Evaluation of Somel mproved Varietiesof Cassava
(Manihot esculenta) (Crantz) for Resistanceto Cassava
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ABSTRACT

Ten improved varieties of cassava Manihot esculenta (Crantz) obtained fromthe
International Institute of Tropical Agriculture (11 TA) Ibadan and a local variety
(Efuwa) which served as a local check were evaluated for resistance to Cassava
Bacterial Blight (CBB) at the Rivers Sate Agricultural Devel opment Programme
(ADP) Research Farm, Degema, Rivers Sate, Nigeria. The varieties were laid
out in a Randomized Complete Block Design and replicated three times. Field
observation shows that seven varieties were resistant to CBB infection with
proportional increase in tuber yield. Two categories of varieties were observed
in the study. The first category which have higher resistance to CBB and good
tuber yield thus having potential in reducing foliar diseasesaswell asincreasing
tuber yield, while the second category produces relatively higher biomass and
good tuber yield. This group can therefore be cultivated for good foliage and
tuber yield. Theroot number weight and above-ground biomass had a significant
positive correlation with yield, while a negative correlation exists between
incidence/severity and yield. Therefore, Varieties with high level of resistance
are recommended for crop multiplication in humid rain forest zone of Nigeria.
Keywords: Cassava bacterial blight (CBB), Improved varieties, Resistance, Local
check and tuber yield.

INTRODUCTION

Cassavaisone of themost important staplefood cropsinAfrica. Thecrop’sproductionis
among the most staple of theworld’smajor food crops. The storageroots can beleftin
theground for up to three or moreyears, making it- availableto consumersfor along
period. Theleavesaread sowiddy consumed asvegetablein several countriesinAfrica. It
cangrow onawiderangeof soilsand canyield satisfactorily where most other cropsfall

(Hahn, 1984). It cangrow inhighrainfa | areasand alsoin semi-arid regionsbecause of its
drought tolerance. Thecrop, therefore, playsavitd roleindleviating famineby providing
sustained food supplieswhen other cropsfail. Despitethe numerousadvantagesthat cassava
offersto millionsof African producersand consumers, therewerevery littleresearch and
development activitieson the crop in the continent until recently. Thisispartly duetothe
fact that the crop iserroneoudy considered asinferior sinceit ischeaper than cerealsand
thefact that there are numerous constraintsin the production of the crop. Asaresult,
concerted effortsare being madeto overcomethe numerous constraintsthat limit cassava
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productionin the continent, particularly Nigeria. Among such congraintsarediseasessuch
as mosaic virus and cassava bacterial blight. Cassava bacterial blight caused by
Xanthomonas campestris Pv. Manihotisis present inalmost all cropping areas. It was
first reportedin Nigeriain 1972 (Boher and Agboli, 1995). It startsduring therainy season
with the establishment of the parasite on foliage. Bacteriafrom contaminated plantsor
plant debrisinthe soil aretransmitted to theleavesby rain splash or insects. The bacteria
then multiply ontheunderside of theleaves, wherethey form micro-coloniesprotected by
mucus (Daniel and Boher, 1985a). Thisepiphytic multiplication contributesto the buildup
of inoculi sufficient to contaminatelaminatissue through scomataor thewoundsthat are
frequently caused by highwinds. Leaf blight may occur asaresult of atoxin produced by
theparasite (Perreaux, Marate and Meyer, 1982).

