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Abstract 

The present study aimed to determine the appropriate time to harvest cassava tuberous root which minimize the 
losses due to cassava brown streak disease (CBSD) in the region of Yangambi, DRC. To achieve the aim of the 
study, 38 cassava cultivars were evaluated in Yangambi INERA’s Research Center for CBSD in the roots at 
harvest time between 9 and 13 months after planting (MAP). All the 38 cultivars tested showed CBSD root 
necrosis symptoms. Foliar symptoms occurred on 37.6% of the evaluated cultivars while CBSD root necrosis 
varied significantly among cultivars (7.0% to 82.5%) depending on susceptibility and the age of plant. This 
indicates the differential response of the cultivars to CBSD infection.  

Whitefly population density decreased with age of cassava, it was of 3 whiteflies per plant (9 MAP) to 1 (10 
MAP). We noticed that in older plants, whitefly population decreased from 1 at 11 MAP to none at 13 MAP. 
Although, some cultivars did not show CBSD symptoms up to 12 MAP, they were not necessarily less attractive 
to whitefly. Negative relationship (r = -0.08 and r = -0.25) has been found between whitefly number and foliar 
symptom severity or between whitefly and tuber necrosis severity. Beyond 12 MAP, CBSD necrosis (severity 
score 4) was present in the tubers of 3 cultivars (EUR/2011/0148, Yafelamonene and Ybi/2011/258). Our study 
shows that in order to mitigate the losses due to CBSD necrosis, the optimum harvesting time for cassava tubers 
in Yangambi is 9 MAP. 

Keywords: Manihot esculenta Crantz, CBSD, disease severity, time of harvesting, Yangambi 

1. Introduction 

Cassava (Manihot esculenta Crantz) is a staple crop in Sub-Saharan Africa (FAOSTAT, 2009; Monde et al., 
2013). In the Democratic Republic of Congo (DRC), cassava is economically important as it is a basic food for 
70% of population, who consume both the leaves and the tubers (Molongo et al., 2015; Monde et al., 2013; 
Akinpelu et al., 2012). Cassava tubers harvest can take place between 9 and 12 months after planting (Monde et 
al., 2012), but in spite of this time range and its adaptability to pedoclimatic conditions, cassava yields in DRC 
remain low at < 5 t/ha (Vanlauwe et al., 2011). Cassava brown streak disease (CBSD), cassava mosaic disease 
(CMD) and bacterial diseases are the principal causes of low yields in DRC (Bakelana et al., 2018; Ingbabona, 
2015; Legg et al., 2007). 

CBSD is caused by two viruses belonging to the Ipomovirus genus, Potyviridae family. These viruses have been 
identified as cassava brown streak virus (CBSV) and Ugandan cassava brown streak virus (UCBSV) (Winter et 
al., 2010; Alicai et al., 2007; Monger et al., 2001). This viral pandemic was first described by Storey (1936) in 
Tanzania. In DRC, CBSD was first reported by Mahungu et al. (2003). Recently, both CBSV and UCBSV have 
been identified in DRC (Casinga et al., 2018; Mulimbi et al., 2012). The CBSV spread is attributed mainly to the 
use of infected cassava cuttings, although whitefly may also be a source of infection (Njoroge et al., 2017; 



jas.ccsenet.

Ntawuruhu
can be dif
present. C
instable va
cultivar (g
Valentor e
2001). CB
appear as n
(Bakelana 
impact on 
Uganda, K
but they al
Hillocks e
tuberous p

This study
CBSD in 
which is t
Masinde e
(2008), Eg
12-month 
tubers mig

2. Materia

The study
Center of 
geo-coordi

 

 

Thirty eigh
harvesting
improved 
Program o
through se
crossing th
obtained fr
One cultiv
2014).  

org 

unga & Legg, 
fficult to detec
onversely, foli
ariation freque
genotype), env
et al., 2018; M
BSD symptoms
necrotic brown
et al., 2018). 
cassava produ

Kenya and Ma
lso impact pro
et al., 2015). In
production at th

y aimed to det
DRC. Noneth

to minimize tu
et al. (2016), H
gesi et al. (200
growing cycle

ght be 9 MAP. 

