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ABSTRACT 
 

Crop and livestock production are the major elements in the Ethiopian agriculture with various consternates. Termites 
are one of the most destructive insect pests that causes severe damage to many cultivated as well as uncultivated lands 
in Nejo, west Wollega, Ethiopia. This study focuses only on non-synthetic termite management options; the use of 
cover crops and cattle manure could be a major element of this strategy. Therefore, seven different green manure, one 
synthetic insecticides and farmer practices were evaluated against termites under field condition at Nejo sub-site of 
Holetta agricultural research center during 2015/2017 cropping seasons. The trial was planned to evaluate the effect of 
green manuring different legume crops and chomo grass for termite management on acidic soil under teff production. 
The results indicates in both years; Dailocus lablab, Lablab purpureus (8.53qt/ha) Chomo grass, Brachiaria 
humidicola (7.24qt/ha), and sweet lupine, Lupinus albus L. (7.68qt/ha) showed higher grain yield and highly 
significant differences were recorded in terms of harvest index in both years and reduced termites’ infestation. Cattle 
manure showed significantly higher harvest index (ranging from 16.1 to 4.1) followed by Dailocus lablab and sweet 
lupine. Chomo grass (Brachiaria humidicola) has showed its potential to be one of grass in addition to its repellent 
against termites and it was the best treatment. The control treatment showed the highest infestation coverage of 
termites attack (infestation level ranging from 24.7 to 1.0 tunnel/0.25m2) as compared to other treatments. In general, 
adding cattle manure and green manuring not only adds additional organic matter to the soil but also provides feed for 
the termites and confuses their attention. In area with complex environmental problems (acidity and termite infested) 
solve cropping system should consider environmental issues.  
 

Key words: Non-synthetic, Green manure, Dailocus lablab, Chomo grass, Acidic soil, Harvest index, Cattle manure, 
Repellent, Organic matter. 

 
INTRODUCTION 

 
Agriculture is the backbone of the Ethiopian 

economy which is accepted by all Ethiopian and the 
government has planned a long term AGP I &II plan so as 
to transform the economy on to the industry based 
economy. Cropping production has different challenges 
and factors hindering yield increment. Among the factors 
contributing to the low yield of crops is herbivore by 
insect pests. Quite a large number of insect pests attack 
maize, teff, sorghum, and millet in Ethiopia, although few 
of them cause economic losses. The damage by termites, 
shoot flies, sorghum chaffer and a few others in some 
localities are tremendous and grain harvest is either poor 
or zero unless certain control measures are applied (Getu, 
E. et al., 2006).  

Tef, Eragrostis tef is a staple food crop of Ethiopia 
where it is originated and diversified. It is the most 
preferred national diet and accounts for about two-thirds 
of the daily protein intake in the diet of the population 
(Tesfaye and Zenebe, 1998). Over 2.2 million hectares of 
land is covered with tef every year, which is about 
27.80% of the total area allocated to cereal crops and 
made up 19.57% of the grain production. Its mean 
productivity at the national level was predicted at 10.34 q 
ha-1 (CSA, 2005). 

The termites forage under the soil surface over a 
considerable area and attack plant materials either from 
underneath, where it is in contact with the soil or under 
cover of soil sheeting constructed by termites. Damage 
can be considerable, in some cases complete loss of 
seedlings. In some African countries, information on 
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economic losses is available, for example, in Kenya and 

Tanzania up to 30% damage has been recorded (Gitonga 

et al., 1995) while in Ethiopia 60% Damage has been 

recorded (Wood, 1986). Also, interviews held with famers 

in south western Nigeria revealed that up to 100% damage 

can occur on maize production (Umeh and Ivbijara, 

1997). Termites penetrate the roots then tunnel up in to 

the stem replacing the tissue with soil. In young plants the 

first sign of attack is wilting during the day followed 

shortly by death.  Lose due to termite was assessed in 
different countries. In Zimbabwe, Brettell (1975) recoded 

2900 plants per hectare killed by termite, 20-40% of were 

attacked in cotton trials in Gezira Sudan (Tarr, 1960). 

