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ABSTRACT

Field experiments were conducted at Kafr El-Sheikh, Egypt over two winter seasons, 2006/07 and 2007/08, to evaluate
the effect of faba bean-cereals intercropping and nitrogen fertilization on leafminer, Liriomyza trifolii (Burgess) infestation on
two cultivars of faba bean Vicia faba. Level of leafminer infestation increased gradually from mid-December reaching maximum
levels by the end of March. Larvae population increased gradually reaching a maximum level by mid-February, and then
gradually decreased and completely disappeared by the end of March. Triticale intercropping with Faba bean, cv. Giza Blancka,
and nitrogen fertilization (50 kg /Feddan) resulted in the lowest susceptibility to leafminer infestation during the first and second
seasons. Wheat intercropping with faba bean, cv. Giza Blancka was the best treatment to reduce the population of leafminer
larvae, while barley intercropping with faba bean, cv. Yossif El-Sediek resulted in the highest leafminer population.
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INTRODUCTION

Faba bean (Vicia faba L. is an important
legume crop, used as a human food and animal feed
(Rubiales, 2011). Unfortunately, faba bean plants are
susceptible to the attack of numerous insect species.
Leafminer (Liriomyza trifolii Burgess) is considered as
a serious insect that causes considerable loss to the
quantity and the quality of faba bean (Abate and
Ampofo, 1996; Jung, 2014). Infestation by Liriomyza
spp. can cause both direct and indirect damage, such as;
disease transmission, seedling death, crop reduction,
fruit damage, and reduction of the aesthetic value of
ornamental plants, in addition to plant quarantine
problems (Abdul Rassoul and Al-Saffar, 2013).
Difference in plant susceptibility and plant resistance to
the insect attack has been reported for most faba bean
cultivars (Hannou and Hegazi, 1996; Abdallah et al.,
1996, 2000; El-Khouly et al., 1997; Mohamed and
Salman, 2001; Abdel-Samad and Ahmed, 2007 and
Awadalla et al., 2013 and 2014) . As leafminer will
continue to be important pest of high value crops,
insecticides will continue to be an important component
for leafminer management, therefore it is imperative to
continue to refine the use of insecticides that target
leafminer. Improving application, timing and methods
will help to conserve insecticides susceptibility and
maintain efficacy by mitigating the evolution of
resistance (Reitz et al., 2013).

Generally, most of the control approaches are
partially effective and sometimes inconsistent and
affected by the environmental conditions. Intercropping
is the simultaneous cultivation of more than one crop
species in close association to take the advantage of
biodiversity, competition and complement between the
two crops (Boudreau, 1993). The simultaneous
cultivation of legumes and cereals increased the protein
content of the legume crop, and the forage nutritional

value of the cereal crop (Strydhorst et al., 2008). The
beneficial effect of intercropping and nitrogen
fertilization for disease control has often been
acknowledged (Finckh et al., 2000; Mundt, 2002).

This research is focusing on using some
integrated pest managements methods to control
leafminer on faba bean, in a way to reduce or cease
insecticides use that target leafminer. The objective of
this study is to test various combined treatments of
cultivars, fertilization, and intercropping on the
leafminer L. trifolii.

MATERIALS AND METHODS

Field experiments were carried out at Amya
region, Kafr El-Sheikh, Egypt during two successive
winter seasons of 2006/07 and 2007/08. Two faba bean
cultivars; Giza Blancka (Large seeds) and Yossif El-
Sediek (small seeds) were cultivated in ten treatments
each. In each season, an area of about 400 m* was
prepared and divided into 80 plots of about 4 m? each.
Every plot was separated from other plots with two
uncultivated rows (about 55cm both). Treatments were
evaluated in 2 cultivars (Giza Blancka and Yossif El-
Sediek) x 5 cropping systems (faba bean alone, and
intercropped with oat Avena sativa L., cv. Aspen, barley
Hordeum vulgare L., cv. Cory, wheat Triticum durum
Desf., cv. Meridiano, or triticale Triticosecale wittm, cv.
Pefiarroya) x 2 fertilization levels (0 and 50 kg
N/Feddan) completely randomized block design with 4
replicates. All faba bean seeds were sown on October
15" of both seasons. Seeds were planted (2 seeds/hill) at
20 cm apart between hills.

