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Pistachio twig borer is a major pest of pistachio orchards in Iran. In order to
reduce the pest damage, a conventional pesticide application is used annually.
However, it is not known how much damage is caused by this pest. To determine
the potential damage of Kermania pistaciella, and to qualify how efficient
chemical control is in reduction of the pest damage, an experiment was conducted
at two pistachio orchards in Kerman province (Kerman and Sirjan). A
randomised complete block design, with two treatments – chemical control (a
mixture of endosulfan EC 35 and volk, 2.5:5 l/ha) and check with five replications
were performed. To estimate the pest damage, 25 randomly selected trees were
chosen then the total fruit bunches of each tree were checked for infestation to the
pest. The infestation percentage in Kerman was greater than that for Sirjan region
(10.3% vs. 5.9%). When treatments were compared, the infestation rate of check
plots were significantly more in comparison of treated plots in Kerman (10.3% vs.
3.6%); however, there was no significant difference between treatments in Sirjan
(5.9% vs. 3.1%). The efficiency of chemical control was 60.7% and 48.7% in
Kerman and Sirjan, respectively. There was not definite correlation between the
number of capture and the infestation rate (r ¼ 0.442). Cost–benefit ratio
calculation was less than 1 (Kerman (70.89) and Sirjan (70.94)) and it means
that chemical control at this damage percentage is not economic.
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Introduction

Pistachio twig borer (Kermania pistaciella Amsel 1965 (Lep.: Oinophylidae)) is one
of the most important insect pests of pistachio in Iran. It was also reported from
Turkey. Kermania pistaciella has one generation per year. The larva feeds from
central part of the cluster and causes death of approximately 5–8% of the clusters.
Sometimes, all the clusters are dried in the early development which results in loss.
Several upper grains in the cluster are dried and become yellow in the early June.
Gross weight decreased and closed mouth shell rate increases in the late July
(Taghizadeh and Jafarpoor 1965; Yazdani 2001). The damage rate varies from 10%
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to 90% depending on the age of trees, varieties, orchard management and other
factors.

The use of pesticides such as phosalon (2.5–3%) or diazinon (2%) with mineral
oil (2%) against K. pistaciella pupae caused parasitoids mortality, and due to the
hard coating of cocoon, the efficiency of those pesticides is not more than 70%. The
use of ethion or diazinon (1.5–2%), zolone or endosulfan (2.5%) with oil (5–7%)
coincided with the peak of moth flight against adults and eggs have the lowest risk
for natural enemies in the middle of April. In addition, the use of thiodicarb (1.5–
2%), zolone or darton (2.5%) or metasystox (1.5%) against eggs and neonate larvae
is so dangerous for natural enemies in late April (Yazdani 2001).

Since the susceptible stage of K. pistaciella to insecticides is the larval stage which
is penetrated into plant tissues and less exposed to treated area, it is not a suitable
control method. Yazdani (2001) recommends an integrated pest management that
included mechanical control, collection and burning of dried branches in the gardens
until late March, cultural control with improved soil, regular irrigation and supply
adequate soil moisture, use of animal manner, pruning, follow planting distance,
ploughing, especially in late March and early April, which increased the pupa
mortality in soil.

A reliable analytical frame for plant health decision making is essential. Cost–
benefit analysis provides such a frame, typically by projecting a stream of predicted
costs and benefits for managing options, expressed in financial terms, and setting
present values on these streams. Further detailed analysis may deliberate the
distribution of benefits in time and space, risk attitudes can be combined, and non-
monetised elements can be integrated. It is to provide an obvious and objective frame
in which managing options can be compared on common economic criteria
(Mumford et al. 2000).

Cost–benefit analysis is an organised frame to analyse the efficiency of projects,
programmes, policies or regulations. It can be used to improve the quality of public
policy decisions by recognising all the costs and benefits of a policy, and evaluating
them using as a metric a monetary measure of the aggregate change in individual
well-being resulting from the policy (Boardman et al. 1996). Cost–benefit analysis is
based on the economic theories of prosperity and can be used to assess how rare
resources should be assigned to the avoidance and control of pests and unwanted
species in the agricultural part (Mumford et al. 2000; Ahmad et al. 2005).