Yield loss between 7.1% and 50% were associated with 

microtermes najdensis in Yemen AR (Tiben et al. 1990). 

In Ethiopia yield loss assessment due to termite was 

conducted on Groundnut at two locations, Babile and 

Goffa. At Babile, mean yield reduction of 46.8% was 

recorded while mean field infestation was 7.8%.  

However, termite damage to crop is low in organic 

matter reach soils and where there is mulching of crop 
residue in the field. Root-feeding species become 

predominant in soils where biodiversity has been reduced 

in comparison with species that decompose litter and 

other organic matter and do little damage to roots (Brown 

and Oliveira, 2004). Green manures and cover crops have 

thus far been understood to be crops grown by 

themselves, with the primary aim of increasing soil 

fertility and which are then ploughed back into the soil 

when they are in the juvenile stage and still green. Cover 

crops ‘push’ or ‘pull’ pests and diseases out of the fields 

and/or away from food crops, since they are either liked or 

disliked by them (Sampler, N.P., 2007).  
In early days, control of termites attacking the roots 

of plants has generally relied on the use of cyclodiene 

group of Organochlorine insecticides, such as aldrin, 

dieldrin, heptachlor and chlordane to form a proctective 

barreier around the root (Harriis, 1971). Other 

Organochlorines, such as BHC and DDT, have been used 

in the same way.  However, increasing concern over 

hazards to human health and the environment has led to 

their use being strictly controlled in agriculture. The use 

of carbaryl and chlorpyrifos were also reported to control 

damage (Patil, D.A. and Katti, R.J., 2012).  Diazinon 60% 
EC at 2 l/ha and Chlorpyriphos (pyrinex) 48%  EC at 2.5 

l/ha applied as soil treatments at  the vegetative and 

flowering stages of hot pepper reduced termite damage 

and increased  pod  yield  compared to  the untreated 

check.  Applications of Chlorpyriphos at the vegetative 

stage and Diazinon during transplanting were found to be 

effective (Ferdu et al., 2001).  

One of the most important things to remember about 

insecticides in soil is their long persistence, measured not 

in months but in years. Aldrin has been recovered after 

four years, both as traces and more abundantly as 

converted to dieldrin. Enough toxaphene remains in sandy 
soil ten years after its application to kill termites. Benzene 

hexachloride persists at least eleven years; heptachlor or a 

more toxic derived chemical, at least nine. Chlordane has 

been recovered twelve years after its application, in the 

amount of 15 percent of the original quantity (Carson, R., 

2002). Studies on the effects of mulching with maize 

Stover at 26 kg/17 m2, haricot bean residues, grass and tef 

straw each at 15 kg/17m2 compared with Diazinon 60% 

EC and an untreated check indicated that the maize 

Stover, haricot bean residue and grass mulches were as 

effective as the synthetic insecticide, and gave higher 

yields and lower rates of termite damage (BARC, 2004).  

Crop production at Nejo area is mainly dominated by 

finger millet, teff, maize and root and tuber crops. The 

farmers are practicing the total utilization of crop residues 

for livestock feeding and building has been the trend in 

the area. This became the main factor for the crop fields in 
the area to be infested with large population of termites. 

These factor strongly hampered crop production activities 

of the area; and hence providing suitable termite 

management practice will combat the stated and other 

analogous problems. Field trial was conducted to evaluate 

the effect of green manuring different legume crops and 

chomo grass for termite management on acid prone area 

of Nejo, western Wollega Ethiopia. 

 

MATERIALS AND METHODS 

 
Descriptions of the study area  

An experiment was conducted under field conditions 

at Nejo Holeta agricultural research center testing sub-

site, 500 kilometer from Addis Ababa to western Ethiopia. 

The trial was conducted during the main cropping seasons 

of 2015/2017. The sub-site has an altitude of 1936 m.a.s.l, 

09o33’03.0’’N and 035o25’55,0E; with 1400 mm annual 

rainfall and daily maximum and minimum temperature of 

28 and 18 oC. It represents the mid altitude agro-climatic 

zone. The farming system of the study areas is mixed crop 

livestock production system. Analysis of samples of 

surface soil (0–15 cm) at the beginning of the experiment 
indicated that the soil was sandy clay and acidic nature as 

with Ph. 4.48 and Exch. Acidity 4.96. 