Leafminers Liriomyza  trifolii  (Burgess)
assessment was started one month after sowing
(November 15”‘), and was performed at 15-day intervals
until faba bean plants reached the maturity stage by
March 31°. Ten plants per plot were randomly chosen to
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count the total number of plant leaflets, and number of
infested leaflets. The percentage of infestation were
calculated according to the following equations;

Number of infested leaflets x 100
Total number of leaflets

To determine the population densities of L.
trifolii larvae, a sample of 25 leaflets per replicate was
randomly chosen form upper, middle; and lower parts of
faba bean plants. The chosen leaflets were placed in
polyethylene bags and transferred to the lab for
inspection.

Data were analyzed using the general linear
model procedure of SAS 9.2 (SAS, Inc., 2002), and
means separation was performed using Duncan multiple
range test (DMRT) (Duncan, 1955).

RESULTS AND DISCUSSION

Infestation percentage

Results in Tables 1 and 2 showed that the
infestation percentage increased gradually in all
treatments towards the end of both seasons. Most data
showed that Yousef EI-Seddiek cultivar is more
susceptible for leafminers infestation than Giza Blancka
cultivar. Oat intercropping with Yousef El-eddiek
cultivar at both nitrogen levels (0 and 50 Kg N/Feddan)
increased infestation percentage significantly in
comparison with Giza Blancka cultivar during both
seasons. A significant difference was also noticed
between both cultivars when intercropping with
Triticale at 50 Kg N/Feddan in both seasons.
Intercropping triticale with Giza Blancka cultivar at 50
Kg N/Feddan showed the highest and significant
infestation percentage in comparison with all other
treatments, except with the treatment of oat
intercropping with Giza Blancka cultivar at 50 Kg
N/Feddan, in both seasons.

The analysis of variance of these data generally
showed a significant effect of both the cultivar and the
intercropping, as well as the combination effect of
cultivar, fertilization, and intercropping in both seasons
(Table 5).

The variation among faba bean cultivars in
susceptibility to leafminer under the Egyptian
environmental conditions may be related to the
morphological and the anatomical characteristics, such
as leaf shape and color, solidness of the leaflets, and cell

wall thickness, as well as the physiological
characteristics, such as repellent and attractants of the
plants, and some other factors, such as the

environmental conditions, location, and planting date
(Hassanein, 1989; Abdallah et al., 1996; Hannou and
Hegazi,1996; El-Khouly et al., 1997, Abdallah et al.,
2000; Mohamed and Salman, 2001; Abdel-Samad and
Ahmed, 2007; El-Samahy, 2008; Salman et al., 2015).
The difference in  leafminer infestation
percentage due to intercropping may be due to the
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physiological characters of the intercropped plants, such
as repellent and/or attractants. In this regard, Liebman
and Dyck (1993) reported that intercropping can be an
effective ecological method to control pests, diseases
and weeds via natural competition that allows for more
efficient resources utilization. Many African farmers
traditionally intercrop maize or sorghum with legumes
to increase crop production, achieving better returns on
fertilizers, pesticides, energy and manpower resources
(Fernandez-Aparicio et al., 2008). Many authors applied
intercropping on legumes to reduce either infestation
with pests or infection with diseases. Intercropping faba
bean with Ilupine, fenugreek, or Egyptian clover
markedly reduced its infestation with root parasite
Orobanche crenata Forsk (Bakheit et al., 2002) or the
obligate parasite Orobanche foetida (Kharrat and Halila,
2005). Intercropping of maize or sorghum with legumes
was used to reduce infection by witchweed Striga
hermonthica (Oswald et al., 2002). Also, intercropping
of legumes with oat (Fernandez-Aparicio et al., 2007) or
with  fenugreek (Fernandez-Aparicio et al., 2008)
reduced the infestation of legumes by root parasite
Orobanche crenata Forsk. Intercropping of bean with
maize significantly reduced the incidence and the
severity levels of bean common bacterial blight and
rust, compared with sole cropping (Fininsa, 1996).
Population fluctuation of leafminer

Results in Tables 3 and 4 showed that the larvae
of leafminer were found on all treatments during the
same time of the growing season on December 15 of
both seasons. The population of larvae gradually
increased with the progress of the season, and reached
the maximum level on February 15, and then decreased
gradually until disappeared by the end of March in both
seasons. The number of larvae per 25 leaflets counted
on Yousef El-Sediek cultivar was generally higher than
that on Giza Blancka cultivar, and a significant
difference between both cultivars was noticed at the
control treatment, intercropping with triticale at 0 Kg
N/Feddan, and intercropping with barley, wheat, or
triticales at 50 Kg N/Feddan in both seasons.