Intheabsenceof rainfal, the parasite tops spreading in theissuesand theepiphytic
popul ations disappear. The parasite can survivein stem and seed tissuesand in plant
debriswhichfall totheground, but not in the soil (Daniel and Boher, 1985b). Thedisease
causelossof yield of tubersand planting materia, thereby posing athreat to nationa food
security. Itisagainst thisbackdrop that Internationd Ingtituteof Tropica Agriculture(lITA)
initiated the devel opment of improved cassavavarietieswhich are diseaseresistant and
highyidlding. Theimproved varietiesare however becoming lessor moderately resistant
to Cassavabacteria blight (CBB) (Omodiji, Oyedokan and Akinl osotu, 1988; Osakwe,
Ikpe, Adeniji and Folorunsho, 2000). The objectivesof thisstudy thereforeareto:

0] Evauatethelevd of resistance of variousvarietiesof bacteria blight onfarmand
(i) Ascertain therelationship between the disease and tuber yield of cassava

MATERIALSAND METHOD

Thisexperiment was conducted on atypica sandy |oam soil at Rivers StateAgricultural
Development Programme (ADP) Research farm, Degema, Rivers State. Thisfarmis
locatedinthehighrainfall areasof Nigeria. Annud rainfal isvariableand rangesfroman
averageof 2,000to 2,500 mm (FAO, 1984). Therainfall patternisessentially bimodal
with peaksin July and September and periodically low precipitationinAugust, theannua
temperature ranges between 25°C and 28°C. The experimental plot was previousy
cultivated with vegetable (Okra) and was dominated by grasses and sedgesamong which
are Sda acuta, Ageratum conizoides (L.), Panicum maximum (Jacq) and others.

All soil analysis were done according to procedures outlined by Tel and Rao
(1982). Soil samplesfrom five pointsat 0— 15 cm and 15— 30 cm were collected per
location for chemical analysisin thelaboratory. Sampleswereair-dried and analyzedin
thelaboratory for soil pH with Coleman pH meter using soil “ saturation extract” (Soil-
water, 1:1 ratio, w/vol) and soil — potassium chlorideratio 1:2:5 w/vol. Total N was
determined by the semi-micro kjeldahl digestion method as modified by Tel and Rao
(1982), while available P was determined by the Bray and Kurtz No. 1 method (Tel and
Ren, 1982). ExchangesbleK wasextracted with neutral normal ammonium acetate buffered
at pH 7.0. Potassium (K) in the extract was measured by flame photo-meter (Tel and
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Rao, 1982). Cadmium (Ca) and Magnesium (Mg) in the extract were determined by
EDTA Complex metrictitration (Tdl and Rao, 1982). Thefiddwaslaid out inarandomized
complete block design and replicated threetimes. Each block measured 464m? containing
eleven plots. The plots measured 5.0 x 5.0m each. The cassava cuttingswere spaced at
1.0x1.0m. Theten cassavavarietiesevaluated included 99/6012, 96/1632, TM S 30572,
98/0002, 91/02324, 98/2101, 97/3200, 94/0026, 96/1642, 97/0162 and local best
(Efuwa) which served asthe control. These varietieswere eval uated for resistanceto
bacteria blight under natural infection.

The cassavacuttingswere planted on theflat after clearing. Since cassavaplants
are senditive to weed competition during the early part of their growth, manual weeding
wasdoneat 4, 8, 12 and 18 weeks after planting (WAP). Observations on sprouting were
carriedout at 1, 2, and 3 (WAP). The number of sprouts per cutting was counted until fill
or near 100% emergence (compl ete sprouting was cal culated and numbers of nodeswere
counted). Initial plant growth vigour 3WAPwasrated on scale (modified from CIAT
1983). Incidence of CBB wasrecorded asthe number of cassava plants showing | eaf
symptomsover thetotal number of plantsper treatment multiplied by 100 (11 TA 1990a).

Number of infected plants
Total number of plantsper treatment

x 100

Severity of CBB: Severity scoring wasdonethrice, first at the beginning of rainy season,
(May), second at the peak of rainy season (September) and third at the end of therainy
season (11 TA 1990b). Thefollowing scoring system was used.

0=No symptomsobserved.

1 =only angular leaf sprouting.

2=Exclusvelesf blight, leaf wilt and defoliation and gum exudation on stemsand petioles
3=Extengvelesf blight, wilt and stem die-back

4 = Complete defoliation and stem die-back of lateral shoots.

