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Abstract — Cassava cultivation in Sierra Leone is been described (Fauquet al, 2003). Recent survey on
characterized by the dominance of local varietiesht are  cassava mosaic diseases indicates that the nurisems
susceptible to the cassava mosaic disease. The a@asnosaic  \ith local varieties were higher than those wittpioved
disease is one of the most important diseases ofsava and — y5yjgties. The study also reviled that country eayithe
disease control is mainly through the deployment of o\ aence of cassava mosaic disease was 85.2%f out
improved varieties that are resistant to the diseasbut is not 156 sites visited with mixed infections of Africalassava

readily adopted by farmers. This situation may be prtially AN . o
due to the poundable trait possessed by local vaties and Mosaic Virus and the East African Cassava Mosaigsvi

the preference of mild mosaic infection on the le@s used for Occurring among infected cassava genotypes (Sagtura
the preparation of the popular cassava leaf saucBarmers in ~ al, 2014). The continuous use of local infected vaeseis

Sierra Leone do not apply any control measure for e  associated with the traditional belief that mosafected
cassava mosaic disease. This study therefore aseesthree cassava genotypes act as an indicator for theifidation
options (identification of resistant varieties, Hot water ¢ poundable cassava genotypes with high dry matter
treatment, Neem and Moringa — treated cuttings) forthe ey there is a popular demand for mild mosafiected
development of an integrated option for the control of cassava leaves among women which is used for ingpar

cassava mosaic in Sierra Leone. | tabl . | s It
76 genotypes were selected and evaluated across onaj a popular vegetable sauce using cassava leaves.

agro ecological zones. Expression of disease syops of the  believed that the infected leaves due to the Iderophyll
African and East African cassava mosaic viruses oot Content consumes less palm oil, an expensive ludtiatr

water, neem and moringa-trested cuttings at varying element in the preparation of the cassava leaf esauc
concentrations or temperatures and soaking duratios were compared to improved resistant varieties which cores
assessed in a screen house. Symptomless cuttingd imflected  more palm oil. Women play a vital role in the sttt of
cuttings were used as checks. . planting materials and would influence varietiesttugir
High yielding cassava genotypes resistant to the S¥8va  chgjice which in most cases would include infectechl

mosaic disease were identified for food, feed anddustries. . - . f
African Cassava mosaic infected cuttings subjectetb 753°C varletles-for qomesnc. cpnsumptlon. In the abs a
change in mind set, it is expected that the adoptb

hot water treatment at 10, 30, and 60 seconds had ; L . .
significantly (Po00<0.001) lower diseased severity score. improved varieties resistant to the cassava mas@ase

African cassava mosaic infected cuttings treated wi higher ~ Will be low. Thermotherapy has been used direatiyttee
concentration Neem and Moringa leaf extract had cuttings from plants infected with cassava mosé#eate
significantly the lowest disease severity score cparedtoall (CMD) in Kenya (Walter and Raymond, 1982).
other treatments. Temperature dramatically affects plant-virus intdcns

The treatments were effective in supressing the Aftan  jith an attenuation of virus-induced symptoms aghhi
cassava mosaic disease but not effective againste titast temperature  (Szittyaet al, 2003). Consequently,
african cassava mosaic disease. The implication tifis study thermotherapy has been considered as a first-choice

is that in areas with limited access to improved v@eties or thod to fi tati terial fr .
where the use of local varieties is dominant, Afran cassava metho 0 Tree vegelatve matera om viruses

mosaic infected cuttings can be treated with hot wer, (Manganarigt al.,2003). _ o o
moringa and neem extract at recommended concentrans, Neem is also key ingredient in bio - pesticidal
temperatures and soaking durations to reduce sympto management (BPM), providing a natural alternatige t
expression and consequently increase yield. The depment  synthetic pesticides. It acts as an anti-feedageltent,
of resistant varieties that meet farmers’ desired raits  and egg-laying deterrent, protecting the crop fo@mage.
however remains the most promising option in the The insects starve and die within a few days. Neéso
management of the disease. suppresses the hatching of pest insects from tugis
K ds— C Mosaic Di c Genot Isman, M. B. (ZQQG). Neem hgs anti-bacterigal, am'g_al
c eyworas — ~-assava Vosaic LDisease, Lassava GenolyPeSy gy anti-nematicidal properties and positive efféct
ontrol Options. . . LT T
combating several diseases in rice cultivation, trete
are many active constituents of Neem which arktetibe
exploited (Lokanadharet al., 2012). Moringa oleifera
ggﬁuain powerful antioxidants that can help prevent

important disease of cassava in Sierra Leone. 8Seve ay some of the worst complications arising franal
po ) . L Infection. In the absence of readily available jpet for
species and strains of cassava mosaic geminiviayg h

ACMD, Neem and Moringa based bio - pesticides as® i
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natural choice worth exploiting for controlling AQM were assigned a score of “5’ (IITA, 1990). Plantishw
The proceedings of the 14th International AlIDSnean CMD scores of “1” were classified as highly
conference held in Barcelona, Spain in 2002 indude resistant (HR), those with a score of “1.1 to 2"reve
recommendation that M. oleifera powder be consillae classified resistant (R), those with a score2f‘to 3”

an alternative treatment to boost the immune systefn were classified as Moderately susceptible (MS) thode
HIV-positive patients in Africa who would otherwismst with scores of “3.1 to 4” were classified as Susitép (S)
receive antiretroviral drugs or, in fact, any treants at all and “4.1 to 5” were classified as highly susceptifhtS).
(Burger et al, 2002 ). This objective of this study2.2 Activity 2 Effect of Hot Water Treatment on
therefore was to identify alternative option toigate the infected Cassava Cuttings in the Expression of
effect of the cassava mosaic disease in farmeefdsi cg5s5ava Mosaic Disease

