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Spain 1s a major tomato producer that harvested 3.7 mil-
Lon tons (296 million 25 Ib boxes) from 147,000 acres in 1998.
Almost 40% of this production consisted of fresh roarket toma-
toes grown in greenhouses on the southern Mediterranean coast
in the communities of Andalucia and Murcia. Approximately
58% of these tomatoes were exported, primarily to northern
Europe.

Transplanting in greenhouses begins in Jate summer with a
possible additional planting in Jate winter. Harvesting begins in
October, peaks in March but continues through early summer.
The best prices usually occur in winter when thereis little com-
petition from greenhouses in Northern Europe or elsewhere.
Spanish production methods are steadily improving, principally
through upgrading of greenhouses from traditional low roofed
structures little more than grape arbors covered with polyethyl-
ene film, to large, high-roofed, multiple units often provided
with automatically controlled heating and ventilation, that may
be fitted with pest-excluding screen. Nevertheless, attitudes can
favor a strategy of Jow costs rather than cxpensive inputs to
improve yield and quality. Consequently, there are several qual-
ity issues, including pesticide use, of concern to consumers and
inherent in the annual shift in northern Europe from local
sources to tomatoes and other vegetables from southern Europe
and North Africa.

As in most of the hot regions of the world where tomatoes
are intensively cultivated, the whitefly Bemisia tabaci is a key
pest, due primarily to its role as virus vector. Southern Spain is

plagued by two types of tomato yellow leaf curl virus
(TYLCV), Israeli and Sardinian, as well as the chlostraviruses
tomato chlorosis virus (ToC) and cucurbit vein yellowing virus
(CVYYV), the latter only on cucurbits. Curiously, although bio-
type “B” or B. argentifolii has been detected in southern Spain
and maystill be present, it has apparently been displaced by the
native biotype “Q". “Q” is a worth adversary, perfectly happy
on pepper, and a better transmitter of TYLCYV than “B” that just
as quickly devetops resistance to pesticides. Cultura) practices
in Spain also lend themselves to whitefly and virus problems,
with overlapping crop cycles, and enclosed pest populations
that favor rapid selection for resistance. It is little wonder that
everything but the kitchen sink is constantly being thrown at the
whitefly, and that resistance to imidacloprid first reared its ugly
head in Spain.

Against this background it might seem like madness to
think about biological control which admittedly can do nothing
against the incoming vector. Yet the pressure is on from the buy-
ers to reduce pesticide use and provide at least a portion of the
produce using IPM methods that include only natural enemies
and “soft” chemicals. Fortunately, most growers are already
conditioned to use soft insecticides because of the almost uni-
versa) practice of bumblebee pollination. Nevertheless, the suc-
cess of biological control depends on limiting the impact of pri-
mary virus spread from outside sources through the use of one
or a combination of tactics. These tactics include TYLCV-

resistant (tolerant) varieties, whitefly-excluding structures, and
late planting dates that avoid the bulk of migration from the pre-
vious season's crop. Alone or together these tactics can create a
sufficient safety net against virus to contemplate the use of bio-
logical control.

The first success of biological control in the region came
in pepper, especially in the Cartegena areca where crops are
planted in late fall or early winter. This cropping system allows
enough time early in the crop cycle for establishment of the nec-
essary beneficials including, in addition to Erefmocerous for
whitefly control, the mite Amblyseis cucumeris and the minute
pirate bug Orius laevigatus that effectively control the key pest,
western flower thrips. Still, there had been sufficient interest
for Koppert Biological Systems, the principal supplier of bum-
blebees and natural enemies in the region, to develop a techni-
cal plan for biologically based IPM in tomatoes. The objective
of this large project was to test this pian undera variety of com-
mercial conditions. Nineteen greenhouses were identified for
the study, covering all the main growing areas for protected
tomato production (Fig. 1). Twelve of the 19 were designated as
IPM, meaning that biological contro] would be used. The
remaining 7 used only conventional (insecticidal) control (Fig.
I). Ten of the greenhouses were included in one of 5 IPM/con-
ventional (grower standard) sharing location and growing prac-
tices except for the pest management system. Pests and diseases
were monitored weekly by the designated Koppert technician.
All pesticide applications were noted. In addition, leaf samples
were taken, observed under a binocular microscope, and incu-
bated to collect parasitic wasps that were later identified.

