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Abstract 

Cassava production is reported to be constrained by low soil fertility, pests and diseases coupled with 
poor rainfall amount in Sub-Sahara Africa (SSA). In a study on the infuence of agro-climatic conditions, 
fertilizer use and inclusion of biological control agents in comparison with chemical control, it was found 
that environmental factors played a major role to root yield. Higher moisture led to increased beneficial 
predacious mites while fertilizer input increased final yield of the crop. Cassava green mite (CGM) 
Mononychellus progresivus Doreste management option choice depended on the prevailing agro-
climatic conditions of the sites. The cool-wet site  had the least pest spider mite pest and fairly moderate 
number of predacious mites with root yield being of the medium (28 t ha-1) while hot-dry conditions of 
the eastern lowlands had higher CGM numbers and subsequently the least yield weight (13 t ha-1). The 
highest leaf damage score of cassava was 3-4 severity level per leaf of the hot-dry eastern lowlands. The 
warm-humid coastal site plot had the least pest densities and highest predacious mites, subsequently 
with the highest yield of >30 t ha-1. Thus, environmental conditions fluctuations resulted to the pest and 
beneficial predacious mite population dynamics peaks and drop during the production period with the 
final root yield as the resultant product in relation to soil fertility and moisture inputs. 
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Introduction 

Cassava Manihot esculenta Crantz (Euphorbiaceae) production is usually constrained by low fertility 
levels, poor and low rainfall distribution amounts, and pests and diseases in most Sub-Sahara Africa 
(SSA) (Yaninek, 1994; Zundel et al., 2007; Ande et al., 2008). The East African cassava fields suffer similar 
conditions (Kariuki et al., 2005; Fermont et al., 2008). Improved genotypes have led to increased root yield 
with some farmers preferring to continue to grow their local cultivars. Of the various production 
constraints drought and low soil fertility levels have been pointed out as of priority (Fermont et al., 2009; 
Yaninek et al., 1989). Cassava production has been reported as being labour intensive when cost-benefits 
are analyzed yet some farmers’ perception is that it is cheaper to cultivate cassava than cereals and 
legumes (Fermont et al., 2009). As reported elsewhere cassava research has mainly been on pests in the 
east African region with little comparison of other constraints and how much they contribute to the final 
root yield (Fermont et al., 2009; Hillocks, 2002). 

Through classical biological control the cassava green mite Mononychellus progresivus Doreste pest has 
only been successively controlled in the warm-humid coastal region of East Africa and the region around 
Lake Victoria (Kariuki et al, 2005). With the present scenario of little consideration of the agronomic 
practices which lead to higher yield in relation to genotype potential, it was found important to study the 
effect of prevailing environmental conditions and evaluate management options where beneficial 
predacious mites were not present. 

This study undertook to demonstrate the importance of agro-climatic conditions, soil fertility and 
biological agents for higher root yield. 

 

Materials and methods 

mailto:dlmutisya@gmail.com


Study sites and inputs 

Four study sites were established in Kenya to evaluate effect of fertilizer input, manure and acaricides on 
management of cassava herbivore pests in 2011-2012. The sites were at Kiboko (02° 12.872 S, 037° 42.960 
E), Katumani (01° 34. 858 S, 037° 14.580 E), Embu (00° 31.642 S, 037° 28.971 E) and Mtwapa (03° 16.024 S, 
04° 02.930 E), at agro-ecological zones LM5 (dry lowlands), LM4 (hilly midlands), UM2 (upper midlands) 
and CL3 (wet coastal lowlands), respectively. The predacious mites (biological agents) were introduced in 
the biological block when the crop was four months after planting. Spray regimes were carried out 
according to recommended rates of 25ml/20 liter water volume of Abamectin and Chloropyrifos 3 
months after planting (MAP) and repeated after every two months up to harvest time at the end of the 
seven months of production period. 