This was archived through fo_ur main mtervenugfnstly, 2.2.1 Study Area

a search for cassava mosaic resistant varietiesoéa The study was conducted at the Njala Agricultural

food and industrial uses. Secondly the efficacyhof pocoarch Centre (NARC), Njala, Kori chiefdom whish

water and mfected cuttings, thwdly the use of INee |, 7104 at the eastern part of Moyamba Districtanthern
treated cutting and finally Moringa treated cassav.

) h ; fh < Sjerra Leone. Njala is located at an elevation @Mm5
cuttings on the symptom expression of the mosalsVi  5,4ye sea level orP86N latitude and 1206W longitude.

Njala has two distinct seasons, the wet season (fday
Il. MATERIALS AND METHODS October) and the dry season (November to Aprilgméy
rainy season has been observed to extend to Decembe
2.1 Activity 1: Screening and identifying promisingvhich may be attributed to climate change. Meanuahn
cassava genotypes with resistance to ACMD thatinfall at Njala is 2526mm, mean monthly maximuim a

meets industrial and farmers’ desired traits. temperature ranges from 2€ to 34 C , while mean
2.1.1 Cassava Genotypes minimum air temperature ranges from°€lto 23C.

Seventy one introduced and five check varietiesewefR€lative humidity is very high often close to 10886the
selected for multi-location evaluation. greater part of the day and night especially durting

Two thousand one hundred genotypes were initial§Riny season ( Odeét al., 1974). During the dry season,
multiplied, screened and promising genotypes sedeat poten'qal evapo-transpiration exceeds rainfall a_/luiu_rlng
the Foya experimental and demonstration site ohjaga e rainy season precipitation exceeds evapo-tiatisp.
Agricuitural Research Centre (NARC) in 2009 crogpi This wor_k was 90nd_ucted in a Rossell screen hotise a
season for establishment in five agro-ecologie0ao/ NARC Njala, Kori Chiefdom, and Southern Sierra Leon
2011 planting season. These locations were aswello 2-3 Activities 3 (Moringa trial) and activity 4 (K
Njala (Forest Transition) in the Southern provincetrial) were conducted under the same condition.
Kenema (Rain Forest) in the Eastern province anohika 2.3.1 Data Collection
(Savannah highland), Kambia (Savannah lowland), Data were collected from all plants. Data inclugéht
Yenkessa (Coastal plain) and Makeni (Savannah tayla height measured in centimeters from the surfadbepot
in the Northern province. Multi location evaluatievas to the top most expanded leaf using a well caldataheter
conducted for two years 2010/2011 and 2011/2012ile. Leaf area was calculated in centimeter sq(@me)
planting seasons. using the length and breadth method from thre€u(8)
2.1.2 Experimental Design expanded leaves per plant. Leaf number was caéclilat

Cuttings 20 — 30 cm long of each of the 2,100 vimsge counting the number of leaves at each samplingogeri
were planted in single row plots. Rows were 10mglonCassava Mosaic Disease assessment was done usityg th
with 1m between hills and 1.5m between replication® scale (IITA, 1990).

Infector rows were randomly placed between plots t@.3.2 Data Analysis

ensure the presence of the cassava mosaic virtisein Data collected on various parameters were analysed
field. The design was a randomized completed bloadksing Statistical Analysis System (SAS) and Dunean’
(RCB) with two replications assessed in two yearfiie  Multiple Range Test (DMRT) at 5 % probability (p <
locations. 0.05) was used for mean separation with case detter

Data were collected on symptom severity of theaass Standard errors of means was also used to estimate
mosaic disease based on 1-5 disease severity(§dae 2.3.3 Activity 3. Effect of Moringa - and Neem -
1990) from 10 plants. Plants were assigned diseaygeated Cassava Cuttings on the Expression of the
severity scores based on the standard five polMiree  African Cassava Mosaic and the East African
scale for CMD. Where there was no obvious Symptong 55sava Mosaic Diseases (ACMD and EACMD)
plants was assigned a score of "1. Plants withdmil; 3 3 Eyperimental Design and Cultural Practices
chlorotic patterns or mild leaf distortion at thask were he t . ts were carried out in polytheagsb
scored “2”, while those with strong mosaic on tméire The two experiments w ! ut in polyt
leaf, distortions of leaves were scored’3”. Sever@saic of 30cm x 50 cm. We” perfqrated .polythene bagsewer
distéthion reductions of leaf affecting at;out B the filled with steam sterilized soil obtained from angpost