als and Metho

y was conduct
Yangambi. Y

inates of the tr

ht (38) cultiva
g time. These c

cultivars from
of INERA DRC
eeds and tissu
hrough clonal 

from the germp
var highly CB

2007; Thresh 
ct because plan
iar symptoms 
ently observed
vironmental c

Masinde et al., 2
s include yello
nish or black ti
Necrosis and 

uction as studie
alawi. The nec
duce quality a
n the Northeas
he harvest whi

ermine the mo
heless similar 
ubers losses d
Hillocks et al.
07), and Nicho
e can mitigate
 

ods 

ed as part of 
Yangambi is in
rial site were a

Figure

ars of cassava a
comprised 4 lo
m the Internat
C which were 

ue culture plan
trial and prel

plasm mainten
BSD-susceptibl

Journal of A

et al., 1994). 
nts affected m
are not always
d in CBSD sy
conditions (alt
2016; Moham
ow-green marg
issues in the tu
constrictions 

ed by Masinde
crotic rots not 
as they make th
stern region of
ich is done gen

ost favorable t
studies have b

due to CBSD a
. (2015, 2001)
ols (1950). Ad
e losses to CB

research prog
n the equatoria
as follows: Lat/

e 1. Map of Ya

at INERA Yan
cal cultivars fr
tional Institute
tested. Thirty

ntlets. Then th
liminary yield 
nance field at Y
le Ybi/2011/25

Agricultural Sci

71 

However, Hill
may not exhibit

s indicative of 
ymptoms depe
titude, temper

mmed et al., 20
gins or spots o
uberous root pu
due to CBSD 

e et al. (2016) i
only result in 

he tubers unfit 
f DRC most a
nerally at 12 m

time for harve
been done in 
at harvest by 
), Kaweesi et 

dditionally to f
BSD, we hypo

gram at the N
al climate typ
/Long 0.82297

angambi in nor

ngambi were a
rom farmers in
e of Tropical 
y four IITA gen
he National Ca

trial. Improve
Yangambi with
58 (Figure 2) 

ience

locks et al. (19
t foliar sympto
f brown streaks
ends to severa
rature and rai

012; Hillocks &
on mature leav
ulp and may in
are the two s

in Kenya and H
cassava losse
for human con

affected by CB
months after pla

sting cassava 
other African
Kanju et al. (
al. (2014), A

finding the rig
othesized that 

ational Cassav
e Af accordin

7222, 24.46652

rtheastern DRC

assessed in situ
n Yangambi are
Agriculture (I
notypes were i
assava Program
ed and local c
h no visible CB
was used as p

996) also poin
oms even whe
s on stems or t
al factors com
infall) and vi
& Jennings, 20
ves; on tubers 
nclude constric
ymptoms that 
Hillocks et al. 

es in terms of 
nsumption (Ba

BSD, farmers l
anting (MAP).

tubers to mini
n countries for
(2019, 2012), 

Abaca et al. (2
ght time to har
the best time 

va Program at
ng to Koppen 
278 and 412 m

 
C 

u to determine 
ea with indige
IITA) and the
introduced in D
m of INERA 
cultivars plant
BSD symptom
positive contr

Vol. 12, No. 5;

nted out that C
en tuber necro
tuber necrosis

mprising plant 
irus species (
003; Monger a
the symptoms

ctions on the tu
have an econ
(2015) in Tanz
produce harve
akelana et al., 
lose a great pa
 

imize losses d
r the same pur
Ewa et al. (2
012), Benesi 

rvest cassava i
to harvest cas

t INERA Rese
classification.

m Alt (Figure 1

the most favo
nous names an

e National Cas
DRC in 1998/
DRC impleme

ting materials 
ms prior to plan
rol (Kaweesi e

2020 

CBSD 
sis is 
. The 
age, 

Okul 
at al., 
s can 
ubers 
omic 
zania, 
ested, 
2018; 
art of 

ue to 
rpose 
017), 
et al. 
n the 
ssava 

earch 
 The 
).  

rable 
nd 34 
ssava 
/2004 
ented 
were 

nting. 
et al., 



jas.ccsenet.

Figure 

 

The trial p
2019 (seas
three repli
plants corr
apart. Stem
of 98% an
assessed, a
leaves and
calculated 

For CBSD
(2003), an

 

Figure 3
chlorotic b
no lesions 
lesions or

lesions o

 

Whitefly p

From 9 to 
investigati

org 

2. Typical CB

plots were set u
son B) using t
icates. Each bl
responding to 
m cuttings of Y
nd a mean seve
adapted from H
d tubers, were
as follows:  

Incidence (%

D severity asse
nd Alicai et al. 

