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Cassava is mostly grown for its starchy roots, which ensure food security. However, it is heavily attacked by the
African root and tuber scale (ARTS) Stictococcus vayssierei in Central Africa. This pest is a severe constraint to the
production of cassava, food and income security for smallholder farmers. Crop resistance development through
the selection of varieties with resistant traits against targeted pests is a promising approach to pest control. This
study investigated cassava genotypes’ response to natural infestation and determined their resistance levels
against S. vayssierei. Six cassava genotypes (two local and four improved) were planted in a completely ran-
domized block design with four replicates. Agronomic parameters and ARTS density were evaluated at 3, 6, 9
and 12 months after planting (MAP). Biochemical content was determined on the pith and cortex of 12 MAP aged
tuberous roots. As a result, the improved Excel variety recorded the highest scale density per plant with 102.83 +
4.14 ARTS/P at 9 MAP. At 12 MAP, high activity of total cyanide (69.18 + 0.88 and 69.16 + 1.44 mg/kg) and
phenylalanine ammonia-lyase (0.142 + 0.020 and 0.145 + 0.010 AA/min/mg) were observed in the cortex of
the tuberous roots of the improved varieties TMS 96,/0023 and TMS 92/0057 which were colonized by the lowest
ARTS density. The local variety (Douma) had a high content of total phenols (44.87 + 1.15 ug/g) in the pith. It
also produced the highest yield (23.8 + 2.9 t ha-1). Varieties TMS 96,0023, TMS 92/0057 and Douma may be
the most suitable varieties for the control of ARTS stress.

crop represents a valuable resource for socioeconomic development,
especially in low-income populations (Nweke et al., 2002; FAO 2013).

Introduction

Cassava (Manihot esculenta Crantz) is a perennial shrub plant native
to South America which is cultivated for its leaves and starchy tuberous
roots (Chikoti et al., 2015; Sartiami et al., 2015). It contributes to global
food security and livelihood improvement as it is an important source of
carbohydrates for more than 800 million humans across the African,
American, and Asian continents (Liu et al., 2011). It is further used as
livestock feed and as raw material for processing industries (Jose et al.,
2008). Thanks to its extreme hardiness and low-cost production, the
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Its starch-rich roots (up to 90 %) and ability to withstand heat and
drought stress make cassava a crop that meets the critical present and
future climate change challenges (Montagnac et al., 2009).

However, many abiotic and biotic stresses contribute to yield losses
(Nassar and Ortiz 2007). Abiotic stress refers to salinity, drought, heat,
and cold, while biotic stress refers to the action of diseases and pests.
One of the most damaging pests of cassava in the semi-humid forest
regions of the Congo Basin is the African Root and Tuber Scale (ARTS)
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Stictococcus vayssierei Richard (Dejean and Matile-Ferrero 1996; Ambe
et al., 1999; Ngeve 2003; Tata-Hangy et al., 2006). Stictococcus vays-
sierei, is a cryptic polyphagous pest that feeds by sucking sap from plants.
Scale insects have mouthparts in the form of stylets that allow them to
pierce and suck liquids from the tissues or vascular cells of the plant’s
roots. Damage caused by scale insects is not limited to specific tissues
near the feeding sites but affects the entire plant (Kot et al., 2015). Ac-
cording to Doumtsop et al. (2020), males do not feed due to rudimentary
mouthparts, and females feed by sucking sap on all underground plant
parts, such as stem portions, tuberous and feeder roots, and cassava
cuttings. Cuttings and early bulking stages of cassava are susceptible to
the high density of scale insect infestation (Ambe et al., 1999). A study
by Bani et al. (2003) reported that 300 scale insects were counted on a
25 cm long cutting. Besides, the scale insect causes loss of vigor, stunted
stems and weakening of the plant resulting in leaf fall, wilting, tip
dieback and eventually death of cassava plants (Ngeve 2003; Williams
et al., 2010). Plants that survived from the infestation yielded small with
deformed storage roots, often covered with scales, and therefore unat-
tractive to purchasers. This pest is responsible for significant yield losses
of cassava under severe infestation, ranging from 60 to 100 % (Hanna
etal., 2004; Lema et al., 2004; Tata-Hangy et al., 2006). Evidence to date
suggests that with climate change, scale insects S. vayssierei are
continuing to spread to new areas (Doumtsop et al., 2020).

