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ABSTRACT

Two-year studies were conducted to determine the responses of 9 commercial and local cassava
varieties to M. tanajoa and the environment during the 2014/2015 and 2015/2016 wet and dry
seasons at Ukiriguru in Mwanza region of the Lake Zone, Tanzania. The experiments were
conducted at Lake Zone Agricultural Research and Development Institute, Ukiriguru. These were
laid out in a Randomized Complete Block Design (RCBD) with three replications, making a total of
twenty-seven plots allocated to a plot size of 36m2 with a 1m path between plots and 2m between
blocks. One stem cutting (30cm long) was planted at a spacing of 1x1m within and between rows
giving a total of 10,000 plant population ha-1. This was allowed under natural infestation by the
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mites. Results revealed that the population and damage were higher in 2016 while leaf
malformation and mites incidence were statistically greater in 2015. Cassava varieties were heavily
infested and damaged at lower age range (3 and 6 months) within and between the two seasons.
Among the crop varieties, Liongo Kwimba recorded higher infestation and suffered most in leaf
damage and malformation. Kyaka cassava variety was found to performed better in yield despite
the attack by the mites while Liongo Kwimba recorded the lowest yield. The regression analysis
predicted mostly negative relationships among the weather variables and the population, damage
and incidence of M. tanajoa. Therefore, farmers at Ukiriguru could be encouraged to plant Kyaka
variety for increased yield while Liongo Kwimba should be improved especially by breeding and
molecular researches. More so, there is need to manipulate planting season by early planting
before the favourable period of growth and perpetuation of M. tanajoa.

Keywords: Occurrence; Kyaka cassava variety; Liongo Kwimba; cassava green mite; incidence and
Tanzania.

1. INTRODUCTION

In Tanzania, East African region and Africa in
general, cassava Manihot esculenta Crantz
(Euphorbiaceae) is grown for local consumption
of its root tubers which are swellings of the
adventitious roots of the stem. The roots are rich
in starch, calcium and vitamin C [1,2]. The East
African countries are increasingly producing
more cassava both as a cash crop and security
foodstuff [3,4,5]. Several previous studies have
revealed the economic advantage of cassava
root where high root yield has the potential for
processing into many industrial and food
products [6,7]. The central and West African
countries have more established industries for
cassava products than the east African region
[8].

Cassava green mite, Mononychellus tanajoa
Bondar. (Acari: Tetranychidae) is the most
important among pests that attack cassava in
Tanzania [9,10]. Mononychellus sp. was first
reported in the country in 1972 at Ukerewe
Islands [11]. It attacks mainly shoots and leaves
of cassava reducing both photosynthetic rate and
root dry matter [10]. In the Lake zone, the pest is
more devastating that losses a ranging from 20%
to 80% tuber yield loss if left uncontrolled [12]. At
present, the mites have spread throughout the
country, although at varied incidences among
agro-ecological zones. It is not known that if such
variations are related to seasonal changes or the
varied responses of the cassava varieties that
are commonly grown.

Several commercial cassava varieties have been
developed and released in Tanzania (especially
in 2010) targeting the yield and major diseases,
but limited information exists on their responses
to M. tanajoa. Researchers that are geared

towards understanding the ecology and the
importance of the pest are scarce. The dynamics
of pest population across seasons has not been
established in Mwanza region of the Lake Zone,
Tanzania. The current study aims at bridging the
research gaps on M. tanajoa and the outcome(s)
could be useful in the management of M. tanajoa
to its minimum damage threshold level and
subsequent losses in the Lake Zone and
Tanzania in general.

2. MATERIALS AND METHODS

Mwanza region of the Lake Zone (020 45’S 320
45’E) Tanzania is the leading cassava producing
zone that accounts for about 37.43% of the total
cassava in the country [13]. Two experiments
were conducted during 2015 and 2016 rainy and
dry seasons to determine the seasonal changes
and damages of M. tanajoa on some selected
commercial and local cassava varieties. The site,
Ukiriguru is located at 02°43.156’S, 033°01.43’E
and 1400 m above sea level in Misungwi district
of Mwanza region of the Lake Zone, Tanzania.
Nine commercial and local cassava varieties
Naliendele (NLD), Kiroba (KRB), Meremeta
(MRM), Belinde (BLD), Liongo Kwimba (LNG),
Suma (SUM), Mkombozi (MKZ), Kyaka (KYK)
and Namikonga (NMK) were selected from three
different zones; Lake, Eastern and Southern
zones. These were planted and randomized into
nine plots using Randomized Complete Block
Design (RCBD) and replicated three times
making a total of twenty-seven plots. The
treatments were allocated to a plot size of 36m2

with the 1 m path (boarder) between plots and 2
m between blocks, respectively. One stem
cutting (30 cm long) was planted at a spacing of
1x1 m within and between rows giving a total of
10,000 plant population ha-1 in a 1, 924m2 plot.
This was allowed under natural infestation by the
mites.
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2.1 Population Assessment of M. tanajoa

Cassava green mite population was monitored
on monthly basis after three months of planting
i.e from March and ending in September 2015
and 2016 respectively. This was taken by the
physical counting of the mites from the top fully
open five leaves using a hand lens (Model No.
YT1045/50 mm). In each plot, eighteen cassava
plants were selected randomly and leaving 1
cassava to stand out from the habitat boundaries
to avoid border effects modified from [9].