 Soil fertility and property levels of the sites were taken at 0-20cm depth at the beginning of the 
experiment (Table 1). Mineral fertilizer NPK 17:17:17 was applied at 50kg ha-1 while manure subplots 
had 2.8t ha-1. The manure material nutrient values from cassava fodder and animal droppings used were 
as shown in Table 1. A control of No-fertilizer input was factored in for comparison as the farmer 
practice. The experiment was a complete randomized block design (CRBD) of biological (predacious 
mites), natural, convectional (Abamectin) and an insecticide (Chloropyrifos) as main plots. A local 
cultivar X-Mariakani was used throughout the study period with spacing of 1x1m. Treatment blocks had 
four-metre paths among themselves to reduce spillover effect. Site plot weeding was carried out 
according to requirement with Mtwapa (wet coastal) leading with six weeding while Katumani had the 
least of three weeding times. 

Table 1: Soil and manure chemical properties at Katumani, Mtwapa, Kiboko and Embu plots 
(2011/12)  

 
Site plot 

 
pH 

Macronutrients (g/kg)    Micronutrients (mg/kg) Soil texture  (%) 

N P K Ca Mg Fe Cu Zn Mn Sand Clay Silt 

Katumani 4.7 3.4 0.02 0.9 3.3 0.2 195.0 2.3 3.3 118.7 59 30 11 

Mtwapa 4.9 1.9 0.01 0.1 1.7 0.1 57.8 0.1 3.3 80.7 69 30 1 

Kiboko 7.4 1.6 0.04 0.2 1.5 0.3   0.2 0 0 - 61 18 11 

Embu 6.7 3.1 0.01 0.5 2.0 0.4 0.2 0.0 0.0 1.64 42 56 2 

*Manure 8.4 20.4 7.1 8.8 19.1 1.4 7.7 0 0 172.8 - - - 

*Manure material composting ratio was 40:3:20 tons of goat, chicken droppings and cassava fodder ensiled 
in a pit for two months. 

 

Data collection 

Monthly monitoring of mite pests occurrence on cassava was observed in the study plots during plant 
development up to harvest. Pests and predacious mite numbers/leaf were scored from the fourth mature 
leaf of plant apices. The damage scored was taken from severity level of 1-5 (1=No damage score, 2: ≤25% 
leaf damage, 3: ≤50% damage, 4: ≤75% damage and 5:=100% wilted leaf) (Yaninek et al., 1989). Cassava 
fresh root yield weight (kg) was taken on the seventh month. Monthly meteorological data of the years 
2011-12 was availed by the meteorological station staff of Mtwapa, Katumani, Kiboko and Embu.  

Data analyses 

Analysis of variance was carried out to determine mean significance difference of yield weight (tons), and 
meteorological monthly data difference of the sites with GenStat Discovery 3 VSN (2010) software. 
Regression analysis effect of CGM numbers to yield fresh weight was explored with SPSS (2009).  

 

 



 

Results 

Prevailing climatic conditions 

Monthly mean rainfall (mm) was highest in Embu (127.0 mm), followed by Mtwapa (106.8 mm) during 
the production period of 2011 (Table 2). Kiboko (supplemented with 960 mm of irrigation water) had the 
least amount of rainfall of 64.0 mm. Mean monthly temperature was highest in Mtwapa (26.8° C), 
followed by Kiboko site with 24.8° C. Relative humidity was highest at Mtwapa site (77.3%) of the warm-
humid site. While Embu of the eastern midlands was described as cool and wet, the rest of eastern sites of 
Kiboko and Katumani were hot-dry in respect to mean monthly temperatures and rainfall amounts. All 
the three considered agro-climatic conditions were significantly (P<0.001) different at the four sites. 
Rainfall amount was lower in 2012 production period at the four sites but temperature and relative 
humidity regimes were closely similar to the previous year. 