Like the infestation percentage, the analysis of
variance of results of both seasons showed a significant
effect of the cultivar, and the interaction of cultivar,
fertilization and intercropping on the number of larvae
per 25 leaflets, but no significant effect was noticed in
regards to the intercropping (Table 5).

These results are in agreements with the findings
of Hannou and Hegazi (1996), El-Khouly et al. (1997),
Abdallah et al. (2000), Mohamed and Salman (2001),
Ebadah et al. (2006), Abdel-Samad and Ahmed (2007)
and El-Samahy (2008) who concluded that the
preference of leafminer to a cultivar than another may
be related to cell wall thickness and solidness of the
leaflets, as well as the repellent effect or the attraction
of the plant to the insect.
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Table (1):Effect of intercropping and nitrogen fertilization on the percentage of leafminer L. trifolii
infestation on Faba bean plants during the first season 2006/07.

Treatments Infestation (%)
Nitrogen December 2006 January 2007 February 2007 March 2007
\Variety [fertilization| Intercropping 15 31 15 31 15 28 15 31 Mean
None 2340% | 38312 | 41209 | 5619% | 69.19% [ 89.79% [92.312%¢| 100.00° [ 63,80
\ ousef 0 Kg/Feddan Oat 22117 | 4334% | 45652 |5144%¢| 6998 | 88.68% [90.17¢| 99.33% | 6384 %
El-Sediek Barley 2235 | 42.23% | 4307°%%" | 5663% [ 69.19% | 89.79° [89.64°* | 99.08% | 6400
Wheat 2266 | 4227 | 4514%c%f | 57232 | g52g2%cd | gg5g e |91.37 2| 100.00° | 64072
Triticale 22.75%¢ | 42.48% | 44.31°%W | 5549%° [ 6388% | 89.23% [90.76°%| 100.00° | 64.24°
None 2117%0 | 4379 | 46.38%¢ | 4786% | 69.83%° |87.96% |89.64°% | 99.25% | §3.24 %
50 Ka/Feddan Oat 192" | 3504° | 4222%9" | 5749% [ 69.19% | 89.79% [91.74%| 100.00% [ 6307
g Barley 21.90 %" | 39.23%% [ 4205 | 57.74° | 6226% | 88.90% |90.90%| 99.18% | 62.77 %
Wheat 20.65°9" | 43.79° 47.84% |4923°%| 68372 | 8421° |89.71°%| 98.70° | 6281 %
Triticale 2315 | 4366° | 4259 %0 | 4956 | 68.83% | 8841% | 9500° | 100.00° | §3.90%
None 2459% | 4316% | 46.38%°¢ [ 50.37°¢| 65.37 %% [g7.813° |91.04 %% 100.00° | 6359 **
Giza 0 Kg/Feddan Oat 19.86 9" | 37.24% | 43.79%%fN | 50235¢ | §199°%" | 89.14° [91.37°°%| 100.00% | 61.70*
Blancka Barley 2467% | 4034° | 4421%%0 | 46.44%"| 5935' | 89.88° | 94.24% | 100.00° | g2 39 0
Wheat 23.08%°d | 41.82° | 45.41%% | 5041 | 6300 | 89.17% [ 95007 | 100.00° | 63.49 %™
Triticale 2353 | 4428° 4007" [51.68%| 6646 |86.87% | 95007 | 100.00° | 3.49 %™
None 2360° | 3996 | 43.13°fh | 41250 | 64.14 %" | 8818 | 92,96 | 100.00° | 6165
50 Kg/Feddan Oat 2041 | 4031%° [ 4184%M | 4738% | 66.08 %% | 8475 | 88.65% [ 98.65° | 61.01°%
Barley 22.73%9 | 41576 | 43.98"™%M" [ 5654 | 64.80°%" | g7.82%° | 88.20° | 100.00° | 6321 %"
Wheat 21.76 %" | 4223% | 4291 %0 | 4302°9 | 64.19 %" | 8951 |92.69 ¢ 100.007 | 62,04 b
Triticale 28.00" | 38.93%° 4061 " 3951" | 6022° |87.95% [90/29 | 100.00° | 60.69°
Significance il * ** i *x * il * **

Means of each column followed by the sameletterare notsignificantly differentat the 5%level according to Duncan 's Multiple Range
Test.
-*and ** indicate P<0.05 and P<0.01, respectively.