The core of the technical plan for tomato first depended on
whitefly control using a species of parasitic wasp Eretmocerus
eremicus, originally imported from America, and reared by
Koppert in Holland on the greenhouse whitefly, Trialeurodes
vaporariorum. However, observations in Almeria and
Cartagena had shown that E. eremicus was sooner or later dis-
placed in both tomato and pepper by a native species coming in
from outside, E. mundus. These observations led to the decision
by Koppert to develop a rearing program in Spain for £. mundus
on using B, tabaci as a host. Additional natural enemies used in
the plan included the plant bug Macrolophus caliginosus, also
for whitefly control, a tomato race of the mite Phytoseilus per-
similis for spider mites, and Diglyphus isaea for leafminers. The
choice of pesticides used if necessary was based on the Koppert
Side Effects Guide (www.koppert.com).

Work on the rearing system for E, mundus progressed rap-
idly, and 3 weeks into the project enough became available to
incorporate it into the project. The greenhouses had already
been divided into 4 equal sectors for monitoring purposes, so
we released E. mundus in two diagonally opposed sectors and
E. eremicus in the other two sectors. Release rates were the
same for both species and determined by the technician, gener-
ally 3 wasps/m?%week during 5 to 8 weeks.

A wide variety of broad-spectrum insecticides, selective
insecticides and fungicides were used in the greenhouses stud-
ied (Tablel). The Koppert Side Effects Guide (www.koppert com)
was used to estimate impact of pesticide applications on natural
enemies. The guide provides 3 numbers that were summed to
provide an “incompatibility rating". One number from 1 (none)
to 4 (severe) rates side effects on pupae of E. eremicus or the
another closely related species. Another number, also from 1 to
4, rates effects on adults. The third gives the number of weeks
(from O to 12) of residual effect. Incompaubility ratings ranged
from 2 to 18 and averaged 16.1 for broad-spectrum insecticides,
4.6 for selective insecticides and 2.8 for the fungicides used in
the greenhouses studied. Incompatibility ratings for all applica-



tions made in a greenhouse were divided by the number of
weeks the greenhouse was monitored (usually through harvest)
to obtain a biocontrol incompatibility index for each green-
house.

Applications of pesticides were almost 70% more frequent
and twice as many products were used in conventional green-
houses compared to [PM greenhouses, (Table 2). Broad-spec-
trum insecticides constituted 21% of the products used in con-
ventional greenhouses compared to 11% in IPM greenhouses.
Seven of 12 IPM greenhouses did not use any broad-spectrum
insecticides. The biocontrol incompatibility index was almost 3

times greater in conventional greenhouses compared to IPM
greenhouses. IPM growers were more likely provide themselves
with an additional margin of safety by using TYLCV-tolerant
varieties (5 out of 12) compared to only one conventional grower.

Incidence of parasitized pupae of B. tabaci averaged
50.7% in IPM greenhouses compared to 2.2% in conventional
greenhouses. E. mundus accounted for 85% of all Eretmocerus
species recovered from B. tabaci with E. eremicus bringing up
the remaining 15%. In general, E. mundus only failed to
become established where the incompatibility index exceeded
5. The only exception was Motril3 where large numbers of
whiteflies were constantly coming in from outside (average
60/trap/weck) maintaining high populations on plants despite
broad-spectrum insecticides used early in the crop cycle and
high levels (80-90%) of parasitism later.

