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Abstract 

 The red spider mite Tetranychus urticae (C.L. Koch, 1836) is an essential cassava pest, particularly in dry regions, which 
may cause a considerable yield loss. To reduce the damage of this pest, chemicals are applied in the field, possibly leading to 
adverse environmental effects. Therefore, using resistant cultivars is considered an effective and environment-friendly 
alternative. The study was conducted on 11 cassava clones and four cultivars (as control) during the 2016 planting season to 
identify the resistant clones to red spider mites in a greenhouse, producing a high yield in the field. The greenhouse 
experiment was conducted at ILETRI (Indonesian Legumes and Tubers Crop Research Institute). In contrast, the field 
experiments were explored at the Jambegede research station, Malang district, East Java Province, Indonesia. Both trials 
were arranged in a randomized block design with three replications. The results showed that there were four clones (CMM 
03036-7, CMM 03036-5, CMM 03038-7, and CMM 02040-1), and one cultivar (Adira 4) in cluster 3 were categorized as 
moderately resistant and resistant groups to mites and had high tuber yields (above the average yield, > 41.12 t ha–1). At a 
high mite population, all clones or cultivars will be attacked by mite pests; however, the clones (CMM 03036-7, CMM 
03036-5, CMM 03038-7, and CMM 02040-1) exhibited the tolerance to red mite attacks. These results indicate that these 
clones are promising approaches for collecting resistant cassava cultivars against red mites.     
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1. Introduction 

 Cassava (Manihot esculenta Crantz), one of the most 
important root crops, is widely grown in Africa, Southeast 
Asia, and Latin America. Apart from rice, corn, and 
soybeans, cassava is a priority food-crop commodity and 
has become the third-largest carbohydrate source. With a 
total production of 23 900 000 t in Indonesia, 64 % of 
cassava is used for food while the rest is for starch raw 
materials, animal feed, and export industries (BBPOPT 
2013). 

The red mite, Tetranychus urticae (Koch, 1836), is 
always found in cassava plantations around the world, and 
it is one of the factors causing the low productivity of 
cassava (Bellotti et al., 2012; Graziosi et al., 2016) and 
decreasing the quality of the yield, such as physical 
damage, chemical toxins, disease vectors, increased 
production costs, and social, environmental, and consumer 
rejection. In Indonesia, red mite infestation usually occurs 
during the dry season. According to Indiati (2012), yield 
reduction due to red mite attack can reach 20 % to 53 %, 
depending on the age of the plant when the attack occurs. 
At severe levels of damage, yield loss can get 95 % 
(Santoso and Astuti. 2019). Therefore, comprehensive 

control efforts are needed to reduce yield loss due to red 
mite attacks.  

In general, mite control can be done in several ways, 
such as using resistant cultivars, biological control by 
relying on natural enemies in the field, mechanical control 
by spraying water on the underside of leaves so that mites 
are washed away with the water flow, planting cassava at 
the beginning of the rainy season, and chemical control. In 
Indonesia, the control of red mites on cassava plants has 
yet to be carried out optimally by farmers. This is closely 
related to cassava's relatively low economic value, so 
applying insecticides to control red mites needs to be 
properly applied to cassava plants. Using 2 mL L–1 dicofol 
in the field did not affect the intensity of mite attacks. 
However, the tuber yield in the plots controlled by dicofol 
2 mL L–1 was 14 % higher than in the plots without control 
(Indiati, 2012). Chemical control should be applied only in 
emergencies because of the increased control cost and the 
negative environmental effect. To overcome this problem, 
it is necessary to look for alternative control methods, for 
example, by using resistant cultivars to pest attack 
(Wani et al., 2022), organic pesticides (Ekawati and 
Purwanto, 2013; Ikhwan et al., 2021; Roeswitawati et al., 
2021), and pests' natural enemies in the form of insect 
pathogens (Jones et al., 2022). Radhakrishnan et al. (2015) 
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stated that low-input or chemical-free pest control is 
particularly suitable for cassava, as it is grown by 
smallholders throughout resource-poor tropical developing 
countries on small plots or degraded land. 

