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CROP LIFE TABLE STUDIES OF THE PESTS 
OF BEANS (Phaseolus vulgans L.) 

AT GOIÂNIA, GOIÁS! 

Leland Chanvller3 

1. INTRODUCTION 

From 1975 to 1977, entomological research with beans (Phaseolus spp., Vigna 

spp.) at the National Research Center for Rice and Beans (EMBRAPA/CNPAF), 
Goifinia, Goias, was concentrated on three major lines of inquiry: the biosystematics 
of insect species associated with beans (principally with P. vulgaris L.); the 

bioclimatology of bean production and bean pest problems; and, the development 

of ecological methodology to assess pest importance (6). 
One of these latter developments was the adoption of the crop life table, 

proposed by HARCOURT (16) in the study of cabbage pests, and its modification 

for use with beans. The crop life table approach in entomological research with 

beans has been continued and expanded (1, 9, 28), but in a different geographic 
region of Brazil and under very different conditions; and, has undergone a 

considerable evolution. The purpose of this paper is to treat the bean pest fauna as 

encountered at Goiania with special consideration of species not previously or not 

commonly reported from Brazil (3, 23, 34). 
The rationale of the crop life table does, however, require brief treatment 

because there exist certain divergences from generally-held pest management 

research approaches. 
The use of the crop life table does not require a prescribed experimental 

design. It is multidimensional in that it considers the initial variables of implan- 

tation, subsequent management or experimental variables, host development, 
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and the vagaries of time and weather. It is based on the tenet that density (stand), 

at any point in time, is the residue of natality (planting rate) less mortality (plant 
losses) in a system where there is no dispersal. Mortality can be considered as 

both plant and reproductive structure losses and as production losses resulting 

from plant injury. As such, the crop life table approach has an enormous experi- 

mental flexibility. 

The crop life table does not deal with pest population numbers but with plant 

response to damage, pest populations are really unknown (32). These considera- 

tions are important in entomological studies of bean agrosystems (18) because 

beans are subject to multiple attacks by pests and these defy a singular method of 

sampling or of treatment; thus, there is no initial attempt to establish traditional 

economic injury levels in recognition of this complexity and the diverse interac- 

tions (23, 24, 27). Moreover, there are questions as to the practicability of such an 
approach in low technology systems (10). 

‘The term, «bean agrosystem», is expressive of a fundamental departure from 

general pest management considerations which usually employ the term «agro- 

ecosystem». «Agroecosystem» most often refers to the growing season pest 

problems, or from planted seed to harvested product. In tropical agriculture, pest 

considerations cannot be terminated with harvest but must continue through the 

post-harvest interval (18). «Agrosystem» expresses this continuity of planted seed 

to harvested product to planted seed and is of great importance in recognition of 

the high pest losses that occur in storage (18, 25); and, moreso, that most storage 

pest problems have their origin in the field (1, 9, 18, 25, 28, 34). 

The major departure of the bean crop life table from that proposed by 
HARCOURT (16) for cabbage was the development of a life table section for the 

reproductive sequence (flower-pod-ovule-grain-seed). This sequence is the integrated 

expression of productivity (6, 14) and is the measure of plant response to injury. 

Thus, by appropriate experimental manipulation, these responses can be precisely 
determined. Great attention must be given to the bean plant because of its very 
plastic response behavior (20). Beans have an extraordinary compensatory 
capacity, and these compensations are expressed differently in the reproductive 
sequence (5). 

The crop life table method leads to the systematic development of research 

heirarchies (7, 19), production potentials (6, 9, 11, 28), and identifies potentially 

promising research-management approaches (13). Summarily, it is another way in 

which to conceptualize bean pest management, establish priority sequences, and 

to arrive at meaningful solutions. 

2. MATERIALS AND METHODS 

The research reported herein was carried out at the first EMBRAPA/CNPAF 
site at Km 4, Goiania, and not at the present location at Fazenda Capivara. 

Plot size was 12 m x 12 m, subdivided into 16 subplots, each 3 m x 3 m. Row 

spacing was 0.5 m which resulted in 6 rows, each 3 m in length, per subplot. 

