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ABSTRACT 

Field experiments were conducted over two cropping seasons to investigate the effectiveness of 

border crops in managing potato aphids and the associated viruses in seed potato production. 

Potato plots were surrounded with maize, sorghum and wheat borders. Aphid population was 

monitored on leaves and on yellow sticky traps. Other data collected included virus disease 

incidence and tuber yield. The border crops reduced aphid population on leaves compared to 

non-bordered potato plots. More alate aphids were caught on yellow sticky traps placed inside 

potato plots than on traps placed inside the border crops. In addition, virus disease incidence was 

reduced in all plots surrounded by the border crops. However, plots surrounded by border crops 

had reduced tuber yield, although the yield of seed grade was increased. The results indicated 

that use of border crops would be beneficial in the management of virus diseases in small-holder 

seed potato production.  
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INTRODUCTION 

Potato production is becoming an important area of investment in Kenya due to economic 

decline of competing crops such as maize, pyrethrum and barley and increasing demand from 

consumers, processors and exporters (MOA, 2005; Nyoro, 2002). However, the area under 

potato has declined from 94153 ha in 1997 to 93000 ha in 2001. The national average potato 

yields  have also fluctuated considerably during the recent years, from over 9.5 t ha-1 to around 

7.5 t ha-1 (FAO, 2007). The low yields are attributed to low use of inputs, intensive and 

continuous cultivation, declining soil fertility, poor crop husbandry especially diseases and pests 

management and lack of adequate certified seeds within economic reach of small-scale poor 

farmers (Kabira et al., 2006; MOA, 2005; MOA/JICA, 2002). However, certified seeds are 

expensive at Ksh.38/kg compared to the locally sold seeds at Ksh.13 kg-1 (Ayieko and Tschirley, 

2006).  

 

The formal seed sector in Kenya accounts for less than 1% of total seed potato requirements. The 

locally obtained seeds are of low quality or infected with diseases. Diseases rank high, with the 

most important being late blight (Phytopthora infestans) and bacteria wilt (Ralstonia 

solanacearum) and viral diseases (Hijmans et al., 2000).  Viral diseases cause yield losses 

unnoticed by up to 68% in potato fields free of fungal and bacterial diseases but they are least 

understood and field diagnosis is difficult or poorly understood (Kabira et al., 2006; Khurana, 

2000; Roberts et al., 2007). The reduction in yield is due to seed degeneration. Therefore, there a 

build up of aphid-borne viruses in seed crops which becomes amplified from season to season.  
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Barrier crops have been shown to be effective in reducing virus transmission in crops by 

blocking aphids from reaching the target plant (Difonzo et al., 1996; Fereres, 2000; Osakabe and 

Kenichiro, 2002;). In addition to the border crop acting as a physical barrier, the infective aphids 

loosed their virus charge as they probe on the border crops and hence cleanse their mouthparts 

thereby reducing  their potential to transmit and spread viruses to protected crop (Damicone and 

Edelson, 2007; Prasad and Kudada, 2005). Therefore, this study was carried out to investigate 

the effectiveness of using border crops in managing potato aphids and aphid-transmitted viruses. 

 

MATERIALS AND METHODS 

Experimental layout and design  

Field experiments were conducted over two cropping seasons from November 2006 to March 

2008 at the National Potato Research Centre (KARI-NPRC), Tigoni and the Faculty of 

Agriculture field station, University of Nairobi. Border crops evaluated were  maize (Zea mays), 

wheat (Triticum aestivum) and sorghum (Sorghum bicolor L). Controls consisted of plots without 

border crops. Plots of 4.7m x 4.7 m were planted with certified seed potato varieties Tigoni and 

Asante. Treatments were laid out in a randomized complete block design with a split plot 

arrangement and replicated three times. The main plots consisted of potato varieties while 

subplots had border crop treatments. The distance between blocks was 2 m 1 m path separated 

the subplots. Each sub plot consisted of 5 rows of potato plants with nine hills in every row. Two 

outer rows acted as guard rows while sampling was done in the three inner rows. A gap of one 

meter was left between the potato and the border crop. 
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Monitoring of aphid population  

Aphid population was monitored on leaves and by use of yellow sticky traps. Sampling of aphids 

on leaves was done weekly from second week after emergence to maturity. Alate aphids were 

monitored using yellow sticky traps. The traps consisted of 30 x 30 cm card board discs covered 

with yellow heavy duty polythene, on which adhesive insect glue was applied on the outer 

surface. The discs were mounted 0.5 m above the ground level. Two yellow sticky traps were 

placed in each plot, one outside the border crop and the other inside the potato crop. The traps 

were replaced weekly and the aphids caught on the surface observed and counted under 

dissecting microscope.  

