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Abstract | Integrated pest management (IPM) relies on a merger of rational practices and always considered
as an effective and environment-friendly approach to managing pests. The present study was conducted at
different locations in the Multan District, Punjab Province, Pakistan for two consecutive years 2016-17 to
devised four IPM modules (PRMM-1, PRMM-2, PRMM-3, and PRMM-4) for mango to evaluate their
impact on insect pests, pesticide residues and yield in mangoes. The modules were based on a combination of
different IPM tactics to suppress the pest population with no or minimal use of insecticides. Each module was
applied in an area of 0.405 ha of a mango orchard. Fruit samples collected from all modules were subjected
to analytical analysis using QUECHERS for sample preparation followed by quantification with GC-
ECD. Recoveries of the samples analyzed were ranged from 78-98%. Results revealed that 75.00% samples
of pesticide residues mitigation in PRIMM-4 followed by PRMM-3 (66.66%), PRMM-2 (33.33%) and
PRMM-1 (25.00%). Similarly, the highest number of samples (41.66%) from PRMM-4 exceeded maximum
residual limit ((MRL) values of the Codex Alimentarius Commission while the lowest (16.66%) were observed
in PRMM-1. In addition, all the modules showed a significant difference in pest population reduction of
Bactrocera spp., Drosicha mangiferae and Idioscopus clypealis. Although, pesticide contamination was higher in
PRMM-1, however PRIMM-2 was found best module when compared in terms of pest population reduction
(90.79%), average yield and cost-benefit ratio (1:63.28). Conclusively, the pesticide residues can be minimized
by applying different control measures with proper integration.
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1. Introduction efficient contrivance of pest management (Damalas

and Eleftherohorinos, 2011). Chlorpyrifos, lambda-

Anumber of insect pests, fruit flies (Bactrocera
spp.), mealy bug (Drosicha mangiferae) and
hopper (Idioscopus clypealis) cause both qualitative
losses in mango (Pefia et al., 2002; Nault et al.,
2003). Pesticides are used to reduce yield losses
and considered as an economical, labor-saving and

cyhalothrin, profenophos, deltamethrin, bifenthrin
(Gulzar et al., 2015), neonicotinoids and carbamates
are recommended for the management of pests
causing damage in mango orchards (Aslam et al.,
2004). These pesticides or their residues in mango
are potential candidates for health hazards in the
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indigenous population of the country (Farooq et
al., 2019). Residues of cypermethrin, cyfluthrin,
methyl parathion, dieldrin, monocrotophos, and
methamidophos have been detected in different
varieties of mango (Shah etal.,2007; Khan etal.,2009).
Pesticide residue monitoring and risk evaluations
are options and imperious steps to muddle through
the scenario and mitigate the health risks associated
with pesticide use (Handa et al., 1999; Anwar et al.,
2011). Different techniques have been used recently
for this work (Vidal et al., 2002; Tao et al., 2009).
These techniques performed and excellent job in the
detection and separation of pesticide residues from
fruits and other matrices (Amvrazi and Tsiropoulos,
2009). Similarly, extraction solvents used for these
studies also important because these chemicals
provide high polarity and high recovery of pesticide
residues (KnezZevi¢ and Serdar, 2009; Wang et al,,
2012).