3. CBSD sever
blotches on so
 or streaks on 
r streaks on ste
or streaks on s

f

population was

13 months aft
ion (Legg et 

BSD associated
cul

up from March
the Abaca et a
lock of 456 pla
a variety to be

Ybi/2011/258 u
erity of 4 and 
Hillocks and T
e CBSD incide

%) = Number of

essment, we us
(2016). These 

rity scale (1-5)
ome leaves, 3 =
stems, 4 = pro

ems, 5 = prono
tems, defoliati
from 1 to 5 are

s determined th

fter planting (M
al., 2017). B

Journal of A

d symptoms on
ltivar used as p

h 2017 to Mar
al. (2012), Ka
ants measured
e tested. Planti
used in the spr
4.5 for shoot a

Thresh (2000),
ence, CBSD s

f plants display

sed a scale of 
scores are illu

) on cassava le
= pronounced/e
onounced/exten
ounced/extensiv
ion and diebac
e CBSD severi

hrough a syste

MAP), 3 plants
Besides check

Agricultural Sci

72 

n leaves (A), st
positive contro

rch 2018 (seas
anju et al. (20
d 600 m² (long
ing configurati
reader rows w
and root respe
, Sseruwagi et 
severity and w

ying CBSD/To

1 to 5 as desc
ustrated in Figu

eaves; 1 = no v
extensive vein
nsive vein yell
ve vein yellow

ck (Hillocks et 
ity deferent lev

ematic monthly

s per cultivar w
king for const

ience

tem (B) and tu
ol in the trial

son A) and fro
19) randomize

g 40 m × 15 m
ion was 1 m ×

were obtained i
ectively (Kawe

al. (2004), an
whitefly abund

otal number of

cribed in Hillo
ure 3. 

visible symptom
n yellowing or 
lowing or chlo
wing or chlorot

al., 1996; Alic
vel on leaves a

y whitefly coun

were systemat
triction, the u

uber pulp (C) o

om November 
ed completely 

m width). Each
× 1 m. The blo
in field that ha
eesi et al., 201
nd Kanju et al. 
dance per vari

f observed plan

ocks et al. (19

ms, 2 = mild v
chlorotic blotc
rotic blotches 
tic blotches on
cai et al., 2016
and stems 

nted on the 5 t

tically uproote
uprooted tube

Vol. 12, No. 5;

 
on Ybi/2011/25

2018 to Nove
block design 

h row comprise
ocks were set 1
ad CBSD incid
4). The param
(2019) for cas

iety. Incidence

nts × 100     

96), Gondwe 

vein yellowing 
ches on leaves
on leaves and 

n leaves and se
6). Legend: Sco

top young leav

ed for visual C
ers were disse

2020 

58 

mber 
with 

ed 12 
1.5 m 
dence 

meters 
ssava 
e was 

 (1) 

et al. 

 

or 
, but 
mild 
vere 
ore 

ves. 

CBSD 
ected 



jas.ccsenet.

transversel
by Gondw
Visual sym
Uganda. 

 

Figure 4.
necrosis; 3

 

Statistical 
2010) and 

3. Results

Our 38 cu
results sho
leaves and
among the
significant

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

org 

ly (using a slic
we et al. (2003)
mptomatology

. CBSD severi
3 = 5-10% tissu

2003). L

analysis was 
included an A

 

ultivars investi
ow that all the 
d tubers. We f
ese 38 cultiva
tly (p < 0.001)

cing knife) to c
) was used for 
y used was c

ity scale (1-5) 
ue necrosis; 4 =
Legend: Score 

carried out us
ANOVA and mu

igated for thei
38 cultivars (1

found also that
ars, ranging f
 different amo

Journal of A

check for typic
that assessme
onfirmed by 

on cassava tub
= 10-50% tissu
from 1 to 5 are

sing the R sta
ultiple compar

ir response to 
100%) develop
t average CBS
from 7.0% to

ong cultivars, s

Agricultural Sci

73 

cal necrosis in 
ent. This root n

molecular dia

berous root; 1 =
ue necrosis; 5 =
e CBSD sever

atistical softwa
risons of mean

CBSD during
ped various sym
SD tuber necro
o 82.5% (Tabl
scores ranging 

ience

the pulp. The 
necrosis severi
agnostic in N

= No root sym
= More than 50
rity deferent lev

are version 3.4
ns using the Tu

g growth perio
mptoms of CB
osis incidence
le 1). Similar
from 2.0 to 4.

necrosis sever
ity scale is illu

NaCRRI virolo

mptoms; 2 = Le
0% tissue necr
vel on tuber pu

4.0 (R Develo
ukey test.  

ods between 9
BSD at various
e varied signifi
rly, tuber nec
6 (Table 1).  