2.2 Assessment of the Mites’ Incidence

The incidence was assessed by carefully
opening the leaves from the top fully open five
leaves using a hand lens (Model No. YT1045/50
mm). In each plot, eighteen out of the 36
cassava plants were selected randomly along the
diagonals and recording presence or absence of
the mites. One cassava stand was left out from
the habitat boundaries to avoid border effects
modified from [9].

2.3 Leaf Damage Assessment

The leaf damage was recorded using a scale of 1
to 5 (i.e. 1 means no obvious symptom, 2 = less
than 5% of leaf chlorosis, 3 = more than 5% but
less than 50% of leaf chlorosis, 4 = more than
50% of leaf chlorosis with significant reduction in
leaf area and 5 = leaf is dead and has dropped)
a result of the damage by the mites as adopted
from [14].

2.4 Leaf Malformation Assessment

The leaf malformation was taken from the 1 to 5
damage scale above modified from [14]. A scale
of 2 to 5 was used to distinguish between leaf
malformations as follows. 2 = leaf not malformed,
3 = more than 5% but less than 50% malformed,
4 = more than 50% malformed with significant
reduction in shape and 5 = the leaf is 100%
distorted or died.

2.5 Statistical Analysis

All data collected were subjected to analysis of
variance (ANOVA) in a RCBD using the GenStat
software 15th edition [15]. Two sample t-test was
used to compare seasons and multiple linear
regression analysis was also run to predict the
effects of the weather variables on the population
and damage by M. tanajoa. Treatment means

were compared using the least significant
difference (LSD) at 5% level of significance (P =
.05). While all the numerical data with low counts
or zero values were transformed into log y+1
[16]. Yield data were taken in kilograms ha-1.

3. RESULTS AND DISCUSSION

Results of the study shows that there were
significant (P = .05) differences on the
population, damage, leaf malformation and
incidence of M. tanajoa between the seasons
(2015 and 2016). The population and damage
were higher in 2016 compared to 2015 (Fig. 2).
The differences between the two seasons as per
the population and damage by M. tanajoa could
be attributed to so many factors inclusive of
weather variables such as rainfall, relative
humidity and temperatures. Moreover, as higher
amount of rainfall was received in 2015, the
population of M. tanajoa was found to be lower
compared to 2016. Therefore, these
environmental factors dictated about the
differences. Several authors [9,17,18,19] have
reported that high cassava green mite’s
mortalities due to rain drop could serve as its
natural population control. More so, all the mite’s
developmental stages are affected by environ-
mental factors (rainfall, relative humidity and
temperatures). However, the damage was also
slightly different between the seasons which
might be due to the differences in the cassava
varieties used as each variety might respond
differently. Several researchers [9,20] have
reported that seasonal variations in arthropods in
the tropics have been related to several studies
and these were due to the temporal variation in
local environmental factors such as rainfall,
temperatures and humidity. The incidence might
be a function of the population number which
could be attributed to the preference of the mites
on the different cassava varieties planted while
the leaf malformation could be dictated also by
the extent of damage caused by the mites.

The population and damage by M. tanajoa were
significant (P = .05) among the cassava varieties
in both seasons (Fig. 3). Liongo Kwimba
recorded the highest mite’s number compared to
all other cassava varieties while Kyaka was
found to have the lowest population number in
both years. Similarly, Kyaka cassava variety
recorded the lowest damage in both seasons.
However, Liongo Kwimba was proved to have
recorded higher damage followed by Kiroba in
2016. All other varieties were found to be similar
on M. tanajoa number in 2015 while Mkombozi
and Kiroba were found to be the least.



Wudil et al.; AJAAR, 8(2): 1-14, 2018; Article no.AJAAR.39582

4

Fig. 1. Mean monthly rainfall, maximum and minimum temperatures and relative humidity for
the Lake Zone, Tanzania from December 2014 to June 2016

Table 1. Cassava varieties used for the experiments and their history

Source: (Personal communication, 2016)
Note: *It is thought to be an Amani hybrid from the Amani cassava breeding program by British in 1930s (Hillocks

and Jennings 2003, Jennings 1957)
1Early means 8-12 months while late is 15 months and above

Key: *B/Line = *Breeding line; M/tolerant = Moderately tolerant; S/tolerant = Slightly tolerant

Fig. 2. The effects of the population, damage, leaf malformation and incidence of cassava
green mite at Ukiriguru, Lake zone of Tanzania