To defend themselves, plants have developed various defense mech-
anisms throughout evolution to counteract the harmful effects of patho-
gens and pests. These include structural defense (cuticles, resins, etc.) and
biochemical defense involving secondary metabolism compounds that
would act directly on the parasite (antimicrobial) or indirectly through
resistant structures (lignification, callose formation) and activation of
non-enzymatic (phenols, flavonoids, carotenoids, glutathione, anthocya-
nins) and enzymatic (catalase, peroxidases, polyphenol-oxidases or PR
proteins) antioxidant responses (Gill and Tuteja 2010; Verma et al., 2016).
Oxidative stress, associated to reactive oxygen species (ROS), including
hydrogen peroxide (H05), superoxide anion radical (O3), and hydroxyl
radical (OH), is a common phenomenon in defense responses of plants to
both biotic and abiotic stresses (Hasanuzzaman et al., 2019; Kmiec et al.,
2022). ROS production can act as a necessary factor controlling stress
perception and inducing plant defense responses against insect feeding
(Ali et al., 2005; Golan et al., 2013). For example, peroxidases and cata-
lase contribute to the reduced accumulation of ROS and detoxification of
oxidation products, thereby allowing ROS to play crucial functions in
signal transduction (Gulsen et al., 2010; Mai et al., 2013). Furthermore,
Guaiacol peroxidase (GPX) is a member of a large multigenic
heme-containing enzyme family that controls ROS generation when
plants are challenged with various stressors (War et al., 2012). Phenyl-
alanine ammonia-lyase (PAL) activates the phenylpropanoid and cata-
lyzes the formation of phenolic compounds (Wen et al., 2005). According
to Gulsen et al. (2010); Mai et al. (2013), elevated activities of these en-
zymes may increase the ability of plants to tolerate insect feeding. Also,
phenols play a major role in host plant resistance (HPR) against pest in-
sects and act as a defensive mechanism not only against herbivores, but
also against microorganisms and competing plants. Plant phenols
constitute one of the most common and widespread groups of defensive
compounds (Sharma et al., 2009; Usha-Rani and Jyothsna 2010).
Cyanogenic glycosides are a group of amino acids’ derived compounds
that can offer plant defense against insects due to their bitter taste and
release of toxic HCN upon tissue disruption. They can act as feeding cum
oviposition deterrents and also phagostimulants (Zagrobelny et al., 2004).
However, the speed of reaction and the defense mechanism effectiveness
to infestation vary according to the genome from one species to another
(Gatehouse 2002). Thus, the selection of resistant varieties and release to
farmers appears to be a promising option against S. vayssierei attacks.
Therefore, the production of biochemical compounds by plants can be
involved in their resistance against insect pest. In the development of IPM
strategies, research and development of sustainable agricultural pest
management techniques that are environmentally friendly and
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economically accessible to farmers must be successfully adopted. The
hypothesis tested in this work was that cassava varieties subjected to scale
insect stress under natural conditions react by activating several biosyn-
thetic pathways, the intensity of which varies according to the species and
or variety. In this context, this study aimed at investigating the response of
six cassava genotypes to natural infestation and determining their resis-
tance levels against S. vayssierei.

Materials and methods
Study site and field experiment

The experiment was conducted from March 2018 to March 2019 in
Akonolinga (N 03°48.136 and E 012°15.518), altitude 671 m), a locality
situated in the center region of Cameroon. This locality belongs to the
humid forest with bimodal rainfall (1500 to 2000 mm/year) agroeco-
logical zone (Moudingo 2007). A cassava field was set up on a fallow
land (3 years old) naturally infested by the scale insect S. vayssierei and
the ant Anoplolepis tenella (Santchi), which is intimately associated with
ARTS (Dejean and Matile-Ferrero 1996). Six cassava varieties selected
based on their agronomic performances were used in the experiment.
Four improved varieties were obtained from the International Institute
of Tropical Agriculture (IITA) (TMS 96/0023 and TMS 92/0057) and
Institute of Agricultural Research for Development (IRAD) of Nkolbisson
(8034 and Excel) and two local varieties for their susceptibility to cas-
sava mosaic disease (Douma and Miboutou) based on field observations
and locally grown by farmers as a control variety. The experiment was
set up in a completely randomized block design (CRBD), with four
blocks spaced at 1.5 m. Each block was consisting of six plots (3 m x 4 m)
spaced at 1 m. Cassava cuttings (about 20 cm long) were planted
obliquely by pushing 2/3 of the cutting into the soil (IITA 2000). The
plots each had 24 cuttings at 1 m x 0.8 m spacing. All cuttings used were
not infested with ARTS and were not subjected to any pesticide treat-
ment. Weeding was done with a hand hoe at 3 months intervals as from
planting. No chemical fertilizers were applied during the crop growth.

Quantifying agronomic parameters

Agronomic parameters including stem collar diameter and fresh
shoots weight were evaluated at 3, 6, 9, and 12 months after planting
(MAP). The stem collar diameter was measured using a caliper on three
labeled plants per plot. The fresh shoots’ weight was measured at har-
vest on three randomly uprooted plants using a precision balance
(Pesola). Cassava harvest yield was evaluated at 12 MAP of five plants
per plot. The yield was estimated in tons per hectare on fresh tuber
weight using the formula from Kamau et al. (2011).

Yield(tha™") =fresh tuber weight (kg/m*)x10000 (m* /ha)x1(t)/1000(kg).

Scale insect density

The scale insects were counted on three randomly sampled and
uprooted plants in each plot. All life stages (first-instar nymphs L1,
second-instar nymphs L2, adults, dead individuals) of the scale insects
were counted on underground organs of the cassava plant using a 10x
lens at 3, 6, 9 and 12 months after planting (Ambe et al., 1999; Tindo
et al., 2007; Ndengo et al., 2016; Ngatsi et al., 2020).

Biochemical compounds analyses

Cassava root samples (12 months old) of the six cassava varieties on
which the scale insects were counted, were collected and immediately
brought to the laboratory for determination of total phenols, flavonoids,
cyanide (HCN) and some antioxidant enzymes: catalase (CAT), guaiacol
peroxidase (GPX) and phenylalanine ammonia-lyase (PAL). Two (2)
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harvested tubers were washed, cut transversely to the middle (0.5-1 cm)
and on the cross section obtained, the pith and cortex were stored at
(—80 °C) until analysis. The experiments were carried out in triplicates.
The assessment of biochemical compounds was made at 12 MAP because
some work shows that at 12, 15 and 18 MAP, cassava tubers are
generally at full maturity than at 3 MAP (Ayanru and Sharma,
1984-1985; Akinwale and Oguntona 2012).

Extraction of phenolic compounds

The extraction of phenolic compounds was carried out using the
Luthria and Pastor-Corrales (2006) protocol modified by Mujica et al.
(2009). To 1 g (pith and cortex level) of each sample of ground cassava
varieties in a mortar, 10 mL of 80 % acidified methanol was mixed with
0.1 % HCl and centrifuged at 1800 rpm for 5 min. The methanol extracts
obtained were used to determine the phenols and flavonoid contents.