IPM has been experimentally proven to be significantly
more effective than conventional methods of pest
control such as biological, cultural and chemical alone
(Pedigo, 1996) and attributes the least risks while
generating higher outputs with the least expenses
(Clercq et al., 2011). Considerate and applicable use
of economic decisions is significant in crop production
while dealing with the pest populations to increase
the yield, whereas minimizing the management cost
in terms of resources and environmental safety (Baker
et al., 2002; Tang and Cheke, 2008). IPM is a long
term approach which combines highly compatible
pest management tactics (Hassan and Bakshi, 2005;
Khan et al., 2010) such as cultural (Charles et al.,
2000), physical (Atta et al., 2019a), biological (Atta et
al., 2019b; Pickett et al., 2010; Rizwan et al., 2019a;
2019b) and also rational chemical control (Pilgrim et
al.,2010) to reach an endurable economic levels of pest
populations (Tang and Cheke, 2008). It also attributes
the least risks while generating higher outputs with the
least expenses (Wright et al., 2005; Clercq et al., 2011).
'The economic decision levels are the major components
of any cost-eftective IPM program (van Lenteren and
Woets, 1988; van Lenteren, 2000). Compatible pest
management measures must be integrated to make
IPM programs more effective (Grasman et al., 2001).
Therefore, the present field study was performed to
investigate the pesticide residues in mango fruits and
the integration of different techniques to mitigate
pesticide residues and their impact on cost-effective
mango production.

2. Materials and Methods

2.1 Pesticide residue mitigation modules for mango

Five mango orchards, having commercial mango
variety “Chounsa” (heavily infested with D. mangiferae,
Bactrocera spp. and L clypealis) were selected in the
Multan district, Pakistan. Four IPM based pesticide
residue mitigation modules (PRMM-1, PRMM-
2, PRMM-3 and PRMM-4) were designed in
comparison to control (Table 1). The IPM module
practices were performed on a year-round basis in
randomized completely block design (RCBD) with
three replications. Conventionally grown mango
orchard was also maintained (PRIMM-4) with all the
regular practices by the farmer while no chemical was
applied in control. The pest population was determined
from the marked unit area (0.46 m above the ground)
on the trunk of the trees for D. mangiferae. The number
of larvae in the fruits and the number of adults in
the traps were recorded for Bactrocera spp., while
the number of nymphs and adults per inflorescence
or pest per sweep were observed for I clypealis. The
data was recorded for the year 2016-17. The impact
of all modules was observed through pest population
reduction at different intervals. Percent population
reduction (PPR) over control was calculated using

the following formula (Farooq et al., 2019).

PPR =2 ™ 100
= X
M;

Where;
M, = Average population in treatment; M, = Average
population in control.

2.2 Pesticide residue analysis

A random sampling of mango fruits was performed
to obtain 1000g of the sample from each block.
Packed and marked fruit samples were transported in
ice coolers to the laboratory for analysis (Cook, 2002).
Samples were homogenized and only edible parts
of the fruits were used for analysis. Samples were
stored at -40°C, if the analysis was not performed
immediately (Chowdhury et al., 2013).

All solvents and reagents were of HPLC grade
such as anhydrous magnesium sulphate (MgSQO,),
acetonitrile (MeCN), primary secondary amines
(PSA) and anhydrous sodium acetate (NaAc)
were used for sample preparation. Insecticide
reference standards were purchased from SIGMA-

Journal of Innovative Sciences

December 2019 | Volume 5| Issue 2 | Page 73

O -0
OoT¢

a
oo

Links
UResearchers



OPEN a ACCESS

Farooq ez al.

ALDRICH?".Insecticides such aslambda-cyhalothrin,
cypermethrin, indoxacarb, imidacloprid, pyriproxyfen,
acetamiprid, buprofezine, and chlorpyrifos were
analyzed (Qin et al., 2015). The purity of all pesticide

standards and other chemicals was not less than 98%

(Bakarci et al., 2014).