Vol. 12, No. 5;

rity scale desc
ustrated in Figu
ogy Laborator

ess than 5% tis
rosis (Gondwe 
ulp 

pment Core T

9 and 13 MAP
s growth period
ficantly (p < 0
rosis severity 

2020 

ribed 
ure 4. 
ry in 

 
sue 
et al., 

Team, 

P, our 
ds on 
.001) 

was 



jas.ccsenet.org Journal of Agricultural Science Vol. 12, No. 5; 2020 

74 

Table 1. Mean CBSD foliar and tuber incidence and severity and adult whiteflies per cultivar; N: number of 
cassava plants inspected per cultivar 

No. Cultivar Cultivar status N 
CBSD foliar 
Inc. (%) 

CBSD foliar 
Sev. (1-5) 

CBSD tubers 
Inc. (%) 

CBSD tubers  
Sev. (1-5) 

Average No. 
whitefly 

1 Bobalatata Local 4 3.2 2.3 35.0 2.3 1.3 

2 Itchatchabindo Local 1 3.2 3.0 67.5 2.0 1.5 

3 Kotumbakotumba Local 1 3.2 2.0 67.5 2.0 1.0 

4 Yafelamonene Local 3 3.2 2.0 25.7 3.3 1.0 

5 Disanka Improved 3 3.2 2.7 45.7 2.3 4.0 

6 EC/2014/004 Improved 1 3.2 2.0 7.0 3.0 0.0 

7 EC/2014/010 Improved 4 3.2 3.0 36.1 2.5 1.5 

8 EC/2014/0115 Improved 5 3.2 2.2 34.4 2.2 1.5 

9 EC/2014/015 Improved 1 3.2 2.0 7.0 3.0 0.0 

10 EC/2014/023 Improved 4 3.2 2.5 35.0 2.3 1.5 

11 EC/2014/031 Improved 1 3.2 2.0 7.0 3.0 0.0 

12 EC/2014/034 Improved 3 3.2 2.3 45.7 2.3 2.0 

13 EC/2014/05 Improved 1 3.2 2.0 7.0 3.0 0.0 

14 EC/2014/055 Improved 4 3.2 2.5 35.0 2.3 1.5 

15 EC/2014/061 Improved 4 3.2 2.5 41.3 2.8 1.5 

16 EPR/2015/017 Improved 3 3.2 2.3 31.7 2.7 2.0 

17 EPR/2015/043 Improved 3 3.2 2.7 45.7 2.3 1.7 

18 EPR/2015/052 Improved 3 3.2 3.0 45.7 2.3 1.3 

19 EPR/2015/060 Improved 4 3.2 2.3 34.9 3.3 7.0 

20 EPR/2015/082 Improved 1 3.2 3.0 67.5 2.0 2.0 

21 EPR/2015/096 Improved 2 3.2 2.5 47.5 2.5 2.0 

22 EUR/2011/0148 Improved 1 3.2 2.0 7.0 4.0 0.0 

23 Lueki Improved 1 3.2 3.0 27.5 3.0 2.0 

24 Mahungu Improved 3 3.2 2.3 45.7 2.3 2.0 

25 Mvuama Improved 4 3.2 2.5 40.1 2.3 1.3 

26 MVZ/2012/030 Improved 4 3.2 2.5 35.0 2.3 1.5 

27 MVZA/0015 Improved 3 3.2 2.3 45.7 2.3 4.5 

28 MVZB/0015 Improved 4 3.2 2.3 35.0 2.3 1.3 

29 Obama 1 Improved 3 3.2 2.7 52.5 2.3 2.0 

30 Obama 2 Improved 4 3.2 2.5 40.1 2.3 1.3 

31 PM/Ybi/01 Improved 1 3.2 2.0 7.0 3.0 0.0 

32 PM/Ybi/032 Improved 4 3.2 2.3 35.0 2.3 5.7 

33 Rav Improved 4 3.2 2.5 40.1 2.3 4.5 

34 Sawasawa Improved 4 3.2 2.5 24.5 2.8 2.0 

35 Vuvu Improved 5 3.2 2.6 34.0 3.0 3.0 

36 Winner Improved 4 3.2 3.0 40.1 2.3 1.3 

37 Ybi/2011/0184 Improved 1 3.2 3.0 67.5 2.0 3.3 

38 Ybi/2011/258 Improved 5 3.2 3.0 82.5 4.6 0.0 

Average 3.2 2.4 37.6 2.6 2.3 

CV (%) 4.2 14.4 46.9 21.6 30.4 

 