The planting rate was 10 seeds/m as 2 seeds/hill and 20 cm between hills (planting 
rate of 200,000 plants/ha). Fertilizer (NPK) was applied in the row at planting 

at rates determined by soil materials analysis. The studies were of beans in 

monoculture. 
The original research emphasis was mostly of direct losses (i.e., based on plant 

mortality) because first observatiens indicated high stand mortalities (11), and 
because of the need to identify the pest species of the region as a supplement to
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existing literature (8, 15, 30, 35). Studies of indirect losses (i.e., yield reductions 

from pest-caused plant injury, but not mortality) were initiated, but on a lesser 

scale, pending the development of crop life table methodology to incorporate 

these kinds of data. 
Daily counts of dead plants were made as these occurred in the two central 

rows of each subplot. These counts began at seedling emergence and continued to 

plant harvest. Dead plants were excavated and the cause o’ mortality determined 
when possible. Because of the climatic and soil conditions at Goiania it was 
necessary to complete these counts before 0900 hours, otherwise the soil pests 

had descended to a depth far below that of recovery and association. 

Plant mortality was calculated from the base of the planting rate. The data for 

the reproductive sequence were obtained by the random collection of 10 plants 

from the two central rows of each subplot just prior to harvest. Reproductive 

sequence «mortality» was subdivided as: flowers-total pods-formed pods; and, 
ovules-grains-seeds. The former yields per plant information; the latter, per pod. 

The life table symbols are standard: X, the bean developmental stage (germi- 
nation-emergence, vegetative, reproductive, maturation); 1, the number of plants 

alive at the beginning of stage x; dx, the number of plants dying during a develop- 
mental stage; d F, the factor (s) of mortality; 100X, the per cent mortality during 
a developmental stage; and, 100y, the cumilative mortality of successive 

developmental stages, in per cent. 

3. RESULTS AND DISCUSSION 

3.1. General Considerations 

Two crop life table are presented (Tables 1 and 3), with their respective 

reproductive sequence life tables (Tables 2 and 4). These were constructed from 

two plantings made 9 days apart with two black bean cultivars, ‘Rio Tibagi’ and 

“Tambo’. The experiments were implanted as being ‘typical’ of those of small 

producers in the region and were designed to test the life table method, to serve as 

an ‘overview’ for delineating pest problems, and as a basis for future adjustments 

in pest management practices. No insect controls were applied. 

Although there was a great difference in mortality between the two plantings, 

survivorship curves would take the same form as a hollow curve (31) with the 
greatest mortality occurring in the germination-emergence and vegetative stages. 

This has been true for all traditional planting date studies (6, 9, 28), but CALIL (1) 

found a great departure from this with interim plantings. In general, there is little 

or no plant mortality in the reproductive and maturation stages. 
GUAZZELLI (15) recommended a planting rate of 12-15 seeds/m to obtain a 

population 0f250,000 planta/ha. He assumed a 20% germination failure. FINLEY (11) 
reported, that a 30% pre-flowering plant loss was considered to be «normal» for Brazil, 
but that his observations revealed losses of 50-90% during these periods. As can be 
read from Tables 1 and 3, the pre-flowering plant mortality was 38.1% and 10.35%, 
respectively; whereas total season plant mortality was 41.3% and 14.03%, respec- 

tively. 
Information derived from these two life tables proved most instructive in the 

design of subsequent research. Although a planting rate of 10 seeds/m is not 

necessarily a condition of ‘underplanting’, a frequently cited cause of low produc- 
tion in Latin America (12), the pattern of 2 seeds/hill, a practice used to obtain 

seedling emergence force, resulted in this condition. This pattern is inefficient
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(space, fertilizer use), increases interplant competition (one plant of a pair dies or 
remains barren), and increases pest damage. ‘Overplanting’ is an often-used 

strategy to compensate for anticipated losses (22), but pattern remains an 

important consideration. 
As plant mortality is expressed as a per cent of the initial planting rate, and 

productivity is calculated on the basis of number of survivors, it is necessary to 

evaluate production losses both from mortality sustained and from final 
survivorship. 