For extraction and clean up, QUeCHERS (AOAC)
method was followed (Zhao et al., 2007). The 100 pl
of internal standard was added in accordance with
the target pesticides then 6g of MgSO, and 1.05g
NaOac were added in the homogenized sample in 15
ml vial and shaken with hand for at least a minute.
'The vial with mixture was centrifuged at 5000 rpm
for 5 mins, 1.05 ml of supernatant was taken in the
vial containing 2 ml of dispersive SPE (primary and
secondary amides and MgSO,). The mixture was
shaken with the hand and centrifuge for 5 mins at
10x1000 rpm. A supernatant into a lid vial was left
for the overnight centrifuge to dry and 100 pl of
acetonitrile was added and vortex to re-suspend the
supernatant. The sample was placed in a centrifuge
for 1 min to separate any possible solids and was
transferred into LC vials for analysis (Anastassiades
et al., 2003; Martinez-del-Rio et al., 2013; Rejczak
and Tuzimski, 2015). Extraction and clean-up were
performed using the QUECHERS AOAC method
and kits were purchased from Agilent Technologies®
for mango (5982-5755+5982-5058) where the first
number is the part number for Extraction kit while
the latter is kit number for clean-up kit.

Gas Chromatograph equipped with massspectrometry
(MS) was used under specific operational conditions
(temperature, flow rate) for optimum behavior and
quantitative recoveries (Tao et al., 2009). Residues
were identified on the basis of their respective retention
times while quantification on the basis of respective
peak areas was reported on the basis of sample weight
(mg kg™). All spikes and method blank samples were
processed through the analytical method (Zhao et
al., 2007). Quantification was based on an external
standard calculation using the peak area.

For the determination of recovery, precision and
detection limits, pesticide-free samples (blank
samples) were used (Lehotay, 2007) conducted by
analyzing apple matrices as representative matrices
for fruits. Samples were augmented five times at 0.05,
0.1 and 0.50 mg kg The detection limit was derived
from the analysis of 10 independent sample blanks

fortified at the lowest concentration for acceptable
recoveries (between 78% and 98%) and precision

(RSD) lower than 20% (Bakirct and Higil, 2011).

2.3 Cost-Benefit Ratio

Cost of all the inputs (fungicides, insecticides,
fertilizers, and irrigation), cost of farm mechanization,
packaging, transportation, and labor was estimated.
The total revenue was calculated from the yield and
market price of the product for all PRMMs. All the
values were put into the following formula (Lu et al.,
1999) to calculate the cost-benefit ratio (CBR).

PV,
PV.

CBR =

Where;
PV = All cost received including benefits; PV = All

cost Spent.
3. Results and Discussion

All the modules showed a significant difference in
the pest population reduction. PRMM-2 showed
maximum population reduction for D. mangiferae
(91.30%) followed by PRMM-1 (86.27%), PRMM-
3 (77.55%) and PRMM-4 (74.46%). Similarly, the
maximum population reduction of Bactrocera spp. was
observed in PRMM-2 (92.85%) followed by PRMM-
1 (81.25%), PRMM-3 (76.47%) and PRMM-4
(73.33%). The analysis revealed a non-significant
difference between PRMM-1 and PRMM-2 for
population reduction of I c/ypealis and caused 83.33%
and 88.23% reduction in the population of I c/ypealis,
respectively. Similarlyy, PRMM-3 and PRMM-4
showed 73.33% and 68.75% population reduction

of I clypealis, respectively in comparison to control

(Table 2).

Overall, maximum pest reduction was observed in
PRMM-2 (90.79%) in which different control tactics
(cultural, mechanical, and attract and kill methods)
including pesticides were integrated. While the
minimum pest population reduction was observed in
PRMM-4 in which farmer practices (pesticides) were
applied to manage the pests. PRMM-2 performed
18.61% better than the chemical method in terms
of pest population reduction, while in PRMM-1
(cultural + mechanical + attract and kill methods) pest
reduction was 11.43% higher over chemical control
method which is in common practice by most of the
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farmer community in the country (Table 2).

Table 1: Application of different pest control strategies in pesticide residue mitigation modules in mango orchard.

Module Insect pest control strategy

Cultural

Mechanical

Attractants and kill Chemical

PRMM-1 1. Plastic sheets of 1.54 m width x
length, mounds of plant debris up
to 0.46 m high on plastic sheets and
without plastic sheets at four direc-
tions at 1.85-2.75 m away from the
tree, to collect egg carrying female D.
mangiferae.