Whitefly numbers were similar and generally low in IPM
and conventional greenhouses used for comparison (Table 2).
In spite of the overall differences in pesticide use, there was not
always a contrast within [PM/conventional pairs. For example
the two greenhouses at Cafiadal were both new and tightly
sealed against insects. Consequently there were few insect pests
including whiteflies and almost no pesticide use in either. Mean
incidence of parastiized pupae on leaf samples from the IPM
greenhouse was 28.8 compared to 2.1, in the conventional
greenhouse where no parasites had been released. However,
insufficient ventilation resulted in late season fungus problems,
mostly due to Botryris, and considerable fungicide was used. At
Motril2 the grower's strategy was to use broad spectrum pesti-
cides early in the crop cycle and biological control later back-
fired when virus problems persisted and considerable amounts
of pesticides continued to be used in both greenhouses.
Parasitism was low at about 3% in both greenhouses and levels
of whitefly infestation similar in both.

In contrast to these two examples, tank mixes applied in 22
applications at the conventional greenhouse Aguilas] brought
the total broad-spectrum products applied up to 41 whereas

none were applied at the IPM greenhouse in the same location.
Estimated incidence of parasitized B. tabaci in the IPM green-
house was 43% compared to nothing in the conventional green-
house. Two major influxes of whiteflies were registered in
weeks 40 and 43 (Fig. 2). As likely a result, ten times more B.

tabaci were seen in week 44 on leaves in the IPM greenhouse
compared to the conventional greenhouse. Nevertheless, when
the trial was ended at week 50 the situation had reversed, with
almost 5 times more B. rabaci observed on leaves in the con-
ventional greenhouse compared to the IPM greenhouse.

These and other examples made it clear that:
+ While Spanish tomato growers have traditionally relied
heavily on broad-spectrum pesticides to control insect and
mite pests, trends are toward more diversified management
systems that include tolerant varieties, pest-excluding
structures, selective pesticides and increasingly, biological
control.
+ Whitefly populations were comparable between

IPM/conventional greenhouse pairs despite fewer applica-
tions and softer pesticides used in IPM greenhouses.
+ E. mundus was better able to become established than E.
eremicus on the key pest, B. tabaci in tomato greenhouses,
where it appeared to contribute significantly to control of
B. tabaci, provided the incompatibility index for pesticide
use was not above 5.
» Continued movement toward tolerant varieties and
screened greenhouses should reduce the risk from TYLCV,
raising the tolerance level for whitefly and further opening
the doorto biological control in protected tomato produc-
tion of southern Spain.



Fig. 1. Study location with number and management system of greenhouses monitored in each.
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Fig. 2. Numbers of whiteflies captured on yellow sticky traps and on plants in two greenhouses at the
same location using identical growing conditins except for the pest management system.
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Table1. Pesticides used in greenhouses under study and side effects ratings of: (1)
harmless, (2) slightly harmful, (3) moderatety harmful, or (4) very harmful from
(http://www .koppert.ni/) summed for pupae and adults £. eremicus or the closest other
species plus mean number of weeks of residual effect.

Broad Incompatibility Selective Incompatibility Fungicide incompatibility
Spectrum Rating” Insecticide Rating* Rating”
Insecticide {w) targeted

whitefly
Asephate 15 Abamectine 8 Benomyl 2
Bifentrin 18 Amitraz 8 Bromopropylate 2
Chlorpyrifos We Azadiractin 4 Captan 2
Cypermethrin 18 8. thuringiensis 2 Carbendazim 3
Deltametrin 18 Buprofezin {w) 3 Clorathalonil 2
Endosulfan 16 Cyromazine. 2 Copper 2
Fenitrotion 14 Fenbutatin 2 Cymanazil 5

Oxide
Fenpropatrin 18 Flufenoxuron 8 Cymoxanil 3
imidacloprid 10 Heptenofos 8 Cyproconazol 3
(foliar)
Maiathion 18 Hexithiozox 3 Cyprodinil 2
Methomil 16 imidaclopnd S Dimethomorph 3

