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High herbivory rates are related to the emergence of new pests and are a problem for plants of commercial interest, 

such as potato (Solanum tuberosum). While the interest of farmers is to know the main tuber predators, it is also 

necessary to understand herbivory patterns in other parts of the plant. In agricultural systems, landscape structure is 

determinated by vegetation patches, crops and the movement of associated fauna. This study evaluated herbivory 

damage on potato leaves as a function of proximity to patches of native vegetation in the municipality of Combaya 

(La Paz, Bolivia). The percentage of leaf damage, damage level, leaf area and herbivore richness were measured in 

five potato crops. The results showed that close vegetation crops have significantly higher herbivory than far away 

ones (ANOVA P<0.00023729, F=9.3046). Close vegetation crops showed 8.266±0.859 % herbivory, while are away 

ones 5.909±0.585 %. In total, five morpho-species of herbivores were found associated with potato crops: 3 in crops 

near and 2 in crops far from the vegetation. The native vegetation plays an important role because it allows the fauna 

to take advantage of the resources of the entire landscape. 
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Las tasas de herbivoría elevadas están relacionadas con la aparición de nuevas plagas afectando a las plantas de interés 

comercial, como la papa (Solanum tuberosum). Si bien el interés de los agricultores es conocer a los principales 

depredadores de tubérculos, también es necesario entender los patrones de herbivoría en otras partes de la planta. En 

sistemas agrícolas la estructura del paisaje está determinada por los parches de vegetación, las parcelas de cultivo y 

el desplazamiento de la fauna asociada. Este estudio evaluó el daño por herbivoría en hojas de papa en función de la 

cercanía a parches de vegetación nativa en el Municipio de Combaya (Departamento La Paz, Bolivia). Se midió el 

porcentaje de daño foliar, el nivel de daño, el área foliar y la riqueza de herbívoros en cinco cultivos de papa. Los 

resultados revelaron que el porcentaje de herbivoría en cultivos cerca de la vegetación es significativamente superior 

al de los cultivos alejados (ANOVA P<0.00023729, F=9.3046). Los cultivos cerca de la vegetación mostraron en 

promedio 8.266±0.859 % de herbivoría mientras que los cultivos alejados 5.909±0.585 %. En total se capturaron 5 

morfo-especies de herbívoros asociados a los cultivos de papa: 3 en cultivos cercanos y 2 en los alejados de la vege-

tación. La vegetación nativa juega un rol importante porque permitiendo que la fauna aproveche los recursos de todo 

el paisaje. 
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Introduction 

 

High herbivory rates cause two types of effects, i) at 

the physiological level, it is common for the plant to 

benefit from commensurate growth and increased 

production of defense chemicals1,2 and ii) at the eco-

logical level, it is related to events such as the appear-

ance of pests2. Although plants have defense mecha-

nisms against herbivores3, some factors, such as nu-

trient and water limitation, alter their ability to re-

spond to predation4,5 and in cultivated areas commer-

cial plants are put at risk. 

Crop pest problems are related to the structure of the 

landscape matrix6, as patches of native vegetation in-

teract with crops by displacing associated fauna7,8. 

On the one hand, specialist fauna prefers to stay in 

native vegetation, while generalist fauna does not 

mind expanding into disturbed areas, such as arable 

areas9. The variety of resources and the lack of com-

petition make agricultural systems diversify areas for 

different animal groups, including herbivores10. 

Therefore, the distance between vegetation and crops 

is a factor that can determine the composition of her-

bivores in crops and at the same time increase her-

bivory rates. 

In most plants, herbivory rates are dependent on leaf 

area (LA) and leaf age11. It is understood that small 

and young leaves are more susceptible to predation, 

although the reasons are diverse, and there is no con-

sensus among authors12. We know that the isoflavo-

noids and glycoalkaloids present in potato leaves are 

harmful to some herbivores3 and some studies indi-

cate that the concentrations of these substances fluc-

tuate with the age and size of the leaves12. They occur 

in lower concentrations when leaves are very 

young11. Similarly, small leaves have lower concen-

trations of tannins making them more susceptible to 

predation by herbivores11. 