Determination of total phenol contents

Total phenol contents (TPC) assay was performed according to the
slightly modified protocol of Singleton and Rossi (1965). One (1) mL of
the 10 % Folin-Ciocalteu reagent was added to 0.2 mL of methanolic
extract. The mixture was homogenized and incubated for 5 min. Then,
0.8 mL of 20 % Na,CO3 was added and incubated for 1 hour. Absorbance
was measured at 725 nm spectrophotometer (TECAN INFINITE M200)
against a blank. Calibration was performed using a chlorogenic acid
solution (10 pg/mL). The content was expressed in ug chlorogenic acid
equivalent/g of extract (ug ChlAE/g) using a standard curve (Y =
0.005x, R* = 0.9981).

Determination of total flavonoid contents

The total flavonoid content (TFC) of plant extract was estimated
using the method described by Kramling and Singleton (1969). It is
based on the precipitation by formaldehyde of the flavonoids present in
the extracts and their quantification by the difference between the
quantity of total phenols and the non-flavonoid phenols remaining in the
extract. To 4 mL methanolic extract, 2 mL HCl diluted at 50 % and 2 mL
formaldehyde respectively were added and incubated for 24 h. The
filtrate collected representing non-flavonoid phenolic compounds were
determined by the Singleton and Rossi (1965) method, and the flavonoid
content was determined according to the following formula:

Total Flavonoid = Total phenols — Non flavonoid phenols

Determination of total cyanide (HCN) contents

To determine total cyanide (HCN) content, the method described by
Bradbury et al. (1999) with some modifications was used. One thousand
(1000 mg) of cassava root tuber sample (pith and cortex level) was
crushed and introduced into plastic bottles. Afterward; 10 mL phosphate
buffer (0.1 M pH 7) was added. A picrate paper was introduced into the
bottles, to which 5 mL of Na,CO3 was added. The bottles were closed
and incubated for 16 h at 30 °C. The picrate paper was removed and
eluted with 5 mL of water, then incubated for 30 min and the absorbance
was measured at 510 nm spectrophotometer (TECAN INFINITE M200)
against a blank. The following equation was used to determine the total
content of the cyanide released:

HCN(mg /kg) = 396 x absorbance x 100/g

Extraction and estimation of total soluble proteins

The tuber section of the varieties (1 g of pith and cortex) was ground
in a mortar containing 5 mL of 0.1 M sodium phosphate buffer at pH 7
placed on ice. After centrifugation at 5000 rpm for 10 min , the
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recovered supernatant formed the crude enzyme extract according to
the protocol described by Tarafdar and Marschner (1994).

The total soluble protein contents of the extracts were estimated
according to the protocol of Bradford’s (1976). To 100 pL of the previ-
ously obtained extract, 0.5 mL phosphate buffer, 400 pL distilled water
and 2 mL of the brilliant blue Coomassie G250 reagent were added, for a
final volume of 3 mL with BSA (Bovin Serum Albumin). The values
obtained after 595 nm spectrophotometer (TECAN INFINITE M200)
assay were compared to the values expressed by a calibration curve (Y =
1.205x, R% = 0.9045) against a blank. Protein contents are expressed in
ug/g of fresh weight.

Enzymatic activities

Catalase activity (CAT: EC 1.11.1.6) was measured by the decrease in
optical density at 240 nm due to HyO, consumption, according to Cak-
mak and Horst (1991) method. The decrease in absorbance was recor-
ded for 3 min. The reaction mixture contains 100 uL phosphate buffer
(0.1 M, pH 7) and 2 pL of 0.3 % H0,, and 30 uL of enzyme extract.
Catalase activity is expressed in (AA 240/min/mg of protein).

Guaiacol peroxidase activity (GPX: EC 1.11.1.7) was measured using
a reaction medium containing 1425 uL of phosphate guaiacol buffer, 50
uL of enzyme extract, 25 puL HyO5 at 0.3 %. The evolution of absorbance
at 470 nm was measured for 1 min due to the polymerization of guaiacol
to tetra guaiacol in the presence of HyO, against a blank (Hiner et al.,
2002). GPX activity is expressed in (AA 470/min/mg of protein).

Phenylalanine ammonia-lyase activity (PAL: EC 4.3.1.5) was evalu-
ated according to the Whetten and Sederoff (1992) protocol. The reac-
tion medium consists of 50 pL phosphate buffer (0.1 M, pH 7), 50 pL
phenylalanine, and 50 pL enzyme extract and incubated for 30 min. The
reaction was stopped by adding 0.5 mL of 5 M HCl and the absorbance
was read at 290 nm against a blank. PAL activity is expressed in (AA
290/min/mg of protein).

Statistical analyses

Data are represented as means + standard deviation of a minimum of
three repetitions (n = 3). Data collected for the various parameters studied
were subjected to one-way analysis of variance (ANOVA) using software R
version 4.1.2 (R Development Core Team 2022). The difference between
the various means was compared using the Tukey’s HSD test at 0.05 levels
when the normality test (Shapiro-Wilk test, P > 0.05) and homogeneity
(Levene’s test, P > 0.05) of variance were verified. The relationship be-
tween ARTS density and agronomic and biochemical parameters at 12
MAP was performed using multiple linear regression and principal
component analysis (PCA). Multiple linear regression of each parameter
was run for the effect of agronomic parameters, biochemical compounds
in pith and cortex on S. vayssierei density:

Yi :Bo +B]X1 +B2X2 +B3X3 + ... +Ban + &

where: Y; = ith response variable, B, is the intercept, B; is the regression
coefficient for factor X, B, is the regression coefficient for the Xj th
factor and ¢i is the error term.