Key: LMFT = Leaf malformation; INDC = Incidence

Variety Type Maturity1 Pest Status Year Yield
Released        Potential

Kyaka Improved Early Tolerant 2010 Medium

Meremeta Improved Early Tolerant 2010 Medium
L/Kwimba Local Early Susceptible None Medium
Namikonga *B/Line Medium M/ tolerant None Medium
Mkombozi Improved Early Susceptible 2010 High
Naliendele Improved - M/ tolerant - -
Kiroba Improved Early Tolerant - High
Suma Improved Early Tolerant 2010 Medium
Belinde Improved Early S/tolerant 2010 Medium

Source: (Personal communication, 2016)
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The responses of the cassava varieties to M.
tanajoa population and damage were probably
due to their inherent resistant and/susceptibilities
to the mites. These varieties moreover were a
mixture of local and commercial varieties thus
could respond in different ways as per mite’s
number, damage and incidence. Liongo Kwimba
was found to have recorded higher number and
damage of M. tanajoa while Kyaka has been
performing better in terms of mites’ population,
damage and subsequently the yield. All of the
above could be attributed to the fact that Liongo
Kwimba is a local and susceptible variety while
Kyaka is commercial and improved variety.
Similar findings have been reported by several
authors including [21] that varietal differences
could be attributed to their inherent resistance/
tolerance and/or susceptibility to the mites’
damage. Similar result was reported that the
variation in M. tanajoa population density among
the genotype might be associated with factors
inherent in the different genotypes. The resistant
cassava varieties might have high leaf
pubescence and high canopy retention ability
during the dry season [22].

Results on the influence of time interval (months)
has indicated a highly significant (P = .05) effect
on the population and damage of M. tanajoa.
Highest number of M. tanajoa was recorded in
June with the least in July in 2015. However in
2016, higher population number was recorded in
July and August which are similar while the
lowest number was observed in September.
Similarly, the damage by cassava green mite in
2015 was higher in June and July with the least
in April and September which are found to be
similar. Moreover, in 2016, the damage was
higher in July and August however; the lowest
damage by M. tanajoa was recorded in June.

The differences in the population number,
damage, incidence as well as the leaf
malformation across months could be attributed
to the variations in the weather variables
especially rainfall, temperatures and relative
humidity. In 2015, the population of M. tanajoa
was higher probably due to the low amount of
rains received in the year compared to 2016.
While there was a little higher damage in 2016
which might affirmed that different varieties were
used thus they responded differently based on
the environmental conditions which might have
dictated the growth, development and
perpetuation of the mite. It was reported by
several authors that Tetranychid mites are known
for rapid reproductive rates in hot dry weather
[23] for example June to September at Ukiriguru.
Several authors have also indicated that
infestations are heaviest and/or population
density increases in the dry season which also
corresponds to June to September periods at
which the mites’ number and damage were
higher at Ukiriguru [24,25].

Fig. 5 shows that effects of the cassava crop age
(months) on the population and damage of M.
tanajoa was highly significant (P = .05) among
the crop ages. Crops at 3 and 6 months of age
recorded higher infestation and damage
compared to older ones (9 months). Generally,
the higher population and damage were
recorded most in 2016 except the damage at 6
months of age in 2015. The lowest mites’
counts were recorded by crops at the age of 3
months in 2015 and 9 months in 2016.
However on the damage by M. tanajoa,
higher damages were observed on older
crops of 9 months in 2015 and 6 months old in
2016.

Fig. 3. Responses of some cassava varieties to M. tanajoa population and damage at Ukiriguru
of the lake zone, Tanzania

Key: Count_15 & 16 = Count in 2015 and 2016; DMG_15 & 16 = Damage in 2015 & 2016
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Fig. 4. Influence of time interval (months) on the population and damage of M. tanajoa at
Ukiriguru, of the Lake zone, Tanzania

Results of the studies at Ukiriguru revealed that
the incidence and leaf malformation of cassava
green mite on cassava crop age were highly
significant (P = .05) in both seasons (Fig. 6).
Generally, the incidences were higher at 3 and 6
months of age with the least at 9 months in 2016.
However, crops at 6 months of age recorded
higher mites’ incidence in 2015 while it was the
least at 3 months. Similarly, the highest leaf
malformation scores were recorded by most
crops at the age of 6 and 9 months in 2015 and
2016 while the least were recorded on crops at 3
months of age respectively.