Table 2: Site plot climatic conditions during study months in the years (2011-12) 

ear Site GPS rainfall (mm) Temp (°C) RH (%) Description 

2011 Kiboko 02° 12’ 872 S 

037° 42’ 960 E 

64.0a + I* 24.8a 82.9a Hot, dry 

 Katumani 01° 34’ 858 S 

037° 14’ 580 E 

69.5a 19.5b 64.1b Warm, dry 

 Embu 00° 31’ 642 S 

037° 28’ 971 E 

127.0b 17.2c 63.4b Cool, wet 

 Mtwapa 03° 16’ 024 S 

040° 02’ 930 E 

106.8b 26.8d 77.3c Hot, wet 

 P  <0.001 <0.001 <0.001  

2012 Kiboko 02° 12’ 872 S 

037° 42’ 960 E 

42.7a +I* 23.6a 83.9a Hot, dry 

 Katumani 01° 34’ 858 S 

037° 14’ 580 E 

41.7a 19.9b 58.6b Warm, dry 

 Embu 00° 31’ 642 S 

037° 28’ 971 E 

119.6b 17.7c 63.8c Cool, wet 

 Mtwapa 03° 16’ 024 S 

040° 02’ 930 E 

104.7b 26.6d 76.0d Hot, wet 

 P  0.016 <0.001 <0.001  

Mean parameter (rainfall, temperature and relative humid) across columns were significantly different (P<0.05) of 5% 
significant level (Fishers Least Significant Difference) at the sites. Kiboko plot had supplementary irrigation (+I*) of 
960mm for the seven months production period 

 

Pest and predacious mite infestations 

Cassava green mite (CGM) pest in the sites was significant (P<0.001) in 2011 production period (Table 3). 
Kiboko led with the highest number of 128.1, 119.4 mites per leaf for NPK and manure subplots, 
respectively. The subsequent leaf damage score (DS) was highest at Kiboko of 3 (for NPK and manure) 
and Katumani 2, 3 severity levels for NPK and manure, respectively. Highest number of predacious mites 
was at Mtwapa, 11.9 and 8.7mites/leaf for NPK and manure subplots, followed by Kiboko subplots of 
NPK and manure with 5.2 and 6.3mites/leaf respectively, in the same production period. 

The following year (2012) CGM densities were highest at Kiboko of 90.1 and 78.2 mites /leaf of NPK and 
manure subplots followed by Katumani of 64.3 and 59.2 of similar fertility plots. The least CGM numbers 
were scored at Embu of 4.0 and 3.2 mites/leaf for NPK and manure subplots. Damage score was highest 



at Katumani and Kiboko of 3 and 4 severity levels. Predacious mite numbers were highest at Mtwapa 
(10.2) and Kiboko of 8.2 mites/ leaf. 

Effect of soil fertility on yield 

It was observed that manure and mineral (NPK 17:17:17) fertilizers significantly (P<0.05) increased yield 
of cassava root at Kiboko, Embu and Mtwapa in 2011 (Table 3). The highest root yield among the sites 
was realized at Kiboko of 34.2 t ha-1 on manure subplot of the Chloropyrifos insecticide treatment plot. 
The second highest yield (33.0 t ha-1) was from the same Kiboko site of the subplot of NPK (17:17:17) 
fertilizer. Mtwapa plot of the coastal site followed with 31.5 t ha-1 for the manure subplot of the biological 
control management. Katumani site had the least root yield of 8.1 t ha-1 of No-fertilizer subplot and of the 
natural pest control management option. During the production period of year 2012, Mtwapa and Kiboko 
site plots led with the highest root yield of 35.6 t ha-1 of NPK (17:17:17) subplot of the same Chloropyrifos 
treated main plot. The least yield was realized at Katumani No-fertilizer subplot of 13.2 t ha-1 of the 
natural pest control management option. 

Effect of pest management option on yield 

At Kiboko site, significant (P<0.05) yield difference was realized from the main plot under insecticide 
Chloropyrifos treatment plot leading with 34.2 t ha-1 for the manure subplot in 2011 (Figure1). Further, 
the Abamectin treated plot at the same hot-wet Kiboko site followed with 33.0 t ha-1 in the NPK subplot. 
The least yield was realized at the hot-dry Katumani plot of 13.1 t ha-1. Embu site of the cooler and wet 
region had significant yield (P<0.05) of 28.6 t ha-1 in the Chloropyrifos treatment where natural control 
option plot had 23.5 t ha-1.  