Thetotal number of leaveswas counted. Thiswas carried out by counting the
number of leavesper stemor per plant basis(11 TA, 1983). Thetotal number of branches
was counted at 3 and 6 months after planting (MAP). Theleaf areawas determined by
tracing (graph) method. Tuberousroots arethosethat arethicker than 0.5cmto 1cm. If
tuberousrootsareformed, aseparation of these can be done according to their diameter
intosmall, intermediate, largeclasses (11 TA, 1990a). Subsequently, freshweight analysis
wasdoneonthebasisof theseindividua classes. Dataobtained were subjectedto analysis
of variance (ANOVA). Themeansof thetreatmentsfound to be significant were compared
using New Duncan Multiple Range Test (NDMRT) according to procedures of statistical
AnalysisSystem (SAS, 1991). Correlation was also doneto determinetherel ationship
among parameters.

RESULTSAND DISCUSSION

I ncidence of CBB: The peak incidence period wasmaintained at 3MAP but declined at
6 MAPfor virtually all thevarietiesexcept local best, TM S 30572 and 91/02324 (Table
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1). For some others, no incidence of CBB was observed at 1 MAP. Thiswas noted for
96/1632, 91/02324, 98/2101, 97/3200, 94/0026, 96/1642, 97/0162. Some fluctuations
in incidence of CBB were noted at 1 MAP, 3MAP and 6 MAPfor local best, TMS
30572 and 91/02324, TM S 30572 maintained anincreaseinincidencefrom 1 MAP until
6 MAPwhileincidenceincreased between 1 MAPand 3MAPbut declined at 6 MAPfor
local best. However, incidence of CBB wasonly observed at 6 MAPfor 91/02324. Ona
generd note, theincidence of CBB showsthat 91/02324 and 97/0162 weremoreresi stant
whilelocal best and TM S 30572 were susceptible to the disease.

Severity of CBB: Field observation of cassavavarietiesreveal sthe occurrence of bacteria
blight, though the severity was mild. Significant difference occurred among varieties of
severity of cassavabacteria blight (CBB) at onemonth after planting (1 MAP), SMAP
and 6 MAP(Table2). Thehighest severity wasat 3MAPthen severity declinedat 6 MAP
for somevarietieslike 99/6012, 98/0002, 94/0026 and 96/1642. 1t was observed that
therewassignificant increasein severity between 1 MAPand 3MAPfor thesevarieties
but declined at 6 MARP. Therewasneither declinenor increasein severity between 3SMAP
and6 MAPfor local bestand TM S30572. However, severity increased dightly between
3MAPand 6 MAPfor 91/02324, 97/3200.

The cassavavarietiesexhibit varying degrees of resistanceto bacteriablight 94/
0026 compared favourably with six other resistant varieties. Theincreasein severity and
incidence of CBB with time (the beginning and peak of rainy season) observed for the
varietiessuggest that highrainfall favoursthe spread of the disease. Thisisin agreement
withthefindingsof Hahn, Isobaand I kotun (1989) and 11 TA (1990) who report anincrease
inincidence and severity of CBB over a period of six months on both resistant and
susceptiblegenotypesunder smilar environmental conditions. Resultsfrom thisstudy show
that incidence and severity of the disease decline at the end of therainy season. These
agree with thefindings of Daniel and Boher (1985) who report that in the absence of
rainfall, the parasite Xanthomonas camprestis pv. Manthotis stop spreading in thetissues
and the epiphytic popul ations disappear. The parasite can survivein stem and seed tissues
andin plant debriswhichfall to theground, but not in thesoil. Thisobservation however,
negatestheassertion of Pardey (1989) who report that CBB isusualy severeingrasdand
regionwhererainfall isbarely sufficient with along dry season of 5- 7 monthsand where
cassavaisgrown mainly asamonocrop.

