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        Introduction 

 Tomato  Lycopersicon esculentum  Mill, is a vegetable crop of 
large importance throughout the world. Its annual production 
accounts for 107   million metric tons, with fresh market toma-
toes constituting 72% of this total ( FAO, 2002 ). The suscep-
tibility of tomato plants to insects and pathogens can be high, 
depending upon the pest species, crop stage, growing season 
and crop location ( Picanço & Marquini, 1999 ). This, coupled 

with factors such as high investment and fruit quality stand-
ards, has lead to a high number of pesticide applications, fur-
ther increasing production costs ( Guedes  et al. , 1994; Leite 
 et al. , 1995; Picanço  et al. , 1995 ). In addition to economic 
challenges, the conventional pest control system has other 
consequences, such as deleterious effects on the environment 
( Picanço  et al. , 2001 ). 

 An alternative to conventional pest control is the adoption 
of integrated pest management (IPM), in which a phytopha-
gous organism is considered as a pest only when it reaches 
an economic threshold. The goals of the IPM system are to 
preserve and increase the natural mortality factors of pests by 
combining various pest management control practices in a 
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  2  The relative IPM benefits were compared using calendar-based pesticide applica-
tions, IPM and control (no pesticide). A total of 1248 tomato plants were allotted 
to treatments with four replicates of 104 plants, each in a random block design. 
The densities of vectors, leaf miners, fruit borers, predators and parasitoids were 
compared. 

  3  Fruit was the critical component of production, experiencing the greatest losses, 
followed by flower and plant in the vegetative phase. The key causes of loss of 
production were tospoviruses,  Erwinia carotovora ,  Alternaria solani , 
 Phytophthora infestans ,  Neoleucinodes elegantalis  and blossom-end rot. 
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compatible manner. The selection of these practices is based 
on technical, economical, ecological and social parameters 
( Dent, 2000; Pedigo, 2002 ). When IPM was used,  Imenes 
 et al.  (1992)  observed insecticide application reductions of up 
to 93.4% without damage to tomato yields and a significant 
increase in the number of species of natural enemies was 
obtained.  Sikora  et al.  (2002)  also observed a reduction of 
U$134.32   per ha in the production costs with IPM in tomatoes 
compared with conventional pest control. 

 To develop IPM, it is necessary to assess the relative im-
portance of factors accounting for production losses. Crop 
life tables can be used to identify and quantify these losses, 
including the pests and pathogens that occur at different crop 
stages ( Chandler, 1984; Della Lucia  et al. , 1984; Calil  et al. , 
1985; Barrigossi  et al. , 1988; Costa  et al. , 1993 ). 

 Therefore, the present study aimed to determine and assess 
the critical component of production and the key factors of 
loss in the tomato, and the IPM benefits on the reduction of 
production losses and the preservation of natural enemies.  

  Materials and methods 

  Study site and treatments 

 The present study was carried out from 30 January to 22 May 
1996, in the Zona da Mata region of Viçosa County 
(20°48 � 45 �  � S, 42°56 � 15 �  � W), State of Minas Gerais, Brazil. 
The field plots were surrounded by grass pastures. The Zona 
da Mata region also produces significant acreages of maize, 
beans and several vegetables (cucumber, eggplant, green pep-
per, kale crops, okra, ornamentals and tomato). The soil type 
of the area is Podzólico Vermelho-Amarelo Distrófico fase 
Terraço, according to the Brazilian Classification ( Resende 
 et al. , 1988 ), similar to the paleudult of the American 
Classification ( USDA, 1975 ). The tomato variety cultivated 
was Santa Clara, and the treatments were calendar-based pes-
ticide applications (two weekly fungicide and insecticide ap-
plications), IPM [insecticide applications by monitoring with 
economic thresholds (ETs) for tomato pests] and control (no 
pesticide applications). Pesticide sprays were applied using 
manual knapsack sprayers (Costal Manual PJH; Jacto, Brazil) 
equipped with hollow cone hydraulic nozzles (JD 14-2) at 
high volume (300 – 500   l/ha) and a pressure of 3   bar. Each 
IPM plot was scouted for pests weekly, and insecticide appli-
cations were designated for plots with insect populations at 
or above the ETs as: one insect-vector per plant, 20% of 
mined leaves and 5% of damaged fruits ( Miranda  et al. , 
1998; Paula  et al. , 1998 ). The pesticides used were the fungi-
cides chlorothalonil 750   g/kg   WP (1350   g   AI/ha) and maneb 
640   g/kg   WP (1120   g   AI/ha) (for  Phytophthora infestans  con-
trol), and the insecticides parathion-methyl 600   g/l   EC 
(252   g   AI/ha) (for thrips control), abamectin 18   g/l   EC 
(18   g   AI/ha) (for control of leafminers and fruit borers) and 
pirimicarb 500   g/kg   WP (250   g   AI/ha) (for aphid control) 
( Guedes  et al. , 1994 ). The scouting for pests and the calendar-
based pesticide applications were stopped in plots where all 
plants had exhausted the potential to produce market able 
fruits.  