' pit. The Polythene bags were laid out in a randenhi

leaves were scored as "4” and plants with the rmesére complete block (RCB) design with three replications

mosaic symptoms, with severe distortion of leaves. \ d . .
stunting of entire plant and about 4/5th of leazffscted %mgle stem cuttings infected with the cassava fosa
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viruses (set one ACMV and set two EACMV) and trdatemixture of 200g moringa powder was mixed with atre |
with leaf extract solution of Neem and Moringa. {1gs, of water constituted concentration two. In the same
30 cm long were planted in polythene bags. Confimls manner, cassava cuttings were immersed in moringa
the experiments consisted of African cassava masais  solution at varying soaking duration.
(ACMV) infected cuttings and an EACMYV infected ptan Neem: Fresh neem leaf was finely grounded with a
diagnosed at IITA. Both experiment consisted of anortar and pestle and mixed with water into a clean
symptomless cuttings obtained from apical merienst container at a ratio of 1000g of fresh neem leaftte litre
derived from three successive generations of trexlch of water for concentration one and 2,000g of fraskm
varieties (Cocoa for ACMD and IFO 7003). leaf to one litre of water for concentration 2. The
Experiment 1 consisted of two sets of trials. Thisuspension was then filtered using a clean whita clThe
included an assessment of moringa treated cuttimys cassava cuttings were then immersed in heem solatio
ACMV and EACMV infected cuttings. Each trial varying concentration and soaking duration.
consisted of eight treatments. African Cassava Mos&2.3.3.4 Cassava genotype and treatment
Virus and East African Cassava Mosaic Virus infécte Assessment for ACMD infected cassava cutting treate
cuttings of Cocoa and IFO 7003 respectively, tcbaigh ~ with moringa solution consisted of the local vayjet
moringa leaf extract at varying concentrations ljjig# as Cocoa, confirmed to be infected with the Africans€ava
follows: Mosaic Virus (ACMV) and symptomless cuttings of the
Cassava mosaic virus infected cuttings immersed [ocal variety Cocoa raised from three successive
100g of finely grinded moringa leaf suspension piéer generations of cuttings derived from the upper pathe
for 1hr, 6hr and 12hr.Cassava mosaic virus infectestem cuttings and treated with neem solution reteto as
cuttings immersed in 200g of finely grinded moridgaf symptomless cuttings. Infected Cocoa varietiestdrea
suspension per liter for 1hr, 6hr and 12hr. A synpess with moringa leaf extracts solution at varying sSoak
cuttings of cocao (Local) and IFO 7003 and ACMVduration and concentrations were used as treatments
infected Cocoa and EACMV infected IFO 7003 varietie assess severity of the African Cassava Mosaic Bisea
Experiment two also consisted two sets of trialsisT (ACMD) over time.
included an assessment of neem treated cuttings orAssessment for EACMD followed similar treatment as
ACMV and EACMV infected cuttings. Each trial in the case of ACMD. However the check variety used
consisted of eight treatments. African Cassava Mosavas IFO 7003 confirmed to be infected with the East
virus and East African Cassava Mosaic virus infiécteAfrican Cassava Mosaic Disease through polymerase
cuttings of Cocoa and IFO 7003 respectively, tibatgh  chain reaction (PCR) at the International Institute
neem leaf extract at varying concentrations par lds Tropical  Agriculture  (IITA), lbadan, Nigeria.
follows: Symptomless plant derived from IFO 7003 in similar
Cassava mosaic virus infected cuttings immersed manner as derived for the assessment of ACMD wes us
1000g of finely grounded neem leaf suspension fier 1 to obtain symptomless cuttings of IFO 7003. Other
for 1hr, 6hr and 12hr.Cassava mosaic virus infectageatments consisted of the variety IFO 7003 imfgatith
cuttings immersed in 2,000g of finely grounded ndeai EACMV but treated with moringa leaf extract solutifor
suspension per liter for 1hr, 6hr and 12hr. A syonpgess the assessment of the East African Cassava Mosaic
cuttings of cocao (Local) and IFO 7003 and ACMVDisease (ACMD) over time.
infected Cocoa and EACMV infected IFO 7003 varitie  In a similar manner to experiment 1, assessment for
2.3.3.2 Preparation of Planting Materials ACMD consisted of the local variety, Cocoa confidrte
Before planting, cuttings were cut into 30 cm lénghd be infected with the African Cassava Mosaic Virus
treated for 10 min in solution of benomyl (2.5g/laof (ACMV) and symptomless but susceptible local variet
H20). Single stem cuttings were heat treated dawtgd Cocoa as checks. Infected Cocoa varieties treaitd w
in polythene bags. Symptomless plants obtained then neem leaf extracts solution were used to assessityeof
apical meri- stem of Cocoa and IFO 7003 was used #e African Cassava Mosaic Disease (ACMD) over time
symptomless plants. The two experiments considtéideo Similarly assessment for EACMD consisted of theckhe
local cassava variety, Cocoa confirmed to be ieféetith  variety IFO 7003. Symptomless plants derived fréf® |
the African Cassava Mosaic Disease (ACMD), and IF@003 were used as symptomless cuttings. Other
7003 confirmed to be infected with the East Africarireatments consisted of the variety IFO 7003 imfgatith
Cassava Mosaic Disease (EACMD) through polymeraseACMV but treated with neem leaf extract solution the
chain reaction (PCR) at the International Institwte assessment of the East African Cassava Mosaic $@isea
Tropical Agriculture (IITA), Ibadan, Nigeria. (ACMD) over time.
2.3.3.3 Preparation of Plant Leaf Extract 2.3.3.5 Data Collection
Moringa: Moringa leaves were kept in a well-veriéta Data were collected from all plants. Data inclugéaht
room to avoid direct sunlight for five days andefyn height measured in centimeters from the surfadeepot
grounded into powder. The moringa powder was mixe the top most expanded leaf using a well caldataheter
with water into a clean container at a ratio of d0ff rule. Leaf area was calculated in centimetre sq(@n2)
moringa powder to one litre of water for concentrat using the length and breadth method three (3) fully
one. Cassava cuttings were then immersed in moringapanded leaves per plant. Leaf number was caéclitat
solution at varying at varying soaking durations. Acounting the number of leaves at each samplingogeri
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Cassava Mosaic Disease (CMD) assessment was done MM97/306¢ 1.08¢e
using the 1-5 scale (IITA, 1990). SM 140¢1 1.08¢e
2.3.3.6 Data Analysis 05/165: 1.08e
Data collected on various parameters were analysed 05/030: 1.00t
using Genstat statistical package (Genstat relearsion 06/147: 1.00t
7. 2006/00: 1.00t
02/057" 1.001
. RESULT ®Means with the same letter are not significantffedéent.