Branching and leaf development of variousvarieties: Significant differenceswere
a so observed for number of branches/leaves. The number of branchesincreased between
3MAPand 6 MAPfor al varieties except 98/0002 and 98/2101 which maintained the
same number of branchesat 3 MAP. TM S 30572 hasthe highest number of branches
while98/0162 hasthelowest. Thenumber of leavesa so increased asthemonthsincreased.
TMS 30572 a so recorded the highest number of leaves. A reduction in the number of
leaves was noted between 3MAP and 6 MAPfor 91/02324 asshown ontable 3. The
result from number of branchesand leaves suggeststhat the number of leaves producedis
determined by the number of branches, hence the higher the number of branches, the
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higher thenumber of leaves. Theimplication of thisisthat TMS30572 canbegrownasa
dual purposevariety: for leaf production (whichisused asvegetable by many African
families) and tuber yield. L eaf areacontinued to enlargewithtime (1, 3and6 MAP). This
confirmsearlier findingsby Hunt, Wholey and Cook (1997) that cassavaleavesproduced
at different timesthroughout the plant’slife cycle appear to bedifferentin Sze. The process
of producing new leaves, thetimerequired for expansion and rate of |eaf growth canbe
dependent on the genetic makeup of the plant.

Effect of bacterial blight on yield and yield component: The yield components,
number of roots, weight of roots, above-ground biomass and fresh tuber yield show
significant difference (table4). Number of small rootsranged between 14 for 97/3200
and 41 for 96/1642; variety 99/6012 recorded the highest number of largeroots. Weight
of small rootsranged between 29+11 for 94/0026 and 19+2 for 97/3200. Highest above-
ground biomassyield was al so recorded by 99/6012 as compared to 97/3200 that gives
thelowest yield. The highest total yield wasrecorded by 94/0026. L ocal best and five
othersgiveyield comparableto 94/0026. It could be deduced, therefore, that whenthe
improved varieties get adapted to the agro-ecol ogy, their resistancetend to diminish.

Yield/Yield Components: Negative correl ation exists between diseaseincidence/severity
andyidd. Thisimpliesthat increaseinincidence/saverity amountstoyield reduction, while
decreaseinincidence/severity enhanceshighyield. Therefore, yield could beimproved by
selecting for diseaseresistant varieties. Among the varieties studied, 94/0026 had the
highest fresh tuber yield. Thisisnot unexpected, being that thisvariety hasvery low
susceptibility to thediseasewith very mild spotting onthelesf. Thisisinlinewith thestudy
by Boher and Agboli (1995) which show that thelesf isthetarget of the bacterial disease
whichin severecaseslead to defoliation. Thispremature defoliation resultsinlossof tuber
yield. Theresult fromthisstudy hasestablished thefact that cassavabacteria blightisone
of the major disease that pose a seriousthreat to theincreased production of cassava
(ITA, 1990). Yield reduction up to 92% in susceptible cultivars have been reported
(Umemure and Kawano, 1983).

Thisstudy also reveal ssomeresistant varietiessuch as98/2101, 97/3200 and 91/
02324 which havelow yield. Thissuggeststhat theimproved varietiesare becoming less
resistant to cassavabacterial blight (Osakwe, Ikpe, Adeniji and Folorunsho, 2000). Itis
important to note that there wasno significant correl ation between leaf areaandyield. This
result could beattributed to the spotting, wilting and distortion ontheleaves of thevarieties
evaluated. These symptoms caused by bacterial disease altered the plant’sleaf surface
areawhich may have affected light interception to an appreciabl e extent, hence, reduce
photosynthetic activity. According to Hunt, Wholey and Cook (1997), aplant’stotal |eaf
surface area determines the maximum amount of photosynthetic product whichit can
produce. The observation madein thisstudy with respect to leaf areanegatesthe assertion
of Dale and Milthorpe (1983) who report that leaf physiology isasignificant factor
controlling crop productivity whichisparticularly noticeablein cassava. Root number,
weight and above-ground biomass had asignificant positivecorrelationwithyield. This
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suggeststhat the number and weight of therootsmay affect yield to an appreciable extent.
Another factor that could influenceyield despiteinfection isthefact that cassavainthe
humid forest zone of Nigeriapassesthrough three seasonsin onelifecycle. Itisplanted
between A pril — September (rainy season) growsthrough October —March (dry season)
and harvested between April —September of thefollowing year (rainy season). Thisperiod
of 12 monthsenablessomevarietiesseverdy infected early inthegrowth cycleto recover
andyield economicdly (11 TA, 1990).