3.2. The Pests of Beans 

The order of discussion of the pest species follows that of their occurrence on 
developing bean plants as indicated in the life tables. 

Elasmopalpus lignosellus (Zeller) (Lepidoptera: Pyralidae). — From the stand- 
point of plant mortality, this species is the most important pest of beans in the 

Goiania area. A plant that survives an early attack will often break at a later time 
when laden with pods if subjected to wind and rain. Conditions of bean produc- 

tion at Goiania favor high populations of E. lignosellus. Because of the severity of 

angular leaf spot (Isariopsis griseola Sacc.) during the rainy season, this planting 

epoch is avoided by many growers. This results in the planting of most of the 

beans during the dry season. E. lignosellus is polyphagous (3, 15, 30, 34); a dry 

weather pest (17, 34); and, requires only 400 day-degrees above 15°C to complete 
one generation (17). 

Diplatys sp. (Dermaptera: Pygidicranidae). — This large earwig is a «Dr. 

Jekyl-Mr. Hyde» pest. The nymphs are phytophagous and feed on the rootlets of 

the bean plant. Females of this species often construct brood chambers within the 

root systems so that aggregated and sustained nymphal feeding occurs. 

The adults are voracious predators, especially of E. lignosellus and mole 

crickets (Orthoptera: Gryllotalpidae). This would tend to make then beneficial 

insects were it not for their habits of destroying uninfested plants, as well as in- 

fested ones, in their quest of prey. In the planting pattern used here of 2 seeds/hill, 

the earwigs would attack both plants although apparently only one was infested. 

VARLEY et al (33) made a very important observation that an individual could 

be killed but once! Thus, a bean plant attached by E. lignosellus which, in turn, 

was attached by Diplatys sp., had the mortality attributed to E. lignosellus; a non- 

infested plant attached by Diplatys sp. was attributed thusly; but, when it could 

not be ascertained as to the real situation, the two species were treated together. 

Ataenius sp. (Coleoptera: Scarabaeidae). — This species remains undetermined 

which is unfortunate considering its importance. As is characteristic of species of 

Ataenius, adults are found in organic matter (beneath fruit, cattle droppings, 

decaying plant material, etc.), but the adults of this species also feed on plant 

roots. 
The larvae are root feeders and were taken from the roots of beans, rice, com, 

various grasses and herbaceeus weeds. Typically, the roots were attacked by seve- 

ral equal age larvae. When the soil is moist, the larvae feed in exposed positions 

and move freely among the rootlets. However, when the soil is dry, the larvae 

construct domed mud cells that are affixed to the larger roots and the larvae feed 

singly within these. The moisture required to construct these cells appears to be 

plant sap that issues from the feeding sites. Pupation occurs within these cells, or 

in similar ones. 
Diabrotica speciosa (Germar) (Coleoptera: Chrysomelidae). — The adults of 

this species are the most frequently cited defoliators of beans (3, 8, 30, 34).
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However, at Goiânia, even though omnipresent and abundant, this species never 

caused measurable defoliation in the two years of study. In fact, at Goiânia, de- 
foliation was never a factor in bean production. 

On the other hand, the larvae caused considerable damage by their root 
feeding (6, 23, 29) and were one of the principal factors of plant mortality. The 
larvae are extremely active and show great lateral and vertical movement. In 
moist soil, the larvae will remain closely associated with the root system at all 
times; but, during dry periods, they will descend to depths of 30 cm during the day 

and return to feeding positions at night. This was confirmed in the field after ori- 
ginal observations were made of their behavior in glass tanks with growing rice 
plants. 

The larvae have been generally described (23, 34) as being cream-colored to 
white with a dark brown or black pygidial plate. An additional diagnostic character 
is the pair of minute tubercles on the pygidial plate. 

Pupation occurs near the soil surface directly beneath plants. Pupae were ta- 
ken more often beneath the plants of corn, Brachiaria spp., and herbaceous weeds 
than from beneath beans. The pupal stage persists until rainfail and this results 

in the accumulation of pupae. Immediately following the irregular rains of the dry 

season, there were spectacular flights of teneral adults in synchronized emergence. 