Planting resistant cultivars is a solution to long-term 
problems in pest and disease control because it is 
economical, easy to use, can be combined with other 
control methods, and does not pollute the environment 
(Douglas, 2018). Using resistant crops with other control 
components in pest management suits agricultural 
agroecosystems. Planting resistant cultivars is a cheap, 
easy control technique and does not pollute the 
environment. Eight cassava cultivars are somewhat 
resistant to red mite attacks such as Adira 1, Adira 2, Adira 
4, Malang 1, Malang 4, Malang 6, LITBANG UK-2, UK-1 
Agritan have been released by the Ministry of Agriculture 
(Balitkabi, 2016). Planting resistant cassava cultivars can 
inhibit the development rate of mite populations, reduce 
the intensity of mite attacks, and reduce cassava yield 
losses. A series of selection activities have been carried out 
to obtain promising cassava clones with high yield and 
starch content, but the response to the red mite attack has 
yet to be discovered. Therefore, this study aimed to 
identify the resistant clones of red spider mites in a 
greenhouse, producing a high yield in the field.   

2. Materials and Methods 

2.1. Study area 

The greenhouse experiment was carried out at ILETRI. 
The coordinates are -8° 2' 51" S and 112° 37' 30" E, with 
an altitude of 436 m above sea level. The field experiment 
was done at the Jambegede research station in Malang 
district, East Java province, Indonesia. It is located at the 
coordinates -8° 10' 20" S and 112° 33' 43" E, at 335 m 
above sea level. The Jambegede research station has a 
climate type of C3, with rainfall of 1 600 mm to 2 600 mm 
yr–1, and the soil type Alfisols is associated with 
Inceptisols. 

2.2. Procedures 

The greenhouse experiment was conducted from June 
to October 2016. The study used a randomized block 
design with 11 cassava clones and four cultivars as 
treatments and was repeated three times. The materials 
used were cassava cuttings, red mite imago, soil as a 
medium, and NPK fertilizer. Cassava cuttings consisted of 
11 clones (CMM 03025-43, CMM 03036-7, CMM 03036-
5, CMM 03038-7, CMM 03094-12, CMM 03094-4, CMM 
03095-5, CMM 02040-1, CMM 02033-1, CMM 02035-3, 
and CMM 02048-6) and four cultivars as control (UJ 5, 
Malang 6, Malang 4, and Adira 4), UJ5 as the negative 
control, and Adira 4 as the positive control. Cassava 
cuttings of 25 cm in length were planted in pots (one 
cutting per pot) with a diameter of 30 cm (volume 5 kg of 
soil). Fertilization is applied at the time of planting, with 
up to 10 g of NPK fertilizer per pot mixed with soil. 
Watering occurs three times a week, while weeding is 
done as needed. 

The intensity of the mite attack was observed on each 
plant aged 1 wk after infestation (WAI), 2 WAI, 3 WAI, 4 
WAI, 5 WAI, 6 WAI, 7 WAI, and 8 WAI. The intensity of 
the mite attack was calculated based on Equation (1) 

                                  (1)  

 Note:  

I = intensity of the attack 
N = number of leaves in 1 plant 
V = the highest score (in this case, 5) 
n = number of leaves in each category score 
v = category score (0 to 5) 

Leaf damage scores due to mite attacks are categorized 
in Table 1. 

Table 1. The red mite T. urticae damage index classification on 
the cassava leaf surface score 

Score Description 

0 Healthy leaves (no spotting) 

1 There is yellowish spots (about 10 %) on some lower 
leaves and or middle leaves 

2 Yellowish spots (11 % to 20 %) on the lower and 
middle leaf. 

3 Clear damage; lots of yellow spots (21 % to 50 %), 
few areas have necrotic (< 20 %), especially the lower 
and middle leaves are slightly shrunken; a number of 
leaves become yellow and fall out. 

4 Severe damage (51 % to 75 %) at the lower and 
middle leaves, abundant population of mites and 
found white threads such as spider webs 

5 Total leaf loss; plant shoots shrink; more white 
threads; plant death. 

Source: Wahyuningsih et al. (2021). 

The field experiment was conducted in the 2016 rainy 
season at the Jambegede research station, Malang district, 
East Java Province, Indonesia. The experiment used a 
randomized block design, repeated three times. The 
research materials consisted of 15 genotypes of cassava, 
consisting of 11 promising clones, namely CMM 03025-
43, CMM 03036-7, CMM 03036-5, CMM 03038-7, CMM 
03094-12, CMM 03094-4, CMM 03095-5, CMM 02040-1, 
CMM 02033-1, CMM 02035-3, and CMM 02048-6, and 
four superior cultivars as controls, namely Adira 4, UJ 5, 
Malang 4, and Malang 4 and Malang 6. 