 

Experimental design and layout 

Field experiment was conducted at Nejo Holetta 

agricultural research center testing site which is known in 

acidic and termite infested field. Nine treatments were 

allocated randomly using SAS randomization and 

replicated three times with Randomized complete block 

design. Plot size was 5x4.5m2 and Spacing between 

blocks and plots were 1.5m and 1m respectively. First 
year, 2015/16, cover crop plants and manure were planted 

in a plot as randomization using respective agronomic 

practices for each cover crop and at juvenile stage the 

respective plots were chopped and mixed to ground (Fig. 

1).  
 

 
 

Fig. 1: Study Area Map. 
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Cattle manure were applied at the rate of 2 ton/ha 

(Legesse, H. et al, 2013) and then in year, 2016 and 2017 

tef variety Dz-01-974 (Dukem) were planted by row with 

10cm spacing. The usual agronomic practices were 

followed as per the recommendations for teff. The 

synthetic insecticide Durusban 48% EC (chlorpyrifos) 

were applied at the rate of 3 lt/ha was applied 20 days 

after emergence. The following cover crops were used as 

green manure and cattle manure as a treatment. 

1. Dailocus lablab, Lablab purpureus. 
2. Chomo grass, Brachiaria humidicola. 

3. Sweet lupine, Lupinus albus L. 

4. Alfalfa/Lucerne, Medicago sativa 

5. Sunnhemp, Crotalaria juncea 

6. Cowpea, vigna unguculata 

7. Durusban 48 % EC 

8. Cattle manure 
9. Control 
 

Data to be collected  
Termite infestations data (damage symptom bored or 

scarified and Shelter tubes/mud tubes) were collected 

using 25*25 cm quadrants in each plot. Teff plant height 

(cm), number of tillers, panicle length (cm) biomass yield 
(qt), grain yield (qt), harvest index data were collected.  

 

Statistical analysis  

Differences between treatments were tested using 

analysis of variance (ANOVA) procedures of SAS to 

compare treatment means (SAS v 9.3, GLM). As a 

general rule, the amount of Stover produced is about the 

same as the amount of grain produced. This is commonly 

expressed in a ratio called harvest index. Harvest index is 

defined as the pounds of grain divided by the total pounds 

of above ground biomass (Pennington, D., 2013). 
Harvest index = lbs of grain / (lbs stover + lbs grain) 

 

RESULTS AND DISCUSSION 

 

The combined analysis of variance across years (2016 
and 2017) showed significant differences (P≤0.05) among 

the years for almost in all parameters (Annex 1) this shows 

that the over year data is not combinable; so analysis of 

variance were done separately for the respective years 

presented below (Table 1 and 2). As indicated in Table 1 

the analysis of variance shows a significant difference 

among treatments except panicle length. The highest plant 

height (96.8 cm) was recorded from treatment cover crop 

(CC) Sunnhemp (Crotalaria juncea) and the least was 

recorded from CC chomo grass (Brachiaria humidicola). 

The rest of treatments showed similar responses as control 
treatments. The number of tillers counted from CC 

Dailocus lablab (6.13) was high and least was counted 

from control check (3.34) compared to the other 

treatments. Even though there were non-significant 

differences between treatments with respect to teff panicle 

length the highest were recorded from CC Dailocus lablab 

(44.27) that of the least was from control. This indicates 

that there is some effect of CC Dailocus lablab on teff 

panicle length and the same is true for cattle manure.  

 
Table 1: Effect of green manures on yield and yield components of teff on termite infested area, year I.  