The best regression selected is the one whose multicollinearity was
detected by calculating the variance inflation factor (VIF) for each
explanatory variable to remove the variables that are highly correlated
with each other. The values of the variables with a VIF lower than 5 (VIF
< 5) were retained to build and validate the model and those higher than
5 (VIF > 5) were deleted (Everitt and Skrondal 2010).

Results
Stem diameter

There are significant differences at 6 MAP (F-value=4.700, df=5, P
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= 0.00881) and 9 MAP (F-value=4.392, df=5, P = 0.0116) between
varieties of stem diameter. The local variety Douma produces the
highest stem diameter (2.42 + 0.18 cm and 2.66 + 0.16 cm) respec-
tively. At 12 MAP (F-value=4.810, df=5, P = 0.0801), the highest stem
diameter is recorded with the local variety Douma (2.94 + 0.20 cm) and
the lowest with Excel (2.52 + 0.16 cm) followed by Miboutou (2. 57 +
0.21 cm) varieties (Table 1).

Weight of fresh shoots

For fresh shoots weight there are significant differences at 3, 6, 9 and
12 MAP (Table 2). The weight of fresh shoots were higher in the
improved variety 8034 (2.04 £ 0.27 kg) and local variety Douma (203
+ 0.29 kg) at 3 MAP (F-value = 6.457, df =5, P = 0.00217). At 12 MAP
(F-value = 21.634, df = 5, P <0.001), the lowest fresh shoot weight is
recorded in improved variety Excel (1.99 + 0.42 kg).

Yield

A significant difference (F-value = 8.749, df = 5, P = 0.000475, df
error = 15) was recorded between varieties concerning yield (). The best
fresh tuber yield was observed in the local variety Douma (23.75 + 1.78
t ha™?) followed by the improved variety TMS 96,0023 (21.83 + 3.63 t
ha™1). Conversely, improved variety Excel showed the lowest yield
(14.13 £ 2.41 tha ).

ARTS density

All life stages scale insects density per plant (ARTS/P) on cassava
varieties are recorded in Table 3. It appears that all varieties were
infested by scale insects depending on the cassava varieties. A very
highly significant difference was observed at 3 (F-value = 27.337, df =
5, P<0.001), 6 (F-value = 71.625, df = 5, P<0.001), 9 (F-value = 19.671,
df = 5, P<0.001) and 12 (F-value = 12.184, df = 5, P<0.001) MAP.
Overall (F-value = 73.995, df = 5, P<0.001), the improved Excel variety
(90.12+4.97ARTS/P) has the highest average number of scale insects,
followed by the local Douma variety (83.32+2.58ARTS/P). The
improved varieties TMS 92/0057 (67.63+3.75ARTS/P) and TMS 96/
0023 (58.98+2.19ARTS/P) have the lowest average number of scale
insects.

Biochemical associated with plant resistance

Biochemical resistance markers in the pith and cortex level of cas-
sava varieties’ tuberous roots showed significant variations (P < 0.05)
for total phenols and flavonoids, HCN, CAT, GPX and PAL contents be-
tween improved and local cassava.

Variability of biochemical parameters contents in the pith

In the pith of tuberous cassava roots, the local variety Douma had

Table 1
Stem diameter (means + SD) of cassava varieties planted in a site naturally
infested by Stictococcus vayssierrei in Akonolinga, center region of Cameroon.

Varieties 3 MAP 6 MAP 9 MAP 12 MAP

8034 1.92 + 0.41ab 2.20 + 0.26ab 2.53 + 0.27ab 2.87 + 0.42ab
92/0057 2.08 + 0.23a 2.35 + 0.22a 2.59 + 0.36a 2.78 + 0.41ab
96/0023 1.91 + 0.34ab 2.25 + 0.18ab 2.55 + 0.24a 2.84 + 0.20ab
Douma 2.16 + 0.17a 2.42 +0.18a 2.66 + 0.16a 2.94 + 0.20a
Excel 1.70 £+ 0.24b 1.96 + 0.20b 2.19 £+ 0.24b 2.52 4+ 0.16b
Miboutou 1.99 + 0.40ab 2.22 + 0.22ab 2.41 + 0.24ab 2.57 +£0.21b
F-value 5.985 4.700 4.392 4.810

P (>F) 0.00308** 0.00881** 0.0116* 0.00801**

df error= 15; MAP: month after planting. The means followed by the same letter
in the column are not significantly different in the Turkey HSD test at (P <0.05).
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Table 2
Fresh shoots weight (means + SD) of cassava varieties planted in a site naturally
infested by Stictococcus vayssierrei in Akonolinga, center region of Cameroon.

Varieties 3 MAP 6 MAP 9 MAP 12 MAP

8034 2.04 £ 0.27a 2.37 4+ 0.27ab 2.63 + 0.20ab 2.81 4+ 0.21b
92/0057 1.67 £+ 0.11ab 1.91 + 0.15bc 2.16 + 0.16cd 2.32 + 0.41cd
96/0023 1.77 £ 0.28ab  2.02 + 0.33bc 2.37 + 0.32bc 2.60 + 0.35bc
Douma 2.03 £ 0.29a 2.55 £+ 0.30a 2.88 £+ 0.38a 3.30 £ 0.43a
Excel 1.42 + 0.18b 1.61 + 0.16¢ 1.81 + 0.16d 1.99 + 0.42d
Miboutou 1.82 + 0.21ab  2.22 + 0.29ab 2.48 + 0.30bc 2.68 + 0.27bc
F-value 6.457 10.482 21.988 21.634

P (>P) 0.00217%** 0.000179%** <0.001*** <0.001***

df error= 15; MAP: month after planting. The means followed by the same letter
in the column are not significantly different in the Turkey HSD test at (P <0.05).

Table 3
African Root and Tuber Scale (ARTS) density (means + SD) on six field-screened
cassava varieties in Akonolinga, center region of Cameroon.