Assessment of virus disease incidence and virus titre in potato tubers 

Virus disease incidence was estimated by determining the proportion of the total number of 

plants showing leaf roll and mosaic symptoms within each plot. At physiological maturity, eight 

potato tubers were picked randomly from the center three rows of each plot for serological 

analysis of viruses. The presence of potato viruses was assayed on the tuber sprouts by DAS 

ELISA as described by Clark and Adams (1977) and CIP (2007).  

Determination of effects of border crops on tuber yield. 

De-haulming was done at physiological maturity and later, the tubers were carefully dung out 

separately for each plot two weeks after de-haulming. The tubers were then graded into ware 

(>55mm), seeds (35-55mm) and chats (<25mm) (Kabira et al., 2006).  Each grade was weighed 

separately for each plot and total tuber weight was determined as total weight of ware, seed and 

chats grades. 
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Data analysis 

All data were subjected to analysis of variance (ANOVA) using the PROC ANOVA procedure of 

Genstat (Lawes Agricultural Trust Rothamsted Experimental Station, 1998, version 8) and 

differences among the treatment means compared using Fisher’s Protected LSD test at 5% 

probability level. 

 

RESULTS 

Aphid species identified on leaves were Aphis gossypii, Macrosiphum euphorbiae, Myzus 

persicae and Rophalosiphum maidis while Macrosiphum euphorbiae, Myzus persicae and 

Rophalosiphum maidis were identified on yellow sticky traps in both sites. There was significant 

(p<0.05) difference in aphid population among the different border crops during the short rain 

season (Table 1 and 2). All the border crops significantly (p<0.05) generally reduced the total 

aphid population compared to the non-bordered potato plots, except in Tigoni during the short 

rain season. There was no significant (P<0.05) difference between potato varieties with respect 

to aphid population during both seasons and sites. The two potato varieties, Tigoni and Asante, 

significantly (p<0.05) differed in the total aphid population caught on on sticky traps during the 

short rains but there were no significant (p<0.05) differences between the varieties during the 

long rains.  

 

Higher viral disease incidence was recorded in plots without border crops during the short rains 

in both Kabete and Tigoni (Table 3). There were significant (p<0.05) differences among the 

border crops during the short rains in the two sites but the disease incidence was not significantly 

different in maize and sorghum bordered plots in both seasons and sites. In addition, virus 
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incidence was significantly (p<0.05) different between Tigoni and Asante varieties during the 

long rains at both Kabete and Tigoni but it was not significantly different during short rains. 

Potato virus S was detected in the highest virus titre. There were significant (P<0.05) differences 

among the border crops in virus titre of PVY, PVX and PVS during short rains (Table 4). Plots 

without border crops had higher virus titre for PVY except for the sorghum bordered plots.  The 

total and ware tuber weights were significantly (P<0.05) different among the border crops at 

Tigoni during the two seasons but these parameters were significantly (P<0.05) different during 

both the short rains and long rains at Kabete (Table 5 and 6). Maize-bordered plots yielded more 

seed than the plots bordered with sorghum and wheat.  

 
Table 1. Mean total number of aphids per 30 leaves of potato plants during the short rains and  

long rains at NPRC, Tigoni and Kabete, 2007. 
 

Tigoni Kabete 
Border type Short rains Long rains Short rains Long rains 
No border 11.9 1.8 13.5 0.9 
Maize 21.4 0.7 2.3 0.6 
Sorghum 10.3 0.7 7.8 0.5 
Wheat 9.2 0.6 3.6 0.4 
LSD (P<0.05) 8.2 0.2 7.8 ns 
CV(%) 64.5 14.9 47.5 29.9 
Variety     
Tigoni 16.0 0.9 5.3 0.7 
Asante 10.5 0.9 8.3 0.5 
LSD (P<0.05) ns ns ns ns 
CV(%) 19.7 8.1 86.6 45.3 
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Table 2. Mean number of alate aphid catches per one sticky trap placed inside the plot and at the 
edge of border crops during the short rains and long rains at NPRC, Tigoni and Kabete, 2007. 
 Tigoni Kabete 
 Short rains Long rains Short rains Long rains 
Treatments inside outside inside outside inside outside inside outside
         