TN. Treatment  PH (cm) TN PL (cm) Biomass (qt/ha) Yield (qt/ha) 

1 Dailocus lablab, Lablab purpureus 87.27 ab 6.13 a 44.27 74.07 a 6.85 a 
2 Chomo grass, Brachiaria humidicola 81.8 b 4.55 b 41.73 60.44 ab 5.89 ab 

3 sweet lupine, Lupinus albus L. 94.2 ab 4.55 ab 41.8 57.78 ab 6.44 a 
4 Alfalpha, Medicago sativa 92.07 ab 5.78 a 43 59.56 ab 5.97 ab 
5 Sunnhemp, Crotalaria juncea 96.8 a 5.47 ab 42.8 51.70 bc 4.74 abc 
6 Cowpea, Vigna unguiculata 85.67 ab 3.99 ab 42.13 40.89 bc 4.31 abc 
7 Durusban 48 % EC 92.8 ab 5.13 ab 41.27 41.34 bc 3.05 bc 
8 Cattle manure 87.8 ab 5.89 a 43.8 57.63 ab 5.06 abc 
9 Control 86.13 ab 3.34 ab 40.8 34.97 c 2.83 c 
 LSD (0.05) 14.83 2.23 NS 21.612 2.93 

 CV 9.59 25.8 7.78 23.49 33.78 

  NB. PH (plant height), TN (tiller number), PL (panicle length). 

 

 
 

Fig. 2: Effect of cover crops and cattle manure on teff harvest index (%) on termite infested   area (year I). 
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Fig. 3: Effect of cover crops and cattle manure on teff harvest index (%) on termite infested area (year II). 

 

Table 2: ANOVA on effect of Green Manure on yield and yield components of teff at Nejo. (Year II). 

TN Treatment  PH (cm) TN (cm) PL (cm) BM (qt/ha) Yield (qt/ha) 

1 Dailocus lablab,  Lablab purpureus 90 a 6.16 a 43.4 56.6 a 8.53 a 

2 Chomo grass, Brachiaria humidicola 84.73 ab 4.77 abc 39.97 55.4 a 7.24 bc 

3 sweet lupine, Lupinus albus L. 85.2 ab 4.47 abc 45.67 52.67 ab 7.68 ab 

4 Alfalpha, Medicago sativa 77.53 bc 6.1 a 40.67 51.4 ab 6.33 c 

5 Sunnhemp Crotalaria juncea 72.07c 5.92 ab 38.8 51.7 ab 2.12 f 

6 Cowpea, Vigna unguiculata 80.6 abc 3.88 bc 39.27 36 c 3.46 e 

7 Durusban 48 % EC 76.6 bc 5.18 abc 44.67 33.04 cd 3.96 de 

8 Cattle manure 75.87 bc 5.81 ab 41.53 39.63 bc 4.84 d 

9 Control check  70.07 c 3.41 c 39.6 20.59 d 2.13 f 

 LSD (0.05) 11.93 2.198 8.22NS 14.5 1.19 
 CV 8.7 25.02 11.4 19.05 13.367 

NB. PH (plant height), TN (tiller number), PL (panicle length), BM-Biomass. 
 

According to ANOVA (Table 2) the highest teff 

biomass was recorded from CC Dailocus lablab (74.07 

qt/ha) followed by CC chomo grass (60.44 qt/ha) and the 

least biomass was recorded from control check (34.97 

qt/ha); there were non-significant difference between CC 

Chomo grass, CC sweet lupine, CC Alfalpha and Cattle 

manure. The residual effect of CC Sunnhemp and CC 

cowpea and the control efficacy of synthetic insecticide 

Durusban 48% EC on termite management showed 

similar response in terms of biomass; statistically those 

treatments showed non-significant difference between 

each other but good response compared to control 
treatment.  The highest grain yield were obtained from CC 

Dailocus lablab (6.85 qt/ha), while the lowest grain yield 

(2.83 qt/ha) were found from the control (Table 2 and Fig. 

1). Results of an experiment revealed that teff variety 

named Dz-01-974(Dukem), which was planted after 

different cover crops showed better biomass increment 

and grain yield gain from the control. 