Varieties 3 MAP 6 MAP 9 MAP 12 MAP Average
92/0057 51.02 + 92.00 + 70.92 + 56.58 + 67.63 +
8.82¢ 7.94b 5.92¢ 3.42¢ 3.75¢
96/0023 47.52 + 70.15 + 68.13 + 50.13 + 58.98 +
3.25¢ 3.47d 4.28¢ 5.17¢ 2.19d
Excel 78.21 + 113.67 + 102.83 + 65.75 + 90.12 +
8.28a 7.63a 4.14a 4.58ab 4.97a
8034 66.17 + 82.25 + 74.39 + 59.56 + 70.61 +
6.21b 9.42c 6.70bc 4.70b 2.74c
Douma 72.83 + 104.54 + 87.21 + 68.49 + 83.32 +
6.21ab 9.38a 4.76b 2.91a 2.58b
Miboutou 62.33 + 73.71 + 78.75 £ 70.63 + 71.37 £
6.46b 7.36cd 5.18bc 5.57a 3.92¢
F-value 27.337 71.625 19.671 12.184 73.995
P (>F) <0.001*** <0.001*** <0.001*** <0.001*** <0.001***

df error=15; MAP: month after planting. The means followed by the same letter
in the column are not significantly different in the Turkey HSD test at (P <0.05).

enough higher total phenols (44.87+1.15 pg/g FW) and total flavonoid
(34.75+1.66 pg/g FW) contents, as was the total cyanide content (52.34
+2.39 mg/kg) than to local variety Miboutou which accumulate the
most important concentration with 52.344+2.39 mg/kg. Excel variety
recorded the lowest CAT activity of 0.88+0.16 AA240/min/mg. How-
ever, it is increased in variety 8034 (1.78+0.25 AA240/min/mg). Local
variety Miboutou (6.96+0.33 AA470/min/mg) recorded significantly
low concentrations of GPX activity whereas TMS 92/0057 and TMS 96/
0023 with values 4.70+0.44 and 4.85+0.36 AA470/min/mg) respec-
tively (Table 4). For phenylalanine ammonia-lyase activity and total
protein content are highest in the variety TMS 92/0057 with values
0.063+0.010 AA290/min/mg and 0.045+0.006 pg/g, respectively.

Variability of biochemical parameters contents in the cortex

In the cortex of tuberous roots (Table 5), the highest levels of phenols
and flavonoids totals were produced by the Douma variety (80.54+0.16
and 70.43+9.21 pg/g FW, respectively). The total cyanide (HCN) con-
tent is high in TMS 96/0023 variety (69.18+£0.88 mg/kg) and the
Miboutou variety (30.02+0.37 mg/kg). CAT activity is high in the TMS
96/0023 variety (4.91+0.68 AA240/min/mg), followed by TMS 92/
0057 variety (4.28+0.38 AA240/min/mg). Concerning the activity of
guaiacol peroxidase, Excel (22.19+1.12 AA470/min/mg) has the
highest activity compared to TMS 96/0023 (4.59+0.59 AA470/min/
mg). For phenylalanine ammonia-lyase, activity is high in TMS 92/0057
variety (0.145+0.01 AA290/min/mg) and for total soluble protein,
Excel variety has recorded (0.046+0.004 ug/g) more concentration than
in TMS 96,0023 variety (0.020+0.003 pg/g).
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Table 4

Variation of biochemical markers in the pith of cassava varieties planted in a site naturally infested by Stictococcus vayssierrei in Akonolinga, center region of Cameroon.
Varieties TPC TFC Proteins HCN CAT GPX PAL
96/0023 36.00 + 0.35b 30.58 + 0.31b 0.036 + 0.004a 44.44 £ 1.32b 1.08 + 0.13bc 4.85 + 0.36¢ 0.040 + 0.003bc
Excel 27.00 + 2.02c 20.37 + 0.68d 0.038 + 0.005a 15.30 + 1.64d 0.88 £+ 0.16¢ 5.08 4 0.21bc 0.032 + 0.005¢
92/0057 29.20 + 0.69c 24.24 + 0.74c 0.045 + 0.006a 21.75 + 0.33c 1.30 + 0.15b 4.70 £ 0.44c 0.063 + 0.010a
8034 34.07 + 0.12b 24.31 + 2.16¢ 0.037 £+ 0.003a 17.37 + 0.55d 1.78 £+ 0.25a 6.02 £+ 0.38ab 0.033 + 0.009¢
Miboutou 13.67 + 2.05d 8.11 £+ 0.33e 0.024 + 0.002b 52.34 + 2.39a 1.47 + 0.03ab 4.92 + 0.62bc 0.055 + 0.004ab
Douma 44.87 £ 1.15a 34.75 + 1.66a 0.039 + 0.003a 9.59 + 0.47e 1.23 + 0.08bc 6.96 + 0.33bc 0.037 + 0.006¢
F-value 191.3 176.8 8.964 501.7 13.37 14.01 11.09
P (>F) <0.001*** <0.001*** 0.000965%** <0.001*** 0.000148%** 0.000117%** 0.000362***

df error=12 ; TPC: Total phenols content, TFC: Total flavonoids content, and Proteins (-ug/g fresh weight), HCN: total cyanide (mg/kg) and enzymatic activity (CAT:
catalase, GPX: guaiacol peroxidase, PAL: phenylalanine ammonia-lyase -AA/min/mg fresh weight). The values followed by the same letter in the column are not
significantly different in the Turkey HSD test at (P < 0.05).

Table 5
Variation of biochemical markers in the cortex of cassava varieties planted in a site naturally infested by Stictococcus vayssierrei in Akonolinga, center region of

Cameroon.