In potato crops in Bolivia, problems were reported 

with herbivores such as the brown cicada (Russelli- 

 

 

ana solanicola), green cicada (Empoasca spp.), and 

nematodes of the genera Nacobbus spp. and Globod-

era spp.13 that mainly attack tubers. Whereas records 

of herbivores attacking leaves are scarce, an example 

is the black leaf beetle (Epicauta spp.) which was a 

pest in lowland areas of the country14,15. Although the 

main concern of farmers is to avoid the proliferation 

of pests in tubers, leaf herbivory also affects the vi-

tality of the plant16, altering the patterns of photosyn-

thesis, reproduction, and the integrity of the individ-

uals16. Previous studies have shown that there is a 

negative relationship between tuber predation and fo-

liar herbivory17. However, leaf herbivory has been 

scarcely studied in potatoes and the herbivores that 

affect it are not clearly known. 

The potato (S. tuberosum spp. andigena) is a culti-

vated species of the Solanaceae family with a wide 

distribution in South America, which has been rec-

orded between 1500 and 4300 m altitude18, and the 

same authors place Bolivia and Peru among the coun-

tries with the most cultivable varieties of this spe-

cies19. The center origin and domestication of potato 

is mentioned as the center of origin and domestica-

tion of the potato in the highlands of Perú19,20, from 

where it spread, and diversified its cultivation and 

consumption. In Bolivia, the first potato domestica-

tion sites were established around Lake Titi-

caca19,21,22. More than 500 potato varieties have been 

recorded in Bolivia, and the Alq'a imilla variety is 

widely used in the Altiplano areas of La Paz due to 

its adaptation to altitudes above 3000 m23. 

Under these concepts, the objectives of this work 

were: i) to determine the variation of damage by fo-

liar herbivory in potato crops in relation to their prox-

imity to remnants of native vegetation, ii) to establish 

if there is a relationship between herbivory damage 

and leaf size and iii) to identify the herbivores present 

in potato crops. 
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Materials and methods 

 

Study Area. This study was conducted between Oc-

tober 2017 and March 2018 in the municipality of 

Combaya, located in the Larecaja province, northeast 

of the department of La Paz, Bolivia. It is located at 

3275 m altitude with an average annual temperature 

of 16° C and an average rainfall of 750-1200 

mm/year. The natural vegetation is shrubby and her-

baceous, with the families Asteraceae, Loasaceae, 

Calceolariceae, Scrophulariacea, Lamiaceae, Oro-

banchaceae, and Fabaceae (Figure 1). Agriculture is 

practiced in the area with potatoes, vegetables, 

maize, green peas, and green beans. 

 

Figure 1 Vegetation in Combaya municipality, a) Ge-

nus Alonsoa, b) Genus Baccharis c) Genus Achyrocline, 

d) Genus Calceolaria 
 

 

Distance between crops and vegetation remnants. 

The distance between crops and vegetation remnants 

was measured over a range of 100-1000 m (Figure 

2). We considered the degree of proximity to native 

vegetation as follows: i) crops close to vegetation are 

those located less than 200 m and ii) crops far from 

vegetation are those located more than 800 m24. For 

each crop we took into account the following data: 

number of plants/m2, total plot area, slope, and alti-

tude. These data were taken using a Garmin GPS (Ta-

ble 1). 

 

Figure 2 Study area in Combaya municipality. The 

remnants of shrubby vegetation are marked in green 

and the remnants of graminoids are marked in white. 

The crops P1, P2 and P3 were considered distant from 

the vegetation and P4 and P5, as near ones 
 

 

 

Figure 3 Design for leaf collection diagram 

 

 

 

Crop sampling. In each crop an "X" sampling was 

followed, marking the first 3 meters from the first 

plant to differentiate the edge from the center of the 

plot (Figure 3). On each plant, a branch was collected 

at random and 3 leaves were selected for evaluation. 

The leaves from each branch were stored and labeled 

in zip lock bags and transported to the offices of the 

La Paz Botanical Garden. A system was then set up 

with a universal stand 15 cm from the sample and a 

2 cm mark as a reference for leaf size. All samples 
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were photographed from the underside and evaluated 

with Image J software. 