The highest harvest index of teff (Fig. 2) were gained 

from a sweet lupine used as a cover crop followed by CC 

cowpea and alfalfa; and that of the least was gained from 

Durusban 48% EC which was sprayed after 20 days after 
teff emergency to control seedling stage damage by 

Subterranean termites. The analysis of variance in year II 

shows a significant difference among treatments except 

panicle length similar to year I result but a decrease 

response in panicle length on year II arithmetically. This 

may be a limitation of soil nutrient supplied from the 

cover crops and cattle manure. According to Table 2 

below, the highest plant height (90 cm) was recorded from 

CC Dailocus lablab and the least was recorded from the 

control check (70.07 cm) followed by CC Sunnhemp. CC 

chomo grass and sweet lupine have showed similar 

responses and also between CC Alfalpha, cattle manure 

and synthetic insecticide have non-significant difference 
with respect to plant height. The highest tiller number was 

counted from CC Dailocus lablab (6.16) and the least was 

counted from control check (3.41). The highest teff 

biomass was recorded from CC Dailocus lablab (56.6 

qt/ha or 5.66t/ha) followed by CC chomo grass (55.4qt/ha 

or 5.54t/ha) and the least was from control check 

(20.59qt/ha or 2.059 t/ha) and rest of the treatments 

showed in between responses. With respect to Table 2 

below high grain yield was obtained from CC Dailocus 

lablab (8.53qt/ha) followed by CC sweet lupine and CC 

chomo grass; and the least was from control and CC 
Sunnhemp. Grain yield increment was observed in year II 
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as compared with year I in some treatments and that of 

biomass was vice versa. Generally this shows that green 

manuring or cattle manure application should be continues 

practices to reclaim the soil productivity. 

In year II (2017) the highest harvest index of teff (Fig. 

2) were found from a cattle manure about 16.1% followed 

by CC Dailocus lablab (15.1%) and CC sweet lupine 

(14.6%); and the least was obtained from CC Sunnhemp 

(4.1%). This indicates that different cover crops needs 

different time to express its residual effect. So, during first 
year planting almost all cover crops express its residual 

effect similarly with slight differences and then in year II 

the residual effect was clear between treatments in terms of 

harvest index (Fig. 2). In year I the decomposition process 

of cover crops may not be completed and an able to provide 

nutrients to the next crop due to this available nutrient are 

not consumed by the teff crop and this was expressed by 

different parameters as compared to year II; this was 

supported by different literatures. Soil improvement is a 

long term process that may not be immediately noticeable 

to the farmer (Sampler, N.P., 2007). Usually, concrete, 
visible results are not apparent until well into the second 

cropping cycle. This slow appearance of results improved 

soils that are often difficult for people to believe, further 

complicates the adoption of Cover Crops. Generally, 

harvest index (%) of year I was less than year II in all 

treatments. It is clear that cattle manure, CC Dailocus 

lablab and CC sweet lupine showed its long term residual 

effect in nutrient management. 

The above Fig. 2 showed that there was clear 

variation on HI (%) due to cover crops, cattle manures and 

Durusban 48% EC; synthetic insecticide. Cattle manure 

showed significantly higher harvest index followed by CC 
Dailocus lablab and CC sweet lupine. This might be due 

to the higher grain yield obtained at cattle manure. 

According to Hirpa L. adding cattle manure and crop 

residue not only adds additional organic matter to the soil 

but also provides feed for the termites and diverts their 

attention. Termites also enhance the decomposition of 

surface applied organic materials stimulating nutrient 

release, which can then be used by growing plants. In 

order to avoid future land degradation, and to recover 

currently degraded lands, organic resources should be 

applied in a continued manner, to feed termites and 
maintain and promote their populations and their soil and 

plant regenerative activities (Mando et al. 2002). This 

research output is also supported by Sustainable 

Agriculture Green Manure Crops book writer Hector 

Valenzuela and Jody Smith: which stated that adding 

organic matter increases the availability of plant nutrients 

in the soil. When green manures such as lablab are 

incorporated into the soil, their decomposition makes 

nutrients available to the next crop in the rotation. 

Incorporating green manures into the soil also results in 

nutrient retention in the organic matter component of the 
soil, reducing leaching losses. Organic matter provided by 

legume residues is quickly decomposed by soil 

microorganisms and does not persist for long in the soil. 