Agriotes sp., Conoderus sp. (Coleoptera: Elateridae). — Larvae of species in 
these two genera were frequently encountered in the first plantings made in the 
area, but their importance diminished with continued cultivation. Wireworms can 
be very damaging in newly-developed, cultivated land. 

Ceuthophilus sp. (Orthoptera: Gryllacrididae). — An unidentified species of 
camel cricket was taken from burrows excavated at the bases of the bean plants. 

Plant mortality was caused by the subterranean feeding on the portion of the 
stem below ground. 

Spodoptera frugiperda (J. E. Smith) (Lepidoptera: Noctuidae). — This species 
is the most diverse in habits of all bean pests at Goiânia. It was the only species of 
cutworm encountered and its activity was observed in all four categories of 
cufworm behavior, i.e., subterranean, surface, climbing, and army (21). Species 
activity is greater during wet periods and damage is more severe to younger 
plants; activity generally declines with the onset of dry weather and damage di- 
minishes with plant growth (1, 28). 

Lytta dimidiata (Fisch.) (Coleoptera: Meloidae). — Flower pests are not 

common and, usually, of little importance (34, 35). CAVALCANTE (2) reported a 

damaging infestation of L. dimidiata on bean flowers in São Paulo in 1967. In Fe- 

bruary, 1976, L. dimidiata occurred at Goidnia in enormous numbers, as many as 

8/plant, with a resulting heavy flower loss. Because bean flower loss is normally 
high, it was difficult to evaluate the losses attribuitable to the presence and activity 

of this species. By data comparison, a loss of 25% was assigned, again using the 

tenet of VARLEY et al (33) that some of the flowers fed on by L. dimidiate would 

have fallen normally. 

Etiella zinckenella (Treits.) (Lepidoptera: Pyralidae). — This species is favored 
by wet weather and the damage is greater in pods in contact with the soil or 
otherwise moisture-damaged. E. zinckenella was not important in these studies. 

Thecla jebus Goddard (Lepidoptera: Lycaenidae) is the dry weather counterpart 

of E. zinckenella and was of greater importance in the various experiments carried 
out; however, T. jebus did not occur in the studies presented here. 

Megalotomus parvus Westwood (Hemiptera: Alydidae). — This species of big- 

headed bug can be a serious factor in seed and seedling mortality (2, 11). It was 

recognized and treated by GUAZZELLI (15) and PARADELA FILHO et al (26).
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FINLEY (11, pers. comm.) recorded a great seed loss at Pirapora, Minas Gerais, 

from attacks by this species. Although germination may not be appreciably affec- 

ted, damaged seeds produce abnormal seedlings that never attain the V2 stage (4). 

At Goiania, a small and insignificant loss was sustained with the cv. “Tambó' (Ta- 

ble 3), but excessive losses were sustained in other plantings, especially when 

seeds were used that were produced late in the dry season. M. parvus has the po- 

tential to be a major pest in dry season and/or fall-winter commercial seed pro- 

duction, but should not be of great concern to edible bean production during 

these epochs. 

3.3. Other Pest Considerations 

The mortality dichotomy as registered in the bean life table provides unique 

bases for both theoretical and practical considerations. «Stand» mortality (plant 

mortality) is one set of data. «<Mortality» in the reproductive sequence is another 

set. Both sets contain non-entomological (indirect) and entomological (direct) in- 

formation, and both are prerequisite for yield calculations. 

«Stand» mortality is more readily understandable because the factors of mor- 

tality are generally assignable and the impact of plant loss is more easily quanti- 
fied because such losses are based on a known planting rate. The development 
and expression of the reproductive sequence is a very complex process that involves 
a multitude of variables and includes various compensatory response mechanisms (5). 

The research approach to evaluate both plant and reproductive sequence morta- 
lity was to adopt a series of uniform management practices and to employ selected 

insecticides designed to: partition the plant (e.q., no treatment, treatments of the 
soil, foliage, and soil-foliage); produce population gradients; or, provide a time- 

series profile. Evaluations were made by a visual rating system of plant damage 
and not by population estimates. This approach, however, is appropriate only 
for those pests that cause a visible damage. 