Table(2):Effect of intercropping and nitrogen fertilization on the percentage of leafminer L. trifolii infestation
on Faba hean plants during the second season 2007/08.

Treatments Infestation (%)
Nitrogen December 2007 January 2008 February 2008 March 2008 Mean
\Variety [fertilization|Intercropping 15 31 15 31 15 29 15 31

None 2463™ | 4033 | 43370 | 5015 | 7450 | 9264%°| 9717 100.00° [ gg.47®

\ ousef 0 Kg/Feddan Oat 23.27cdef | 45.63% 4858% | 54.14% | 7366 | 9335% | 94.91°® | 99.40™ | 6662°
E1-Sediek Barley 2353°%° | 4445% | 4534°%9 | 59612 | 70632 [ 92.26%° | 9436 | 99.13% | 616
Wheat 23850 | 4449 | 4751%% | 61.03° [ 6872 [ 9324% [96.18 % | 10000° | gp.88°

Triticale 23.95%¢ | 4472 | 46.64%% [ 5841 | 7251 93.93% | 9554™% | 10000 | 66.96°

None 22.28%9 | 46.09° 4912° | 4959% [ 7351 [9259%°( 9436°° | 99.40% | g5 g7 e

50 Kg/Fedda Oat 2013" 36.89° | 44440 | o522 | 7283% | 9452° | 9657 ™| 100.00° | 574
Barley 23051 | 42292 | 4427°%0 | 6078 | 6554%" | 9358% | 9569 ™% | 99.40® | 558
Wheat 21749 | 4600 | 4887® | 5232° | 7197%¢ | 88.64° [ 9443°° | 98.77° | g5 35 abcd

Triticale 24372 45962 | 44840 | 5217¢ | 7246 | 93.07% | 100.00° | 100.00° | gg61°

None 25.88 *° 4543 %® 4882% | 53.02° | 68.812% | 92.43°° | 9584 %% 100.00° | 66.28*

. Oat 20909 | 39.20% | 46.10%% [ 5287° | g525%" | 93837 |96.18%*[ 100.00° | 6429
g:;ﬁcka 0 Kofrecdan Barley 2597° | 4247°% | 4654°% | 4893° [ 6247 | 94617 | 9920 | 100.00° | 65,02
Wheat 24.29%% 44.02% | 47.80%° | 53.06° | 66.32°*f | 93.86% | 100.00% | 100.00* | 66.17 %>

Triticale 24.77% 46.61° 42189 | 5365 [ 6992 [ 91.44%° [ 100.00° | 100.00° | 6608 *

None 2484% | 4206% | 45.40°cf | 4316° | 7.51°cf | 92.83%° | 97.86 % | 100.00° | g4.21°

50 Kg/Fedda Oat 2148 | 42.43%° | 44.04%9 | 5063° | 69.55°% | 89.21™ | 93.32% | 98.70° | 63.67%

Barley 23930 | 4376% | 46207 | 59522 [ gg21cckl [ 9244%° | 9284° | 100.00° | 6587 o

Wheat 2290°%f | 44.45% [ 44930 | 4529¢% | g757eedet [ 9422 [ 9757 100.00° | 4620

Triticale 20.29" 40.98 *° 4267% | 4159°¢ 63.39¢" | 9258 | 9504 ™% | 10000 | 62.07°

Significance * * *x *x * * * * *x

Means of each column followed by the sameletterare notsignificantly differentat the 5%level according to Duncan 's Multiple Range
Test.
- *and ** indicate P<0.05 and P<0.01, respectively.
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Table (3): Effect of intercropping and nitrogen fertilization on the number of L. trifolii larvae/25 leaflets of
Faba bean plants during the first season 2006/07.