3.1 CBSD Incidence 

CBSD foliar symptoms were observed on both all of the local and the improved genotypes. Differences in the 
average disease incidence did not vary (3.2%) among the 38 varieties (Table 1, 2). However, incidence of root 
necrosis varied significantly (p < 0.01) among varieties ranging from 7.0% to 82.5% (Table 1) and from 7% to 
66% from 10 to 12 MAP respectively (Table 2). We also found that six (15.8%) of the improved cultivars had 
low CBSD root incidence (7.0%) nonetheless they displayed high necrosis severity: EC/2014/004, EC/2014/015, 
EC/2014/0031, EC/2014/05, PM/Ybi/01 (score 3.0 respectively) and EUR/2011/0148 (score 4.0).  
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Table 2. CBSD foliar and tuber incidence and severity, and adult whiteflies by harvest time 

MAP 
CBSD foliar CBSD tuber 

Adult whiteflies 
Incidence (%) Severity (1-5) Incidence (%) Severity (1-5) 

9 3.2±0.0ab 2.0±0.0ab 13.3±14.4ab 2.2±0.6ab 3.0±1.6ab 
10 3.2±0.0a 2.6±0.6a 7.0±8.9a 2.5±0.9a 3.0±1.6a 
11 3.2±0.0a 2.4±0.5a 62.5±0.0a 2.2±0.6a 1.0±0.4a 
12 3.2±0.0a 2.5±0.5a 66.0±11.7a 2.3±0.7a 0.0±0.0a 
13 3.2±0.0b 2.5±0.6b 16.2±16.7b 3.2±0.5b 0.0±0.0b 

Note. MAP = Month after planting. ab, a, b letter indicating the high significance difference at P < 0.001. 

 

3.2 CBSD Severity 

The mean foliar CBSD severity scores varied significantly (p < 0.01) among varieties ranging from 2.0 to 3.0. 
The lowest foliar CBSD severity score (2.0) was observed in two local varieties (Kotumbakotumba and 
Yafelamonene) and the six improved landraces here above cited to display high necrosis severity: EC/2014/004, 
EC/2014/015, EC/2014/0031, EC/2014/05, EUR/2011/0148 and PM/Ybi/01 (Table 1). The root necrosis severity 
scores were significantly (p < 0.01) different among varieties ranging from 2.0 to 4.6 (Table 1). The lowest 
severity root necrosis (score 2.0) was observed for the varieties: Itchatchabindo, Kotumbakotumba, 
Ybi/2011/0184 whereas, highest was observed in the cultivars: EUR/2011/0148, Yafelamonene and 
Ybi/2011/258 (Table 1). Cassava brown streak necrosis severity average on tubers (Table 3) varied from 2 to 3 
with the age of the plant (from 9 to 13 MAP).  
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Table 3. Favorable harvesting time for cassava tubers by cultivar 

Harvesting  
time 

Tolerable CBSD  
severity score 

Harvestable cultivars with  
moderate tuber necrosis  

Non-harvestable cultivars  
with severe tuber necrosis 

Non-harvestable  
CBSD severity score  

Number of 
harvestable 
cultivars  

9 MAP 2 All cultivars may be harvested 
Ybi/2011/258,  
Vuvu (TMS/94/0330),  
EC/2014/0115 

S: 3 35/38 

10 MAP 2 

Mvuama, Obama1, Obama2,  
Yafelamonene, EPR/2015/017, 
EUR/2011/0148, PM/Ybi/01,  
Ybi/2011/184, Lueki,  
Sawasawa, Bobalatata, Disanka,  
EC/2014/004, EC/2014/015, 
EC/2014/023, EC/2014/031,  
EC/2014/034, EC/2014/05,  
EC/2014/055, EPR/2015/043,  
EPR/2015/052, EPR/2015/082, 
EPR/2015/096, Itchatchabindo, 
Kotumbakotumba, Mahungu,  
MVZ/2012/030, MVZA/0015, 
MVZB/0015, PM/Ybi/032,  
Rav, Winner 

Ybi/2011/258,  
Vuvu (TMS/94/0330),  
EC/2014/0115,  
EC/2014/010,  
EC/2014/061,  
EPR/2015/060  

S: 3-4 32/38 

11 MAP 2 

EPR/2015/017, EUR/2011/0148, 
PM/Ybi/01, Ybi/2011/184,  
Lueki, Sawasawa, Bobalatata, Disanka,
EC/2014/004, EC/2014/015,  
EC/2014/023, EC/2014/031, 
EC/2014/034, EC/2014/05,  
EC/2014/055, EPR/2015/043,  
EPR/2015/052, EPR/2015/082, 
EPR/2015/096, Itchatchabindo,  
Kotumbakotumba, Mahungu, 
MVZ/2012/030, MVZA/0015,  
MVZB/0015, PM/Ybi/032,  
Rav, Winner 