The authors also recommended that to build up the humus 

content of the soil, select slowly decomposing, fibrous 

grasses as green manures, or use grass-legume mixtures in 

the rotation. According to Fig. 2, Fig. 3 and Fig. 4 CC 

chomo grass (Brachiaria humidicola) have showed its 

potential to be one of grass cover crop in addition to its 

repellent rule against termites (Adie, A. and Duncan, A.J., 

2013). It is true that during chopping and incorporating 
cover crops we have seen the soil was so compacted and 

moisturized; this may be a nest for different micro fauna 

which can be a natural enemy for termite. Different insect 

nests, small ants which are carrying on termite workers 

are observed during land preparation to plant teff. Long-

term incorporation of annual legumes, such as Dailocus 

lablab will increase the soil humus content, although at a 

slower rate than if grass cover crops were used. Dailocus 

lablab as a green manure should quickly provide 

improvement in the topsoil. Dailocus lablab extensive root 

system makes soil more friable, improving its tilth and 

facilitating water infiltration. 

According to Fig. 4 the least termite infestation in 

terms of number of tunnels (photo c&d) were recorded 

from CC chomo grass and cattle manure even better than 

Durusban 48% EC followed by CC Dailocus lablab in 

both counting dates. Since chomo grass is used for 

different purposes like rehabilitation of degraded land in 

humid, acidic soil and termite infested field and have 

special characters in tolerating termite infestation highly 

(Adie, A. and Duncan, A.J., 2013). This fact about chomo 

grass was confirmed by this research output conducted in 

acidic and highly termite infested area at Nejo (see Fig. 
5). 

 

 
 

Fig. 4: Termite infestation level on different management after harvesting teff (year I&II). 
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Fig. 5: picturial procedure for cover cropping  Lablab purpureus; teff seedling to maturity stage at Nejo. 

 

 
 

Fig. 6: Management practices and infestation status on plots. 

 

Conclusions and recommendation 

Since the main goal of this research was to evaluate 

the effect of different green manures of legume crops and 

chomo grass for termite management on acid prone area. 

The result of field experiment showed that cover cropping 

different legume species and cattle manuring feasibly 

increase teff yield and yield components in addition to 

minimizing termite’s infestation. According to the results 

obtained in subsequent years, Cover Crop Dailocus lablab 

and cover crop sweet lupine, Lupinus albus L. showed 

higher grain yield and highly significant differences were 

recorded on both harvest index (%) in both years and in 
reduced termites’ infestation.  Cattle manure showed 

significantly higher harvest index followed by Cover Crop 

Dailocus lablab and Cover Crop sweet lupine. Chomo 

grass (Brachiaria humidicola) has showed its potential to 

be one of grass cover crop in addition to its repellent rule 

against termites and it was the best treatment. The control 

of termites by Chomo grass (Brachiaria humidicola) 

might be due to the presence of antixenose mechanisms in 

the plant, properties that discourage or prevent 

colonization of plants with termites. But the control 

treatment showed the highest infestation coverage of 
termites attack as compared to other treatments. Since the 

farming system of the study areas is mixed crop livestock 

production system incorporating Dailocus lablab, sweet 

lupine, and Chomo grass as a cover crop can have positive 

effect on the farming system. And the area is known by its 

coffee production (Nejo coffee) with minimal shedding; it 

is better to integrate coffee processing residue with the 

cropping system and livestock production as well. In 

general, adding cattle manure and cover cropping not only 

adds additional organic matter to the soil but also provides 

feed for the termites and confuses their attention. The use 

of organic way of insect pest management option can have 

a long leaving effect on the natural environment rather 

using synthetic insecticides. In area with complex 

environmental problems (acidity and termite infested) 

researchers or any agricultural expert who wants to solve 

cropping system problem should consider environmental 
issues by planning environmentally friendly projects. 

Further investigation against termites, Macrotermes on 

field condition and different alternative crops should be 

planned to solve primary cropping system problems of 

Nejo area, west Wollega.  
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