Tablel1: Incidence of CBB on selected cassavavarieties

Treatments Incidence (%) months after planting

1 3 6
Local best 43+ 252 45+ 13 2+7
99/6012 20+ 2> 48+ 6° 46 + 22
96/1632 5+(0° 24+7° 0 +0°
TMS30572 5+3 20+ 4~ 23+£3
98/0002 5+1° 1741 4 +0°
91/02324 0+0° 0 0 4 +0°
98/2101 0+0° 5 £ 1¢¢ 4 +0°
97/3200 0+0° 5 +1% 4 +0°
94/0026 0+0° 15+ 1 0+0¢
96/1642 00 5 +1%® 00
97/0162 0+0P 4 +(Qc 0+0¢
MAP (Months after planting)

M eans with same alphabets along the column are not significantly different from one another
Source: Experimentation, 2013 - 2014

Table2: Severity of CBB selected cassavavarieties

Treatments Incidence (%) months after planting
1 3 6
Local best 2+(0° 3+? 3+?
99/6012 2+ 3+ 0~ 1+0°
96/1632 1+0° 2+ 0~ 1+0°
TMS30572 20 3+0® 310
98/0002 2+0° 3+? 2+0°
91/02324 1+0° 1+0° 2+0°
98/2101 1+0° 1+0% 2+(0¢
97/3200 1+0° 2+ 0% 2+(0¢
94/0026 1+0° 2+04 1+0°
96/1642 1+0° 2+04 1+0°
97/0162 1+0° 2+0° 1+0°

MAP (Months After Planting)
M eans with same alphabets along the column are not significantly different from one another
Source: Experimentation, 2013 - 2014
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Table 3: Branching and leaf development of selected cassavavarieties

Treatment Branches Leaves L eaf Area(cm?)

3MAP 6MAP 3MAP 6MAP 1MAP 3MAP 6MAP
Local best 24+3 373 318+16° 592+51° 27+3° 65+3 7613
99/6012 9+4% 10+5% 73+44°  139+87¢ 70+1° 79+ 139+1¢
96/1632 13+6' 18+8« 140+59° 281+142% 43+2° 53+2¢ 72+2°
TMS30572 4415 74+ 8 619+74°> 1264+124* 37+2°¢ 73+2¢ 101+
98/0002 2+ 2+1° 3A+14 70+ 26 17+1> 21+1¢ 97+
91/02324 2+ 2+0° 26+ 4° 51+ ¢ 63+2° 104+3 113+ 3°
98/2101 12+1¢ 16+2% 103+10° 211+15¢ 84+1°c 157+3' 169+ 3°
97/3200 4+00 T7+1d° 46+ 7° 84+ 14° 3A+20 41+24 T6+2°
/0026 10+2% 17+4e 146+33° 300+63® 51+2¢ 103+5° 162+2°
96/1642 15+3 2413 66+71>  433+183bc 55+2¢ 63+1¢ 170+1°
97/0162 1+0> 2+1¢ 32+16° 54+23 40+2¢ 60%1° 124+ 2

M eans with same al phabets along the column are not significantly different from one another