Ybi/2011/258,  
Vuvu (TMS/94/0330),  
EC/2014/0115,  
EC/2014/010, EC/2014/061, 
EPR/2015/060,  
Mvuama, Obama1, Obama2, 
Yafelamonene 

S: 3-5 30/38 

12 MAP 2 

Bobalatata, Disanka,  
EC/2014/004, EC/2014/015,  
EC/2014/023, EC/2014/031, 
EC/2014/034, EC/2014/05,  
EC/2014/055, EPR/2015/043,  
EPR/2015/052, EPR/2015/082, 
EPR/2015/096, Itchatchabindo,  
Kotumbakotumba, Mahungu,  
MVZ/2012/030, MVZA/0015,  
MVZB/0015, PM/Ybi/032,  
Rav, Winner 

Ybi/2011/258,  
Vuvu (TMS/94/0330),  
EC/2014/0115, EC/2014/010,  
EC/2014/061, EPR/2015/060,  
Mvuama, Obama1, Obama2, 
Yafelamonene, EPR/2015/017,  
EUR/2011/0148, PM/Ybi/01,  
Ybi/2011/184, Lueki, Sawasawa

S: 3-5 22/38 

13 MAP 2 None 

Ybi/2011/258,  
Vuvu (TMS/94/0330),  
EC/2014/0115, EC/2014/010,  
EC/2014/061, EPR/2015/060,  
Mvuama, Obama1, Obama2, 
Yafelamonene, EPR/2015/017,  
EUR/2011/0148, PM/Ybi/01,  
Ybi/2011/184, Lueki, Sawasawa, 
Bobalatata, Disanka,  
EC/2014/004, EC/2014/015,  
EC/2014/023, EC/2014/031,  
EC/2014/034, EC/2014/05,  
EC/2014/055, EPR/2015/043,  
EPR/2015/052, EPR/2015/082, 
EPR/2015/096, Itchatchabindo, 
Kotumbakotumba, Mahungu,  
MVZ/2012/030, MVZA/0015,  
MVZB/0015, PM/Ybi/032,  
Rav, Winner 

S: 3-5 0/38 
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Very high positive correlation (from r = 0.74 to r = 0.71 at p < 0.01) was obtained between root incidence and 
root severity and between foliar incidence and foliar severity. Additionally, there was a moderate correlation (r = 
0.54, p < 0.05) between CBSD foliar incidence and root incidence. No significant correlation (r = 0.07, p < 0.05) 
was found between CBSD foliar incidence, and there was negative correlation (r = - 0.08, p < 0.05) between 
foliar severity and whitefly number (Table 4).  

 

Table 4. Spearman correlation between CBSD foliar necrosis incidence, foliar necrosis severity, tuber necrosis 
incidence, tuber necrosis severity and the abundance of whiteflies 

Variables 
Foliar chlorosis
incidence 

Foliar chlorosis 
severity 

Whitefly  
abundance

Tuber necrosis  
incidence 

Tuber necrosis
severity 

Foliar chlorosis incidence  1 0.71*** 0.07 ns 0.54** 0.50** 
Foliar chlorosis severity  0.71*** 1 -0.08* 0.61*** 0.67*** 
Whitefly abundance  0.07ns -0.08* 1 -0.28* -0.25* 
Tuber necrosis incidence  0.54** 0.61*** -0.28* 1 0.74*** 
Tuber necrosis severity  0.50** 0.67*** -0.25* 0.74*** 1 

Note. ***: Correlation significant at p < 0.01 level; **: Correlation significant at p < 0.05 level; *: negative 
correlation; ns: non-significant correlation. 

 

3.3 Favorable Moment for Harvesting Cassava Tubers 

Our data in Tables 3 and 1 show that gradually all the cassava cultivars developed tuber necrosis symptoms from 
9 to 13 MAP. Our results in table 3 show that at 9 MAP, 35 of the 38 cultivars produce the best yield (CBSD 
severity score 1). Exceptions to this are the remaining 3 cultivars exhibiting disease, namely Ybi/2011/258 
(severity score 3), Vuvu (TMS/94/0330) and EC/2014/0115 (both with severity score 2). 