Economic efficiency is at the core of cost–benefit analysis. A policy increases
economic efficiency if the sums of the benefits to those who gain go beyond the sum
of costs to those who lose. In opinion, the gainers could compensate the losers and
still be better off than they were without the policy. Cost–benefit analysis uses this
efficiency principle to assess projects and policies. (Mumford et al. 2000; Ponnusamy
2003).

Chemical control is done against pistachio twig borer in a wide range each year.
The purpose of this study is to determine the efficacy of chemical control against
Pistachio twig borer and to assess its cost–benefit. The investigation determines the
necessity of annual chemical control application.

Materials and methods

The efficiency of endosulfan and mineral oil Volk1 was compared with the check
(without any control method of Pistachio twig borer) during 2005 in two pistachio
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orchards in Kerman and Sirjan (Kerman province, Iran). The experiment was
conducted in a randomised complete block design with two treatments: the mixture
of endosulfan EC 35 and volk, 2.5:5 l/ha and the check with five replications; each
plot area was 2 ha (20 h in each region).

The efficiency of chemical control measures was evaluated by two following
methods: (1) by monitoring traps installed in the experimental plots and (2) by
damage assessment, and the mean percentage of infested cluster was determined at
the harvesting time.

Endosulfan 35% EC as a conventional insecticide with mineral oil was applied
against Kermania larvae. An air-assisted sprayer was used in Sirjan orchard and the
volume of the solution used in the sprayer was 900 + 100 l/ha. A Lancer sprayer
was used in Kerman orchard and the volume of the solution used in the sprayer was
1100.8 + 100 l/ha.

Monitoring

Monitoring was conducted for the detection of the first flight of K. pistaciella, the
insect activity duration, flight peak and comparison of populations in each
region.

For this purpose, delta traps were installed in each orchard of Sirjan (four
traps) and Kerman (three traps). Rubber septa that was impregnated with the K.
pistaciella sexual pheromone (an equivalent amount of released pheromone of a
female) was put as a bait in each trap. Each trap distance was 50 m and was hung
in height of 1.5–2 m from ground level on pistachio trees.

The traps were installed prior to the first flight and been checked every 3–5 days,
and the number of moths were counted and recorded. Moths were removed after
counting. Trapping was ended up when none of them could not capture any moth
after three consecutive checking intervals.

Damage assessment

Damage assessment was done in experiment regions during harvesting. From the
centre, 25 trees were selected randomly in each plot. All clusters per tree were
counted and after breaking the clusters, infestation to larvae was examined carefully.
Larval channels are easily visible in cross clusters so that the number of infested
clusters per tree were counted and recorded. The percentage of infested clusters per
tree was calculated, so the average was determined and analysed statistically for each
plot and treatment.

Cost–benefit ratio calculation

Cost–benefit ratio is calculated from Equation (1) (Ponnusamy 2003):

Treated benefit ($)ÿUntreated benefit ($)

Cost of protection
: ð1Þ

where the cost of protection ($) is the sum of insecticide cost ($), labour cost ($),
sprayer rent cost ($) and crop loss compensation ($).

1974 R. Arbabtafti et al.
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Statistical analysis

Analysis of variance (ANOVA) was done for estimating the results of insect damage
separately in each region of the experiment. Mean percentage of infected clusters was
compared between treatment and check. General Linear Model in Minitab statistical
software 13.20 (2000) was performed and Tukey’s test (a ¼ 5%) was used for mean
comparison.

Results

Based on capturing by traps in check plots, K. pistaciella was first captured on
March 25 and April 3 in Sirjan and Kerman, respectively. The peak of capture was
April 2 and April 23 in Sirjan and Kerman, respectively, and the end of capture was
April 22 and early May 2005 in Sirjan and Kerman, respectively. The results showed
that the emergence, peak and end of capture in Sirjan were earlier than Kerman.
Period of adult activity was 29 days in both regions (Figure 1A).

Capture fluctuation of K. pistaciella by sex pheromone-based sticky delta traps in
chemical treatment plots showed that the timing of application was done at the peak
of flight in Kerman, but was done a week after the peak in Sirjan (Figure 1B).
Comparisons of population dynamism diagrams in the chemical treatment and
check plots (Figure 1A and B) showed obvious reduction of population by chemical
control in Kerman, so the peak of capture in control plots was completely eliminated
here, but it was not efficient in Sirjan.