In 2012 the irrigated Kiboko and rain-fed Mtwapa site plots had a tie of significantly (P<0.001) highest 
yield of pest control treatment of Chloropyrifos of 35.6 t ha-1 (Table 4). Similarly, the drier Katumani site 
plot had significant (P<0.001) yield of 17.8 t ha-1 on the Chloropyrifos treatment compared to 13.6 and 
12.3 t ha-1 of predacious mite (biological) and Abamectin treatments, respectively. 

 



Table 3: Cassava green mite pest, predacious mites densities /leaf, damage score (DS) and the respective mean yield for each control option 

Year Site  AEZ Fertilizer Mites /leaf DS Yield (t ha-1 ) on different CGM control options 

CGM Predators 1-5 Biological Natural Abamectin Chloropyrifos 

2011 Kib. LM5 NPK.17:17:17 128.1a 5.2ab 3a 30.0a 29.7a 33.0ab 29.9a 

   Manure 119.4ab 6.3a 3a 32.1a 31.4a 30.7a 34.2ad 

   No-fertilizer 109.1b 2.6abc 2b 29.2a 21.7b 27.3a 22.4b 

 Kat. LM4 NPK.17:17:17 65.2c 0.0c 2b 14.5b 15.2c 14.5b 13.4c 

   Manure 77.3c 0.2c 3a 17.4b 17.3c 18.2b 15.5c 

   No-fertilizer 47.2d 0.1c 2b 10.3b 8.1d 9.5b 10.0c 

 Emb. UM3 NPK.17:17:17 9.1e 5.1bc 1c 24.2c 26.8a 25.6c 28.6d 

   Manure 5.2e 3.4bc 1c 26.6c 27.2a 27.2c 28.7a 

   No-fertilizer 5.3e 3.8abc 1c 26.5c 23.5b 26.4c 26.6a 

 Mtw. CL3 NPK.17:17:17 13.4e 11.9d 1c 28.4a 22.0b 28.2a 25.3a 

   Manure 13.0e 8.7e 1c 31.5a 27.6b 31.2a 29.2a 

   No-fertilizer 16.0e 11.6d 1c 24.8ab 24.1a 24.6b 18.6c 

  SED, P  6.6, <0.001 1.2,<0.001 0.3,0.003 5.0,0.063 2.4,0.001  3.7, 0.010 3.5, 0.002 

2012 Kib. LM5 NPK.17:17:17 90.1a 7.3a 2a 32.2a 31.9a 33.8a 35.6a 

   Manure 78.2a 7.8a 3b 34.3a 30.5a 33.2a 34.3a 

   No-fertilizer 68.0a 8.2a 4c 26.42b 28.6a 29.2a 29.1a 

 Kat. LM4 NPK.17:17:17 64.3b 0.2b 4c 14.1c 15.1b 14.0b 15.0b 

   Manure 59.2b 0.0b 3b 16.5c 13.8b 17.2b 15.2b 

   No-fertilizer 55.4b 0.1b 2a 13.6c 13.2b 12.3b 17.8b 

 Emb. UM3 NPK.17:17:17 4.3c 3.2cd 2a 25.1b 26.0c 27.7c 28.6c 

   Manure 3.2c 4.1c 1d 26.3b 25.5c 26.2c 26.2c 

   No-fertilizer 4.0c 2.5cd 1d 25.3b 24.4c 25.2c 27.9c 

 Mtw. CL3 NPK.17:17:17 10.2c 10.2e 1d 29.4b 31.4a 32.1a 35.6a 

   Manure 8.1c 9.3e 1d 33.1b 30.2a 34.3a 34.4a 

   No-fertilizer 12.3c 7.4a 2a 29.2b 29.5a 29.2a 29.8a 

  SED,P  4.5, <0.001 0.6, 0.018 0.6, 0.018 2.6,0.001 2.0, 0.004 2.8, 0.001 2.5, <0.001 

Similar letters across columns denote no significant (P>0.05) difference of the parameter (Fishers Least Significant Test) 

