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production affects severely its local and more importantly
export impact, during their off-seasonal plantations.
Vegetable crops grown under protected cultivation facing a
serious problem due to root diseases infection that cause loss
in plant stand and then re-planting processes are needed.
Root rot in vegetables strikes quickly and then ruin a whole
crop. However the largest instruction course of actions is
preventative measures, as therapy with fungicide does not
normally work. Not all vegetables can arrangement root rot,
but many standard vegetable crops are susceptible. Several
fungi may cause root rot in vegetable plants, transmitting the
disease through the soil. Some common fungi include
Fusarium, Rhizoctonia, Sclerotinia, Pythium and others each
of which causes a root rot named for the specific fungi that
cause it. While the presence of one of these fungi is the
primary cause for disease, plants exposed to poor growing
conditions, such as soil that doesn't drain well, are most
susceptible to root rot. The best way to avoid root rot is by
eliminating these contributing causes, and practice sound
cultivation techniques. The soil borne pathogens
Rhizoctonia solani, Pythium ultimum, and Fusarium spp.
can cause severe economic losses to field and greenhouse
cucumber [2,3]. Also, Fusarium stem and root rot on
greenhouse long English cucumber (Cucumis sativus L.)
cvs. Bodega and Gardon was observed at four commercial
greenhouses in Leamington, Ontario, Canada. Losses of 25
to 35%, representing 2.5 ha, were noted. Fusarium spp.,
Rhizoctonia spp. and Pythium spp. were isolated from
tomato plants showing root and crown rot symptoms [4].
The pathogens, Alternaria solani Fusarium solani, F.
oxysporum, Rhizoctonia solani, Scle-rotium rolfsii,
Macrophomina phaseolina and Pythium sp. Were isolated
from Cucumber, Cantaloupe, Tomato and Pepper plants
grown in plastic houses and showing root rot disease
symptoms [5]. The management of soil-borne plant
pathogens is particularly complex because these organisms
live in or near the dynamic environment of the rhizosphere,
and can frequently survive a long period in soil through the
formation of resistant survival structures. The impact of
plant pests on the aspiring producer of greenhouse
vegetables is direct and significant. The current management
strategy relies on the intensive use of fungicides. In addition,
chemical control does not give satisfactory control of the
root disease. Therefore, many control practices need to be

Abstract - A simple study for the economic importance of
fungicides alternatives against root rot diseases affecting
vegetables growing under protecting cultivation system was
carried out during two successive growing seasons 2012-2013.
This study was conducted with different vegetables, i.e.
Cucumber, tomato and pepper grown in commercial plastic
houses at different locations. The economic calculations for the
applied cost-effective fungicide alternatives comparing with
fungicidal treatments were conducted for soil treatment against
root rot diseases and its benefit effect on plant stand and their
effect later on the yield loses. The applied fungicide alternatives
were a mixture of: [Humic & Folic acids + Furfural +
Thricoderma harziamum] and a mixture of: [Furfural
+Thricoderma harziamum], meanwhile Rhizolex-T 50% was
used as transplants dipping for fungicide treatment. The applied
fungicide alternative approaches resulted in a significant
reduction in root rot incidence of tested vegetables, Cucumber,
Tomato and Pepper under plastic houses conditions comparing
with fungicide treatment. Furthermore, these applied treatments
reflected on higher profitability over fungicide treatment. The
gained benefit over fungicide treatment was 68.8, 98.5 and 45.8
L.E. for cucumber, tomato and pepper at the soil applied
treatment of [Humic & Folic acids + Furfural + T. harziamum]
as well as reduction in costs were recorded as 42.5, 54.5 and
35.3% at the same treatment for grown vegetables, respectively.
Meanwhile, at soil treatment with [Furfural +T. harzianum] the
calculated benefit over fungicide treatment was 85.4, 122.7 and
70.2 L.E. for cucumber, tomato and pepper, respectively. As for
reduction in costs for grown vegetables at applied treatment of
[Furfural +T. harzianum] the recorded percentages were 52.8,
67.9 and 54.1% for cucumber, tomato and pepper, in respective
order Taken in consideration that each L.E. equal 0.15 USD. On
the light of the obtained results it may be concluded that these
approaches are considered an applicable, safe and cost-effective
method for controlling such soil-borne diseases.
Index Terms—Fungicide alternatives, profitability, root rot,
soil treatment, vegetables.