The bean leafhopper, Empoasca kraemeri Ross and Moore (Homoptera: Cica- 
dellidae), does not always cause a visible damage although it can cause severe leaf 

curling. Importantly it does not often cause plant mortality. Thus, the life table 

method based on plant mortality would not record its presence or damage; nor 
would the visual rating system provide a measure of its impact on production. 

This species is difficult to sample on beans for diverse reasons. Nymphal 

populations are sampled more often than adult because they are less active (23, 
24, 34). During periods of intense heat and dryness that prevail at Goiania, espe- 

cially during the afternoons, adults of E. kraemeri would leave the foliage and 
move to the underground stem portion and larger roots of the bean plants. The 
limited observations possible indicated feeding on these subterranean parts. 
There also appeared to be little or no reproductive activity during these periods as 
evidenced by the almost complete absence of nymphs. 

Leafhopper damage is intensified when plants are under severe water stress. 
The bean leathopper and the lesser cornstalk borer are the two most serious dry 
season pests of beans throughout much of Brazil. 

The data in Table 5 are a comparison of reproductive sequence life tables, 
without and with the systemic insecticide, phorate, applied in the row at planting 
at 1 kg a.i/ha of 5G formulation. This experiment was conducted to assess pest 
control, in general, and bean leathopper control, in particular. These life table 
data illustrate the information potential of the reproductive sequence. 

4. CONCLUSIONS 

The crop life table is an exceptional way to record pest-caused production
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TABLE 5. A comparison of the reproductive sequence life tables 
for beans (Phaseolus vulgaris L., cv 'Tambó') without 
treatment and with the application of phorate (1 kg 
a.i./ha) at planting, at Goiania, Gois (31 Dec. 1975~ 
24 Mar. 1976) 

Without With 
Character phorate ) 

(Table 4) phorate 

(per plant) 
Flowers 21.72 33.29 
Total pods 9:81 14:50 

Formed pods 9.03 13.08 

(per pod) 
ovules 5.25 5.18 

Grains 4.05 4.18 

Seeds 3.96 415 

Seed weight (g) 15.24 14.82 

of 100 seeds 

Production (No. seeds) 35.75 54.28 
per plant 

(Seed weight) 5.45 g 8.04 g 

losses. It is amenable to the individual needs and facilities of research. It provides 

a broad overview, as well as specific insights, as to pest importance. Based on 

plant response, it frees the researcher from pest sampling problems and from 
many of the complexities of multiple pest attack. 

A priority emphasis must be placed on its intended and extended use. In a 
high technology-maximum output cropping system, importance could be given to 

the benefits of the control of pests as based upon production losses attributable to 
them. In a low technology-minimum input cropping system, importance could be 
given to yields obtained in spite of pest losses. 

Brazilian bean production is, by and large, an example of this latter system. 
Moreover, bean are a high risk crop, principally for reasons of unfavorable weather 
at harvest (34). The crop life table organizes the fundamental data for the deve- 

lopment of new concepts concerning tropical pest management in keeping with 

those developing in plant-soil relationships (12). These data are of the kinds requi- 

red in the search for «a gentle technology which is mostly self-operating and with 

minimum input» (18). With an understanding of the pest problems, we may 

develop the capacity to avoid many of them (7) and to tolerate the others.
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5. SUMMARY 

‘The crop life table is one approach to the study of loss factors in crop produc- 

tion and is of special value in the identification and quantification of insect pest 

losses. This report concerns the adaptation and development of the crop life table 

for the study of bean pests as based on research conducted at EMBRAPA/ 

CNPAF, Goiânia, Goiás, from 1975-1977. Consideration is also given as to the ra- 
tionale of crop life table use as a means to conceptualize bean insect pest manage- 

ment; and, on a broader scale, to develop a better understanding of warm climate, 

agricultural entomology. 
For beans, the crop life table was divided into two parts: plant mortality 