Table 2 shows that in both seasons, the
incidence of M. tanajoa on cassava varieties was
significant (P = .05). Cassava variety Liongo
Kwimba recoded higher incidence (0.2381)
followed by Naliendele (0.2350) while Mkombozi
was found to have the lowest incidence in 2015.
Similarly in 2016, Liongo Kwimba (0.6209)
appeared to have higher mites incidence which
was followed by Kiroba variety (0.5719), however
the lowest mites’ incidence was recorded by
Belinde variety (0.4898). Moreover, the leaf
malformation was only significant (P = .05) in
2016 while Liongo Kwimba recorded the highest
leaf malformation compared to all other varieties;
this was followed by Kiroba and Kyaka varieties
which appeared to have recorded the least leaf
malformation. In 2015 however, there was no
significant difference among the cassava
varieties although Namikonga and Liongo
Kwimba recorded higher leaf malformation.

Fig. 7 shows that the interaction effects of
varieties and time interval on crop age of some
cassava varieties was highly significant (P = .05)
in 2015. The highest population number was
recorded by Kyaka, Suma and Belinde at 6
months of age across all varieties while at 3

months of age Kyaka variety however recorded
the lowest population number of M. tanajoa.
However, it was not significant in 2016 although,
Kiroba variety recorded higher mites number at
the age of 3 months while Namikonga was found
to have the least mites number at 9 months of
cassava growth.

The interaction of varieties and time interval
(months) on the damage by M. tanajoa was not
significant in 2015 (Fig. 8). However, in 2016
there were significant (P = .05) differences
among the cassava varieties and time interval.
Cassava variety, Liongo Kwimba recorded the
highest crop damage at the ages of 3 and 9
months while across the varieties, Meremeta was
found to have the lowest crop damage at 6
months of age. All other varieties were either
similar or slightly different compared across the
ages.

Fig. 9 shows the effects of time interval (months)
on the incidence and leaf malformation of M.
tanajoa in 2015 and 2016. The incidence of M.
tanajoa was highly significant (P = .05) among
the time intervals (months). In 2015, the highest
mites’ incidence was recorded in June and
August with the lowest in July. Moreover in 2016,
the mites’ incidence was found to be higher in
the month of August with the least in September.
The effects of the leaf malformation by cassava
green mite was also significant (P = .05) whereby
the highest leaf malformation was recorded in
July and June in 2015 while the months of April
and March having the least. In 2016 however,
the highest leaf malformation was observed in
June and September with the lowest in July and
August.

Results in Fig. 10 shows that there are significant
(P = .05) differences between the two seasons in

0

0.2

0.4

0.6

0.8

1

1.2

1.4

Mar Apr May Jun Jul Aug Sep

M
IT

ES
' P

O
PU

LA
TI

O
N

MONTH

P value: 2015 = 0.001, 2016 = 0.001

Count_15

Count_16

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7

Mar Apr May Jun Jul Aug Sep

M
IT

ES
' D

A
M

A
G

E

MONTH

P value: 2015 = 0.001, 2016 = 0.001

DMG_15

DMG_16



Wudil et al.; AJAAR, 8(2): 1-14, 2018; Article no.AJAAR.39582

7

root weight and root number. The season of
2015 recorded the highest root weight compared
to 2016 while root number was higher in 2016.

The results indicated that the differences among
cassava varieties on root number were
significant (P = .0) only in 2015 (Fig. 11). Kyaka
recorded the highest root number (5.50) and
followed by Meremeta (5.41) in 2015 while least
was found with Namikonga (2.56). However in
2016, there were no significant differences
among the cassava varieties although, Suma
(8.35) and Mkombozi (8.34) recorded the highest
number of roots and the least was recorded by
Kyaka (6.41) and Liongo Kwimba (6.41).
Moreover, there were no significant differences
among the cassava varieties on root weight in
both seasons. However, in both seasons, Kyaka
recorded the heaviest roots (92.00 kg n 2015)
and (19.17 kg in 2016)  compared to others with
Liongo Kwimba having the lowest root
weight (6.6 kg in 2015) and (13.5 in 2016)
respectively.

Generally, the population, incidence, leaf
malformation and damage were found to be
higher on crops at 3 and 6 months of age
compared to the older ones. More so, the
responses of the cassava varieties at different
ages have been mostly higher on younger plants
compared to the older ones (9months) and this
has been sometimes fluctuating over time. These
indicated that cassava green mites prefer young
and tender plants which are succulent and
nutritious compared to the fibrous older ones.
These have been reported by other researchers

such as [26] cassava plants aged 2-9 months are
the most vulnerable to infestation.

The regression analysis explained that with an
increase in unit of the rainfall and relative
humidity, there will be decrease in the mites’
counts in 2016 vice versa in the case of
maximum and minimum temperatures. The
variation in either positive or negative
relationship between the two seasons could be
attributed to the differences in amount of rainfall,
relative humidity and temperatures received in
each year thus, in 2016 there was higher amount
of rainfall which if increased that will negatively
affects the mites count. This indicated that with
increase in a unit in rainfall in 2015 will
subsequently increase mites’ damage and vice
versa in 2016. This also applied to the incidence
and leaf malformation by M. tanajoa. These have
been reported by [27,28,29]. Environmental
abiotic factors such as temperature, relative
humidity and rainfall are important mechanisms
mediating the population dynamics of arthropods
in agro-ecosystems. Other environmental
variables especially rainfall, temperature and
relative humidity might sometimes differ based
on seasons and these factors dictate the
perpetuation and survival of cassava green
mites, similar result was reported that the
differences in population and damage between
seasons could be due to the fact that the
population build-up of the pest started at the
onset of the dry season or end of the rainy
season which is May, while July to August were
the peak periods and thus, the damage was
subsequently higher [18].