The infested cluster percentage of Kerman was more than that of Sirjan (Table 1).
When treatments were compared, the check plots had more infestation than the
chemical control plots in Kerman (Table 1). However, there was no significant difference
between treated and check plots in Sirjan (DF (1, 4), F ¼ 6.9, p ¼ 0.056, CV ¼ 6.69).
The efficiency of chemical control was 60.7% and 48.7% in Kerman and Sirjan,
respectively. It was due to that the application was not on time in Sirjan (Table 1).

A comparative study between the number of capture and the amount of
infestation showed that there is not a strong correlation (r ¼ 0.442) (Figure 2).

Damage assessment in chemical treatment and check plots showed that despite more
capture in chemical treatment, the damage was lesser (Table 1). The yield loss
percentage and crop loss value were also lesser in chemical treatment (Table 2).
Supplement information about pistachio orchard is introduced in Table A1 in appendix.

Cost–benefit ratio calculation was less than 1 (Table 3), which means that the
cost of protection is more than the treated benefit.

Discussion

The results of the present study demonstrate the importance of chemical control
timing and the role of pheromone traps in determining this time. In spite of
inadequate equipment, spraying in right time in Kerman was more efficient than
Sirjan with better facilities. It is recommended that chemical control should be used
by forecasting of pheromone traps.

The results showed that 3.1–3.6% of clusters were infested in chemical control
plots. In other words, chemical control was able to protect only 2.8–6.7% out of
5.9–10.3% infested clusters.

Throughout this study, the cost–benefit ratio was less than 1 and it means
chemical control for this amount of damage is not economic. As James (1995)
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indicated cost–benefit assessment of granular carbofuran used on rapeseed in
Canada. The economic benefit of insect control (crop gain) was compared to the
economic cost of songbird kills (insect control loss). The value of the ‘‘break even’’
kill rate (1.8 birds/ha) was very close to the medium kill rate (1.0). So the economic
benefit of granular carbofuran use in rapeseed is extensively overvalued.

In the assessment of neem-based insecticide, in controlling the ear head bug on
rice, high cost–benefit ratio was obtained from the treatment plot (2.74) compared to
check plot (2.55). These results showed that the application of neem-based

Figure 1. Mean (+SE) of capture Kermania pistaciella by sex pheromone-based sticky delta
traps in (A) check plots and (B) chemical treatment plots (five replicates per zone). The arrows
indicate the start date of the chemical treatment.

1976 R. Arbabtafti et al.
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insecticide (Azadirachtin 0.03%) at 500 ml/ha decreased the occurrence of ear head
bug and increased the grain yield of rice and thus offers an appropriate approach to
pest management (Ponnusamy 2003).

Table 1. Effect of chemical control on Kermania pistaciella in Kerman and Sirjan.

Particulars

Kerman Sirjan

Chemical
control Check

Chemical
control Check

Number of total captures moth
before treat in each trap

217.8 140 301.9 235.8

Number of total captures moth after
treat in each trap

272.4 251.1 304.9 239.9

Tree infestation (%) 88.8 98.4 70 86.4
Mean number of infested cluster 4.2 8.8 4.4 9.9
Cluster infestation (%) 3.6 10.3 3.1 5.9
Efficiency of chemical control (%) 60.7 48.7

Table 2. Comparison of some particulars between chemical control and check plots in
Kerman and Sirjan.

Particulars

Kerman Sirjan

Chemical
control Check

Chemical
control Check

Damage mean + SE 0.624 + 0.77 2.508 + 2.75 0.648 + 0.72 2.362 + 2.12
Yield loss (%/ha) 0.2 0.5 0.1 0.3
Crop loss value ($/ha) 4.62 11.55 1.81 5.44
Wet pistachio yield (kg/ha) 3143.7 3134.2 2472.5 2467.6
Dry pistachio yield (kg/ha) 1037.4 1034.3 815.9 814.3

Figure 2. Correlation between numbers of captured Kermania pistaciella by sex pheromone-
based traps and the infestation in chemical and check plots.
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Ahmad et al. (2005) studies revealed that the cotton bollworm integrated
treatment of parasitoids in association with pheromones, controlled the bollworms
infestation effectively and cost economic ratio over insecticides was 1:1.14.