(stand loss), and losses in the reproductive sequence (flowers to seeds). Plant mor- 
tality was greater in the bean developmental stages of germination-emergence 

(non-pest factors) and vegetative (pest factors), with little or no stand reduction in 
the reproductive and maturation stages. The most important pest was Elasmo- 

palpus lignosellus (Zeller), and this damage was greatly increased by the sear- 
ching activities of the predaceous earwig, Diplatys sp. The variable cutworm be- 
havior of Spodoptera frugiperda (Smith and Abbott), and root-feeding by the 

larvae of Ataenius sp. and Diabrotica speciosa (Germar) resulted in significant 

plant losses. 
In the studies reported herein, direct pest losses to the reproductive sequence 

structures were not important, although this is not generally true. An unusual, 
but severe, attack of the flowers by Lytta dimidiata (Fisch.) was recorded, and 
light losses were caused by Etiella zinkenella (Treits.) 

Defoliation was not important, but heavy damage was sustained from infes- 
tations of Empoasca kraemeri Ross and Moore. The incorporation into crop life 
tables of indirect damage is discussed as to methodology and evaluation. 

‘Summarily, the crop life table can have two basic interpretations: 1 — the be- 
nefits of pest control as based on crop losses; or, 2 — the value of satisfactory 
yields in spite of pest losses. The kind of pest management system will differ 
radically depending on the alternative selected. 

6. RESUMO 

(ESTUDOS SOBRE A TABELA DE VIDA DAS PRAGAS DO FEIJOEIRO 

(Phaseolus vulgaris L) EM GOIANIA, GOIAS) 

A tabela de vida da cultura é um método que visa estudar os fatores que cau- 
sam prejufzo a produtividade e tem especial valor na identificacao e na quantifica- 
ção das perdas provocadas por pragas. O presente trabalho cuida da adaptagéo e 

desenvolvimento da tabela de vida da cultura do feijao, para o estudo das suas 

pragas, em Goiania, Goiés, no perfodo 1975-77. Sao também feitas consideracoes 

sobre a lógica do uso da tabela de vida da cultura para conceituar o manejo das 

pragas do feijoeiro e, em escala mais ampla, para propiciar melhor conhecimento 

da entomologia agricola em climas quentes. 
Para o feijao, a tabela de vida da cultura foi dividida em duas partes: mortali- 

dade das plantas (perda de «stand») e perdas na seqiiéncia reprodutiva (de flores 
até sementes). A mortalidade foi maior no estadio de germinacao-emergéncia (fa- 

tores não ligados as pragas) e vegetativo (fatores ligados as pragas), com pequena 

ou nenhuma reducéo do «stand» no estadio reprodutivo e de maturagao. A praga 

mais importante foi Elasmopalpus lignosellus (Zeller), cujos danos foram grande- 

mente aumentados pelas atividades de procura do predador Diplatys sp. A lagar- 

ta Spodoptera frugiperda (Smith & Abbott) e as larvas comedoras de rafzes de 

Ataenius sp. e Diabrotica speciosa (Germar) provocaram danos significantes. 

Neste estudo, nao foram importantes os danos diretos causados pelas pragas
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às estruturas da sequência reprodutiva, embora isso não ocorra com freqiiéncia. 
Foi registrado um ataque incomumente severo de Lytta dimidiata (Fisch.) às flo- 
res. Pequenos danos foram causados por Etiella zinkenella (Treits.). 

O desfolhamento nao foi importante, mas prejuizos pesados foram provocados 
por infestações de Empoasca kraemeri Ross & Moore. A incorporacao de danos 
indiretos as tabelas de vida da cultura é discutida nos aspectos de metodologia e 
avaliação. 

Em suma, a tabela de vida da cultura pode ter duas interpretações básicas: 1) 
os benefícios do controle de pragas, quando baseados nas perdas culturais, ou 2) o 
valor de rendimentos satisfatórios, apesar das perdas causadas pelas pragas. A 
natureza do sistema de manejo das pragas diferirá radicalmente, dependendo da 
alternativa escolhida. 
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