Fig. 5. Effects of the cassava crop age (months) on the population and damage by M. tanajoa
on at Ukiriguru, Lake zone of Tanzania
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Fig. 6. Effects of the cassava crop age (months) on the incidence and leaf malformation by
M. tanajoa on at Ukiriguru, Lake zone of Tanzania

Key: INDC_15; INDC_16 = Incidence in 2015 and Incidence in 2016

Table 2. Incidence and leaf malformation by M. tanajoa on some cassava varieties at Ukiriguru,
Lake Zone Tanzania

Variety Mites’ incidence Leaf malformation
(2015) (2016) (2015) (2016)

Balinde 0.2219 0.4898 0.777 0.1512
Kiroba 0.1768 0.5719 0.795 0.2691
Kyaka 0.1937 0.5637 0.673 0.1182
Liongo 0.2381 0.6209 0.848 0.3893
Mkombozi 0.1561 0.5672 0.813 0.2073
Meremeta 0.1799 0.5097 0.739 0.1775
Naliendele 0.235 0.5528 0.676 0.2074
Namikonga 0.1952 0.4971 0.875 0.1662
Suma 0.2068 0.5483 0.742 0.1663
SE+ 0.01857 0.02979 0.0612 0.0195
P Value: 0.030 0.056 0.236 0.001

Fig. 7. Interaction effects of varieties and time interval (Months) on population of M. tanajoa on
some cassava varieties at Ukiriguru of Lake zone, Tanzania
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Fig. 8. Interaction effects of varieties and time interval (Months) on damage by M. tanajoa on
some cassava varieties at Ukiriguru of Lake Zone, Tanzania

Fig. 9. Effects of the time interval (months) on the incidence and leaf malformation of
M. tanajoa at Ukiriguru of Lake zone, Tanzania

Fig. 10. Effects of seasons on root weight per plot (kg-1) and root number per stand at
Ukiriguru of Lake Zone, Tanzania
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the influence of some weather variables on the
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malformation of M. tanajoa at Ukiriguru of the
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variables (rainfall, relative humidity, and
maximum and minimum temperatures) were
simultaneously entered into the model and to find
out the percentage contribution of each of the
dependent variables to the population and
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temperature were not significant and have
positively correlated to the mites’ population
while relative humidity and maximum
temperature were have significant (P = .05)
negative relationship to the population
number of M. tanajoa in 2015 such as rainfall (β
= 0.00066, p = 0.182), relative humidity (β = -
0.0367, p = 0.080), maximum temperature (β = -
0.217, p = 0.044), and minimum temperature (β
= 0.1396, p = 0.159) this explains that with
increase in a unit of each variable (relative
humidity and maximum temperature) will
decrease the population number of M. tanajoa.
However in 2016, the relationships between
rainfall and relative humidity were highly
significant (P = .05) and negative while it was
positive with the maximum and minimum
temperature (Table 3).

Table 4 shows that the relationships among all
the weather variables predicted were highly
significant (P = .05). Rainfall was found to be
negatively correlated to M. tanajoa damage in
2015 rainfall (β = -0.001454, p = 0.001), relative
humidity (β = 0.04011, p = 0.001), maximum

temperature (β = 0.1615, p = 0.001), and
minimum temperature (β = -0.2473, p = 0.001)
this explains that with continuous increase in a
unit of each variable (rainfall and minimum
temperature) will decrease the damage by M.
tanajoa. Nonetheless, with continuous increase
by a unit in relative humidity and maximum
temperature will subsequently decrease mites’
damage negatively. However in 2016, both
relative humidity and rainfall were negatively
correlated with damage while maximum and
minimum temperatures were positive.

The regression analysis of some weather
variables had predicted that the relationships
among the mites’ incidence and the variables
were significant (P = .05) on rainfall, maximum
and minimum temperatures (table 5). All the
variables except relative humidity were
negatively correlated with mites’ incidence in
2015. However, rainfall and relative humidity
were negative although, only rainfall was
significant (P = .05) in 2016 while maximum and
minimum temperatures were positively correlated
with mites’ incidence.