I. INTRODUCTION
Growing vegetables, i.e. Cucumber, Tomato and pepper
grown under protected cultivation system are representing
Egypt's largest national crops export. Protected cultivation
system is an important practice which approximately
occupied about 60.000 feddans (24.000 Hectares) in Egypt
[1]. This practice is rapidly expanding especially in newly
reclaimed and desert areas. Economic importance of
protected cultivation in Egypt attributed directly to its
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integrated in order for minimizing this figure to occur. The number of diseased plants relative to the number of planted
use of agrochemicals to improve crop yield and manage seedlings, and then the average of disease incidence in each
pests and diseases continue to be an important input [6]. treatment was calculated. The applied soil drench treatments
Fungicides are commonly applied to control root fungal were as follows:
diseases of vegetables grown under protected cultivation 1. A mixture of: [Humic & Folic acids (5ml/L) +10 Furfural
(10ml/L) + Thricoderma harziamum 10x10 cfu/mL
system and often are routinely recommended. However,
(10ml/L)]
economic benefits from fungicide alternatives application in
2.
A mixture of: [Furfural (10ml/L) +Thricoderma
plastic houses have rarely been quantified. On the other
harziamum
10x1010 cfu/mL (10ml/L)].
hand, the need for IPM programs to offer cost advantages
3. Fungicide treatment (received only the followed
over conventional strategies is often cited as a major
recommended fungicide treatment program stated in
incentive for IPM adoption [7]. Accordingly, one can
Table, 2).
suppose that the likelihood of adoption of tactical models by
The other crop production costs, i.e. soil preparation the
farmers is highly correlated with the financial advantage that cost price of transplants, transplantation process and labors
this strategy can offer over conventional crop protection costs were the same regardless of soil and foliar pesticide
strategies. Although the financial dimension of disease treatments approaches, and hence not included in the
management probably is quite important to those who analysis. The profitability of using the fungicide alternatives
decide whether to use IPM, it often is not considered by against root diseases comparing with chemical fungicides
those that develop the models [8]. The profitability of seed application was estimated according guidance and
or soil treatments for any crop protection strategy against suggestions provided in previous reports [9,10,11].
root diseases depends on the potential of plant stand and the
cost and efficiency of the protection measure. Therefore, the Statistical Analysis
The obtained data of plastic house experiments were set
aim of the present study was to carry out economic
up
in Completely Randomized Design (CRD). The data
assessment on the benefits of using fungicide alternatives
collected
were analyzed by analysis of variance (ANOVA)
against root rot diseases affecting some vegetables
test
was
used
to analyze some other obtained data. General
comparing with the adoption of fungicide practices used in
Linear
Model
option of the Analysis System SAS [12] was
plastic houses under protected cultivation system.
used to perform the analysis of variance. Duncan's Multiple
Range Test was used for means separation [13]. The
II. MATERIALS AND METHODS
The tested vegetables were grown in plastic houses at statistical analysis procedures were kindly carried out by
different locations under protecting cultivation system during Statistical Consulting Office, National Research centre,
two successive growing seasons 2012-2013. Cucumber Egypt.
grown for the two seasons in plastic houses - Ministry of
III. RESULTS AND DISCUSSION
Agriculture and Soil reclamation at Tookh location. Tomato
For
the
experimental
conditions model in this study the
and pepper grown for the first season in plastic houses estimated
net
return
(Rn)
for alternatives approaches was
Ministry of Agriculture and Soil reclamation at Haram
location, while the second season was carried out in plastic used to determine the soil treatments cost per plastic house.
houses - Researches and Experimental Station – National The actual cost of each treatment achieved through calculated
Research Centre at Nubaria location. Cantaloupe was also parameters, i.e. alternatives and fungicide application costs,
grown at Nubaria location but for only one season, therefore transplants count/plastic house and re-planting costs price in
the applied treatments. Thereafter benefit over fungicidal
it was neglected from this study.
treatment and reduction in costs was calculated as net return.
The net return from fungicide alternatives application was
MODEL STUDY:
calculated
as the following equation:
The experimental plastic house (9mX60m) consists of 5
Rn = (Y + P) − (Fc + Ac)
rows; each contains two cultivated row sites. Each cultivated
row site (0.9 x 60m, width x long) divided into 3 parts 20m Where
Rn: the net return from fungicide alternatives application.
long each, and every part considered as one replicate. Five
Y: the fungicide application cost.
replicates were used for each particular treatment in complete
P: the re-planting costs price.
randomized design. The proposed treatments were prepared
Fc:
the fungicide alternative cost.
in laboratory of Plant Pathology Dept., NRC and sent to
Ac:
the re-planting costs price.
certain locations for application. The soil application
processes were carried out. The prepared solution mixture
The obtained results in Fig. (1) Shows the average root rot
was incorporated into the cultivated row site at the rate of
20L/row 5 days before vegetables transplants. Certain incidence of cucumber, tomato and pepper seedlings grown in
vegetables, (Cucumber, Tomato and Pepper) transplants were plastic house at different locations throughout two successive
planted and received recommended agriculture practices, i.e. growing seasons 2012-2013.
irrigation and fertilization. Monitoring and scouting of root
rot incidence were recorded up to 45 days from transplanting.
Percentage of root rot disease incidence was recorded as the