          .
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Figure 1: Mean (± SE) Yield difference at the study site plots under various pest management methods; Biol.(biological), Natur  (natural), 
Abam (Abamectin) and Chloro (Chloropyrifos) 
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Cassava green mite densities effect to yield 

Regressing CGM density numbers to fresh yield weight (t) under specific management options at the 
various sites demonstrated that the pest had negative effect to the root weight (Table 4). Yield was 
significantly (t-values, P<0.05) correlated to CGM numbers in 2011 Kiboko, Katumani, Embu and 
Mtwapa. In 2012, plots in Embu and Mtwapa had some effect of CGM densities to fresh root yield. 

Table 4: Regression effect of CGM densities to yield on the various control options in Kenya (2011-
12) 

Site /description Control option  2011 2012 

Kiboko (hot, dry) Biological  Slope 24.7 70.2 

  t-value 2.4 5.0 

  P 0.054 0.125 

 Natural Slope 21.9 51.3 

  t-value 2.9 8.3 

  P 0.022 0.076 

 Acaricide Slope 33.0 47.8 

  t-value 21.8 6.8 

  P 0.000 0.093 

Katumani (warm, dry) Biological  Slope 16.2 16.0 

  t-value 7.9 2.5 

  P 0.000 0.243 

 Natural Slope 15.5 5.6 

  t-value 5.5 0.528 

  P 0.001 0.091 

 Acaricide Slope 21.9 34.9 

  t-value 14.6 3.5 

  P 0.000 0.182 

Embu (cool, wet) Biological Slope 24.2 30.1 

  t-value 5.8 9.8 

  P 0.001 0.065 

 Natural Slope 32.5 52.3 

  t-value 8.4 13.4 

  P 0.000 0.047 

 Acaricide Slope 24.2 34.9 

  t-value 5.8 3.4 

  P 0.001 0.181 

Mtwapa (warm, wet) Biological Slope 43.6 27.5 

  t-value 3.1 26.6 

  P 0.018 0.024 

 Natural Slope 32.6 32.6 

  t-value 24.5 24.6 

  P 0.026 0.026 

 Acaricide Slope 35.1 13.5 

  t-value 6.7 1.7 

  P 0.000 0.335 
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Discussion 

Influence of environmental factors  

Farmers in most SSA countries grow cassava without application of any soil fertility or pest 
management input (Ande et al., 2008; Fermont et al., 2009; Yaninek et al., 1989). The drier lowlands of 
SSA bear the highest damage of the cassava green mite pest (Hillocks, 2002; Yaninek and Schulthess, 
1993; Zundel et al., 2007). From the results of the present study both higher rainfall amounts and 
optimum temperature led to higher root yield with low leaf damage score at the study sites. Higher 
optimum temperature in the presence of increased moisture led to higher numbers of predacious mites. 
Increased predacious mites at the warm-humid (Mtwapa) and the hot-wet (Kiboko) sites were as a 
result of higher moisture as Mutisya et al (2011) demonstrated on the phytoseiid Typhlodromalus aripo 
De Leon. At the drier (Katumani) site plot, predacious mites were visibly low adding to higher densities 
of the pest mite and subsequently to lower yield (Yaninek et al., 1989; Kariuki et al., 2005). Manure or 
mineral fertilizers increased yield at all the sites (Ayoola, 2006; Amanullah et al., 2007). Where rainfall 
amounts / moisture content were high, higher soil fertility input increased the root yield five fold.  
These results indicated that in the wet agro-ecological systems cassava crop would give fairly higher 
yield even when no production inputs were applied as long as the agro-climatic conditions were 
conducive to the plant growth (Cock and Rosa, 1975; Connor et al., 1981). Cassava crop is reported to 
perform best within the temperature range of 25 to 29 °C (Cock, 1984). The lower yield in the cooler 
midlands regions of eastern upper hilly masses (Embu) of Kenya demonstrated this scenario (Cock and 
Rosa, 1975). From the results the optimum temperature, plus the increased rainfall amount (>1200mm) 
led to lesser CGM infestations and higher number of predacious mites (Yaninek et al., 1989; Amanullah 
et al., 2007). At foremost cassava requires optimum moisture then modest soil fertility within the 
optimum temperature range of >24<30 °C as reported by various workers of Asia and West Africa 
(Ande et al., 2008; Cock and Rosa, 1975; Alves, 2002). Kenya’s varied agro-climatic conditions reflects 
similar results with the warm coastal strip of warm-wet conditions giving advantage to the beneficial 
predacious mites which eventually suppress the pest mites (Kariuki et al., 2005; Onzo et al., 2008; 
Yaninek et al., 1987). The sandy soils of the coastal region enabled fast deep root penetration for more 
nutrient adsorption hence the higher yield even when no fertilizer was applied. This plants ability to 
absorb deep-soil nutrients could explain why farmers’ perception is that cassava does not require 
fertilizer as reported by various workers (Fermont et al., 2008, 2009; Ayoola, 2006). On the contrary 
cassava like any other crop, will always give higher root yield when fertility is adequate and within the 
range of optimum temperature and rainfall amounts (Howeler, 2002; Sanginga and Woomer, 2009). 