2. Removal of fallen fruits from the

field to stop emergence and re-infes-
tation.

PRMM-2 -do-

PRMM-3 No application

PRMM-4 No application

Control  No application

Bands of plastic sheets and
4 cm grease applied at the
height of 0.46 to 0.62 on
the trunk. Bands were ap-
plied on the smooth surface
of mud and wet FYM (1:1)
to collect egg-laying female
D. mangiferae.

-do-

No application

No application

No application

1. GF-120 (0.5 L/acre with 4.5 Lof =~ No application
water) solution was applied to each
second tree and others were skipped.
In repeat applications, skipped trees
were applied.
2. Methyl eugenol + Spinosad (6-8
drops of ML.E and 3-4 drops of Spi-
nosad on pluck of cotton and placed
in a trap) 6 traps/ acre, traps refreshed
at 12-15 days interval.

-do- Tracer” (Spinosad) at the rate of 10 ml/acre with 100
liters of water.

Methyl eugenol + Spinosad (6-8 drops of 1. Confidore” 20% SL (Imidacloprid)200 ml + 100 L
M.E and 3-4 drops of Spinosad on the water/ acre

pluck of cotton and placed in a trap) 6 2. Jatar®10% EC (Bifenthrin) 20 ml + 100 L water/
traps/ acre, traps refreshed at 12-15 days acre

interval. 3. Mospilan® 20 SP (Acetameprid) 150 gm + 100 L

water/ acre

No application 1. Confidore® 20% SL (Imidacloprid)200 ml + 100 L
water/acre
2. Jatar®10% EC (Bifenthrin) 20 ml + 100 L water/
acre
3. Diptrex”80% WP (Trichlorofon) 250 g + 100 L
water/acre
4. Mospilan® 20 SP (Acetameprid) 150 gm + 100 L

water/acre

No application No application
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Table 2: Percent reduction of pest population in pesticide residue mitigation modules in mango orchard.

Pest IPM Module

PRMM-1 PRMM-2 PRMM-3 PRMM-4 Control
Drosicha mangiferae 86.27 91.30 77.55 74.46 0
1dioscopus clypealis 83.33 88.23 73.33 68.75 0
Bactrocera spp. 81.25 92.85 76.47 73.33 0
Overall Reduction (%) 83.61 90.79 75.78 72.18 0

Table 3: Concentration of Pesticide residues quantified in Mango samples collected from different Modules (Maximum-Minimum).

Pesticide MRLs PRMM-1 PRMM-2 PRMM-3 PRMM-4 Control Recoveries + SD

Fortification level (mg/kg™)

0.05 0.10 0.50
Lambda cyhalothrin 0.2 0.2037-0.0050 0.2425-0.0105 0.2675-0.0035 0.2679-0.0090 0.0023-ND 91 +0.52 94 £ 0.36 90 + 0.56
Cypermethrin 0.7 0.0706-0.0069 0.7622-0.0095 0.8264-0.0143 0.7953-0.0154 0.0203-0.0145 90 = 0.63 95 +0.17 91 + 0.54
Indoxacarb 0.02 ND-ND ND-ND 0.0775-0.0196 0.0698-0.0052 ND-ND 96 +0.12 94 + 0.71 85 +0.52
Imidacloprid 0.2 0.3434-0.0097 0.2325-0.0018 0.3376-0.0155 0.3630-0.0257 0.0109-ND 89 +0.10 91 +0.33 92 +0.15
Pyriproxyfen 0.5 ND-ND ND-ND 0.0406-0.0090 0.5864-0.0056 ND-ND 90 + 0.56 93 +0.31 95 +0.28
Acetamiprid 0.01 0.1596-0.0063 0.0140-0.0052 0.0250-0.0068 0.0315-0.0047 0.0145-ND 94 + 0.43 97 +0.27 89 +0.26
Buprofezine 0.9 0.9152-0.0064 0.9193-0.0368 0.9391-0.0491 0.9650-0.0016 ND-ND 95 +0.49 93 + 0.64 88 +0.51
Chlorpyrifos 0.05 0.0534-0.0031 0.0622-0.0054 0.0620-0.0066 0.0570-0.0035 0.0096-0.0075 96 +0.35 94 + 0.09 95 +0.26
Table 4: Cost-benefit for different pesticide residue mitigation modules in mango fruits.
Module Yield Marketable yield Gross return Increased yield over control Value of increasedyield Management cost Net profit CBR