  Experimental design 

 The experiment was set up in a random block design with 
four replicates. Each plot had eight rows containing 13 
plants. The plants were spaced 0.5   m within rows and 1.0   m 
between rows. Plots were separated 2.0   m apart and blocks 
were separated by 4.0   m. The data were collected for 24 
plants in the six inner rows in each plot. All tomato plants 
were pruned to grow as two-stemmed plants, and regular cul-
tural practices were used ( Filgueira, 2003 ).  

  Crop life table 

 Plant mortality and its causes were evaluated weekly from 
the beginning of the vegetative stage until the end of the re-
productive stage. Plants were considered dead when they lost 
the potential to produce marketable fruits. Plants showing 
exaggerated symptoms of drought were removed entirely 
from the experimental unit. The roots were placed in plastic 
bags, washed and examined to identify the causal agent. The 
plants killed by diseases were removed to isolate and identify 
the causal agent, whenever possible. Because tomato plants 
have flowers and fruits coexisting in the reproductive stage, 
three production components were studied at the reproduc-
tive stage: plant, flower and fruit. At the end of the crop pe-
riod, the number of flowers and fruits per plant were recorded 
( Picanço  et al. , 1997, 1998 ). 

 Female flowers were marked and the number of aborted 
flowers recorded daily. 

 The fruits were marked and the number of fruits lost by dif-
ferent causes were recorded daily. The insects observed attack-
ing the fruits were identified. Tomatoes were harvested weekly 
after the first cluster produced mature green and red-ripe toma-
toes. Fruits with symptoms of disease were individually wrapped 
in dry paper for diagnosis. At harvest, fruits were collected, then 
counted, weighed and graded as marketable or nonmarketable 
(fruits with damage or less than 52   mm in diameter). 

 The losses in the crop yield components were estimated in 
each replicate using the equations developed by  Picanço 
(1992) , as reported below. 

 The potential crop yield was estimated in the beginning of 
the vegetative phase using the equation:  PdPl    =    Pl     ×     Fl /
 PL     ×     Wfr     ×     F , where:  PdPl    =   yield estimate at the beginning 
of the cultivation (kg/ha),  Pl    =   number of live plants in each 
replicate at the beginning of the cultivation,  Fl / PL    =   total 
number of flowers per plant,  Wfr    =   average weight of fruits 
(kg), and  F    =   conversion factor for the yield from the area of 
each replicate to 1   ha. 

 The losses by each plant mortality factor in the plant 
vegetative phase were estimated using the equation: 
 LsPl  i    =    PlLs  i     ×     Fl / PL     ×     Wfr     ×     F , where:  LsPl  i    =   estimated 
loss by each mortality factor ( i ),  PlLs  i    =   number of plants 
killed by each factor, and  i    =   plant mortality factor [tomato 
mosaic virus (ToMV), tomato yellow top virus (ToYTV), 
 Meloidogyne  spp.,  P.   infestans , Tospovirus and  Ralstonia 

solanacearum ]. The remaining components of this and other 
equations (i.e.  Wfr  and  F  ) are as previously described. 