Table 3. Regression analysis of some weather variables against M. tanajoa count during 2015
and 2016 rainy and dry seasons in Ukiriguru, Mwanza region, Tanzania

Table 4. Regression analysis of some weather variables against M. tanajoa damage during
2015 and 2016 rainy and dry seasons in Ukiriguru, Mwanza region, Tanzania

Parameter 2015 damage 2016 damage
Estimate SE+(P Value) Estimate SE+ (P Value)

Rainfall -0.001454 0.000191 (0.001)** -0.02814 0.00413 (0.001)**
RH 0.04011 0.00807 (0.001)** -0.01490 0.00142 (0.001)**
Max. Temp. 0.1615 0.0414 (0.001)** 0.0504 0.0118 (0.001)**
Min. Temp. -0.2473 0.0382 (0.001)** 0.1303 0.0184 (0.001)**

Table 5. Regression analysis of some weather variables against M. tanajoa incidence during
2015 and 2016 rainy and dry seasons in Ukiriguru, Mwanza region, Tanzania

Parameter 2015 incidence 2016 incidence
Estimate SE± (P Value) Estimate SE± (P Value)

Rainfall -0.001069 0.000284 (0.001)** -0.1063 0.0146 (0.001)**
RH 0.0061 0.0120 (0.611) -0.00524 0.00501 (0.298)
Max. Temp. -0.0980 0.0616 (0.113) 0.2890 0.0418 (0.001)**
Min. Temp. -0.0097 0.0568 (0.865) 0.3570 0.0650 (0.001)**

2015 COUNT 2016 COUNT
Parameter Estimate SE+(P Value) Estimate SE+ (P Value)
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Rainfall 0.00066 0.00049 (0.182) -0.0914 0.0153 (0.001)**

RH -0.0367 0.0208 (0.080)* -0.02074 0.00526 (0.001)**

Max. Temp. -0.217 0.107 (0.044)* 0.1117 0.0439 (0.012)*

Min. Temp. 0.1396 0.0987 (0.159) 0.2672 0.0683 (0.001)**
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Table 6. Regression analysis of some weather variables against M. tanajoa leaf malformation
during 2015 and 2016 rainy and dry seasons in Ukiriguru, Mwanza region, Tanzania

Parameter Leaf malformation (2015) Leaf malformation (2016)
Estimate SE+ (P Value) Estimate SE+(P Value)

Rainfall -0.008317 0.000700 (0.001)** 0.06269 0.00730 (0.001)**
RH 0.1173 0.0296  (0.001)** 0.03233 0.00250 (0.001)**
Max. Temp. 0.036 0.152 (0.812) -0.0830 0.0209 (0.001)**
Min. Temp. -0.993 0.140 (0.001)** -0.3439 0.0325 (0.001)**

Fig. 11. Root weight and root number as influenced by M. tanajoa number and damage at
Ukiriguru, Lake zone Tanzania

The relationships among the weather variables
predicted were highly significant (P = .05) except
maximum temperature (table 5). Rainfall was
found to be negatively correlated to M. tanajoa
leaf malformation in 2015 rainfall (β = -0.008317,
p = 0.001), relative humidity (β = 0.1173, p =
0.001), maximum temperature (β = 0.036, p =
0.812), and minimum temperature (β = -0.993, p
= 0.001) this explains that with continuous
increase in a unit of each variable (rainfall and
minimum temperature) will lead to a decrease in
leaf malformation by M. tanajoa. Nonetheless,
with continuous increase by a unit in relative
humidity and maximum temperature will
subsequently decrease mites’ leaf malformation.
However in 2016, both relative humidity and
rainfall were positively correlated with leaf
malformation while maximum and minimum
temperatures were negative (Table 6).

The regression analysis of incidence and leaf
malformation has shown that leaf malformation
has a negative relationship with root weight in
2016 which indicated that with an increase in leaf
malformation by a unit, the root weight will
decrease by the same unit. This could be
possible because the leaf malformation is a

component of damage reduces the
photosynthetic ability of the cassava plant which
subsequently affected the dry matter production
capacity of the crop thus reduced weight.
However, other components in both seasons
were not significant probably due to similarities
that exists among the cassava varieties and that
environmental factors have more impacts on the
population and damage of M. tanajoa. This has
been reported by Mutisya et al. [3] that the
regression of M. tanajoa density to root yield did
not indicate any negative effect of the mite pest
as other environmental factors influenced more
the final yield. Moreover, several authors
including 27, 28 and 29 have reported on the
reduction of photosynthetic ability of the plant.
More so, it attacks mainly shoots and leaves of
cassava reducing both photosynthetic rate and
root dry matter [17]. The visual damage led to
high loss of the cassava leaves and subsequent
reduction in the photosynthetic ability of the
cassava and the yield, especially on the
susceptible varieties. This has been reported by
researchers that the damage has been equated
to the loss of biomass and is an indicative of loss
of the leaf photosynthetic area [30].
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4. CONCLUSION

Results of the studies have revealed that mites’
population, incidence and damage were higher in
2016 while leaf malformation was statistically
greater in 2015. More so, the cassava varieties
were heavily infested and damaged at lower
ages (3 and 6 months) within and between the
two seasons. Among the crop varieties, Liongo
Kwimba recorded higher infestation and suffered
most in damage and leaf malformation. The
regression analysis had predicted negative
relationships among the weather variables and
the population, damage and incidence
of M. tanajoa. Kyaka cassava variety was
found to performed better in yield despite
the attack by the mites while Liongo
Kwimba recorded the highest damage and
lowest yield, thus farmers at Ukiriguru
could be encouraged to plant Kyaka variety for
increased cassava yield while Liongo
Kwimba should be improved especially
through breeding and molecular researches.
More so, there is need to manipulate
planting season by early planting before
the favorable period of growth and
perpetuation of M. tanajoa at Ukiriguru, Lake
Zone Tanzania.