96

ISSN: 2277-3754
ISO 9001:2008 Certified
International Journal of Engineering and Innovative Technology (IJEIT)
Volume 3, Issue 6, December 2013

First season

Second season

Fig. (2) Average reduction (%) in root rot incidence in
response to application of different formula against root
diseases of Cucumber, Tomato and Pepper grown in plastic
houses under protected cultivation system at different
locations during two successive growing seasons.

Average

Fig. (1) Average percentage of root rot incidence in response
to application of different formula against root diseases of
Cucumber, Tomato and Pepper grown in plastic houses under
protected cultivation system at different locations during two
successive growing seasons

Presented data revealed that all applied treatments have
drastic effect on root rot incidence comparing with fungicide
treatment. Announced highly significant effect of both
treatments, mixtures of [Humic & Folic acids + Furfural + T.
harziamum] and [Furfural +T. harzianum] were recorded for
the incidence of root rot disease of all growing vegetables
seedlings.
Moreover, regardless the cultivated area the efficacy of
applied soil treatments [Humic & Folic acids + Furfural + T.
harziamum] and [Furfural +T. harzianum] could reduce root
rot disease incidence over fungicide treatment of grown
vegetables. In this regard the highest reduction in disease
incidence was recorded as 86.7%, 82.2%; 83.9%, 72.5% and
77.1%, 66.1%, respectively for cucumber at Toohk location,
tomato and pepper at Haram and Nubaria location at the two
growing seasons (Fig. 2).
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DATA ANALYSIS:
Data in Fig. (3) Show the average numbers of lost
transplants due to root rot incidence of cucumber, tomato and
pepper grown in plastic houses in response to soil application
of fungicide and fungicide alternatives approaches during two
successive growing seasons. The transplants count and the
lost transplants due to disease infection were calculated by
converting the percent of diseased seedlings into seedlings
numbers taken in consideration that each plastic house
contains 1200 transplant and each 12 transplant represent 1%
of the total transplants in one plastic house. Presented data in
Fig. (3) show that the average numbers of cucumber lost
transplants was 22.2, 28.8 and 177.6 seedlings at applied
treatments, [Humic & Folic acids + Furfural + T.
harziamum], [Furfural +T. harzianum] and Fungicide
treatment, respectively. Also, at the same treatments the lost
tomato and pepper transplants counts were 26.4, 37.8, 157.2
and 39.0, 57.0, 182.4 seedlings, in respective order.
Thereafter, the cost of re-planting seedlings was calculated in
accordance to their commercial price and presented in Table
(1). The total cost of re-planted cucumber transplants (1.0
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L.E./transplant) was calculated as 22.2, 28.8 and 177.6 L.E. routinely against root diseases. However, plant stand
for the applied treatments, [Humic & Folic acids + Furfural + increases and hence the resulting net returns from fungicide
T. harziamum], [Furfural +T. harzianum] and Fungicide alternatives use are highly variable within and between
treatment, respectively. As for cost of re-planted tomato years. These variations raise questions about whether, when
transplants (1.25 L.E./transplant) was calculated as 33.0, 47.2 and how fungicide alternatives should be used. To help
and 196.5 L.E. for the same applied treatments. Also, 31.2, answer these questions, a thorough economic evaluation of
45.6 and 145.6 L.E. were the calculated cost of re-planted fungicide alternatives use was carried out, based on results