 The production of flowers as a yield component was esti-
mated using the equation:  PdFl    =    Plh     ×     Fl / PL     ×     Wfr     ×     F , 
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where:  PdFl    =   yield estimate based on flower as yield com-
ponent (kg/ha), and  Plh    =   number of plants in each replicate 
at the harvest. 

 The losses by flower abortion were estimated using the 
equation:  LsFlAb    =    FlAb     ×     Wfr     ×     F , where:  LsFlAb    =   estimate 
of loss by flower abortion in each replicate (kg/ha), and 
 FlAb    =   number of female flowers aborted. 

 The fruit yield was estimated using the equation: 
 PdTFr    =    Plh     ×     Frt / PL     ×     Wfr     ×     F , where:  PdTFr    =   estimate 
of total fruit yield (kg/ha),  Frt / PL    =   average number of total 
fruits per plant. 

 The fruit loss was estimated using the equation: 
 LsFr  i    =    FrLs i      ×     Wfr     ×     F , where:  LsFr  i    =   loss of fruits by each 
factor ( i ),  FrLs  i    =   number of fruits lost in each replicate due 
to each factor ( i ),  i    =   factor of fruit loss [ Neoleucinodes ele-

gantalis , Tospovirus,  Spodoptera eridania ,  Alternaria solani , 
blossom-end rot (BER),  Tuta absoluta , nonmarketable size, 
 Erwinia carotovora , cracked,  P.   infestans ,  Picthia picthia  
and other causes]. 

 The yield of marketable fruits was estimated by the 
equation:  PdMkFr    =     Plh     ×     FrMk / PL     ×     Wfr     ×     F , where: 
 PdTFr    =   yield estimate of marketable fruits (kg/ha),  FrMk /
 PL    =   average number of marketable fruits harvested per 
plant.  

  Arthropod sampling 

 Samplings were performed twice a week on ten plants in the 
central area of each plot. Insect vectors, predators and parasi-
toids were sampled by beating the plant apex against a white 
plastic tray ( Miranda  et al. , 1998 ). Leaf miners were sampled 
by evaluating the presence of mines on the third leaf from 
the plant apex. The percentage of stem apexes presenting 
perforations was also evaluated. The percentage of bored 
fruits was evaluated in the youngest cluster of the plant 
( Imenes  et al. , 1992; Miranda  et al. , 1998 ).  

  Statistical analysis 

  Crop life table.  Tables of crop losses were developed for each 
replicate with the following components: yield component 
(plants, flowers, total fruits and marketable fruits), estimated 
yield (kg/ha), causal factor of yield loss, yield loss (kg/ha), 
noncumulative losses (%) and cumulative losses (%). The 
noncumulative losses (100   ncl) were calculated using the 
equation: 100   ncl   =   ( Ls  i / Pd  i )    ×    100, where:  Ls  i    =   loss esti-
mated by each factor ( i ) for the yield components, and 
 Pd  i    =   yield estimate (kg/ha) in each yield component. The 
accumulative losses (100   cl) were calculated using the equa-
tion: 100   cl   =   ( Ls  i / PdPl )    ×    100. 

 The critical components of yield loss were analysed by 
calculating the partial loss factors ( k  i ) of each critical compo-
nent and the total loss factor ( K ) using the equations: 
 k  i    =   log( Pd  i )    –    log( Pd  i     +     1 ) and  K    =   ( �  k  i ), where:  i    =   yield 
component (plants, flowers, total fruits and marketable fruits), 
 Pd  i    =   yield estimate (kg/ha) for each yield component, and 
 Pd  i     +     1    =   yield estimate (kg/ha) for the subsequent component 
( Morris, 1963; Leite  et al. , 1996; Picanço  et al. , 1997, 1998 ). 

The total loss factor ( K ) was subjected to linear regression 
analysis using the curve-fitting procedure of sigmaplot 

( SPSS, 2000 ) against each of the partial loss factors ( k  i  s ) as 
dependent variables. The partial loss factor with the steepest 
slope (slope of the confidence interval significantly different 
from the others at  P    <   0.05) was recognized as the critical 
component of yield loss ( Podoler & Rogers, 1975 ). 