Cassava stem cuttings about 25 cm in length were 
planted vertically on plots measuring 5 m × 6 m with a 
spacing of 100 cm × 80 cm. Fertilization and weeding are 
performed 1 mo to 3 mo after planting. The first 
fertilization was (46 kg N, 36 kg P2O5, and 60 kg K2O) 
ha–1, and the second was 46 kg N ha–1. The repair of the 
mounds is carried out at the same time as fertilization. 
Cassava shoots should be removed by leaving two shoots 
at 2 mo after planting. Harvesting is done at the age of           
10 mo. Observations were made on small tuber weight, big 
tuber weight, small tuber number, big tuber number, and 
fresh tuber yield. 

The data obtained were analyzed using analysis of 
variance; if there was a significant difference, it was 
continued with the 5 % DMRT test (Adinurani, 2016, 
2022). In addition, cluster analysis among the observed 
variables was also carried out. 

2.3. Mass rearing of red mite 

The test insect in the greenhouse experiment was the 
adult red mite T. urticae obtained from the Muneng 
research station, Probolinggo, East Java field. The mites 

I = %100x
NxV

nxv
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obtained are maintained and propagated in screen houses 
on peanut leaves or cassava plants. Peanut and cassava 
plants used for mite propagation are made by planting 
peanut seeds of the Kancil varieties or UJ5 cassava 
cuttings in pots with a diameter of 30 cm (volume 5 kg of 
soil). Fertilization is applied at the time of planting, with 
up to 10 g of NPK fertilizer per pot. Watering is done as 
needed. After the cassava plants tested were 1 mo old, 
each plant was infested with 15 adult red mites from mite 
propagation in the greenhouse. 

2.4. Mite infestation 

A red mite infestation was carried out artificially by 
infesting 15 adult red mites per pot on the 1-month-old test 
plant. The infestation was carried out by attaching peanut 
leaves containing 15 adult red mites to each fourth or fifth 
lower surface of the cassava leaf from the shoot. 

2.5. Data analysis 

The severity of the damage caused by the red mite 
attack on the cassava plant was then used to determine the 
cassava clones' resistance level. The level of resistance to 
mites was determined based on the mean and the Standard 
Deviation (SD) method developed by Sholihin et 
al. (2022) as follows:  HR (high resistance): I < (R–2SD);  
R (resistance): (R–2SD) < I < (R-SD); MR (moderate 
resistance): (R-SD) < I < (R+SD); S (susceptible):                            
I > (R+SD). Note: R = average mite infestation intensity;                     
I = intensity of red mite attack; SD = standard deviation 

3. Results and Discussion 

3.1. The greenhouse experiment 

The symptoms of a red mite attack on cassava begin 
with the appearance of yellow spots along the leaf bones. 
Symptoms of a mite attack will be seen in two weeks. The 
symptoms then spread, and brown necrosis occurs on the 
affected leaves. Severe infestations cause the leaves to dry 
and fall off. The initial attack of the red mite occurs on the 
plant's lower leaves, then spreads to the upper part of the 
plant. Mite-infected leaves turn reddish brown or dark 
brown, then dry and eventually fall off. 

Red mites attack plants by destroying mesophyll cells 
and sucking cell contents, including chlorophyll. As a 
result, the rate of photosynthesis decreases, transpiration 
increases, and the chlorophyll content is low (Rioja et 
al., 2017; Silva et al., 2016). Damage to plants due to mite 
attacks causes the photosynthetic ability of plants to 
decrease; nutrient production decreases; tuber size 
decreases; and yields also decrease (Indiati, 2012; Sobha, 
2017). Severe mite attacks can cause the death of cassava 
plants (Indiati, 2012; Pramudianto and Sari, 2016). 