At 10 MAP, 32 of the 38 cultivars were acceptable candidates for harvesting (Table 3). Their edible quality was 
moderately affected by their tuber severity score of 2. These 32 cultivars were Mvuama, Obama1 (TME 419), 
Obama2 (MV/2001/014), Yafelamonene, EPR/2015/017, EUR/2011/0148, PM/Ybi/01, Ybi/2011/184, Lueki 
(TMS/91/377), Sawasawa, Bobalatata, Disanka, EC/2014/004, EC/2014/015, EC/2014/023, EC/2014/031, 
EC/2014/034, EC/2014/05, EC/2014/055, EPR/2015/043, EPR/2015/052, EPR/2015/082, EPR/2015/096, 
Itchatchabindo, Kotumbakotumba, Mahungu (TMS/92/297), MVZ/2012/030, MVZA/0015, MVZB/0015, 
PM/Ybi/032, RAV and Winner (TMS/01/1229). 

At 11 MAP, 28 of the 38 cultivars could be harvested, as they retained their root severity score of 1 to 2. These 
28 cultivars were EPR/2015/017, EUR/2011/0148, PM/Ybi/01, Ybi/2011/184, Lueki, Sawasawa, Bobalatata, 
Disanka, EC/2014/004, EC/2014/015, EC/2014/023, EC/2014/031, EC/2014/034, EC/2014/05, EC/2014/055, 
EPR/2015/043, EPR/2015/052, EPR/2015/082, EPR/2015/096, Itchatchabindo, Kotumbakotumba, Mahungu, 
MVZ/2012/030, MVZA/0015, MVZB/0015, PM/Ybi/032, RAV and Winner (Table 3).  

At 12 MAP, 22 of the 38 cultivars could be harvested (Table 3). The cultivars Bobalatata, Disanka, EC/2014/004, 
EC/2014/015, EC/2014/023, EC/2014/031, EC/2014/034, EC/2014/05, EC/2014/055, EPR/2015/043, 
EPR/2015/052, EPR/2015/082, EPR/2015/096, Itchatchabindo, Kotumbakotumba, Mahungu, MVZ/2012/030, 
MVZA/0015, MVZB/0015, PM/Ybi/032, RAV and Winner kept their quality for harvest. Beyond 12 MAP, we 
found that CBSD was present in the tubers of all the 38 cultivars tested (average root severity score 4).  

At 13 MAP, 38 of the 38 cassava cultivars assessed had exhibited severe necrosis in their tubers (score 3 to 5), 
thus making them non-harvestable and unsuitable for human consumption. Consequently, the optimum harvest 
time for cassava tubers under Yangambi conditions is deemed to be 9 MAP (Table 3).  

3.4 Whitefly Abundance per Cassava Plant 

Table 1 shows that the cultivars which attracted a high density of whiteflies were MVZB/0015 (3 whiteflies/plant) 
followed by PM/Ybi/032, EC/2014/0115, Obama2 and Vuvu (TMS/94/0330) (2 whiteflies/plant respectively). 
During our investigations, we noted that the average whitefly population decreased from 1 (at 11 MAP) to zero 
(at 13 MAP) whiteflies per plant (Table 2). The above results suggest that the cultivar type is the one factor 
influencing the whitefly abundance.  

4. Discussion 

The principal objective of this study was to determine the most favorable time after planting to harvest cassava 
tubers in order to reduce CBSD losses. To achieve this, we assessed CBSD incidence and severity, using five 
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harvesting times (9, 10, 11, 12, 13 MAP) on 4 local and 34 improved cultivars. Trial was conducted in Yangambi 
Research Station during 2 seasons (from March 2017/2018 to November 2018/2019).  

The important finding from this study showed that from 9 to 12 MAP, tubers CBSD incidence varied 
significantly (7.0% to 66% respectively), and foliar CBSD incidence did not vary and remained at 3.2%. 
Furthermore necrosis severity on tubers also varied, from score 2 to score 3. This implies that the harvesting time 
is influenced by the disease spread and is enhanced symptom severity in the roots. This situation might be 
explained by the factors that affect tuber CBSD necrosis which might have been affected by plant age, the 
cultivar (genotype) and environmental variations like rainfall, altitude, temperature, and soil conditions (Kaweesi 
et al., 2014; Mbanzibwa, 2011; Hillocks & Jennings, 2003; Nichols, 1950; Storey, 1936). At the other hand, 
relatively low temperatures that occur at high altitude areas (> 3500 feet) during winter can result in severe 
CBSD symptoms manifestation and eventually death of plants—as observed by Nichols (1950). Based on our 
study, we think that the high relative temperature (high temperature 33.5 °C) that occurs in Yangambi, the low 
altitude (400 m) zone could account for the reduction in foliar chlorosis. The significant difference in time of 
harvesting found in Uganda by Kanju et al. (2019), and by Kaweesi et al. (2014) is similar to the finding from 
our work. Previous studies had indicated that there can be variation in cultivar response to CBSV infection 
(Hillocks & Jennings, 2003; Calvert & Thresh, 2002).  