Mandi and Senapati (2009) indicated that the highest yield of green chilli fruit
(40.5 q/ha) and highest cost–benefit ratio (1:16.97) in accompany with highest
reduction of thrips were recorded with acetamiprid followed by thiamethoxam
(33.1 q/ha).

A number of researchers have investigated that the amount of damage is not
related to the rate of damage. For example, Hare (1980) showed that the defoliation
of potato plants by Colorado beetle or artificially in test plots did not show
relationships between leaf elimination and plant growth. Potato tuber production
can be decreased almost two-thirds by 100% defoliation by insects near the internal
of plant development but is slight affected by single periods of insect defoliation
prior or later.

In all the above-mentioned studies, the cost–benefit ratio is more than 1, but in
the present study, it is not only less than 1 but also it is negative and it means that
for this amount of damage, chemical control is not necessary. The annual
application is not recommended for infected orchards. Using mating disruption
and mass trapping reduced population of pest and increased activity of natural
enemies and can reduce the necessity of application against this pest and other key
pests.

Acknowledgements

This project was funded by the Iranian Research Institute of Plant Protection. The authors
would like to thank their colleagues in the Department of Plant Protection of Agricultural and
Natural Resource Research Centre of Kerman province.

References

Ahmad N, Wagan MS, Fatima B, Zamin Khan G. 2005. Significance and cost–benefit of using
pheromones in conjunction with parasitoids for the management of cotton bollworms.
Pakistan J Zool. 37:43–47.

Boardman AE, Greenberg DH, Vining AR, Weimer DL. 1996. Cost–benefit analysis: concepts
and practice. Upper Saddle River (NJ): Prentice-Hall.

Hare JD. 1980. Impact of defoliation by the Colorado beetle on potato yields. J Econ
Entomol. 73:369–373.

James PC. 1995. Internalizing externalities: granular carbofuran use on rapeseed in Canada.
Ecol Econ. 13:181–185.

Table 3. Calculation of cost–benefit ratio between chemical control and check plots in
Kerman and Sirjan.

Essential factors in calculation

Kerman Sirjan

Chemical
control Check

Chemical
control Check

Chemical control cost ($/ha) 66.7 – 61 –
Income of selling pistachio ($/ha) 2238.68 2298.45 1752.19 1809.56
Benefit ($/ha) 759.77 757.37
Cost–benefit ratio 70.89 70.94

1978 R. Arbabtafti et al.

D
ow

nl
oa

de
d

by
[T

ar
bi

at
M

od
ar

es
U

ni
ve

rs
ity

]a
t1

2:
33

28
Se

pt
em

be
r2

01
2



Mandi N, Senapati AK. 2009. Integration of chemical botanical and microbial insecticides
for control of thrips, Scirtothrips dorsalis Hood infesting chilli. J Plant Protection Sci.
1:92–95.

Mumford JD, Temple ML, Quinlan MM, Gladders P, Makuch Z, Blood-Smyth JA, Mourato
SM, Crabb RJ. 2000. Economic policy evaluation of MAFF’s plant health programme,
report to Ministry of Agriculture Fisheries and Food. London (UK): Ministry of
Agriculture. 131 p.

Ponnusamy K. 2003. Farmers participatory assessment of neem based insecticide in
controlling the ear head bug (Leptocorisa acuta) in rice. Madras Agri J. 90:564–566.

Taghizadeh F, Jafarpoor M. 1965. New pistachio woodborer. Appl Entomol Phytopathol.
23:1–10.

Yazdani A. 2001. Pistachio woodborer Kermania pistaciella, key pest in pistachio gardens and
its control methods. Kerman, Iran: Kerman Agricultural and Natural Resource Research
center. 28 p.

Appendix

Table A1. Some information about different parameters in pistachio orchards.

Parameters

Kerman Sirjan

Treated Untreated Treated Untreated

Number of tree/ha 600 600 300 300
Number of cluster/tree 105 105 150 150
Wet cluster weight (kg) 0.05 0.05 0.05 0.05
Number of total clusters/25 trees 2422.2 2422.2 3428.4 3428.4
Mean of cluster/25 trees 96.8 96.8 137.1 137.1
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