DMRT (P(05<0.0001). List not exhaustive

3.1 Activity 1. Screening and Identifying source of bl ity of L
resistance to cassava mosaic diseases amongPie 2. Severity of Cassava Mosaic Disease onelarm
; referred varieties across six locations in Siegane.
Farmers’ Preferred Genotypes. : - :
Seventy one (71) genotypes and five check varieties Location ACMD severity

SLICASS 1, 2, 4, 6, and the local variety Cocoa ewer

selected by farmers and evaluated in 5 locations fo Yenkesi 1.32¢
resistance to cassava mosaic disease and otheerfarm Kenem: 1.02t
desired traits.
3.1.1 Severity of Cassava Mosaic Disease on Maken 1.02t
Farmers’ Preferred Genotypes Assessed for Two Kabals 1.01t
Years

Most of the cassava genotypes selected by farnaets h Njala 1.01k
high resistance to the cassava mosaic diseasesvéhal Kambiz 1,01t

mean of the genotypes assessed was 1.1. The mean

severity score for most genotypes assessed wera lie¢ ®Means with the same letter are not significantffedent.

local check variety Cocoa with a score of 1.92 Wwhi@s DMRT (Po05<0.0001).

significantly (R 0=<0.0001) highest score but not

significantly different from SLICASS 2 with a scoe# 3.1.2 Mean Tuberous Root Yield of Farmers’

1.75. Other check varieties released by SLARIcthi Preferred Genotypes

include SLICASS 1, SLICASS 4 and SLICASS 6 sSignificant difference (£:<0.0001) was observed

exhibited no symptom of the cassava mosaic diséage. among cassava genotypes in terms of tuberous it y

of the 76 genotypes assessed, 59 (77.63%) showed Tie highest mean tuberous root yield taking intcoant

symptom of the disease (Table 1). the two years of study was (MM96/7204 (4X) with ean
The severity of cassava mosaic disease among @ass@iberous root yield of 47.0 t/ha followed by 06/24%ith

genotypes selected was low. Yenkessa in the cqalatab  43.24 t/ha. CC 107 had the lowest yield of 17.4ft/

had significantly (Pos< 0.0001) the highest severity scoregollowed by Cocoa and CC 2365 with 17.46 t/ha aB®&
of cassava mosaic disease (1.32) compared to ledh ott/ha respectively (Table 3).

locations. No significant difference was observed i
disease expression among genotypes in Kabala (1.01)rable 3. Mean Tuberous Root Yield of Some Farmers’

Kambia (1.01), Kenema (1.02), Makeni (1.01) andldNja Preferred Genotypes Assessed for Two Year.
(1.01) (Table 2). CLONE *Tuberous root yield (t/h
Table 1. Some Mean Severity of Cassava Mosaic BéseapM96/7204 (4X 47.00:
on Farmer Preferred Genotypes Assessed in 2010 anghyg/147. ' 43.241
2011 MMO02/1807 42.82t
CLONE ’ACMD severity 96/0160 (4X 37.81¢
COCOA (Local checl 1.92¢ SLICASS 37.72
SLICASS ¢ 1.75k 9085 36.38cdcd
96/059! 1.50¢ 07/064¢ 35.97cd
01/002¢ 1.33c MMO001/014¢ 35.90cd
TME 203 (4X 1.33¢ CC 236! 18.96al
UNKNOWN 6 1.33c COCOA 17.461L
94/006¢ 1.33c CC 10, 17.431
01/118: 1.33c ®Means with the same letter are not significantfjedent.
TME 167+ 1.21ds DMRT (P05 <0.0001). List not exhaustive
9085: 1.19¢
07/062( ol 3.1.3 Tuberous Root Yield (tha) of Farmers
IoF7(/)oZ,gsl( ig: Preferred Cassava Genotypes across Locations for

05/012" 1.08¢e 2011 And 2012 Cropping Season
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Significant (P0.05<0.0001) difference in tuberoostr Table 5 .Severity of ACMD expression as affectedhbly

yield was also observed across each location. ldatiedi water treatment
the highest tuberous root yield of 35.89 t/ha sigantly Trft;atme?t (i?fzcteghﬁcl\m Weeks after sprouting(WAS) Mean
higher than all other locations followed by Kenemigh o0 195 Ue€iec Wen no
S " ) rying so duration
34.83 t/ha significantly higher than Makeni with.33t/ha _ 2 4 6 8 10 12
which in turn was significantly higher than Njalaty Infected Cutting (Cocoa) 1 30 27 27 27 30 23