Treatments Number of larvae / 25 leaflets
. Nitrogen . December 2006 January 2007 February 2007 March 2007 Mean
Variety fertilization| Intercropping s 31 s 31 5 28 s 31

None 8.81% 23.022% | 23273C | 35947kl [ 78002 | 396754 | 29797 | 542° 30.49°

\ousef El- | 0 Kg/Feddan Oat 9.08% | 21.26%% [ 2519° 31.59 " 86.13% [35.75°%| 1820° | 271 | 28.74"

u -

Sediek Barley 8.56° | 22.35%%¢ | 23.02°%¢ [ 37.78%°% | 64.46°* | 32.50%M | 10.83™¢ | 0.00° [ 24.94 %%
Wheat 7780 | 2031%% | 2221°%c° [ 3354°¢lh | 83553 | 29797 [ 1584° | 000° | 26.63°*

Triticale 856 [ 223420d [ ppogabe [ 35 qgbedefan [ gggza [ 47.17% | 10.83%¢ | 0.00° | 2863%

None 8.302cd | 21622c® | 24922 4094% | 76.92%| 4442 [ 16.25° | 0.00° [ 29.17"

Oat 856°%¢ | 22342 | 2058 | 37.54%cd [7g4490cd [ 43770 | 109154 | 0.00° [ 2757

50 Kg/Feddan : : : : : : _ :

Barley 891° | 2325%° [ 2383% | 3900% | 87.21% | 5363°% | 3250° | 2.71°° | 3388°

Wheat 9.34° 2437% | 23347 | 38612 86.13% | 4577° | 1354 | 271%® | 3048°

Triticale 9.08? 2370 | 2085™ | 37.78°%c% | g450% | 40.63°¢ | g13c® [ 0.00° | 2808

None 8.30 30 | 2159 3¢t | 29 48 abc 2064" | 7150°% | 30.88°M [ 10.83%¢ | 2713 [ 24.74 %%

Giza 0 Kg/Feddan QOat 875% | 2285%° | 2058° | 33.64°W" [ 81762 | 37.92%¢ | 1083 [ 0.00° | 27.04°®
Blancka Barley 726° | 1896° | 2064° | 3315%9 | 62.81% [ 36.30° [ 1081%¢ | 000" | 2374
Wheat 8302 [ 21,672 [ pp752c [ 3477 cfan | g1 332 38465 | g13°® | 0.00° | 2692

Triticale 83020 | 21,673 | 2221 | 3315%M" [73732°d | 3088°0 | 2.71° 0.00° | 24.01°%
None 8.82°% [ 23.02%c [ 2248°%¢ 4050 [ 77.46% | 27629 | 1083%¢ | 0.00° [ 2634 ccef

50 Kg/Feddan Oat 7.26¢ 18.96° | 2239 29749 | 74753 | 4333 [ 16.25° 0.00° [ 26.59¢°®

Barley 7.78%¢ | 2031 | 23.29%° | 37.05°%c%" [ go.71%* | 39.00%%| 8.13°% [ 0.00° [ 27,03

Wheat 856 | 2234 [ 27140" 31.209" 53.07° | 38.46 %[ g13cd® 0.00° | 22909

Triticale 752 19.75% | 2248 | 3266°" [ 67.70°¢ | 4171 | 5.42°% 0.00° | 24.66 %%

Significance *Kk *k *x *Kk * K *k *x * K *x

Means of each column followed by the sameletterare notsignificantly differentat the 5%level according to Duncan 's Multiple Range
Test.
- ** indicate P<0.01.

Table (4): Effect of intercropping and nitrogen fertilization on the number of L. trifolii larvae/25 leaflets of
Faba bean plants during the second season 2007/08.

Treatments Number of larvae / 25 leaflets
Variety fe,:—ltiitlrizgiirlm Intercropping December 2007 January 2008 February 2008 March 2008 v

15 31 15 31 15 29 15 31 ean

None 9.04ab | 23.60abc | 23.56abc | 36.40abcdef | 80.00abed | 40.69bed | 3056a | 556a | 31.18b

\ousef 0 Kg/Feddan Oat 930a | 21.79bcde | 2582a 32.40 ef 88.33a | 36.67cdefy | 18.67b [2.78ab| 2947 hc
El-Sediek Barley 8.78abc | 22.91abcd | 23.59bc | 38.75abed | 66.11 cde | 33.33defy | 11.11bcd | 0.00b | 2557defy
Wheat 797bcd | 2082cde | 22.77abc [ 34.40cdef | 85.69ab | 3056fy | 16.24ab | 0.00b | 27.31cde