(soil)
Oxamil (foliar) 18 Lufenuron 4 Dinocap 6
Tau Fluvalinate 14 Oxamil (soil) 5 Fludioxonil 2
Tralometrine 16 HMO* 4 Folpet 2

Potassium 4 tprodion 2
Soap
Pymetrozine 3 Mancozeb 2
Pyridaben 8 Metalaxil 3
Pyriproxyfen 5 Metiram 6
Tebufenpyrad 3 Myclobutanil 2
Teflubenzuron 2 Nuarimol 3

Nuarimal 3
Procimidon 2
Procloraz 2
Propamocarb 2
Pyrimethanil 2
Sulfur &

Thiofanate 2
Methyl
Tiram. 4
Triadimenaol 2
Vinclozolin 2
Zineb 2

Average 16.1 46 2.8

*Sum of side effects ratings for adult wasps + side effects ratings for pupae + number of
weeks residual.
=*Horticultural mineral oil



Table 2. Duration of study, number of pesticide applications and products included, and the number of those classified as broad spectrum
insecticides, selective insecticides/acarasides or fungicides, total score for all pesticides used, index of biocontrol incompatibility, numbers of
whiteflies on sticky traps, and leaves and percentage pupae parasitized in 19 Spanish greenhouses.

IPM Cultivar Duration Applications Products Broad Selective Fungicide Incom- Index"* of Whieflies  Whieflies Parasitism

Greenhouses (weeks) (Na) Spectrum (No) (No) (No) patibility Incompatibility (No./trap/wk) No/leaf (%)
Score”

Agilas1 Tolerant 17 12 28 0 17 11 77 5 215 0.5 433
Cafadaf Susceptible 22 6 9 0 2 7 25 1 7.9 03 28.8
Cafada?2 Susceptible 28 23 25 4 3 18 116 4 5 2.5 41.1

El Efido1 Susceptible 17 6 17 0 11 6 68 3 50.6 2.9 51.3
Motril2 Susceptible 29 41 41 7 16 18 253 9 14.9 0.5 2.2

Average 226 17.6 24.0 2.2 98 12.0 107.8 44 20.5 13 33.3

Comparative Conventional Greenhouses
Aguilas Tolerant 19 22 71 41 7 23 679 36 14.3 03 0

Cafiada Susceptible 22 6 9 0 2 7 25 1 8.6 0.2 0

Cafiada2 Susceptible 26 25 26 5 2 19 134 5 1.6 07 0

El Ejido1 Susceptible ii 14 14 0 1 3 95 6 40.4 1.8 55
Motril2 Susceptible 29 48 48 10 20 18 377 13 206 05 39
Average 22.6 23.0 33.6 11:2 8.4 14.0 262.0 12.2 1A 0.8 08

Additional IPM Greenhouses
Agilas2 Tolerant 16 6 14 0 7 7 48 3 88 2.7 50.4

Tenerife Tolerant 20 6 20 0 5 15 64 4 25.4 1.2 84.6

Mazarron1 Tolerant 23 5 10 0 2 8 26 1 1.6 0.2 NoData
Mazarron2 Tolerant 21 10 16 0 10 6 56 3 17 1.5 30.2

Motril1 Susceptible 23 24 24 5 11 8 155 T 6.7 0.2 42
Motril3a Susceptible 21 21 21 6 9 6 151 7 29.4 23 82.9

Motril 3b Susceptible 20 20 20 6 10 5 149 7 47 1 3.9 80.2

Average 20.6 13.1 17.9 23 Tit 7.9 92.7 4.6 30.7 1.7 57.1

Additional Conventional Greenhouses
G. Canarias 1 Susceptible 13 38 38 2 15 21 160 12 62.3 0.2 NoData
G Canarias2 Susceptible 21 28 74 2 45 27 287 14 48.7 11 No Data

Average 17 33.0 56.0 20 30.0 24.0 223.5 13.0 58.5 0.6

*Sum of incompatibility ratings for alt products used.
**Score / weeks of monitoring