No-border 12.5 19.0 8.3 7.7 9.5 8.7 41.4 62.0 
Maize 15.8 14.3 7.7 6.7 8.5 5.3 37.3 30.2 
Sorghum 14.1 9.6 11.5 5.8 7.7 9.2 39.7 27.4 
Wheat 13.1 15.0 8.6 7.1 5.5 6.7 39.7 31.3 
LSD(P<0.05) ns ns 3.0 ns ns ns ns 30.5 
CV(%) 19.5 29.9 13.1 11.4 21.9 24.5 10.4 13.2 
Variety         
Tigoni 15.4 7.0 8.6 5.3 9.2 3.1 49.3 39.0 
Asante 12.4 9.8 9.4 8.3 6.4 11.8 29.7 36.0 
LSD(P<0.05) 2.6 10.6 ns ns ns ns ns ns 
CV(%) 3.6 13.9 20.3 13.5 10.4 51.5 16.2 17.1 

 
 

Table 3. Percentage visual virus disease incidence in potato plots surrounded by different border 

crops during the short and long rains at NPRC, Tigoni and Kabete. 

 Short rains  Long rains 
Border type Tigoni Kabete  Tigoni Kabete 
No border 0.92 0.81  0.23 0.14 
Maize 0.80 0.67  0.15 0.11 
Sorghum 0.80 0.73  0.21 0.10 
Wheat 0.79 0.46  0.21 0.12 
LSD(P<0.05) 0.04 0.09  ns ns 
CV(%) 2.50 5.50  18.70 34.80 
Variety      
Tigoni 0.83 0.59  0.03 0.00 
Asante 0.83 0.74  0.37 0.23 
LSD(P<0.05) ns ns  0.15 0.22 
CV(%) 1.20 11.60  21.30 54.00 
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Table 4. Potato virus titre on tubers harvested during the short and long rains at NPRC, Tigoni. 
Short rains 

Treatments PLRV PVX PVA PVS PVM PVY Total 
No- border 0.31 0.03 0.01 0.67 0.13 0.06 1.20 
Maize 0.32 0.06 0.01 0.73 0.08 0.04 1.25 
Sorghum 0.34 0.05 0.04 0.63 0.11 0.06 1.24 
Wheat 0.31 0.01 0.02 0.57 0.10 0.04 1.04 
LSD(P<0.05) ns 0.04 ns 0.13 ns 0.01  
CV(%) 15.40 50.30 109.80 19.30 62.30 8.90  
Variety        
Tigoni 0.16 0.01 0.01 0.33 0.05 0.02 0.57 
Asante 0.16 0.03 0.01 0.32 0.05 0.03 0.61 
LSD(P<0.05) ns ns ns ns ns ns  
CV(%) 5.80 66.60 109.80 17.00 11.70 48.10  
        

Long rains 
Treatments PLRV PVX PVA PVS PVM PVY Total 
No- border 0.17 0.03 0.04 0.89 0.09 0.01 1.23 
Maize 0.15 0.08 0.02 0.96 0.07 0.01 1.29 
Sorghum 0.11 0.01 0.06 0.75 0.06 0.01 1.01 
Wheat 0.12 0.01 0.02 0.86 0.03 0.00 1.04 
LSD(P<0.05) ns ns ns ns ns ns  
CV(%) 34.10 55.90 46.40 7.00 45.10 109.20  
Variety         
Tigoni 0.12 0.04 0.03 0.80 0.07 0.01 1.08 
Asante 0.15 0.02 0.04 0.93 0.06 0.01 1.20 
LSD(P<0.05) ns ns ns ns ns ns  
CV(%) 26.90 121.80 86.40 7.80 89.20 49.30  

PLRV-Potato leaf roll virus, PVX- Potato virus X, PVA-Potato virus A, PVS-Potato virus S, PVM-Potato virus M, 
PVY-Potato virus   
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Table 5. Mean weight (Kg) of different grades of potato tubers harvested from plots surrounded 
by different border crops during the short and long rains season at NPRC, Tigoni. 