 A similar strategy was also used to identify the key factor 
of loss within the critical component of production. The key 
factors of yield loss were recognized subjecting the partial 
loss factors ( k  i ) to regression analyses against the total loss 
factor ( K ). The partial loss factors ( k  i ) and the total loss fac-
tor ( K ) were estimated using the equations:  k  i    =   log( Pd  x )    –
    log[( Pd  x     –     Ls  i )], where:  i    =   factor of loss for the critical yield 
component,  Pd  x    =   yield estimate (kg/ha) for the critical yield 
component, and  Ls  i    =   loss estimate for each factor ( i ) for the 
critical yield component ( Morris, 1963; Leite  et al. , 1996; 
Picanço  et al. , 1997, 1998 ). The partial key-factor of loss 
with the steepest slope (slope of the confidence interval sig-
nificantly different from the others at  P    <   0.05) was recog-
nized as the main key-factor of yield loss ( Podoler & Rogers, 
1975 ). 

  Arthropods.  Correlation analyses were carried out sepa-
rately both for predator densities and parasitoid densities be-
tween the pest species densities. Correlations were also 
carried out between the insect-vectors densities and viruses 
incidence on fruits. Similar analyses were performed for per-
centage of bored fruits and bacterial disease incidence. Fruit 
characteristics, insect-vector, predator and parasitoid densi-
ties, in relation to the three treatments both in the vegetative 
stage and in the reproductive stage, were subjected to the 
analyses of variance (anova) and compared by the Scott –
 Knott multiple range test. Those analyses were carried out 
using saeg ( Ribeiro Júnior, 2001 ).   

  Results 

  Critical component of production 

 The fruit mean yield averaged over the three treatments was 
44.40    ±    15.12   ton/ha. Among the production components, the 
fruit was the production component with the heaviest losses 
(30.95    ±    1.01   ton/ha), followed by flower (26.16    ±    1.12   ton/
ha) and plant (5.20    ±    2.05   ton/ha). During the crop period, 
the total accumulated yield losses reached 58.39%, and the 
tomato plants produced only 41.61% of their potential yield 
(106.72    ±    12.25   ton/ha)    (Table   1) . The partial loss curve for 
the fruit component had the steepest slope ( b    =   0.72)    (Fig. 1  ) . 
For this reason, the most critical component of production 
was the fruit. 

 Viral diseases were caused by ToYTV 1.01%, ToMV 
1.32% and the tospovirus group (0.45%). Fungal disease was 
caused by  P. infestans  (Mont.) (0.82%). Bacterial disease 
was caused by  R. solanacearum  (Smith) (0.33%). Nematodes 
causing plant mortality were  Meloidogyne  spp. (0.94%). In 
the flower component, losses were due to flower drop 
 (Table   1  ) .
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  Key factor of loss 

 Once we had identified fruit as the critical production com-
ponent, we compared the regression coefficients for fruit 
losses caused by each loss factor. The partial loss curves of 
fruits for tospovirus group ( b    =   0.24), bacterium  E. caro-

tovora  (Jones) ( b    =   0.16), fungi  A. solani  (Ellis & Martin) 
( b    =   0.15) and  P. infestans  ( b    =   0.14), tomato fruit borer 

 N. elegantalis  (Guenée) (Lepidoptera: Crambidae) ( b    =   0.11) 
and BER ( b    =   0.09) had the steeper slopes    (Table   2 ). For this 
reason, they were the key factors of losses. 

 The incidence of the tospoviruses in fruits had a positive 
correlation with the density of the thrips  Frankliniella 

schultzei  (Trybom) (Thysanoptera: Thripidae) on plants dur-
ing the reproductive stage ( r   =    0.99,  P    <   0.001). These vi-
ruses are transmitted by this thrips ( Fajardo  et al. , 2000 ). 
Correlations were detected among the percentages of dam-
aged fruits by bacterium  E. carotovora  and percentages of 
bored fruits for  S. eridania  (Cramer) ( r   =     0.60 and 
 P    =   0.0201) and  N. elegantalis  ( r   =    0.57 and  P    =   0.0255).  