3.1.1. Intensity of mite attack on cassava 

Attacks by red mites on cassava begin in 1 WAI and 
increase until 8 WAI (Table 2). All cassava cultivars and 
clones were not significantly different at 1 WAI; the leaf 
damage intensity was still relatively low (3.88 % to     
14.58 %). However, the intensity of red mite attacks on                    
2 WAI and 3 WAI significantly differed between 
clones/cultivars. At 2 WAI, the attack intensity started to 
creep up from 9 % to 24 %, and CMM02035-3 showed the 

lowest intensity equivalent to the positive control cultivar 
(Adira 4). On CMM02035-3 and Adira-4, all the leaves 
still looked green, and yellowish spots were found (about 
10 %) on some of the lower and middle leaves, while the 
remaining clones and cultivars showed yellowish spots 
around 11 % to 20 % on the lower and middle leaves. 
Even CMM 02048-6 showed apparent damage, 
characterized by many yellow spots and few necrotic areas 
(< 20 %), especially on the lower leaves. At 3 WAI, the 
damage intensity increases to 40 % (Table 2). The most 
down attack occurred on CMM 03038-7 and was not 
significantly different from Adira 4 (positive control). 
Besides CMM 03038-7, there are one cultivar and three 
clones with lower damage intensity than Adira 4 as 
positive controls. All the leaves on these clones and 
cultivars still looked green; only yellowish spots (about                 
10 %) were found on some of the lower and middle leaves. 

From 4 WAI to 7 WAI, crop damage continued to 
increase, averaging 38.44 % in 4 WAI, 50.75 % in 5 WAI, 
59.18 % in 6 WAI, and 74.12 % in 7 WAI (Figure 1). The 
differences among the tested clones were not significantly 
different. At 5 WAI, 6 WAI, and 7 WAI, the lowest plant 
damage occurred at CMM 02033-1, while the most 
significant damage occurred at CMM 03094-12. Both 
clones were stable at the lowest and highest damage 
intensities. At 8 WAI, the intensity of plant damage 
decreased by an average of 74.66 %, which was caused by 
most of the test clones experiencing severe leaf loss. In 
these observations, there were seven clones with 
increasing attack intensity (leaf fall has not yet occurred), 
including Malang 6, CMM 03025-43, CMM 03036-7, 
CMM 02040-1, CMM 02033-1, CMM 02035-3, and CMM 
02048-6, with the lowest attack occurring at CMM 02035-
3 (69.8 %). A severe mite infestation in the greenhouse 
will cause high leaf loss in some cassava clones. Resistant 
cassava clones were characterized by low leaf loss over 
some time (Indiati, 2012). According to Poovizhiraja et 
al. (2018), host plants' morphological and chemical 
components, especially plant nutrients, cause severe crop 
damage and yield losses. 

 

  Note: WAI = week after infestation  

Fig. 1. Development of mite attack intensity on cassava 
from 1 WAI to 8 WAI. ILETRI greenhouse, dry season 
2016. 
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Table 2. The intensity of red mite attack on several cassava clones/cultivars in greenhouse conditions.  

Clones/cultivars 
Observation schedule (WAI) (%) 

1 2 3 4 5 6 7 8 

UJ 5 6.62 13.97 abc 26.49 ab 31.45 45.35 61.67 78.46 78.67 

Malang 6 10.17 19.14 cdef 22.48 ab 45.03 60.98 65.86 77.98 80.74 

Malang 4 8.29 15.66 abcd 18.54 ab 32.91 55.28 63.68 79.69 76.57 

Adira 4 3.88 9.98 a 19.02 ab 31.44 46.89 56.25 72.88 67.11 

CMM 03025-43 10.26 21.68 def 26.01 ab 44.51 49.28 63.35 77.84 80.25 

CMM 03036-7 9.30 17.52 bcde 21.74 ab 33.31 41.62 53.71 66.41 74.95 

CMM 03036-5 7.80 10.54 a 17.72 ab 34.22 48.75 56.93 76.02 74.47 

CMM 03038-7 9.65 11.35 ab 14.87 a 34.41 50.76 54.60 75.22 74.36 

CMM 03094-12 11.34 20.49 def 30.40 bc 53.37 61.97 67.70 80.75 67.73 

CMM 03094-4 12.69 22.67 ef 25.63 ab 49.09 56.67 62.29 78.54 69.63 

CMM 03095-5 13.48 18.70 cdef 26.63 ab 46.69 52.07 60.49 75.35 73.46 

CMM 02040-1 8.72 15.57 abcd 18.20 ab 32.88 45.63 55.97 73.18 79.39 

CMM 02033-1 9.21 13.19 abc 17.82 ab 22.75 38.34 49.03 58.79 72.65 

CMM 02035-3 4.30 9.94 a 20.96 ab 31.28 46.50 52.30 62.96 69.85 

CMM 02048-6 14.58 24.36 f 39.62 c 52.69 55.05 63.93 77.71 80.00 

Mean 9.35 16.32  23.08  38.44 50.75 59.18 74.12 74.66 

Sd  3.0 4.8 6.3 9.3 6.7 5.5 6.5 4.6 

DMRT ns 5.64 11.46 ns ns ns ns ns 

CV (%) 22.33 19.37 17.36 24.16 13.38 9.26 8.71 6.18 

 Note: WAI = weeks after infestation; ns = not significant 

Numbers in the same column followed by the same letter are not significantly different based on the DMRT test at 5 %. 