pepper transplants (0.80 L.E./transplant) in respective order from alternatives plots and fungicide-treated plots in the
with the applied treatments. Estimated minimization in re- present study. The optimization of plant natural compounds
planting loosing costs in response to different applied
fungicides against fungal diseases for agriculture is an
treatments for cucumber, tomato and pepper grown in plastic
important research because it would permit to search some
houses under protected cultivation system at different
important alternatives to the use of synthetic fungicides.
locations during two successive growing seasons, 2012-2013
was then carried out. The cost for each applied treatment, re- Although new fungicides based on natural plant extracts,
planting process, actual cost (obtained by addition the cost of essential oils are continually developing, more research is
re-planting plus cost of treatment), benefit over fungicide necessary for optimizing applications and become a safe
treatment (obtained by subtracting actual cost in fungicide alternative for eliminating the chemical fungicides from
treatment from actual cost in certain treatment) and reduction agriculture. Meantime these types of fungicide alternatives
in treatment cost (actual cost in treatment in relative to are safe under some conditions and applied together with
fungicide treatment %) were calculated in consideration of synthetic fungicides in order to reduce residues in an IPM
strategy [14].
the following:
 Each plastic house contains 5 rows and each row treated
with 20L and then, each plastic house treated with 100L.
 Each Liter contains [Humic & Folic acids (5ml/L) +
Furfural (10ml/L) + T. harzianum 10x1010 (10ml/L)].
 For Humic & Folic acid (5mL x 20L x 5rows= 500mL)
each liter =20 L.E., So the cost of treatment = 10.0 L.E
 For Furfural (10mL x 20L x 5rows= 1000mL) each liter
=100 L.E., So the cost of treatment = 100.0 L.E.
 For the antagonist T. harzianum (10mL x 20L x 5rows=
1000mL) each liter =5 L.E., So the cost = 5.0 L.E.
 Total cost of the first treatment (T1) per plastic house =
10.0 +100.0+5.0=115.0 L.E.
 Total cost of the second treatment (T 2) per plastic house =
100.0 + 5.0 = 105.0 L.E.
 Referring to presented data in Table (2) considering the
commercial price of applied fungicides and their used
amounts, the total cost of the third treatment (T 3) =170.0,
167.0 and 240.0 L.E. for cucumber, tomato and pepper,
respectively.
The calculated data presented in Table (3) revealed that
the gained benefit over fungicide treatment was 210.4, 215.5
and 239.4 L.E. for cucumber, tomato and pepper at the soil
applied treatment of [Humic & Folic acids + Furfural + T.
harziamum] as well as reduction in costs were recorded as
60.5,59.2 and 62.0% at the same treatment for grown
vegetables, respectively. Meanwhile, at soil treatment with
[Furfural +T. harzianum] the calculated benefit over
fungicide treatment was 213.8, 211.3 and 235.0 L.E. for
cucumber, tomato and pepper, respectively. As for reduction
in costs for grown vegetables at applied treatment of
[Furfural +T. harzianum] the recorded percentages were
61.5, 58.1 and 60.9% for cucumber, tomato and pepper, in * Each plastic house contains 1200 transplant and each 12 transplant
represent 1% of the total transplants in one plastic house
respective order.
Fig. (3) Average numbers of lost transplants affected with root
rot incidence in response to application of different formula
against root diseases of Cucumber, Tomato and Pepper grown
in plastic houses under protected cultivation system at
different locations during two successive growing seasons