. . S | i 1 10 1.0 1.0 1.0 1.0 1.0
28.69. Kambia and Yenkesa had significantly theelksw (é'g]c‘;t;m ess cuting

yields of 26.29 t/ha and 18.70 t/ha respectivebh(€ 4). Suttliggs imrr:jersed at250Cc1 27 27 27 30 30 23
or seconds

. Cuttings immersed at 250C1 2.7 2.7 3.0 3.0 3.0 2.4
Table 4. Tuberous Root Yield (t/ha) of Farmers Rrefi®  for 30seconds

: - uttings immersed 1 20 2.0 3.0 3.0 3.0 2.2
Cassava Genotypes across Locations in 2011 And 201272 (0 60 seconds
Cropping Season. Cuttings immersed at500C1 13 20 20 20 20 16
| a . \ for 10seconds
Location Tuberous root yield (t/ha] Cuttings immersed at 500C1 1.3 1.3 167 20 20 14
for 30 seconds
Kabale 35.89: Cuttings immersed at 5@1 1.00 1.00 167 200 167 122

for 60 seconds
Cuttings imnersed at 7501 133 133 167 167 167 128

Kenemi 34.83t for 10seconds
Cuttings immersed at 75(1 100 1.67 200 133 167 129
Maken 33.55¢ for 30 seconds
Cuttings immersed at 75(1 100 133 133 100 167 1.06
Njala 28.69( for 60 seconds
Mean 1 167 178 206 206 215
. SE+ treatment** 0.113
SE+ WAS X Treatment**  0.277
Yenkes: 18.701 CV (%) 20.9

a Means with the same letter are not significantly

different. .DMRT (Py o5 <0.0001). Table 6. Severity of EACMD expression as affected b

hot water treatment

3.2 Activity 2 . The Effect of Hot Water Treatmamt Treatment Weeks after sprouting (WAS) Mean
African Cassava Mosaic and the East African

Cassava Mosaic Diseases. 2 4 6 8 10 12

3.2.1 African Cassava Mosaic Disease (ACMD ) CiﬁﬁM(DIiF”éeCted

severity as affected by varying hot water treatment 7003)9 10 40 40 40 40 40 33

ACMV infected cassava cuttings significantly varied Symptomless

their resppnd to the cassava mosaic disease equress;t(l)t(t)igg IFO 10 10 10 10 10 10 1.0
when subjected to varying treatments. The symptsxsnleC tt_)
cutting (check) had no symptom expression withstte o "0

) . . . immersed at &
of 1.0, whiles the ACMV infected cuttings with n@th for 10 seconds 10 27 30 37 37 40 28
water treatment (check) had a disease severity.®&f 2 cuttings
Cassava cuttings subjected _td’(ZEhot water treatment at imrggrsed atdZ%? 10 33 33 40 40 40 31
10, 30, and 60sec had significantly lower diseasaerity 'O 2’seconds
score of 1.28, 1.29, and 1.06 respectively compaoed cutings

.28, 1.29, . p y P immersed at &
treatments with lower water temperatures. For msa for 60 seconds
there was no significant difference between theeatéd Cuttings
cutting and those treated ®5irrespective of the soaking g‘r"igrss:foﬁfm 10 23 30 30 37 37 26
duration. Diseased severity scores for cassavangstt cings
immersed in hot water at 25 where significantly higher immersed at 5%
than those subjected to higher temperatures JfC 0id  for 30 seconds
75°C (Table 5). Cuttings

immersed at 5

3.2.2EACMD Severity as Affected by Varying Hofor 60 seconds ~ +© 20 27 33 37 33 25

Water Treatments Cuttings

The results indicate there was a significant differe 'fg‘r"igr::forf‘ésm 10 30 30 37 33 40 28

among hot water treatment at varying temperatungs a cytings
immersion time. The symptomless cuttings showed n@mersed at 7&
expression of the disease. The EACMV infected igtti for 30 seconds
had a disease severity of 3.33 (check) with sigafly ~ Cuttings

. . . immersed at 7€
the highest severity score. The lowest severityes®®s iy g0 seconds =~ +°0 20 30 40 37 40 28

2.5 not significantly different that most heat treant at

1.0 30 33 37 40 40 3.0

1.0 23 33 37 40 40 29

1.0 20 3.0 40 33 40 27

500C and 7% but significantly lower than cuttings 2" 10 25 30 35 35 36
immersed in hot water at 26 (Table 6). SE# treatment** 0.1
SE+ WAS*™ 01
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SE+ WAS X

**= Significantly different at | =<0.001

Treatment** 03
Sl 129 3.3.2 EACMD Severity Expression on Moringa
Treated Cassava Cuttings at Varying
oncentrations, Soaking Durations and Weeks After