(Kg/Acre) (Kg/Acre) (USD) (Kg/acre™) over control (USD) (USD) (USD)

PRMM-1 18341 14880 6645.29 6160 2231.88 40.94 2191.85 53.51
PRMM-2 19106 16287 6922.46 7567 2741.67 42.66 2699.93 63.28
PRMM-3 17280 13473 6260.87 4753 1722.10 55.08 1667.03 30.27
PRMM-4 16723 11945 6059.06 3225 1168.48 52.18 1116.30 21.40
Control 14545 8720 5269.93 - - - - -

*1 USD =138 PKR (Pakistani Rupees)
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The pesticide residue values were compared with
MRL values of the Codex Alimentarius Commission.
The fruit samples collected from PRMM-4 treated
orchard were found highly contaminated (75.00%)
with 41.66% samples exceeded MRL, while pesticide
contamination in PRMM-1 treated orchard was
25.00%and8.33%sampleswereabove MRL.Therefore,
PRMM-1 samples were the least contaminated with
pesticides. PRMM-2 and PRMM-3 showed 33.33%
and 66.66% pesticide contamination, respectively.
'The PRMM-3 was second-most contaminated plot
with 33.33% samples exceeding residual limits while
PRMM-2 ranked third with 16.66% samples above
MRL. The comparison with PRMM-4 (pesticide-
treated plot), it was observed that in PRMM-2 was
41.67% less contaminated while PRMM-1 was
50.00% less contaminated with pesticide residues.
In addition, the control treatment showed 8.33%
contaminated samples with pesticide residues while
no sample surpassed the limits. So there was very
significant difference in contamination and residual
limits in IPM and conventionally grown mango
(Table 3; Figure 1). Recoveries for the pesticides
analyzed was ranged from 89-96% at 0.05 mg kg™,
93-97% at 0.10 mg kg and 85-95% at 0.50 mg kg!
concentration levels with RSD less than 20% (Table
3).

80 Cont.: Contaminated samples
=MRL: Samples above maximum residue limit

60
10
30
20
10 !
. B |
MRL

Cont. >MRL Cont. >MRL Cont.  >MRL Cont.  >MRL

Percent Contamination/>MRL

Cont. =1

PRMM-1 PRMM-2 PRMM-3 PRMM-4 Control

Pesticide Residue Mitigation Module
Figure 1: Comparison of Pesticide residues in
Mango samples collected from pesticide residue
mitigation modules in mango orchard.

'The application cost of all the inputs (insecticides,
tungicides, fertilizers, irrigation, farm mechanization,
packaging, transportation, and labor) was calculated
for all modules. As the modules were compared for
the cost of pest management, therefore, only costs
of insecticides and IPM (sanitation, sticky band,
slippery band, attract and kill tactics such as methyl
eugenol combined with Spinosad and GF-120) were
used to determine the CBR for all evaluated modules.

The results of CBR indicated that PRMM-2 resulted
in 1:64.69 followed by that of PRMM-1 (1:54.75),
PRMM-3 (1:30.27) and PRMM-4 (1:21.40) (Table
4).