Tigoni 
 Short rains Long rains 
Border type Ware Seed Chatts Total Ware Seed Chatts Total 
No-border 15.4 16.6 1.4 33.4 11.9 14.6 1.1 27.6 
Maize 8.2 18.5 1.8 28.5 10.2 17.4 0.9 28.5 
Sorghum 8.3 16.2 0.9 25.3 7.5 13.6 0.9 22.0 
Wheat 7.5 17.0 1.2 25.7 13.1 17.3 1.1 31.5 
LSD(P<0.05) 5.8 ns 0.5 5.7 3.5 3.8 ns 6.2 
CV(%) 40.7 11.3 18.9 14.0 22.5 20.3 5.1 18.3 
Variety         
Tigoni 6.2 18.0 1.4 25.6 12.1 17.8 1.1 31.0 
Asante  13.5 16.1 1.3 30.9 9.2 13.6 0.9 23.7 
LSD(P<0.05) 2.9 ns ns ns 1 ns ns ns 
CV(%) 8.5 11.0 31.5 5.6 2.7 11.8 23.8 7.9 

 

Table 6. Mean total weight (Kg) of potato tubers harvested from plots surrounded by different 
border crops during the short and long rains season at Kabete. 
 Tuber weight (Kg) 
Border type  Short rains 2006  Long rains 2007 
    
No -border 35.3  36.7 
Maize 28.8  36.6 
Sorghum 28.8  23.3 
Wheat 29.0  35.7 
Mean 30.5  33.0 
LSD(P<0.05) 5.11  6.1 
CV(%) 15.0  1.6 
Variety    
Tigoni 28.96  38.0 
Asante 32  28.0 
Mean 30.48  33.0 
LSD(P<0.05) ns  ns 
CV(%) 15  10.5 

ns- denotes Not significant at p<0.05 and Total weights = Seed + Ware + Chatts 
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DISCUSSION 

Higher aphid population was found in the potato plots without border crops can be attributed to 

the ability of border crops to block migrating insect pests from reaching the host plant by acting 

as natural barriers (Srinivas and Elawande, (2006). However, Fereres, (2000) reported that 

barrier crops act as natural sinks and did not reduce the number of aphids landing on protected 

crop. Maize bordered plots recorded a high level of total aphid population than wheat and 

sorghum bordered plots. This can be attributed to the wide spatial arrangement of maize 

compared to wheat and sorghum. Aphid populations are known to differ at different spatial 

arrangements of border crops depending on the developmental stage of the border crop which 

negatively effects pest establishment (Damicone and Edelson, 2007; Ebwongu et al., 2001). The 

low levels of aphid population during the long rains can be explained by the warm weather 

during short rains High population of total aphids trapped inside the plots than at the edges of 

border crops might be attributed to the fact that more aphids are normally available near the host 

plant.  

 

The high virus incidence was recorded on plots without border crops during the short rains can 

be attributed to the ability of barrier crops to either hold the population of aphids or reduce the 

virus content in the viruliferous vectors through stylet probing on the border crops (Cerruti and 

Fereres, 2006; Hanafi, 2000). Since low PVY titre was recorded in maize and wheat bordered 

plots in Tigoni during the short rains, it can be hypothesized that infective aphids lost their virus 

charge while probing on the border crops, thereby cleaning their mouthparts and reduced their 

potential to transmit the viruses to protected crop (Damicone and Edelson, 2007; Prasad and 

Kudada, 2005). In addition, the border crops may act as sinks for the virus rather than acting as a 

physical barrier (Difonzo et al., 1996). The ability of border crops to reduce spread of virus is 
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probably due to the interception of viruliferous aphids landing on the protected crop (Difonzo et 

al., 1996; Fereres, 2000; Osakabe and Kenichiro, 2002).  

 

The results indicated that different crop borders differ in effect on both the total tuber yield and 

yield of different tuber grades as reported by Prasad and Kudada, (2005) and Muniyappa et al., 

(2002). The border crops may modify the environmental conditions thus affecting the protected 

crop through increased competition for light, moisture and nutrients resulting in reduced yield 

(Damicone and Edelson, 2007; Fereres, 2000).  

 

CONCLUSIONS AND RECOMMENDATIONS 

The border crops did not affect the yield of the seed potato grade indicating that border crops can 

be used in the management of potato aphids and aphid-transmitted viruses in seed potato 

production. The strategy would be appropriate for the small-scale seed potato producers and it 

would help keep virus diseases at low levels. The border crops would have the additional benefit 

of ensuring food security through grain for human consumption and fodder for the dairy animals. 

However, further research would be necessary to determine the effective distance between the 

border crop and potato plot that would be effective in reducing aphid population without adverse 

effect on tuber yield. 
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