 

Table 1 Crop data set 

 

Crop Distance to vegetation patches (m) Area (m2) Coordinates 
Altitude  

(m.a.s.l.) 
#Plants/m2

 

Near 1 180 142 
15°48’08.81’’ 

68°45’25.72’’ 
3376 10 

Near 2 150 245 
15°48’08.71’’ 

68°45’21.88’’ 
3360 9 

Distant 1 841 577 
15°48’06.06’’ 

68°45’10.80’’ 
3219 10 

Distant 2 800 2.159 
15°47’57.05’’ 

68°45’16.37’’ 
3228 12 

Distant 3 720 494 
15°47’56.12’’ 

68°45’22.62’’ 
3224 11 

Estimation of leaf damage. For each leaf collected, 

the leaf area in mm2 LA and the percentage of dam-

aged LA were evaluated. To calculate the percentage 

of the area lost, the following formula was used. 

 

% lost area =
𝐿𝑜𝑠𝑡 𝑎𝑟𝑒𝑎

𝐿𝐴
∗ 100% 

The lost area is the sum of the partial areas of each leaf space with some kind of damage. LA = 

total leaf area, all measured in mm2,25. 

 

Holes inside the leaf, incomplete margins, necrosis 

marks, galls, and fungal stains were considered dam-

aged LA. The level of damage was categorized as fol-

lows26: 

i) no damage = 0 %, 

ii) low < 5 %, 

iii) average = 6-20 %, 

iv) high > 21 % 

 

Relationship between herbivory damage and leaf 

size. To determine if there is a relationship between 

herbivory damage and leaf size, the LA was com-

pared with the percentage of herbivory2. 

Herbivore sampling in potato crops. Twenty-five pit-

fall traps with 70 % alcohol were randomly set in 

each potato crop. The traps remained active for 24 h, 

after which they were closed. Direct captures were 

also made from the plants27 and invertebrates were 

identified by morphospecies with the help of re-

searchers from the Bolivian Fauna Collection. For 

the classification of invertebrates, we took into ac-

count mouthparts, types of antennae, and types of 

wing venation28. Individuals were described using 

the 30x magnification of an Olympus stereo-micro-

scope, and a scale of 0.5 cm was used to estimate the 

size of the individuals. 

Statistical analysis. A total of 698 leaves were ana-

lyzed within the 5 cultures. Three replicates were 

used for the distant crops, each with 151, 111, and 

103 leaves evaluated. On the other hand, for the crops 

close to the vegetation, we took two replicates, each 

with 173 and 160 leaves. To evaluate the percentage 

of herbivory, a two-factor ANOVA test was used. As 

the original data did not meet the assumption of nor-

mality, a log-natural rate (ln) transformation was per-

formed. To compare herbivory damage with leaf 

size, a simple linear regression was used, considering 

herbivory percentage as the dependent variable and 

leaf size as the independent variable. All analyses 

were performed in R software29. 

 

Results 

 

Leaf herbivory on potato. 67 % of the total number 

of leaves studied (472 leaves) have less than 5 % of 

their surfaces damaged (Figure 4). 30 % (211 leaves) 

have up to 20 % of their surfaces affected. Finally, 

leaves without any damage are 0.42 % (3 leaves), and 
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leave with high degrees of herbivory are 2 % (12 

leaves) (Figure 4). 

 

Figure 4 Shows the leaves proportion within the six cat-

egories of leaf damage in the studied crops 

 

 
 

 

Figure 5 Relationship between herbivory degree of and 

native vegetation distance 

 

 

A significant difference was observed between crops 

near and far from the vegetation patches (ANOVA 

test, P<0.00023729, F = 9.3046) (Table 2). Crops lo-

cated less than 200 m from the vegetation suffered 

more damage than crops more than 800 m away (Fig-

ure 5, Table 2). 

Relationship between leaf size and herbivory dam-

age. According to Figure 6, we notice that smaller 

leaves are more damaged. However, simple linear re-

gression analysis shows no correlation between the 

two variables (R=0.22) (Table 3). 