Varieties TPC TFC Proteins HCN CAT GPX PAL

96/0023 41.00 £ 1.91b 35.58 + 4.07bc 0.020 + 0.003c 69.18 + 0.88a 4.91 + 0.68a 4.59 + 0.59¢ 0.142 + 0.020a
Excel 28.05 + 3.19bc 21.41 + 3.98cd 0.046 + 0.004a 37.35 + 2.03c 1.67 £+ 0.15¢ 22,19 + 1.12a 0.066 + 0.006¢
92/0057 43.53 + 0.85b 38.58 + 1.01b 0.024 + 0.002¢ 69.16 + 1.44a 4.28 + 0.38ab 9.41 + 1.00bc 0.145 + 0.010a
8034 32.21 + 2.75bc 22.45 + 5.00cd 0.037 + 0.001b 54.07 + 0.86b 1.86 + 0.12¢ 11.77 + 3.36b 0.076 + 0.003c
Miboutou 17.72 4+ 1.67c 12.17 £ 5.11d 0.040 + 0.005ab 30.02 + 0.37d 1.87 £ 0.26¢ 19.33 + 3.11a 0.061 + 0.005c
Douma 80.54 + 3.73a 70.42 +9.21a 0.039 + 0.001ab 54.88 + 1.40b 3.65 + 0.13b 20.80 + 3.79a 0.115 + 0.003b
F-value 44.2 44.95 33.61 477.8 48.68 24.06 441

P (>F) <0.001*** <0.001*** <0.001*** <0.001*** <0.001*** <0.001*** <0.001***

df error=12 ; TPC: Total phenols content, TFC: Total flavonoids content, and Proteins (-ug/g fresh weight), HCN: total cyanide (mg/kg) and enzymatic activity (CAT:
catalase, GPX: guaiacol peroxidase, PAL: phenylalanine ammonia-lyase -AA/min/mg fresh weight). The values followed by the same letter in the column are not

significantly different in the Turkey HSD test at (P < 0.05).

Relationship between parameters studied
Multiple linear regression (MLR)

The regression made from biochemical (pith and cortex) and agro-
nomic parameters were selected as independent variable and scale in-
sect density as dependent variable in the multiple regression models
(Table 6). The variance inflation factor (VIF) values of the variables
included in the model are less than 5. Regarding the biochemical
parameter in the cortex, catalase had a significant negative effect and
guaiacol peroxidase had a significant positive effect on scale insect
density (P < 0.01). Phenylalanine ammonia-lyase had a significant
positive effect (P < 0.05). In pith, total phenols (P < 0.01) and total cy-
anide (P < 0.05) had a significant positive effect. Regarding agronomic
parameters, fresh shoot weight (P <0.01) has a significant positive effect
and stem diameter has a significant negative effect on scale insect
density. The variance of scale insect density explained was R? = 0.7858
for the biochemical parameter in cortex, R?> = 0.447 in pith and R? =
0.3901 for the agronomic parameters.

Table 6

Principal component analysis

A principal component analysis (PCA) was performed to screen the
best varieties among agronomic parameters, biochemical content in the
pith and cortex of six cassava tuberous roots infested by scale insects
(Fig. 2). The visualized dispersion of the two main components (PC1 and
PC2) explains 72.2 % of the total variation of the system and contains
more information and graphically summarized genotypes performance
about the ARTS infestation. The improved variety Excel, 8034 and local
variety Miboutou, following ARTS infestation produce a higher level of
guaiacol peroxidase, protein in the cortex and hydrogen cyanide, cata-
lase in the pith. These varieties have a low fresh tuber yield and repre-
sent the first group (Group 1). TMS 96/0023 and TMS 92/0057 varieties
(Group 2) produce the higher level of hydrogen cyanide (HCN), catalase
(CAT), and phenylalanine ammonia-lyase (PAL) in the cortex, protein
and flavonoid in the pith. They are close to the yield. The third group
(Group 3) consists to the local variety Douma which produce in the pith
and cortex high level of total phenol and flavonoid, guaiacol peroxidase.
This variety has the best agronomic parameters and is very close to yield.

Multiple linear regression (MLR) analysis between study variables and ARTS density at 12 months after planting.

Variables Biochemical parameters Agronomic parameters

Biochemical in cortex Biochemical in pith

Estimate P (>t VIF Estimate P (>t VIF Variables Estimate P>t VIF
Intercept 50.72 <0.001* 83.05 <0.001*** Intercept 88.8821 <0.00
CAT —4.65 0.0013 2.55 —1.00 0.8261ns 1.01 FSW 14.24 0.0064 * 2.61
GPX 0.85 0.0062** 2.15 - - - yield -1.26 0.0515. 2.41
PAL 155.74 0.0248* 3.65 - - - SD —14.66 0.0171 * 1.22
HCN —0.052 0.7158ns 291 0.18 0.0110* 2.11
TPC - - - —0.88 0.0059** 2.10
TFC - - - - - -
Proteins - - - - - -
R? 0.7858 0.447 R? 0.3901

ns: no significant; (-) variables which not retained in the model; VIF: variance inflation factor, R%: coefficient of determination, TPC: Total phenols content, TFC: Total
flavonoids content, HCN: total cyanide, CAT: catalase, GPX: guaiacol peroxidase, PAL: phenylalanine ammonia-lyase, FSW: fresh shoots weight, SD: stem diameter.
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Fig. 1, Table 6.
Discussion

Plants generally respond to insect attacks by altering the composition
and physical properties from cell walls to secondary metabolite
biosynthesis to defend themselves (Golan et al., 2013). Thus, the African
Root and Tuber Scale (ARTS) inserts its long stylet into the cortex,
periderm and root storage parenchyma cells to suck plant sap, where
small areas of brownish discoloration subsequently are observed on its
parts. Stictococcus vayssierei feed on underground parts of the stem and
mother cuttings, concentrating mainly around nodes (Ambe et al.,
1999). By taking the food resource, scale insects have a direct impact on
food production in agriculture, causing loss of weight and quality. Thus,
the plant, thus subjected to the stress caused by the pest according to the
genotype, produces secondary metabolites to defend itself.