IV. DISCUSSION
Under protected cultivation system, fungicide treatment
of vegetables is prevalent and recommended almost
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The obtained results in the present work showed superior consideration has been given to proliferation of the
efficacy of applied fungicide alternatives as soil drench than antagonist after introduction into the soil. Among the
that of fungicide seed treatment which reflected in a drastic desirable attributes of a successful antagonist is its ability to
significant effect on both root rot diseases incidence and its produce inoculum in excess and to survive, grow, and
reduction percent. All applied fungicide alternative proliferate in soil and the rhizosphere [21]. The antagonistic
treatments reduced significantly root rot incidence of organisms have been known to be capable of colonizing in
Cucumber, Cantaloupe, Tomato and Pepper plants the rhizosphere com-patibly responding to the crops [22,23].
comparing with fungicide treated check control. The One interesting aspect of bio-control agent-induced
economic income return of the applied cost-effective suppression of disease is the reported affect of T. harzianum
fungicide alternatives as soil treatment against root rot on development of gray mould disease caused by B. cinerea
diseases showed its benefit effect not only on plant stand through a reduction in its pathogenicity [24,25]. In many
and their effect later on the yield loses but also minimize the cases, bio-logical control of soil-borne plant pathogens was
cost of applied treatments. In the present work, the applied successfully conducted in greenhouse or fields [26,27].
fungicide alternative treatments could provide a protection Also, in the present study combination of bio-agents and
to growing transplants and minimize the estimated costs for fungicides alternatives was also investigated. Similar report
re-planting processes ranged between 22.2-47.2 L.E. for [28] reported that several tests revealed that soil drenches or
applied alternative treatments comparing with the fungicide seed treatments of a number of compounds, especially
treatment which was 145.6-196.5 for different grown inducers of resistance, combined with strain BS8651
vegetables. Moreover, the profitability of using alternative enhanced effectiveness and consistency of the biological
treatments ranged between 210.4-239.4 L.E. for tested control agents against Pythium-damping off in cucumber.
vegetables comparing with the fungicide treatment. In Many investigators, explain the role of humic acid in plant
addition to the number of fungicides application and sprayer diseases reduction. The role of Humic acid in plant diseases
machine used in fungicide treatment which was not included may be due to the correlation between these acids and plant
in cost calculations. On the other hand, the applied fungicide health. However, not much can be found in the literature
alternative treatments were reported to have significant regarding the efficacy of furfural against fungi and bacteria,
inhibitor effect against root rot pathogenic fungal growth the metabolism and effects of furfural in eukaryotic cells
under in vitro [14,16,17,18]. and greenhouse conditions have been investigated for yeast cells. In this case, the
[19,20]. Similar results were also reported using fungicide conversion of furfural depends on the rate of oxidizing in
alternatives, i.e. chemical inducers and bio-agent for yeasts. Furfural is oxidized to furoic acid under aerobic
controlling root diseases. In this concern, the effective conditions, and it is reduced to furfuryl alcohol in anaerobic
biological control of soil-borne plant pathogens, a major fermentation [29].
Table (1) Average costs of re-planting transplants in response to application of different formula against root diseases of
Cucumber, Tomato and Pepper grown in plastic houses under protected cultivation system at different locations during two
successive growing seasons
Cucumber 1
Tomato 2
Pepper 3
Treatment
Total
Total
Total
Av. No. 1
T1

22.2

T2

28.8

T3

177.6

Price2

1.0

cost3

Av. No. 1

22.2

26.4

28.8

37.8

177.6

157.2

Price2

1.25

cost3

Av. No. 1

33.0

39.0

47.2

57.0

196.5

182.4

Price2

cost3
31.2

0.80

45.6
145.6

T1 = A mixture of: [Humic & Folic acids + Furfural +T. harzianum]
T2 = A mixture of: [Furfural +T. harzianum]
T3 =Fungicide treatments
1
Av. No. of re-planted transplants
2
Price of each transplant in L.E. (the commercial transplants price of cucumber, tomato and pepper)
3
Total cost of transplants in L.E.
Table (2) Protective program against fungal diseases for growing cucumber, pepper and tomato in plastic houses and its financial
cost *
Concen.
Dose /
Cost
Vegetable
Time of Treatment
Fungicide
(ml & gm/ plastic house (L.E.)
No.
used
100 liter)
(gm & ml)

Cucumber

1 After 3 days from cultivation
2 After 7 days from previous spray
3 After 7 days from previous spray

Chagrin
Maxim-L
Rizolex –T

99

100 ml
100 ml
200 gm

70 ml
100 ml
200 gm

80.0
40.0
50.0
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Treatments cost
1 After 6 days from cultivation
2 After 7 days from previous spray

Pepper

Topsim-M
Maxim-L

3 After 7 days from previous spray
4 After 10 days from previous spray
1
2
3
4

Tomato

170.0

After 7 days of seedlings emergence
Before transplanting
Second day after transplanting
After 7 days from previous spray

Rizolex –T
Chagrin
Treatments cost
Chagrin
Acrobate copper
Chagrin
Rizolex –T

200 gm
100 ml

500 gm
100 ml

80.0
40.0

200 gm
100 ml

200 gm
100 ml

1 ml
250 ml
1 ml
3 gm

20 ml
75 ml
60 ml
225 gm

50.0
70.0
240.0
12
15
60
80

Treatments cost

167.0

*

The followed protective program is recommended by Protected cultivation sector, Agriculture Research Centre, Protected
Cultivation, Ministry of Agriculture and Reclaimed soil
Table (3) Average minimization the loose in costs of transplants re-planting in response to application of different formula against
root diseases of Cucumber, Tomato and Pepper grown in plastic houses under protected cultivation system at different locations
during two successive growing seasons