 

3.1.2. Category of resistance of cassava to red mites  

 
Table 3. Resistance criteria of 15 cassava clones/cultivars to the 
red mite. ILETRI greenhouse, dry season 2016. 

  Clones/Cultivars 
Observation Schedule (WAI) 

1 2 3 4 5 6 7 

UJ 5 MR MR MR MR MR MR MR 

Malang 6 MR MR MR MR S S MR 

Malang 4 MR MR MR MR MR MR MR 

Adira 4 R R MR MR MR MR MR 

CMM 03025-43 MR S MR MR MR MR MR 

CMM 03036-7 MR MR MR MR R MR R 

CMM 03036-5 MR R MR MR MR MR MR 

CMM 03038-7 MR R R MR MR MR MR 

CMM 03094-12 MR MR S S S S S 

CMM 03094-4 S S MR S MR MR MR 

CMM 03095-5 S MR MR MR MR MR MR 

CMM 02040-1 MR MR MR MR MR MR MR 

CMM 02033-1 MR MR MR R R R HR 

CMM 02035-3 R R MR MR MR R R 

CMM 02048-6 S S S S MR MR MR 

Note: HR: high resistance, R: resistance, MR: moderate 
resistance, S: susceptibility   

The resistance level of cassava was determined based 
on the standard deviation method, which was calculated 
based on the intensity of mite attacks per observation. The 

resistance response of each cassava clone or cultivar to a 
red mite attack is different, depending on genetics and the 
environment. Therefore, in each compliance, the resistance 
response of each clone depended on the mean severity of 
the attack and the value of the standard deviation of the set 
of tested cassava clones. 

Overall, from 1 WAI to 7 WAI, there was one clone, 
CMM 02035-3, which consistently had better resistance 
than the Adira 4 (resistant check cultivar) (Table 3). In 
addition, this clone has the characteristics of dense leaves 
that do not fall off easily, so it is resistant to red mite 
attacks. 

In high mite populations, all cultivars with different 
levels of resistance will be attacked by mites. Still, the 
period from the appearance of initial symptoms to severe 
symptoms is other. Resistance and susceptible cultivars 
take longer (Indiati, 2012). Based on the description 
above, the classification of the resistance of cassava clones 
to mite attack will be based on the intensity of plant 
damage at 2 WAI, with the following category: Eight 
clones/cultivars (UJ 5, Malang 6, Malang 3; CMM 03036-
7, CMM 03094-12, CMM 03095-5, CMM 02040-1, CMM 
02033-1) were tested including the MR category, four 
clones including the R category (Adira 4, CMM 03036-5, 
CMM 03038-7, CMM 02035-3); and three clones (CMM 
03025-43, CMM 03094-4, and CMM 02048-6) including 
susceptible (S); UJ-5 as a sensitive check was included in 
the moderately resistant (MR) category, and Adira 4 was 
included in the resistant (R) category (Figure 2) against the 
red mite. 
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The presence of severe mite attacks will cause plants to 
grow less optimally. In heavily infected plants, fine 
cobweb-like threads between the cassava leaves serve as a 
bridge for transferring mites from one leaf to another or 
from one plant to another. The line also helps to protect 
mites from predators (Iwasa and Osakabe, 2015; Sato et 
al., 2016). 

The response of different cassava cultivars to mite 
attack can be influenced by various factors, including leaf 
morphology (leaf shape, leaf color, leaf thickness, and 
cuticle thickness) (Radhakrishnan et al., 2015). In addition 
to differences in leaf morphology, the content of chemical 
compounds or nutrients in cassava leaves can also affect 
the level of mite attack on leaves (Poovizhiraja et al., 
2018). Santoso and Astuti (2019) reported that every 
cultivar showed different resistance against T. kanzawai. 
The Manggu cultivar showed the lowest damage, while the 
Mentega cultivar showed the highest. On the Manggu 
cultivar, T. kanzawai had the most extended life cycle and 
lowest fecundity. The Manggu cultivar was more resistant 
to the attack of the red mite T. kanzawai than other 
cultivars. 