The experiment was conducted in a fallow naturally infested by scale
insects that were difficult to provide control. The results of varietal
screening in the field naturally infested by ARTS show that the stem
diameter of cassava varieties did not differ significantly at 3 MAP (P >
0.05) underfeeding of scale insects. But at 6, 9 and 12 MAP, there is a
significant difference between varieties. The same trend was observed
with the fresh shoot weight irrespective of the sampling date. Overall,
the local variety Douma has a high production of above-ground biomass
and stem diameter compared to the improved varieties. This could be
explained by the low susceptibility of the local variety to ARTS attacks.
Indeed, Priiter and Zebitz (1991) showed that aphid attacks caused a
reduction in root dry weight, shoot dry weight, leaf area and average
relative growth rate. The yields obtained in these experiments (14-21 t
ha™!) were nevertheless low compared to the expected yield (25-30 t
ha™1) from the experimental stations (where fertilization, pest and dis-
ease control were respected). According to Udealor and Asiegbu (2006),
the best yields are obtained when the improved cassava genotypes
respect appropriate cultural practices, freshness, shape, vigor, vitality
and potential genetic material of the plantation, absence of weeds, pests,
pathogens, etc. Cassava varieties were infested differently by scale in-
sects. The improved variety Excel and the local variety Douma had the
highest average number of scale insects than the improved variety TMS
96/0023. This could be explained by the fact that the selected varieties
do not have the same genetic heritage and therefore the efficiency of the
defense mechanisms used by the plants to defend themselves may in-
fluence the attachment behavior of scale insect pests. Identification,
biochemical and molecular characterization of tolerance or resistance
genes could be used to maintain yield losses caused by scales insects on
improved varieties.

The pitting of scale insects on the underground parts of cassava can
activate the plant’s defense mechanisms (Mai et al., 2013). According to
War et al. (2012), plants to counter and or compensate for insect attack
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Fig. 1. Yield (t ha™!) at 12 months after planting of cassava varieties planted in
a site naturally infested by Stictococcus vayssierrei in Akonolinga, center region
of Cameroon.
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Fig. 2. Principal component analysis (PCA) integrating the agronomic param-
eters, biochemical parameters content in pith and cortex of six cassava varieties
infested by scale insects at 12 months after planting. SD: stem diameter, ARTS:
African Root and tuber Scale; FSW: fresh shoot weight, HCNP: total cyanide in
pith, HCNC: total cyanide in cortex, CATP: catalase in pith, CATC: catalase in
cortex, GPXP: guaiacol peroxidase in pith, GPXC: guaiacol peroxidase in cortex,
PALP: phenylalanine ammonia-lyase in pith, PALC: phenylalanine ammonia-
lyase in cortex, TPCP; total phenols in pith, PTC: total phenols in cortex,
TFLP: total flavonoids in pith, FLC: total flavonoids in cortex, ProtP: proteins in
pith; ProtC: proteins in cortex.

effects respond through various morphological, biochemical and mo-
lecular mechanisms. The biochemical mechanisms of defense against
insects are varied and dynamic. Indeed, defensive compounds are pro-
duced either constitutively or in response to plant damage and affect the
feeding, growth and survival of insect pests. Several factors such as
cassava variety, growing conditions, soil and climate can influence the
content of biochemical compounds in tuberous cassava roots. The results
show a significant production of biochemical parameters that increase
with the size of the scale insect population in the different screened
cassava varieties. The content of phenolic compounds (phenols and
flavonoids) in cassava tuberous roots is high in the improved cassava
variety 8034, TMS 96,/0023, TMS 92/0057 and the local variety Douma
at the pith level, followed by the improved varieties TMS 92/0057 and
TMS 96/0023 at the cortex level. According to Calatayud et al. (1994),
phenols can significantly influence the attachment mechanisms of
mealybugs on the plant, they are generally extracellular and precursors
of many parietal polymers such as lignin, cutin or suberin (Goodmann
1986). Phenols also have an antioxidant role by counteracting proox-
idants produced during stress (Dixon et al., 1995). Flavonoids are
involved in many interactions between plants during biotic and abiotic
stresses (Hutzler et al., 1998). They interact with different enzymes to
protect plants against insect pests by influencing insect behavior, growth
and development (Simmonds 2003; Treutter 2006). Determination of
total cyanide content shows that it is more abundant in the cortex than
in the pith. It is also observed that in the pith, the local variety Douma
produced high total cyanide content (52.34 mg/kg), whereas, in the
cortex, the improved varieties TMS 92/0057 and TMS 96/0023 have
higher levels. Cyanogenic glycosides are the most studied group of
chemical defenses, and are compounds present in all parts of the plant.
They are one of the biochemical characteristics of cassava, and enable
the appearance of a toxic molecule in a kind of plant protection system
against insect pests (Gleadow and Mgller, 2014). Riis et al. (1995) re-
ported negative effects of cyanogenic glycosides against the generalist
burrowing bug Cyrtomenus bergi (Hemiptera: Cydnidae), which feeds on
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tuberous cassava roots. They demonstrate that intracellular penetration
of the stylet in the root parenchyma during feeding results in the accu-
mulation of linamarin (1) in the hemolymph, causing greater nymphal
mortality, particularly during the early instars. In contrast, Calatayud
(2011) reports in a study of the Phenacoccus manihoti/manioc interaction
that cyanogenesis does not appear to be involved in cassava defense
probably because the penetration processes of mealybug stylets induce
little tissue damage, making it unlikely to be triggered. Besides, scale
insects have an efficient system of excretion and/or detoxification of
hydrocyanic acid (HCN) that may be released in their digestive tract
(Catalayud et al. 1997; Catalayud et al. 1994). The high content of
phenolic compounds (total phenols and flavonoids) and total hydrogen
cyanide in the cortex of the improved varieties TMS 96,0023 and TMS
92/0057 could justify the low number of scale insects infesting these
varieties. According to Helmi and Mohamed (2016), the elevation of
phenols can be explained as a mechanism of defense that acts as a barrier
to insect feeding and are directly toxic to insects.