Source: Experimentation, 2013 - 2014

Table4: Yield and Yield Components

Treatment Root number Root Weight Yeild Above Ground Total Yield
Small Large Small Large Biomass (t/ha) (t/ha)
(no/ha) (no/ha) (no/ha) (no/ha)
Local best 25+5b° 72+8° 1.08+0.4%c 26.92+5.8¢ 8.24+5.3ab 28.00+5.5%
99/6012 15+2¢ 12072 0.84+0.2%¢ 33.88+2.0° 23.32+2.0b 34.72+2.1°
96/1632 20+3be 7740 0.88+0.5%¢ 29.08+2.0% 12.92+1.8b 29.96+2.4b
TMS 30572 34+1aP 72140 1.44+0.4% 26.28+1.8° 10.68+2.0b 27.72+0.8
98/0002 20+5P¢ 76+2° 0.92+0.6%2 24.92+2.0° 8.8+1.2cb 25.88+2.2°
91/02324 25+3P¢ 65+2° 1.16+03* 17.08+2.7¢ 8.28+0.9abc 18.24+3.0°
98/2101 19+2¢ 40+£3° 0.84+0.2% 13.72+£2.0¢ 4.8+0.6bc 14.56+2.0b
97/3200 14+2¢ 33£3¢ 0.44+0.42 10.00+1.7° 3.6+0.6b 10.44+1.4b
94/0026 20+11%c  81+14° 2.24+0.8° 32.8+01.7° 21.6+£15.5° 35.04+2.5b
96/1642 41+2° 81+3° 1.92+0.9% 30.4+0.6° 10.92+0.9® 32.32+0,7b
97/0162 19+2¢ 79+2°¢ 0.52+0.3% 26.12+0.9%° 7.08+2.0% 26.8+0.6b

Means with same al phabets al ong the column are not significantly different from one another

Source: Experimentation, 2013 - 2014
Table5: Relationship between Incidence/Severity and Yield

Trt Local Best 99/6012 96/1632 TMS30572 98/0002 97/02324 98/3200 97/3200 94/0026 96/1642 97/0162

Inc  Sev Inc Sev Inc Sev Inc Sev
Sev Inc  Sev Inc Sev Inc Sev Inc Sev
Yield 0.213 0.079 0.057 0.103 0.094 0.160 0.397 0.195
0.092 0.030 0.082 0.138 0.023 0.041 0.120 0.031 0.14

Table6: Relationship Between Some Parametersand Yield
LA 6 MAP RT NO sSM RT NO LG RT WT SM
ABOVE GROUND BIOMASS TOTAL YIELD
LA 6 MAP
RT NO sSM
RT NO LG
RT WT SM
RT WT LG
ABOVE GROUND BIOMASS
TOTALYIELD
* = ** = *x*% = Ns= Not Sgnificant, LA = Leaf area,
RT NO SM = Root Number (Small), RT NO LG = Root Number Large,
RT WT SM = Root Weight Small, RT WT LG = Root Weight Large,
MAP = Months After Planting
Source: Experimentation, 2013 - 2014

Sev Inc
Sev
0.150 0.02
0.171

RT WT LG
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CONCLUSION

Thisstudy wasdesigned to evaluatethelevel of resistance of variousvarietiesof bacterial
blight on farm and ascertain therel ationship between the disease and tuber yiel d of cassava
Ten improved varieties of cassava Manihot esculenta (Crantz) obtained from the
International Institute of Tropical Agriculture (I1'TA) Ibadan and aloca variety (Efuwa)
which served asalocal check wereevaluated for resistance to CassavaBacterial Blight
(CCB) at the Rivers State Agricultural Development Programme (ADP) Research Farm
Degema, Rivers State, Nigeria. Thisstudy has established that incidence and severity of
CBB areboth negatively correlated with tuber yield. It, therefore, suggeststhat farmers
can usediseaseresistant varietiesfor enhanced tuber yield. Varieties 99/6012, 96/1632,
94/0026 and 96/1642 with high level of resstlancearerecommended for crop multiplication
in humid rainforest zone of Nigeria. Other varietiessuchas TM S 30572, 96/1642 and
94/0026 were observed to have high foliage and tuber yield, thus serving adua purpose.
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