Treatment coast
In L.E.

re- planting coast 1

Actual cost 2

210.4

60.5

115.0

33.0

148.0 215.5

59.2

115.0

31.2

146.2 239.4

62.0

T2

105.0

28.8

133.8

213.8

61.5

105.0

47.2

152.2 211.3

58.1

105.0

45.6

150.6 235.0

60.9

T3

170.0

177.6

347.6

-

-

167.0

196.5 363.5

-

240.0

145.6 385.6

-

-

Reduction % 4

Actual cost 2

137.2

Benefit 3

re- planting coast 1

22.2

Reduction % 4

Treatment coast
In L.E.

115.0

Benefit 3

Benefit 3

T1

Reduction % 4

Actual
cost 2

re- planting coast 1

Pepper

Treatment coast
In L.E.

Tomato

Treatment

Cucumber

-

1= Cost of re-planting processes in L.E.
2= Actual cost in L.E.
3= Benefit over fungicidal treatment In L.E.
4= Reduction in costs %

The authors indicated that when furfural was added to
the culture medium, both cellulose and β-glucosidase
activities decreased with increasing furfural concentration.
The activity of both enzymes de-creased by 50% when
concentration of furfural increased from 0 to 1.2 g/l (1200
ppm). Furthermore, [30] first studied the fungicidal
properties of furfural, reporting control of R. solani in
potato. More recently, [31] demonstrated that soil treatments
with furfural control southern blight caused by S. rolfsii in
lentil, while stimulating development of Trichoderma spp.
and bacteria antagonistic to S. rolfsii. These reports confirm
the present findings. Furfural caused the reduction in rootrot incidence, being 75.43% comparing with untreated
control when applied alone. Combined treatments with
furfural and either bacterial or fungal bio-agents showed a
lower effect, although they reduced the disease incidence by
more than 41% [32]. A similar effect was also reported for
tomato wilt caused by F. oxysporum [33] and stem rot of
liatris (Liatris punctata) caused by S. sclerotiorum [34].
Moreover, botanical aromatics, furfural, citral and
benzaldehyde showed potential for control of both fungal
pathogens and phytoparasitic nematodes [35] and they did

not reduce colonization of cotton roots by plant growth
promoting rhizobacteria (PGPR). Furthermore, Pamphlet
sheet of Protect [36,37] has demonstrated efficacy in the
control of plant parasitic nematodes and fungal pathogens,
i.e. Pythium, Fusarium, Phy-tophthora and Rhizoctonia.In
literature reports conducted with the economic beneficial
use of fungicide alternatives, were not found, meanwhile
several studies concerning the economic benefit of using
fungicides were only found. In this regard, [38] reviewed the
economic basis for protection against plant diseases. They
declared the economics of diseases to be a somewhat
neglected theme. Some years later [39] found economic
models of biological systems to be too simple compared
with the complex nature of such systems. Since then, the
economic importance of plant diseases and the net return
from control measures have been estimated now and then,
[9,40,41,42,43,44]. However, this subject has still not been
studied sufficiently to provide a good base for limitation and
optimization of control measures. Also, [45] made a rough
estimate of crop losses in agricultural crops in Sweden
during the late 1970s and evaluated the possibilities of
reducing these losses and the economic consequences of
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different restrictions. He found host plant resistance to be conventional fungicides in controlling root rot diseases in a
the most profitable measure in the controlling of a number plastic house setting. Fungicide alternatives are good
of fungal diseases, but he also found a considerable short- alternatives to conventional fungicides because they have
term potential for increased use of fungicides and a marked lower risks to the person spraying, they have a short re-entry
increase in net production costs when the use of pesticides interval which would allow workers to re-enter the treated
was stopped. In a later evaluation by the Royal Swedish area sooner, and they could save the grower money by
Academy of Agriculture and Forestry, the economic losses reducing the number of fungicide applications.
caused by total omission of fungicides and a 50% decrease
of herbicides in cereals was estimated at 77 € ha-1 [46].
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