The mean foliar CBSD severity scores varied significantly (p < 0.01) among both local and improved varieties 
ranging from 2.0 to 3.0. The root necrosis severity scores were significantly (p < 0.01) different among varieties 
ranging from 2.0 to 4.6. Furthermore, we found that six (15.8%) of the improved varieties had low CBSD root 
incidence (7.0%) when they displayed higher necrosis severity: EC/2014/004, EC/2014/015, EC/2014/0031, 
EC/2014/05, PM/Ybi/01 (score 3.0 respectively) and EUR/2011/0148 (score 4.0). This variation may be due to 
the low titer of the virus and on the other hand, to the susceptibility of the varieties to be infected. These results 
are in part similar to those observed by Abaca et al. (2012) in Uganda for severity of foliar and root necrosis 
which significantly differed among varieties. However, our results confirm the assumption that the symptoms 
generated by CBSD vary considerably according to the sensitivity of the cultivar (Kanju et al., 2019; Kaweesi et 
al., 2014; Abaca et al., 2012). With respect to the optimum time for harvesting cassava tubers and the cropping 
system practiced (association of many cassava varieties on the same land portion), the most important finding 
from our results show that cassava should be harvested at 9 months after planting due to the low level of tuber 
necrosis (severity score 1)—except for the improved cultivars, Ybi/2011/258, Vuvu (TMS/94/0330) and 
EC/2014/0115.  

Beyond 9 MAP, the number of harvestable cultivars decreased noticeably, from 32 at 10 MAP to 22 at 12 MAP 
(Table 3). Since the vegetative cycle for cassava is 12 MAP, this timeframe is the limit at which farmers can 
mitigate their losses to CBSD in the Yangambi region.  

Beyond 12 MAP, all 38 cultivars displayed a high level of CBSD symptoms in their tubers (average severity 
score 4). At this stage, tubers are non-edible and non-marketable, leading to serious yield losses for farmers. 
Given the severe CBSD presence in Yangambi region, we recommend harvesting cassava tubers at 9 MAP.  

Furthermore, our results show that the two following local and improved cultivars respectively, exhibited high 
CBSD foliar chlorosis (severity score 3.0) and less CBSD necrosis in tubers (severity score 2.0): Itchatchabindo, 
Ybi/2011/0184. It is known that tuber necrosis can be delayed in certain cultivars, such as Nanchinyaya, which 
was identified in Tanzania (Abaca et al., 2012), and AR40-6, and Namikonga also known as Kaleso (Kulembeka 
et al., 2012), in Uganda by Kaweesi et al. (2014) to display more foliar symptoms but no root symptoms. Tuber 
necrosis seems to appear after 5 or 6 MAP for the more susceptible cultivars, but in the case of Nanchinyaya, 
necrosis was delayed until 12 to 18 months (Bakelana et al., 2018). Thereafter, it is likely that also these cultivars 
from our work possess characters that will interest CBSD resistance breeding and developing varieties for 
specific adaptation to the infected region (Kanju et al., 2019; Kaweesi et al., 2014). 

Our results showed that the number of whiteflies registered per plant varied considerably between the cultivars 
tested. Besides, the analysis of our results also shows that cultivars not displaying CBSD symptoms up to 12 
MAP were not necessarily the less attractive to whitefly. Moreover, our data showed negative correlation (r = 
-0.08 and r = -0.25) between whitefly numbers found on the five top leaves of the cultivars studied and their 
foliar and root severity (Table 4). This finding may be explain by Van-Halder and Van-Helden (1986), who 
suggested that plant age may be a key determining factor in whitefly attraction. They will be useful to cassava 
breeders when considering CBSD-tolerant varieties and clones for wider distribution (Alicai et al., 2016). 

In conclusion, the CBSD necrosis assessment outlined in this manuscript shows that the optimum harvest time 
for cassava tubers under Yangambi conditions is 9 MAP. This is the first field trial evaluation in DRC that has 
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addressed the appropriate harvesting time for cassava tubers. Establishing the optimum time, by cultivar, will be 
useful for cassava growers in their efforts to minimize crop losses attributable to CBSD. In the longer term, this 
information can contribute towards developing a management strategy against CBSD in Africa.  
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