 

Figure 6 Relationship between lost area percentage 

and LA 

 

 
 

Herbivore richness. Five herbivore morph species 

were captured: green cicada (family Cicadellidae), 

brown cicada (family Cicadellidae), green grasshop-

per (family Acrididae), slug (order Gasteropoda), 

and weevil (family Curculionidae) (Figure 7, Table 

4). 

 

Table 2 The two-factor ANOVA test to herbivory percentage 
 

 Df. SS MS F  P  

Location: Near- Distant  1 10.73 10.7327 9.3046 < .00023729 *** 

Position inside the crop 1 14.26 14.2636 12.3656 .0004658 *** 

Location-Position  1 14.40 14.4048 12.4880 < .0004367*** 
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Discussion 

 

The percentage of LA lost is higher in crops near na-

tive vegetation (8.266±0.859 %), than in remote ones 

(5.909±0.585 %) (Figures 4 and 5). This is because 

these crops are more exposed to herbivores moving 

from the vegetation patches6. Similarly, we know 

that many herbivores are opportunistic and readily 

move into crops when they are present in the land-

scape30, increasing the percentage of herbivory in 

crops near vegetation. This background leads us to 

believe that the more heterogeneous landscapes are, 

the more habitats they provide for various inverte-

brate groups, and potato crops are exploitable re-

sources for herbivory. 

 

Tabla 3 Regresión lineal 
 

 Df SS MS F P 

Regression 1 979.152 979.152 38.328 <.001 

Residuals 696 17780.494 25.547   

Total 696 18759.647 26.915   

R = .228, R2 = .0522 

 

Table 4 The four herbivores morpho-species present in the studied crops  

 

Family/Class Morfo-specie Near vegetation Distant vegetation 

Cicadellideae verde Cigarra verde X X 

Cicadellidae café Cigarra café X X 

Gasteropoda Babosa X X 

Acrididae  Saltamontes verde X _ 

Curculionidae Gorgojo  X _ 

 

Figure 7 Herbivores in potato crops. a) Grasshoppers, Family Acrididae. b) and c) Cicadas, Family Cicadellidae. d) 

Slug, Gastropod 

 

 

The percentage of LA lost in crops close to the veg-

etation can be explained by the richness of herbivores 

recorded: 5 morpho-species in nearby crops (green 

cicada, brown cicada, slug, green grasshopper, wee-

vil) and 3 distant crops (green cicada, brown cicada, 

and slug) (Figure 7, Table 4). Although this is not a 

relevant difference, there are records of crop damage 
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by populations of leafhoppers (Acrididae), weevils 

(Curculionidae), and cicadas (Cicadellidae)14,15,31. 

Mainly because they are generalist insects that adapt 

easily to different environmental conditions, they can 

move between crops and vegetation patches9. Also, 

several weevil species have been known to cause 

damage to potato crops14,32. The best known is Prem-

notrypes sp. which has a preference for tubers14,32. As 

for species that prey on leaves and other parts of the 

plant, we have potato moths, potato leafminers, shoot 

fly, potato flea moths, etc11. In this regard, the present 

study recorded 5 morpho-species of herbivores (Fig-

ure 7, Table 4) that have not been recorded before in 

potato crops. 

By linear regression analysis, we note that leaf size is 

not related to the percentage of herbivory (Table 3) 

in the crops studied. However, there is a tendency for 

smaller leaves to suffer more herbivory damage (Fig-

ure 6). These leaves have less surface area and there-

fore damage is more visible, but it is also known that 

tannins and isoflavonoids fluctuate with the size and 

age of the leaves, being present in higher concentra-

tions in larger leaves11,12,33. This phenomenon was 

observed in perennial plants34 and would be worth 

exploring further in Andean crops. 

It is concluded that the closer the crops are to the veg-

etation patches, the higher the herbivory rates in po-

tato crops because the native vegetation harbors 

fauna with the ability to move. In this study, 5 herbi-

vore morpho-species were recorded, all of which 

were found in crops close to native vegetation, while 

only 3 were found in remote crops. It is clear that the 

closer to the vegetation, the greater the richness of 

herbivores and the higher the percentage of her-

bivory. However, further experimental studies are 

needed to better understand herbivore preferences for 

different habitat types in agroecosystems. 
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