cutting on the expression the African Cassay,

M_osalc and the East African Cassava Mosal Significant difference ($0<0.001) in disease severity
Diseases . . . was also observed among EACMV infected cassava
3.3.1 ACMD Severity Expression on Moringgytings treated with Moringa at varying concerioras
Treated  Cassava  Cuttings at  Varyingand soaking durations. Generally 200g Moringa tneat
Concentrations, Soaking Duration and Weeks Aftguppressed EACMV infection significantly with a efise
Sprouting. score 2.8, 2.7 and 2.5 respectively for 1hr, 6rd &2hr
Generally cassava cuttings treated with a condiémrira soaking duration, compared to the untreated EACMV
of 200g of Moringa leaf extract had significantlyinfected cutting which had a severity score of 3.The
(Po.00x<0.001) the lowest disease severity score compar&f0g treatment also exhibited suppressive tendendgif
to all other treatments. Longer soaking duration ¥8 increase in the soaking duration form 6hr to 12reauth
hours significantly  (FP00=<0.001) reduced diseasea severity score of 3.08 respectively and was fogmitly
expression compared to 1 hour for both the 100@P.00:<0.001) lower than the 100g treatment for 1 hour
Moringa/lire HO but no significant difference was with a severity score 3.44 as well as EACMD itdec
observed in soaking duration at higher concentnatiof cutting . EACMV severity expression increased withe
200g Moringa/litre HO. The 200g of Moringa treated significantly from 2.46 at 2 WAS to 3.10 at 12 WAS
cassava cuttings soaked for 1lhr to 6hr had sevscitye (Table 8).
which ranged from 1.60 to 1.7 and was significartlg
lowest scores, compared to all other treatments. Iy
Moringa - treated cassava cutting had significahigher
severity score but was significantly lower than &@&VV

3.3 Activity 3. Effect of Moringa treated cassav
%prouting.

Table 8. EACMD Severity Expression on Moringa
Treated Cassava Cuttings at Varying Concentrations
Soaking Durations and Weeks After Sprouting.

infected cutting which had significantly higher egty Treatment (infected ~ Weeks After Planting Mean
scores of 2.8. The symptomless cutting maintained zEAC'V'dD _ChU“'ngs)
severity score of 1.0 ACMD severity increased trgi"’:fﬁg et
si.gnificantly (3_05<O.001) with time for all treatments. The > 2 5 8 10 12
highest severity score of 2.47 was attained at &2kw 100g per Lliter forLhr 3 33 33 33 4 38 34
after sprouting (WAS). The lowest disease score ofa 1889 per :!tre ;Or ?2[1 239 33 331 %33 3321 33 3311
g per litre for r . . . . .
1.54 observed at 2 WAS. (Table 7). 200g per Liter forlhr 53 o5 3 3 3 3 8
. ) . 200g per litre for 6hr 23 25 27 27 28 3 72
Table 7. ACMD Severity Expression on Moringa Treate  200g per litre for 12hr 23 2 2 3 27 3 2.5
Cassava Cuttings at Varying Concentrations andtions (IE/S%I\S(\)/SI;fected cutting 3 4 4 33 4 4 3.7
and Weeks after Sprouting. Virus free/ symptomless 1 1 1 1 1.7 2 1.3
Treatment (infected Weeks After Planting Mean cutting (IFO 7003)
ACMD cuttings treated Mean 25 27 28 29 31 31
with moringa leaf SEz (Treatment) 0.1
SEz+ (WAS) 0.1
extract SE+ (WAS x treatment) 0.2
2 4 6 8 10 12 CV (%) 6.6

100g per liter forlh
100g per litre for 6h
100g per litre for 12h
200g per liter forlh
200g per litre for 6h
200g per litre for 12h
ACMYV infected
cutting (Cocoa

Virus free/
symptomless cutting
(Cocoa)

Mean

SE+ (Treatment)*
SE+ (WAS)**

SE+ (WAS x
treatment)**

CV (%)

14
14
1.6
14
14
14
2.6

1.0

15
0.1
0.1
0.2

11.€

2.2
1.6
1.8
1.2
1.0
1.0
2.5

1.0

2.0
1.6
1.9
1.3
15
14
2.4

1.0

1.7

2.1
1.9
1.9
1.6
1.7
1.6
3.0

1.0

1.9

2.9
2.7
2.9
2.2
2.0
2.0
3.1

1.0

2.3

3.0 2.3
2.9 2.0
3.0 22
2.5 17
2.0 16
2.2 16
3.2 2.8
1.0 1.0

2.5

*= Significantly different at Py0s<0.005
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3.4. Activity 4. Effect of neem treated cassavarmit

on the expression the African Cassava Mosaic and
East African Cassava Mosaic Diseases.

3.4.1 ACMD Severity Expression of Neem Treated
Cassava Cuttings at Varying Concentrations and
Soaking Durations.

The 2,000g/litter Neem - treated cutting had a sgve
score 1.42, 1.29 and 1.31 for 1lhr, 6hrs and 12bekisg
duration respectively significantly {Bv<0.001) lower
than the check (ACMD infected cutting). Generatiyér
treatments of 1,000g/litter Neem - treated cuttimgth
shorter soaking duration had significantly highevesity
score compared to the 2,000g treatments with longer
soaking duration. This implies that for ACMV infedt
cuttings, the higher the concentration (2,000efljttof
Neem -treated cuttings immersed in Neem leaf exfosc
at least 6 hours was effective in suppressingtpeegsion
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of the ACMD compared to lower concentration. 1000guttings, the higher the concentration (2,000gffjttof
Neem treated cassava cuttings had a severity 6€4r82, neem treated cuttings immersed in neem leaf extoactt
1.90 and 1.89 at 1hr, 6 hr and 12hrs soaking duratileast 6 hours had more suppressive ability in the
respectively. All Neem treated cuttings had sigaifitly expression of the disease compared to lower
lower disease severity scores compared to the ACMibncentration. The 1000g/litre neem - treated cassa
infected cassava cuttings used as a check. For eaxclitings had severity scores of 3.44, 3.08 and &8, 6
sampling period all Neem treatment were signifigant hr and 12hrs soaking duration respectively. All iHee
lower than the ACMD infected cuttings while thed0g treated cuttings had significantly o(f3<0.001) lower
Neem treatment was significantly higher than th@0Qg disease severity scores compared to than the EACMV
Neem treatment with longer soaking duration of 6l% infected cassava cuttings used as a check witlvexige
hours. Disease severity increased with time sicpuifily score of 3.7. Disease severity increased with time
(Po.00=<0.001) with the highest severity score of 2.45ignificantly with the highest severity score 08 attained
attained at 12 weeks after sprouting (Table 9). at 12 weeks after sprouting (Table 10).

