seed
ransmission of X c. pv. manihaits can occur under
favourable environmental conditions. The infarmation on
CAD on seed in association with other cassava seed-horne
micro-organisms is also very tmportant in implementing
post-harvest seed treatment hefore storage and in
distribution to national research programs and to farmers for
panting, The infection of cassava seeds by C.
tleosporivides f.sp manihiotis reduces seed quality and
vabiiity. This can tead to an economic loss which in most
tases can be high under high inoculum pressure and could
ilso cause significant crop faiture.
mvestigation of CAD transmission in cassava seed
gnotypes showed that CAD symptoms were recorded in
mest of the seed genoctypes at 10 months after planting in
the greenhouse under vector-free conditions. This supports
the fact that transmission of CAD can take place through
§ nfected seed without the presence of the transmission
wector Pseudotheraptus devastans (Boher et al., 1983).
here were however variations in the level of CAD
g9mptom expression lincidence, severity and wilt} in the
gistgenotypes. This study suggests that pre-treatment of

hirvested seed or investigation of the seed health status of
fssava, should be an important measure hefore any seed

treleased or stored, to reduce disease dissemination.

lhe effect of seed treatment methods an CAD incidence
i seedling emergence showed significant variation among
W seed genotypes. Seed treatment with synthetic
groicides (benlate, captan, thiram), antimicrobial plant
poducts from A. indica and O, gratissimum, significantly
piuced CAD incidence; increased seedling emergence and
ant vigour index, This confirms the reactions of these
ngicides in suppressing seedling diseases observed in
ther pathosystems. Evaluation of fungicides for seed
tatment and foliar application in the management of
imping-off of seedlings and blight of rapeseed causad by
temaria brassicae, for example, have shown that benlate
tdithane M-45 are effective as seed dressing fungicides

p controlling seedling diseases (Nisar er a/, 1990).

micidal control studies have also, confirmed that
posan, benlate, captan, maneb and thiram, all at 0.3 per
i concentration, -can effectively contral seed-borne fungi
kte in vitro and in vive {Amitava and Chattopadhyay,
75,

kthreat of many synthetic compounds in agricultural use
tto their highly toxic, broad-spectrum and persistent
we, represents a potential risk to non-target organisms

Bb3

and the environment. This has stimulated the search for
more acceptable alternatives in the management of farmers’
disease problems. There has been @ focus in the use of
anti-microbial plant products for pre-treatment of planting
materials. These natural plant products are not only readily
available to the poor subsistent farmers who cannot afford
the high cost of synthetic fungicides, but are also less
toxic, biodegradable, non-phytotoxic, environmentally
friendly and are very promising within the frame work of
Integrated pest managemeant systems {Akpa er a/. 1991).
Natural plant products from 4. indica and O, gratissirmum
significantly reduced CAD incidence and increased seediing
emergence, in the same strength as the synthetic
fungicides. These are readily available in large quantities in
the tropical environments and can be used instead of the
synthetic compounds which are either not available or too
costly for resource-poor subsistence farmers who depend
on cassava for their daily dietary needs.

This study also shows that C.gloeosporioides f.sp.
manihotis is seed -borne and seed transmitted. The level of
infectivity of cassava genotypes depends on the differences
in their resistance to the fungus, which has been shown to
be linked to the physio-chemical and genetic constitutions
of the cultivars. The study has also shown the need for
routine post-harvest seed heaith testing of cassava
genotypes and pre-treatment of harvested seeds before
storage or distribution to other research programmes and/or
farmers. Apart from the synthetic tungicides shown to be
efficient disease control agents, anti-microbial plant
products are also promising contral alternatives that are low
cost, non-phytotoxic, environmentally friendly and should
be explored and used.
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