  IPM effects on tomato production, pests and 
natural enemies 

 Higher yields were obtained in the calendar-based and IPM crop 
production systems, with 55.05    ±    3.91 and 61.21    ±    4.23   ton/ha, 
respectively. In the calendar-based and IPM systems, the fruit 
mean weight was greater than that obtained in the control. In 
the control, the yield was only 13.82    ±    4.96   ton/ha because of 
the losses due to fungal diseases, caused by  A. solani  and 
 P. infestans , and viruses caused by the tospovirus group trans-
mitted by thrips ( Cho  et al. , 1987; Resende & Cupertino, 1996; 
Fajardo  et al. , 2000 ), and the tomato yellow top virus and trans-
mitted by aphids ( Resende & Cupertino, 1996; Fajardo  et al. , 
2000 ). The percentages of damaged fruits for  S. eridania  and 
 N. elegantalis  and the percentages of fruits attacked by viruses 
and  P. infestans  in the calendar-based and IPM system were 

     Table   1     Crop life table for tomato  Lycopersicon esculentum  plants     

   Yield component 

 Estimated 

yield  a   

 Causal factor of 

yield loss  Yield loss  a   

 Non-cumulative 

losses 

 Cumulative 

losses     

 Plants  106716.14  ToMV  1410.00  1.32  1.32   

   ToYTV  1080.32  1.01  1.01   

    Meloidogyne  spp.  1004.10  0.94  0.94   

    Phytophthora infestans   879.31  0.82  0.82   

   Tospovirus  475.18  0.45  0.45   

    Ralstonia solanacearum   350.56  0.33  0.33   

   5199.47  4.87  4.87   

 Flowers  101516.67  Abortion  26163.33  25.77  24.52   

   26163.33  25.77  29.39   

 Total fruits  75353.34   Neoleucinodes elegantalis   11706.79  15.54  10.97   

   Tospovirus  3758.12  4.99  3.52   

    Spodoptera eridania   3412.19  4.53  3.20   

    Alternaria solani   3302.12  4.38  3.09   

   Blossom-end rot  1941.96  2.58  1.82   

    Tuta absoluta   1926.23  2.56  1.81   

   Non-marketable size  1571.35  2.09  1.47   

    Erwinia carotovora   1446.64  1.92  1.36   

   Cracked  1100.71  1.46  1.03   

    Phytophthora infestans   684.01  0.91  0.64   

    Picthia picthia   62.90  0.08  0.06   

   Other causes  39.31  0.05  0.04   

   30952.31  41.08  58.39   

 Marketable fruits  44401.03    62315.11    58.39   

      a  kg of fruits/ha.   

  Data represent the average of the three different treatments in Viçosa County, State of Minas Gerais, Brazil, 1996.  

  ToMV, Tomato mosaic virus; ToYTV, tomato yellow top virus.      

         Figure   1     Partial loss curves ( k ) of plants during vegetative stage, 

flowers, and fruits as function of total losses during the tomato 

 Lycopersicon esculentum  crop period ( K ) cultivated under the 

three treatments.   
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smaller than in the control. The other fruit characteristics were 
similar among the three control systems. IPM was more efficient 
at controlling pests than was the calendar-system and proved to 
be effective at reducing the number of parathion-methyl and 
abamectin applications by 3.8- and 2.9-fold, respectively    (Table   3 ). 

 During the reproductive stage of the crop, the largest total 
and adult densities of  F. schultzei  on plants were observed in 
the control. Similarly, during the vegetative stage, the largest 
adult densities of  Bemisia tabaci  (Gennadius) on plants were 
seen in the control. Also during the vegetative stage, the larg-
est total and adult densities of  F. schultzei  on plants were ob-
served in the control and, conversely, the lowest densities in 
the calendar-based system. By contrast, the largest total and 
wingless aphids densities of  Macrosiphum euphorbiae  
(Thomas) and  Myzus persicae  (Sulzer) during the reproduc-
tive stage were seen in the calendar-based system. Likewise, 
during the same stage, the largest winged aphid densities of 
 M. persicae  on plants also occurred in the calendar-based sys-
tem    (Table   4) . The densities of aphids  M. persicae  ( r   =    –  0.99, 
 P    <   0.001) and  M. euphorbiae  ( r   =    –  0.99,  P    <   0.001) were 
negatively correlated with Coccinellidae adults. 