Note: R = resistance, MR = moderately resistant, S = susceptible. 

Figure 2. Distribution of resistance groupings of 15 cassava 
clones to red mite attack. ILETRI greenhouse, dry season 2016. 

 In other host plants, several different resistance 
mechanisms are responses to the red mites' attacks. In 
citrus plants, the mechanism of host plant resistance to red 
mites is associated with flavonoid content (Agut et al., 
2014), leaf trichoma (Olbricht et al., 2014), increased 
peroxidase and polyphenol oxidase activities in melon—
Cucumis melo L. (Shoorooei et al., 2013), and antibiosis 
and antixenosis in lima beans— Phaseolus lunatus L. 
(França et al., 2018). De Oliveira et al. (2018) reported 
that tomato (Solanum lycopersicum L.) genotypes with 
high zingiberene (ZGB) content are a potential gene source 
for resistance to the mite T. urticae and possibly other 
pests in tomato breeding programs. 

The phytochemical content of plants influences the red 
pest mites, But, the mechanism of cassava resistance to red 
mites is not yet known with certainty. Indiati (2012) stated 
that trichomes on cassava shoots are not the only factor 
determining cassava's resistance to mites. The cassava leaf 
buds of M4-p, OMM 0915-11, and UJ5d50-207-3, which 
were attacked by mites with the lowest intensity, did not 
have trichomes (Indiati, 2012; Sholihin et al., 2022). 
However, low mite infestation was found in clones and 
cultivars with leaves with more than 70 % moisture 

content. In addition, the HCN content in leaves was also 
not significantly correlated with mite attacks (Indiati, 
2012). Yang et al. (2020) reported that the mite-resistant 
cassava genotype (XX048) had thicker abaxial epidermis 
and palisade tissue than the susceptible genotype (GR4). 
The mite damage index of XX048 was lower than GR4. 
XX048 had synthesized more secondary metabolites in the 
leaves than GR4. XX048 accumulated higher levels of 
secondary metabolites, potentially contributing to its 
higher mite resistance. 

3.2.  The field experiment 
The results of the analysis of variance for yield 

variables and components showed that all variables 
showed significant differences except for the number of 
small tubers. The weight of small tubers ranged from (0.51 
kg to 1.41 kg) plant–1, with an average of 0.91 kg plant–1. 
The weight of large tubers ranged from (2.37 kg to 7.29 
kg) plant–1, with an average of 4.32 kg plant–1. The one 
with the highest significant tuber weight was clone CMM 
03094-4. Small tubers range from 2.53 to 6 tuber plant–1, 
with an average of 3.9 small tuber plant–1. The number of 
large tubers ranged from 2.67 to 7.47 plant–1. The tuber 
yield per ha ranged from 21.26 t ha–1 to 62.41 t ha–1 
(average 41.12 t ha–1). Six promising clones had tuber 
yields above the average: CMM 03036-7, CMM 03036-5, 
CMM 03038-7, CMM 03094-4, CMM 02040-1, and CMM 
02048-6 (Table 4). 

Figure 3.  Cluster analysis using tuber yield, yield components, 
and intensity of mite infestation variable 

Cluster analysis formed four groups (Figure 3). Cluster 
1 consisted of two clones, namely clones 10 and 15 (CMM 
03094-4 and CMM 02048-6), cluster 2 also consisted of 
two clones, namely clones 13 and 14 (CMM 02033-1 and 
CMM 02035-3), cluster 3 consisted of five 
clones/cultivars, namely clones 4, 6, 7, 8, and 12 (Adira 4, 
CMM 03036-7, CMM 03036-5, CMM 03038-7, and CMM 
02040-1), while cluster 4 consisted of six clones, namely 
clones 1, 2, 3, 5, 9, and 11 (UJ 5, Malang 6, Malang 4, 
CMM 03025-43, CMM 03094-12, CMM 03095-5, CMM 
030) (Figure 3). The CMM 03094-4 and CMM 02048-6 
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clones in cluster 1 were high-yielding clones (62.41 t ha–1 
and 50.94 t ha–1, respectively), but based on the 
greenhouse test, the two clones were classified as sensitive 
to red mites. It is suspected that during the field 
experiment, the red mite attack was not too severe, so it 
did not affect the decrease in yield. In the glass house 
experiment, five clones in cluster 3 were categorized as 

moderately and highly resistant to mites and had high 
tuber yields (above the average yield) in the field 
experiment. These clones (CMM 03036-7, CMM 03036-5, 
CMM 03038-7, and CMM 02040-1) had a high chance of 
being released as high-yielding cassava cultivars that were 
resistant to red mites. 