Effect of various pest management options 

Basic agronomic inputs are necessary for higher root yield (Hillocks, 2002; Alves, 2002). The present 
study has analyzed effect of various pest management options of CGM and found that there was 
difference in the final root yield across different pesticide treatment plots. The explanation from 
Yaninek et al (1989) is that while cassava suffers 10 to 30% dry matter loss from pest mites during dry 
period, it recovers 25 to 45% when sufficient rains return. Higher mortalities of the pest mites are 
realized with increased relative humidity regimes on the plant canopy (Bourdreaux, 1959). The 
predacious mites effectively lower pest mite densities below economic injury levels when optimum 
conditions of the latter prevail (Onzo et al., 2008; Mutisya et al., 2011). The different pest management 
methods of biological, chemical and cultural options indicated that the best bet management choice 
would depend on environmental considerations in specific agro-climatic conditions of the region.  For 
the warm-wet coastal (Mtwapa) site no advantageous use of chemical (acaricide) control could be 
justified for use since the rainfall distribution and amounts kept the pest mites at low numbers and the 
beneficial predatory mite densities were higher than any other site and thus low leaf damage (Yaninek 
et al., 1989; Bakker, 1993). The effect of this was no yield difference for the biological and acaricide 
control options at the coastal site. The hot-dry site plot (Katumani, Kiboko) presented a situation where 
the pest mite densities were high, leading to higher leaf damage index of 3-4 severity levels and 
specifically low yield at Katumani where no irrigation supplement was applied. Consequently this hot-
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dry environment had higher pest numbers scored (Yaninek et al., 1987). Use of Abamectin spray 
positively reflected higher yield levels for inorganic and manure plots at the hot-dry sites.  The low pest 
mite numbers at the cool-wet site in the presence of abundant predatory mites justified no chemical 
spray in such agro-climatic conditions (Yaninek, 1994; Kariuki et al., 2005). Thus, environmental 
conditions describe pest and predacious mite population dynamics during the production period. 

Conclusions 

These results demonstrate that cassava production constraint is mainly drought stress in the hot-dry 
regions which is aggravated by pest mite damage in the absence of reduced beneficial predatory mites. 
For the cool-wet site medium yield was mostly as a result of less optimum temperature regimes as an 
ecological requirement of the plant development. With increase of temperature and less rainfall 
amounts as a result of climate change phenomenon higher mite damage will be realized and 
subsequently lower root yield. The most important environmental factors deduced from the study were 
fertilizer and moisture (rainfall/irrigation) inputs for better plant health and higher final root yield. 

Recommendation 

This conclusively indicated that farmers in the warm-wet regions would continue getting higher yield 
with less plant leaf damage from pest mites. Further, government extension personnel within east 
Africa could be able to appropriately share information with farmers on the fact of the little benefits of 
spraying cassava green mite since environmental factors and beneficial predatory mites suppress the 
pest where rainfall amounts are high. 
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