 The most abundant predators present were: Araneida: 
Araneidae, Hymenoptera: Formicidae, Coleoptera: 
Staphylinidae, Carabidae, Coccinellidae (mainly  Cycloneda 

sanguinea  L.) Anthicidae ( Anthicus  sp.), Heteroptera: 
Anthocoridae ( Xylocoris  sp. and  Orius  sp.) and Thysanoptera: 
Phlaeothripidae. The most abundant parasitoids identified 
were the  Goniozus nigrifemur  Asmead (Bethylidae), 
 Trichogramma pretiosum  Riley (Trichogrammatidae),  Bracon  
sp. and  Chelonus  sp. (Braconidae), and Chalcididae    (Table   5 ). 

 During the vegetative stage of the crop, the calendar-based 
system decreased the populations of the predators Araneidae 
and Anthicidae. However, the IPM system enhanced the pres-
ervation of natural enemy populations due to the reduced 
number of insecticide applications in this stage  (Table   5 ). 

 The predator populations of Araneidae, Formicidae, 
Anthicidae and Phaleothripidae in the control were higher 
than in the other treatments (calendar-based and IPM). The 
calendar-based system reduced the populations of 
Trichogrammatidae. A positive and significant correlation 
was observed between the populations of Bethylidae and  
T. absoluta  ( r   =    0.06;  P    =   0.0001), which is host of these 

     Table   2     Regression equations, angular coefficient confidence intervals at 95% level (95% CI), determination coefficients ( r  2 ), and probability 

( P ) of the partial losses of fruit production ( k  
fr
 ) as function of the total fruit losses ( K  

fr
 )     

   Causative factor  a    Equations  95% CI   r  2    P      

  Tuta absoluta    k  
fr
    =   0.017 – 0.02* K  

fr
    –  0.048 – 0.005  0.25  0.030   

  Neoleucinodes elegantalis    k  
fr
    =   0.055    +    0.11* K  

fr
   0.034 – 0.188  0.51  0.012   

  Spodoptera eridania    k  
fr
    =    – 0.003    +    0.10* K  

fr
   0.076 – 0.121  0.91  <  0.001   

  Phthia picta    k  
fr
    =   0.001 – 0.002* K  

fr
    –  0.005 – 0.002  0.12  0.038   

  Alternaria solani    k  
fr
    =    – 0.010    +    0.15* K  

fr
   0.085 – 0.212  0.73  0.006   

  Phytophthora infestans    k  
fr
    =    – 0.026    +    0.14* K  

fr
   0.102 – 0.187  0.85  0.001   

  Erwinia carotovora    k  
fr
    =    – 0.024    +    0.16* K  

fr
   0.085 – 0.240  0.69  0.009   

  Tospovirus    k  
fr
    =    – 0.021    +    0.24* K  

fr
   0.136 – 0.337  0.73  0.005   

 Blossom-end rot   k  
fr
    =    – 0.003  + 0.09* K  

fr
   0.027 – 0.144  0.51  0.011   

 Non-marketable size   k  
fr
    =   0.008    +    0.01* K  

fr
    –  0.012 – 0.025  0.06  0.042   

 Cracking   k  
fr
    =   0.003    +    0.03* K  

fr
    –  0.002 – 0.065  0.30  0.021   

      a  There were 12 replicates for each causative factor.       

     Table   3     Number of insecticide applications, yields and causes of fruit losses as function of the three treatments       

     Treatments (mean  ±  SE)  ANOVA   

 Characteristic   n   Calendar-based  IPM  Control   F    P      

 Number of pirimicarb applications  12  1.00    ±    0.00 a   0.75    ±    0.25 a   0.00    ±    0.00 b    F  
2,9

    =   13.00  0.002   

 Number of parathion-methyl applications  12  15.25    ±    0.85 a   4.00    ±    0.91 b   0.00    ±    0.00 c    F  
2,9

    =   120.04  <  0.001   

 Number of abamectin applications  12  16.00    ±    0.91 a   5.50    ±    0.65 b   0.00    ±    0.00 c    F  
2,9