 
Table 4. Yield and yield components of 15 cassava genotypes. Jambegede Research Station, 2016. 

  No. Genotypes Small tuber 
weight (kg) 

Big tuber weight 
(kg) 

Small tuber 
number 

Big tuber 
number 

Tuber yield (t ha-1) 

1 UJ5 0.74 d 3.45 defg 4.53 abcd 4.67 bcde 34.25 e 

2 Malang 6 0.81 d 4.39 cde 3.53 bcd 4.80 bcde 42.70 d 

3 Malang 4 0.67 d 4.61bcde 2.53 d 4.60 bcde 50.20 cd 

4 Adira 4 0.80 d 4.86 bcde 3.27 cd 5.13 bcd 45.81 bc 

5 CMM 03025-43 0.86 bcd 3.13 fg 3.87 abcd 3.33 bcde 24.07 fg 

6 CMM 03036-7 1.41 a 5.39 bc 5.60 abc 5.40 abc 46.97 cd 

7 CMM 03036-5 0.77 d 6.23 ab 2.80 d 5.47 ab 58.63 a 

8 CMM 03038-7 0.93 a-d 4.90 bcd 3.40 cd 5.27 bc 56.64 ab 

9 CMM 03094-12 0.51 e 3.19 efg 2.40 d 3.27 cde 29.59 ef 

10 CMM 03094-4 1.33 abc 7.29 a 6.00 a 7.47 a 62.41 a 

11 CMM 03095-5 0.83 cd 2.37 g 4.47 abcd 2.67 e 22.71 g 

12 CMM 02040-1 1.35 ab 4.41 cde 5.87 ab 4.40 bcde 45.60 cd 

13 CMM 02033-1 0,67 e 2.49 g 3.07 d 4.07 bcde 25.07 fg 

14 CMM 02035-3 0.87 bcd 2.55 g 3.07 d 3.07 de 21.26 g 

15 CMM 02048-6 1.15 abcd 5.61 bc 4.53 abcd 5.33 abc 50.94 bc 

 Average 0.91 4.32 3.90 4.59 41.12 

 F test * ** ns * ** 

 CV (%) 33.74 23.14 37.64 27.76 9.99 

 LSD (5%) 0.51 1.67 2.45 2.13 6.87 

 Note: the number of columns followed by the same letter is not significantly different in the 5 % DMRT test. ns = non-significant 

4. Conclusion 

In the greenhouse experiment, eight clones/cultivars 
tested belonged to the moderately resistant (MR) category 
(UJ 5, Malang 6, Malang 4, CMM 03036-7, CMM 03094-
12, CMM 03095-5, CMM 02040-1, and CMM 02033-), 
four clones/cultivar were categorized as resistant (R) 
(Adira 4, CMM 03036-5, CMM 03038-7, and CMM 
02035-3), and three clones (CMM 03025-43, CMM 
03094-4, and CMM 02048-6) as susceptible (S). 

Four clones (CMM 03036-7, CMM 03036-5, CMM 
03038-7, and CMM 02040-1) and one cultivars (Adira 4) 
in cluster 3 had high tuber yields (above the average yield, 
> 41.12 t ha–1) and categorized as moderately resistant and 
resistant groups to mites. Therefore, these clones (CMM 
03036-7, CMM 03036-5, CMM 03038-7, and CMM 
02040-1) have a high chance of being released as high-
yielding cassava cultivars that are resistant to red mites. 

From 1 WAI to 7 WAI, there was one clone, CMM 
02035-3, which consistently had better resistance than the 
Adira 4. In addition, this clone has the characteristics of 
dense leaves that do not fall off easily, so it can be used as 
a parent in the breeding process for high-yielding cassava 
cultivars resistant to red mites. 

Until now, cassava cultivars free from red mites have 
not been found. Red mites will attack all clones or 
cultivars in high mite populations. Incubation time for 
severe red mite infestation on resistant clones is more 
extended than on susceptible clones. 
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