ACKNOWLEDGEMENTS

The Tertiary Education Trust Fund (TETfund)
and Bayero University Kano (Employer) of the
Federal Republic of Nigeria are acknowledged
for funding this study. The Lake Zone Agricultural
Research and Development Institute (LZARDI) of
Tanzania have likewise been acknowledged for
providing the experimental area with much
assistance from Researchers in the Roots and
Tuber Section. Professor M. Mwatawala (HOD)
of the Department of Crop Science and
Horticulture and Dr. Nene Wilson of the
Naliendele Agricultural Research Institute
Mtwara, Tanzania are highly appreciated for their
technical assistance during the data collection
and analyses respectively.

COMPETING INTERESTS

Authors have declared that no competing
interests exist.

REFERENCES

1. Alves AAC. Cassava botany and physio-
logy. In: Hillocks RJ, Thresh JM, Bellotti

AC. (eds.) 48 Systematic & applied acaro-
logy cassava: Biology, production and
utilization. CABI Publishing, Wallingford,
UK. 2002;20:67–89.
Available:http://dx.doi.org/10.1079/978085
1995243.0067

2. Fermont AM, van Asten PJA, Tittonell P,
van Wijk MT, Giller KE. Closing the
cassava yield gap: An analysis from small-
holder farms in East Africa. Field C.
Research. 2009;112:24–36.
Available:http://dx.doi.org/10.1016/j.fcr.200
9.01.009

3. Mutisya DL, El-Banhawy EM, Khamala
CPM, Kariuki CW. Management of
cassava green mite Mononychellus
progresivus (Acari: Tetranychidae) in
different agro-ecological zones of Kenya.
Syst. & Appl. Acar. 2015;20(1):39–50.

4. Mohammad L, Kamau JW, Bugusu BA,
Kariuki CW, Ndolo PJ, Munga TL. Ex-ante
appraisal on innovations for cassava
productions and processing in spatially
separated but inter-linked markets. In:
Akorado MO, Ngeve JM. (eds).
Proceedings of the international society for
tropical root crops –Africa Branch, Seventh
Triennial Symposium, Cotonou, Republic
of Benin. 1998;137-147.

5. Fermont AM, van Asten PJA, Giller KE.
Increasing land pressure in east Africa:
The changing role of cassava and
consequences for sustainability of farming
systems, Agric., Ecosy. & Envt. 2008;12:
239–250.
Available:http://dx.doi.org/10.1016/j.agee.2
008.06.009

6. Ren JS. Cassava products for food and
chemical industries: China. In: Dufur DO,
Brien GM, Best R (eds.) Cassava flour and
starch: Progress in research and
development. CIAT Cali, Columbia. 1996;
48–54.

7. Balagopalan C. Cassava utilization in food,
feed and industry. In: Hillocks RJ, Thresh
JM, Bellotti AC. (eds.) Cassava: Biology,
production and utilization. CABI
Publishing, Wallingford, UK. 2002;301–
318.

8. Nweke FI. The cassava transformation in
Africa: In: Anonymous (Ed.), A review of
cassava in Africa, with country case
studies on Nigeria, Ghana, the United
Republic of Tanzania, Uganda and Benin.
Proceedings Validation Forum on the



Wudil et al.; AJAAR, 8(2): 1-14, 2018; Article no.AJAAR.39582

13

Global Cassava Development Strategy.
Rome, Italy. 2005;2-IFAD/FAO:22–23.

9. Évila C. Costa, Adenir V. Teodoro, Adriano
S. Rêgo, Anilde G. S. Maciel, Renato
Sarmento. Population structure and
dynamics of the cassava green mite,
Mononychellus tanajoa (Bondar) and the
predator Euseius ho (DeLeon) (Acari:
Tetranychidae, Phytoseiidae). Arthropods.
2012;1(2):55-62.

10. Moraes GJ, Flechtmann CHW. Manual de
acarologia: Acarologia básica e ácaros de
plantas cultivadas no Brasil. Holos,
Ribeirão Preto, Brazil; 2008.

11. Nyiira ZM. Report of investigation of
cassava mite, Mononychellus tanajoa
(Bondar). Kawanda Research Station,
Kampala, Uganda, Unpublished Report.
1972;14.