    =   158.60  <  0.001   

 Number of total applications  12  32.25    ±    1.65 a   10.25    ±    0.25 b   0.00    ±    0.00 c    F  
2,9

    =   291.78  <  0.001   

 Medium weight of fruits (g)  24  109.28    ±    9.12 a   113.69    ±    7.56 a   89.33    ±    4.66 b    F  
2,21

    =   3.12  0.065   

 Yield (ton/ha)  24  55.05    ±    4.30 a   61.21    ±    4.10 a   13.82    ±    0.70 b    F  
2,21

    =   55.69  <  0.001   

 Fruits damaged by  Spodoptera eridania  (%)  12  3.35    ±    0.63 b   3.72    ±    0.85 b   10.62    ±    1.52 a    F  
2,9

    =   14.87  0.001   

 Fruits damaged by  Neoleucinodes 

 elegantalis  (%) 

 12  13.93    ±    0.42 b   14.08    ±    1.04 b   21.24    ±    0.47 a    F  
2,9

    =   35.70  <  0.001   

 Fruits attacked by  Alternaria solani  (%)  12  3.71    ±    0.73 a   5.02    ±    1.07 a   7.03    ±    0.82 a    F  
2,9

    =   3.55  0.073   

 Fruits with viruses (%)  12  4.19    ±    1.15 b   3.01    ±    0.70 b   12.53    ±    3.21 a    F  
2,9

    =   6.67  0.017   

 Fruits with blossom-end rot (%)  12  3.52    ±    0.86 a   2.46    ±    0.66 a   2.78    ±    0.88 a    F  
2,9

    =   0.46  >  0.500   

 Fruits with bacterial diseases (%)  12  1.84    ±    0.82 a   1.75    ±    0.75 a   3.98    ±    1.88 a    F  
2,9

    =   1.00  0.405   

 Fruits with  Phytophthora infestans  (%)  12  0.80    ±    0.21 b   0.73    ±    0.26 b   3.61    ±    0.56 a    F  
2,9

    =   19.01  <  0.001   

    n , Number of replicates for each characteristic; IPM, integrated pest management; ANOVA, analysis of variance.  

  Means followed by the same superscript letter in a row do not differ significantly by the Scott – Knott multiple range test.      
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parasitoids ( Miranda  et al. , 2005 ). Populations of other predators 
and parasitoids found in the tomato crop were similar among 
the three treatments  (Table   5 ).   

  Discussion 

 Although plants and flowers were lost during the crop cycle, the 
fruit component influenced more the fluctuation of yield losses. 
These results agree with previous studies, indicating higher 
noncumulative losses during the reproductive stage of tomato 
( Picanço  et al. , 1997 , 1998;  Paula  et al. , 1998 ). For this reason, 
the most critical component of production was the fruit. 

 The larval behaviour of  N. elegantalis  explains the high fruit 
damage (15.54%) caused by this pest in this trial: the neonates 
penetrate quickly into the fruit after emergence, and are thus 
protected from insecticide and natural enemies ( Eiras & 
Blackmer, 2003 ).  Munõz  et al.  (1991)  and  Plaza  et al.  (1992)  
measured parasitism rates of just 2% in this species, and 
 Barbosa & França (1980)  observed 90% of production losses 
due to  N. elegantalis . This fruit borer also contributed to higher 
incidence of the bacterium  E. carotovora . The occurrence of 
 E. carotovora  was reported to be associated with hot and rainy 
seasons similar to that experienced in the present study and 
attack of insect borers ( Lopes & Quezado-Soares, 2000 ). 

 The occurrence of tospoviruses only in the fruits was result 
of transmission by viruliferous  F. schultzei  on flowers ( Pavan 
 et al. , 1996 ). These diseases occur mainly during the hot 
 season, due to the proliferation of  F. schultzei  ( Tokeshi & 
Carvalho, 1980 ). Weather conditions associated with this 
experiment also explain the incidence of  A. solani  and  
P. infestans .  Alternaria solani  attacks the tomato crop during 
both hot and cold seasons, but is more severe during the fruit-
ing stage and hot seasons due to higher temperatures ( Rotem, 
1994; Vale  et al. , 2000 ). The fungus  P. infestans  is frequent 
during cold and humid periods, but disease may also occur dur-
ing hot periods of the year if there is abrupt reduction of night 
temperature accompanied by heavy rains ( Vale  et al. , 2000 ). 