Table 9. ACMD Severity expression on Neem treated Table 10. EACMD Severity Expression on Neem Treated
cassava cuttings at varying concentrations andiSgak Cassava Cuttings at Varying Concentrations, Soaking

Duration and Weeks after Sprouting. Duration and Weeks after Sprouting.

Treatment Weeks After Planting Mean Treatment (infected Weeks After Sprouting Mean
(infected ACMD EACMD cuttings

cuttings treated treated with neem

with neem leaf leaf extract

extract 2 4 6 8 10 12
1000g per Lter io ‘1_7 fB 1?8 1.170 3%2 Lg  L000gperiiiterforthr 3 33 33 33 40 38 34
forihr 1000gperlitrefor 6hr 3 3 3 3.3 3.2 3 3.1
1000g perlirefor 1.0 1.7 20 18 20 30 19 iooogperitefor 29 3 31 33 31 3 31

r , 12hr

1000g per litre for 2000 23 25 30 30 39 3 28
12hr . 1.0 1.7 20 1.7 2.0 3.0 1.9 gperlliterforlhr

2000g per litre 2000g per litre for 2.3 25 2.7 27 28 3 27
forthr 1.0 1.0 14 14 17 20 14 g,

2000g per litre for 2000g perlirefor 23 20 20 30 27 3 25
6hr . 1.0 1.0 1.2 13 13 20 13  Jony

2000g per litre for EACMVinfected 30 40 40 33 40 40 37
ACMV infected Virus free/ 10 10 10 10 17 20 13
cutting (Cocoa) 2.0 23 24 23 26 33 25 symptomless cutting
Virus free/ symptomless (IFO 7003)

Mean 11 1416 16 18 25

SE+ (Treatment) 0.1 SE+ (Treatment)** 0.062

SE+ (WAS) 0.1 SE+ (WAS)* 0.054

SE+ (WAS x 0.2
treatment) SE+ (WAS X 0.153

CV (%) 14.8 treatment)**
**= Significantly different at | =<0.001 CV (%) 6.6

**= Significantly different at | 0=<0.001

3.4.2 EACMD Severity Expression of Neem Treated
Cassava Cuttings at Varying Concentrations, V. DISCUSSION
Soaking Durations and Weeks after Sprouting. , L _ _

Similar trend in results observed in the effeciNeem The use of resistant varieties remains the mosttafe
on ACMD was observed for EACMD but with Iessermethofj of managing the cassava mosai_c disease sh mo
suppressive effect. The 2,000g/litre Neem - treatating  countries. However there are other options that lban
had severity scores of 2.79, 2.66 and 2.49 for@iims and 2PPlied especially for farmers who for certain ceabold
12hrs soaking duration respectively. Overall, seye O0 to the cultivation of local infected varieties @served
score for the 12hrs soaking duration was signifiyan " Slerra Leone. Fargettet al. (1994) reported that
(P0.005<0.001) lower than the 1 hour treatment. ¢iey, ~diSease-free cuttings could be recovered from sympt
significant difference was observed on the 1,00®e/l free areas of cassava plants. This suggests thﬂ_llyjo
treatment but no significant difference was obsgnwith infected plants would.have a lower proportion cfedise-
the 2,000g/litre treatments between 8 to 12 wedtes a T€€ cuttings than singly infected plants. Growthda
sprouting (WAS). The 1000g neem -treated cuttingd h severity response to ACMV and EACMYV infection varie
significantly higher severity score compared to 2:@00g Pased on the soaking duration and level of exposure
treatments. This implies that for EACMV infectedV¥ing temperature and soaking duration. To dtte,
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disease is managed principally by using stakes fromoringa - treated cassava cuttings showed promising
healthy plants. According to Hanset al, 2011, heat result which can be used as part of an integratedra
treatment has been comprehensively studied andbean option for the African cassava a mosaic diseassiénra

used separately in multiple forms and in combimatigth
fire, water based and atmospheric, steam, vapaity tey
heat, forced hot air, high
atmosphere as well as electric field and electroretig
energies. He further stated that hot water treatmes a
simple and cost effect method of virus eliminatiwith

disadvantages such as surface heating and fuellicdkis
study, treating stakes at temperatures of more H9C
appears promising but needs adjusting to redusedolsy
the consequent low germination of stakes. Theyshlsb

shows that growth and development of the infected Neem

cassava plants can be influence by heat treatment.
In this study, ACMV
significantly varied in their response to the caasaosaic

Leone. Despite the fact that the treatment didetiotinate
the African cassava mosaic virus result indicatat th

temperature controllechoringa - treated cuttings immersed for about 18r&o

suppressed the expression of mosaic smptoms and
exhibited growth enhancing capabilities in termsplafnt
height, leaf number and leaf area. This cannatdié in

the case of the East African Cassava Mosaic viisesade
infection which exhibited very severe symptoms alndi

not respond to moringa treatments irrespective haf t
concentration and soaking duration.