In this study, CAT, GPX and PAL enzyme activities were found to
differ significantly in both improved and local varieties and with scale
insects density infesting these varieties. Catalase (CAT) and guaiacol
peroxidase (GPX) is used to catalyze and reduce toxic intermediates
products of oxygen metabolism, which prevents plant cell damage (Gill
and Tuteja 2010). Catalase is essential for detoxification under stress. It
releases HyO, generated during mitochondrial electron transport and
beta-oxidation of fatty acid (Gill and Tuteja 2010; Kot et al., 2015).
Results show that catalase activity in cassava roots pith level of
improved variety 8034 was increased by scale insects infestation than
improved variety Excel which had high scale insects numbers. At the
cortex level, catalase activity was high in the improved varieties TMS
96/0023 and TMS 92M0057. This shows that catalase activity probably
increases or decreases depending on the variety and density of scale
insect populations present in cassava varieties. Ferry et al. (2011) re-
ported an increase catalase activity in wheat following an infestation of
Sitobion avenae. Increased CAT activity in plants increases cell wall
resistance (Chen et al., 1993). Kaur et al. (2014) observed a decrease
catalase activity in leaves, seeds and pod wall of Cajanus cajan infested
by Helicoverpa armigera. In the case of guaiacol peroxidase, an inverse
situation to that of catalase activity was observed at the cortex level. The
higher catalase activity recorded in the improved varieties TMS
96/0023 and TMS 92/0057 was related to the lower guaiacol peroxidase
activity. Several studies have demonstrated an increase in GPX activity
in cultivars subjected to biotic or abiotic stress (Zhang and Kirkham
1996; Uarrota et al.,, 2016). GPX may be involved in lowering
stress-induced ROS, for example, converting hydrogen peroxide to
water. According to Chaman et al. (2003), Golan et al. (2013), the
combined effect of guaiacol peroxidase and catalase reduces ROS action
in insect-infested plants. Phenylalanine ammonia-lyase from its product
which is cinnamic acid plays a role in plant defense mechanisms through
the synthesis of salicylic acid and other phenolic compounds such as
lignins involved in the reinforcement of pectocellulose walls (Mauch--
Mani and Slusarenko 1996; Shirasu et al. 1997; Chaman et al., 2003;
Manga et al., 2016). Our results show that PAL activity is high in vari-
eties TMS 96,/0023 and TMS 92/0057 at the cortex. This could probably
be confirmed by the low number of scale insects observed on these
cassava varieties in the field. A high level of PAL can enhance the plant’s
ability to tolerate scale insects. Indeed, Dogbo et al. (2008) showed that
PAL activity in cassava leaves tissues stimulated by salicylic acid was 4
to 14 times higher.

The linear regression model performed from the biochemical data in
the cortex, pith and agronomic to predict scale insect density shows that
not all variables were used (VIF > 5). The linear regression model per-
formed from the biochemical data variables in the cortex (CAT and
HCN) and in the pith (TPC and CAT) have a negative linear relationship
with the scale insect density. This could be explained by the fact that
cassava genotypes (TMS 96,/0023 and TMS 92/0057, 8034) with a high
content of CAT and HCN in the cortex and high content of TPC and CAT
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in the pith will have a low scale insect density. As for the agronomic
data, the variables (SD and yield) have a negative linear relationship
with scale insect density. It is clear that high scale insect density reduces
SD and yield. The response of varieties to the stress caused by
S. vayssierei is also recorded at the growth level. Indeed, as shown by
principal component analysis (PCA), the secondary metabolites pro-
duced by the local variety Douma, in addition to being highly infested by
scale insects, has a high content of phenols and flavonoids in the pith, in
contrast to the improved varieties TMS 96/0023 and TMS 92/0057,
which have a high content of HCN, PAL and catalase in the cortex but
with a low infestation of scale insects. Hemm et al. (2004), show that
PAL is a key enzyme in the synthesis of several defense-related sec-
ondary compounds such as phenols and lignin. These results could be
explained by the fact that biochemical compounds other than the one
studied are involved in the plant’s defense against S. vayssierei (Helmi
and Mohamed 2016). On the other hand, even if plants’ secondary
metabolites do not affect scale insect numbers, they could act on insect
metabolism. This depressive action on scale insect metabolism could
explain the tolerance of the local variety Douma and explain the
outbreak of scale insects on these varieties as an adaptation and survival
mechanism to the metabolic stresses of these insects.

Conclusion

In summary, this study evaluates the response of six cassava varieties
(two local and four improved) to natural scale infestation and de-
termines their resistance levels against S. vayssierei. The improved va-
rieties TMS 96,0023 and TMS 92/0057 were the least colonized by scale
insects and produced more biochemical as well as greater catalase and
phenylalanine ammonia-lyase activity than the other varieties in the
cortex were ARTS are the most closely attached. The local variety
Douma has the highest number of scale insects, high phenolic com-
pounds content (phenolics and flavonoids) and the highest yield. The
improved Excel variety records the highest number of scale insects.
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