 Our results revealed that IPM efficiently controlled pests 
and reduced pesticide use.  Imenes  et al.  (1992)  and  Trumble & 
Alvarado-Rodriguez (1993)  verified larger net profits using 
IPM practices. In addition to the economic outcome, IPM pro-
vides ecological and social advantages. Insecticide applications 
may decrease populations of natural enemies ( Pacora, 1982; 
Raga  et al. , 1990; Miranda  et al. , 2005 ) and affect human 
health, either by contamination of applicators and fruits or by 
contamination of water and soil ( Moreira & Oliveira, 1997 ). 

 In general, IPM had a positive impact on populations of 
natural enemies, although the high number of insecticide 
applications to control fruit borers during the reproductive 
stage negatively affected populations of Araneidae, 
Formicidae, Anthicidae and Phaleothripidae. In this crop 
stage, the occurrence of fruit borers required the same number 
of insecticide applications as the calendar-based system. 

 IPM favoured predators, such as Coccinellids, which have 
a large impact on population densities of aphids ( Hagen & 
Van den Bosch, 1968; Nakata, 1995; Semyanov, 1997 ). 
Coccinellid densities were negatively correlated with densi-
ties of the aphids  M. persicae  and  M. euphorbiae .  Miranda  
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et al.  (1998)  obtained similar results, observing negative cor-
relations between the density of  C. sanguinea  adults and the 
densities of  M. euphorbiae  and  M. persicae . The aphids  
M. euphorbiae  and  M. persicae  were managed with pirimicarb, 
an aphicide with a recognized low toxicity to Coccinelidae 
( Lecrone & Smilowitz, 1980; Gusmão  et al. , 2000; James, 
2003 ). It is unlikely that pirimicarb caused disruption of 
biological control provided by  C. sanguinea  because it was 
sprayed only once in the calendar-based plots, comprising 
3.0% of the total number of applications. Therefore, the high 
densities of aphids in the calendar-based system may be as-
sociated with the high number of parathion-methyl and 
abamectin applications to manage  F. schultzei  and fruit bor-
ers, respectively. These insecticides may have negatively im-
pacted  C. sanguinea  because tolerance of Coccinelidae to 
abamectin and parathion-methyl has been reported to be low 
in laboratory and field trials. Abamectin was toxic to 
 Harmonia axyridis  (Pallas) ( James, 2003; Youn  et al. , 2003 ) 
and  Stethorus punctum picipes  (Casey) ( James, 2003 ). 
 Cycloneda sanguinea  and  Eriopis connexa  (Germar) showed 
low tolerance to parathion-methyl in tomato leaf dip assays 
( Gusmão  et al. , 2000 ).  Harmonia axyridis  was less tolerant 
than  Aphis gossypi  (Glover) (Aphididae) to the organophos-
phate acephate, which could explain resurgence of  A. gossypi  
(Glover) (Aphididae) in areas where this insecticide was used 
( Ito  et al. , 2005 ). The calendar-based system had also a nega-
tive influence on the population of Trichogrammatidae, 
which parasitizes eggs of  N. elegantalis  and has been identi-
fied as potential candidate for augmented biological control 
( Parra & Zucchi, 2004 ). 

 In conclusion, in the present study, we have demonstrated 
that tomato yield is directly related to losses caused during 
the reproductive stage and that fruit is the production com-
ponent most susceptible to losses. For this reason, cultiva-
tion and IPM practices should prioritize the reduction of the 
effects of loss factors over the fruit component, particularly 
fruit borers that can directly injure fruits and also increase 
the incidence of disease. The application of IPM in tomato 
reduced the number of insecticide applications and increased 
the population of natural enemies in this trial. The high 
number of insecticide applications in the calendar-based 
system reduced Trichogrammatidae, which can be important 
for control of the fruit borer  N. elegantalis .    
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