12. Anon, X. Plant protection annual
report 1999. Ministry of Agriculture &
Cooperatives Tanzania; 1999.

13. Report on TZNY Cassava. Cassava:
Adding value for Africa. Driving demand for
Cassava in Tanzania: Draft Report. 2012;
61.

14. Nukenine EN, Hassan AT, Dixon AGO,
Fokunang CN. Population dynamics of
cassava green mite, Mononychellus
tanajoa (Bondar) (Acarina: Tetranichidae)
as influenced by varietal resistance.
Pakistan Journal of Biological Sciences.
2002;5(2):177–183.

15. GenStat, Genstart statistical analysis
system. SAS User’s Guide Statistics 2004
Edition. Statistical Analysis System
Institute, Cary; 2004.

16. Eric S. inference fundamentals, Virginia
tech. Fall. STAT 5034/CRN 96072,
Printing services. 3; 540-231-6701, 1425
S. Main Street. 2001;356.

17. Wudil BS, Rwegasira GM, Kudra AB,
Jeremiah S. Response of some cassava
varieties to Mononychellus tanajoa bondar.
(Tetrachynidae: Acarina) Infestation in the
Lake Zone, Tanzania. J. of Agric. & Eco.
Research Inter. 2016;7(4):1-9.

18. Wudil BS, Rwegasira GM, Kudra AB,
Jeremiah S. Spatial and temporal
distribution of cassava green mite,
Mononychellus tanajoa Bonder (Acarina:
Tetranychidae) in Tanzania. Archives of
Curr. R. Inter. 2017a;8(3):1-13.

19. Wudil BS, Rwegasira GM, Kudra AB,
Jeremiah S. Weather variability influence

on occurrence and damages of
Mononychellus tanajoa bonder (Acarina:
Tetranychidae) on selected cassava
varieties in the lake zone, Tanzania. Asian
J. of Adva. in Agric. 2017b;3(3):1-10.

20. Gotoh T, Suwa A, Kitashima Y. Develop-
mental and reproductive performance of
Tetranychus pueraricola Ehara and Gotoh
(Acari: Tetranychidae) at four constant
temperatures. Appl. Ent. & Zoology. 2004;
39:675–682.

21. Toko M, Yaninek JS, O’Neill RJ. Response
of Mononychellus tanajoa (Acari:
Tetranychidae) to cropping systems,
cultivars, and pest interventions. Environ-
mental Entomology. 1996;25:237-249.

22. Nukenine EN, Dixon AGO, Hassan AT,
Asiwe JAN. Evaluation of cassava cultivars
for canopy retention and its relationship
with field resistance to green spider mite.
Afric. C. Sci. J. 1999;7(1):47-57.

23. Byrne DH, Guerrero JM, Belloti AC,
Gracen, V. E. Behavior and development
of Mononychellus tanajoa (Acari:
Tetranychidae) on resistant and
susceptible cultivars of cassava. Journal of
Economic Entomology. 1982;75(5):924-
927.

24. Skovgard H, Tomkiewicz J, Nachman G,
Münster-Swendsen M. The dynamics of
the cassava green mite, Mononychellus
tanajoa in a seasonally dry area in Kenya.
Exptal & Appl. Acar. 1993;17:59-76.

25. COSCA Tanzania, Production prospects
for Cassava in Tanzania (draft). COSCA
Working paper No. 16. Collaborative Study
of Cassava in Africa, International Institute
of Tropical Agriculture (IITA) and Ministry
of Agriculture, Tanzania; 1996.

26. Invasive Species Compendium; 2016.
Available:www.cabi.org/isc/datasheet
[Site visited on 31/05/2016]

27. Prischman DA, James DG, Snyder WE.
Impact of management intensity on mites
(Acari: Tetranychidae, Phytoseiidae) in
South Central Washington Wine Grapes.
Inter. J. of Acar. 2005;31:277–288.

28. Barbar Z, Tixier MS, Cheval B. Effects of
agroforestry on phytoseiid mite
communities (Acari: Phytoseiidae) in
Vineyards in the South of France. Exp. &
Appl. Acar. 2006;40:175–188.

29. Teodoro AV, Klein AM, Tscharntke T.
Environmentally mediated coffee pest
densities in relation to agro forestry



Wudil et al.; AJAAR, 8(2): 1-14, 2018; Article no.AJAAR.39582

14

management, using hierarchical parti-
tioning analyses. Agric., Ecosys & Envir.
2008;125:120–126.

30. Mutisya DL, El Banhawy EM, Khamala
CPM, Kariuki CW, Miano DW.

Determination of damage threshold of
cassava green mite (Acari: Tetranychidae)
on different cassava varieties. J. of Plant
and Pest Sci. 2014;1(2):79–86.

© 2018 Wudil et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:

http://prh.sdiarticle3.com/review-history/27847