In this experiment, the mango was grown under four
different PRIMIM. In the present study, the integration
of soft insecticides in IPM caused 92.66% reduction
in the population of Bactrocera spp. This shows
that the combinations of multiple control tactics
are more reliable for effective pest management
in mango. The use of methyl eugenol and protein
hydrolysate achieved 83.00% reduction in Bactrocera
spp. population (Ndiaye et al., 2008). It has been
reported the reduction in infestation in Bactrocera
spp. was observed with cultural (90%), MAT (100%),
BAT (60%), cover spray of insecticides (50%) and
integration of MAT with cultural method (100%)
(Patel at el., 2005). Similar results were observed
when methyl eugenol and GF-120 were integrated
with spinosad in PRMM-2 (90.79%). A combination
of MAT, sanitation (as cultural practice) and methyl
eugenol was used to suppress the population of
Bactrocera spp. in mango (Verghese et al., 2006). The
integration of these three control measures resulted
in 95.00% reduction in the population of Bactrocera
spp. as compared to control (67.00% infestation).
These results are slightly different from the results of
the present study where a combination of sanitation,
mechanical, GF-120, methyl eugenol, and cover spray
caused 90.79% reduction in the pest population.
Differences in the results are attributed to the fact
that these modules were implicated to suppress
the population of three major pests of mango in
comparison to the other studies where a single pest
was target. Maximum control of I clypealis was
obtained with three applications of thiamethoxam,
spinosad, and carbaryl at different rates of application
but the yield of the individual tree was not more than
125.36 kg per tree (Kumari et al., 2014) while in case
of the present study, maximum yield with PRMM-
2 (non-chemical methods) was 516 kg per tree. The
only difference between the two approaches was the
use of chemicals for the suppression of I clypealis
alone (Kumari et al., 2014) while in the present study
the objective was to manage all major insect-pests of
mango. The minimum rate of return in mango and
cashew was 100% using biological and chemical
control (George et al., 2013).

The samples from the modules showed a significant
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difference in the residual concentrations and number
of contaminated samples. Chlorpyrifos showed
maximum contamination percentage in PRMM-4
with 42.00% samples above MRL, while the maximum
percentage sample concentration above residual
limits was 17.00% in PRIMM-2. Similar results were
reported from 40 pesticides including chlorpyrifos
(Sumitra et al., 2006). Likewise, vegetable samples
from IPM and non-IPM origin exhibited that 20%
samples with IPM origin were found contaminated
with pesticide residues in comparison of 47% sample
contamination with non-IPM origin (Kumari et al.,
2012). These results are slightly different from the
present study where percentage of contaminated
samples was higher but it is in agreement of the
statement that agricultural produce with IPM origin
is safer in terms of residues. The deviation in the
results may be attributed to the fact that results of fruit
samples and vegetable samples are being compared.

'The comparative results from IPM and non-IPM
orchards revealed that only a few samples from
non-IPM grown orchard possessed a concentration
of cypermethrin (Singh et al., 2009). During the
analysis of 150 peach samples for residues, results
showed that no sample from IPM orchard exceeded
the MRL wvalues while 7% sample conventional
orchard were quantified with a concentration above
acceptable limits (Tsakiris et al., 2004). These results
clearly indicated the pesticide residues mitigation
potential of IPM while the difference in percentage
of the contaminated samples may be subjected to the
target commodity. A comparative analysis of different
models (conventional, IPM and organic) described
that 82% conventional samples were quantified
with residues, 49% samples with IPM origin were
contaminated while 23% samples from organic sources
were determined with pesticide residues (Baker et al.,
2002). A similar trend was observed in the current
study that showed pesticide contamination of 75.00%
for conventional, 33.33% for IPM and 8.33% for
organic samples.

Conclusions

The findings of the present study revealed that
mango is contaminated with residues of a variety
of pesticides collected from different locations in
Multan the District, Pakistan. Mitigation of these
pesticide residues is possible by minimizing the
use of pesticides in the production of mango using

nonchemical methods for pest population suppression.
A more extensive study is needed for other fruits and
vegetables to assess the scenario of pesticide residues
and IPM modules needed to be devised and tested to
mitigate residues.
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