Triticale 8.77abc | 22.90abed | 22.77abc | 36.00abcdef | 91.11a | 4222bc | 11.11bcd [ 0.00b | 2936 be

None 8.50abed | 22.16abcde | 2554a 4200a | 78.89abcd | 4556bc | 16.67b [0.00b] 2992hc

50 Kg/Feddan Oat 8.77abc | 22.90abcd | 21.10c | 3850abcd | 80.45abcd | 42.78 bc | 11.19bcd [ 0.00b | 28.21cd

Barley 9.13ab | 23.83abc | 2443ab | 40.00abc 89.44a 5500a | 33.33a [2.78ab| 34.74a

Wheat 957a 24.98a 23.93abc | 39.60abcd | 88.33a 46.94b | 13.89bc [2.78ab| 31.25b

Triticale 93la | 24.29ab 21.38bc | 38.75abcd | 86.67ab | 41.67bcd | 833cde [ 0.00b | 28.80hc

None 8.50abcd | 22.13abcde | 23.04abc| 30.40f | 73.33abcd | 31.67efy | 11.11bcd [2.78 ab| 25.37defy

Giza 0 Kg/Feddan Oat 897ab | 2343abc 21.10¢ 3450 cdef | 83.86abc | 38.89cde | 11.11bcd| 0.00b | 2773cd
Blancka Barley 7.44d 19.43d 21.16¢ | 34.00cdef | 64.42de | 37.22 cdef | 11.08bcd | 0.00b | 24341y
Wheat 8.51abcd | 22.21abcde | 23.32abc | 35.60 bedef | 83.42abc | 39.44cde | 833 cde [ 0.00b | 2760 cd

Triticale 8.51abcd | 22.20abcde | 22.77 abc | 34.00 cdef | 75.00abcd | 31.67 efg 278e | 0.00b | 2462 efy
None 9.04 ab 23.60 abc 23.04 abc 41.60ab 79.44abcd 28.33¢g 11.11bcd | 0.00b | 27.02cdef

50 Kg/Feddan Oat 7.44d 19.43abc | 22.95abc 3050f | 76.67abcd | 44.44bc | 16.67b | 0.00b | 2726 cde

Barley 798bed [ 20.82cde | 23.87abc | 38.00 abcde | 82.78abc | 40.00cde | 8.33cde [ 0.00b | 27.72cd

Wheat 8.77abc | 22.90abcd | 21.93bc 32.00 ef 5444¢ | 39.44cde | 8.33cde | 0.00b [ 23.48¢

Triticale 771cd | 2024de | 2304abc| 3350def | 6944bcde| 4278bc | 556de | 0.00b | 2528defy

Significance * *k *x *x * * * o *

Means of each column followed by the sameletterare notsignificantly differentat the 5%level according to Duncan 's Multiple Range
Test.
- **indicate P<0.01.
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Table (5): Analysis of variance of the effect of cultivar, intercropping, and fertilization on awerage leafminer
L. trifolii infestation percentage and larvae number / 25 leaflets during the two successive seasons

2006/07 and 2007/08.
Source of Variance Infestation percentage Larvae number /25 leave
2006/07 2007/08 2006/07 2007/08
Cultivar * * ** *x
Intercropping ol *x ns ns
Fertilization ns ns ns ns
Cultivar x Intercropping ns ns ns ns
Cultivar x Fertilization ns ns ns ns
Intercropping x Fertilization ns ns *x *
Cultivar x Intercropping x Fertilization % *k * *

* Significantat P <0.05, ** Significant at P <0.01, ™ non-significant.

CONCLUSION

This study was part of integrated pest
management research project that aimed to reduce
leafminer infestation, and subsequently crop quantity
and quality of faba bean. Economic damages from
leafminer can be mitigated if proactive management
decisions were considered to reduce the likelihood of
inducing severe outbreaks of leafminer. It can be
concluded that Giza Blancka cultivar showed better
results than Yousef El-Sediek in terms of less plant
susceptibility to leafminer infestation, and the number
of larvae counted on the infested plants. Intercropping
with triticale with the addition of 50 Kg N/Feddan
showed the best results in that regard, which might be
our recommendation to reduce leafminer effects on faba
bean. Leafminer management will best be accomplished
through research on, and implementation of,
comprehensive integrated pest management strategies.
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