leaves contain fungicidal and antibacterial
ingredients (Alzohairy, M. A, 2016).Studies withiedt

infected cassava cuttingmeem leaf extracts have shown that it can be ugathst

several skin disease such ringworm, eczema andesdab

disease expression when subjected to varying tezdim humans as well as the control of hyperlipidemia group
Cassava cuttings subjected tdZ5ot water treatment at of malarial patients severely infected with Plasiood

10, 30, and 60sec had significantly lower diseasserity
score of 1.278, 1.278, and 1.056 respectively coathto

falciparum (Biswas, 2002). In trials, positive uks have
been obtained for significant analgesic, antipgretind

treatments with lower water temperatures. The hatewv anti-inflammatory effects. In this study Neem waegdi to
treatment applied in this study did not eradicdte t control or supress the expression of the cassawwaimo

cassava mosaic virus disease but significantly egsed
disease expression and the onset on the diseasweakty

disease on infected cassava cuttings. Neem hadedso
used to treat patients infected with HIV/AIDS with

treatment effect on EACMD was inconsistent with th@romising result. Neem treated cassava cuttingh wit
higher heat treatment of 750C. Heat treatment ditl nconcentration of 2,000g per liter of water immersed

show any significant effect at 12 WAS. Severityrgcof
the untreated cutting was not significantly differaevith
severity score of cutting treated at 250C and 780@2
WAS. This result confirms the earlier report byrgtoand

between 6 to 12 hours exhibited greater potential i
suppressing the African cassava mosaic virus and to
lesser extent the East African cassava mosaic virus
disease. Generally neem treatment did not affeat |

Nichols 1938 who recognized that the mild and seveproduction and plant for both EACMV and ACMV

strain of the cassava mosaic virus which can becagsd

infected varieties however higher concentration and

with the ACMD and EACMD respectively could respondsoaking duration of neem treated cassava cuttings

differently to hot water treatment the latter (EAOM)

performed better that ACMV and EACMV infected

being more heat resistant than ACMD and could alswuttings.

differ in heat tolerance. The used of thermothertpy

According to Tijjani A, (2014), the effectiveness o

eradicate ACMD from the tip of cuttings and theirent plants extracts depend on the nature and amount of
plant was first demonstrated in 1959 but has nehhesed biologically active ingredients it contains. Incseain the

to control the disease (Walter and Raymond, 1982oncentrations of the plant seed/bulb/leaves etgrac
According to Chant 1959, elimination of the ACMV sva correspondingly decreased radial growth of Asplrgil

attained by hot air at 370C for 28 to 42 days; Kaik982
indicated that the time required for freeing caasplants
and tip cuttings less than 1.5 cm long was grethian 84
days.

flavus and weight loss of tomato fruit. Increasing
concentrations of these extracts implied an ineréashe
active ingredients of the solutions which act oa filmgus
thereby affecting its physiological processes and

It has been recommended that heat therapy andetisewnsequently lowering the growth of the fungus. $ame

culture be used in quarantine stations to free nego

vegetatively propagated plant materials of systemiaf neem and Saponins 10%

inference can be said with respect Azadirachtithécase
and Saponins 20%

pathogens such as ACMD with success being recordpterygospermin in the case of moringa which produce
with EACMD in five cassava genotypes (Kaiser angbositive resulted when cutting were immersed inh&ig

Teemba, 1979). In this study, the mosaic virus wais
eliminated by immersing infected cassava cuttimgiat

concentration of the active ingredient for a perabdb to
12 hours.

water for 750C but was successfully used to geeérat

symptomless cuttings and supressed expression eof th
mosaic disease significantly enough to influenceldyi

difference.

V. CONCLUSION

The result from integrated pest management studies

The use of neem and moringa leaf extract as a bfedicates that three options for the managemenasgava

pesticide in crop protection is not a new concklptwever
most studies have concentrated on insect peserimend

mosaic disease (CMD) can be introduced in Sieranée
Firstly, High yielding varieties resistant to thassava

fungi (Tijjani et al., 2014). In this study, the use of Mosaic disease were identified. Secondly, the sshdyvs

that African cassava mosaic disease (ACMD) can be
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influenced by heat treatment at 5@ to 73C. The hot [10] Kaiser WJ, Teemba LR, 1979. Use of tissue cultunel a
water treatment applied in this study did not eratdi the thermotherapy to free East African cassava culivarAfrican

. . di b ianifi | cassava mosaic and cassava brown streak disetm@sDRease
cassava mosalCc VIrus Isease ut significantly Reporter 63, 780-4.

(Po.00=<0.001) suppressed disease expression and the onsgt

of the disease. Hot water treatment effect on tA€MED
infected cuttings was inconsistent and may notffectve
under severe infection of the East African cassagaaic
virus (EACMV) irrespective of the hot water tempera
or soaking duration.

Thirdly, cassava cuttings treated with a conceionabf
200g of dried Moringa leaf extract for the 6 andHdur
soaking duration was effective in suppressing tffrecén
cassava mosaic disease but was not effective étheast
African cassava mosaic disease.

Finally, the study shows that for ACMV infected

cuttings, the higher the concentration (2,000g refsH
Neem leaf/litre) of Neem - treated cuttings immdr#e
neem solution for at least 6 hours was effective

Moringa.
EACMD but also exhibited suppressive tendencies.
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