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Abstract

Pesticides play important role in agricultural production by means of increasing crop yield and farmer’s income. The indiscriminate use
of chemicals has resulted in a reduction of biodiversity of natural enemies, outbreak of secondary pests, development of resistance to
pesticides and contamination of food and ecosystem, Agronomic measures of pest management involves variations in usual farm operations
which are being usually preventive and indirect, they are the cheapest of all the control measures The principle involved in the agronomic
management of insect pest and disease is purposeful manipulation of the environment to make it less favorable for their incidence by
exerting economic control on the pest or at least reducing their rate of increase/damage. Due to sustained increasing problems from
massive applications of pesticides, like insect resistance to pesticides, resurgence of pests, pollution of food and feed, health hazards,
toxicity towards plants and animals and environmental pollution. One way to minimize these effects is use of biotechnological tools for
alleviating biotic stresses, which explore how the tools of biotechnology can be used in pest management for sustainable crop production
and environmental conservation. Another way is through cultural control including all those techniques that will make the environment
less favorable for pests to develop or multiply, but which still favors crop production. Insect pest and disease management in its broadest
sense includes everything that makes the life difficult for insects that kill them or prevents their increase and make it laborious for them
to spread about the world.

Keywords: Agronomic practices, pest, disease, purposeful manipulation, crop rotation

1. Introduction much better crop protection. However, these improvements
have often caused environmental problems, such as
water pollution, trace gas emissions, or soil degradation.
More sustainable practices are needed to minimize the
environmental impact of agricultural production and effective
land use (Ludwig et al., 2011). In chemical control the decline
in the natural enemy composition in rice ecosystem by 3.5
times and cotton by 12 times clearly indicates the ill effects
of pesticides (Dhaliwal and singh, 1985).

Global food production must increase by 50% to meet
the projected demand of the world’s population by 2050
(Chakraborty and Newton, 2011). Thus, we need to grow
food on even less land, with less water, using less energy,
fertilizer and pesticide than we use today (Popp et al., 2013).
Currently the yield losses caused by insect pests, diseases
caused by pathogens and weeds are the major challenges to
agricultural production (Oerke and Dehne, 2004). Globally, on
an average 35% of potential crop yield is lost before harvest of
the crops due to pests (Oerke, 2005). Earlier literature suggest

Pest and disease management has played vital role in
doubling food production in the last 40 years. Pesticides,
as an important input in agricultural food production, have
contributed enormously to the development of agriculture
and food supply to mankind (Wang and Li, 2007). Present
available data indicate that 33% losses of the potential
crop yield due to the insect pests attack were avoided and
recovered worldwide because of chemicals application (Liu
et al., 2002). Increased agricultural pesticide usage nearly
doubled the harvest of food crop from 42% of the theoretical
worldwide yield in 1965 to 70% of the theoretical yield by
1990. Unfortunately, still 30% of the theoretical yield is still
being lost because, the use of effective pest management
methods are not applied uniformly around the world and it
still is not and without the usage of agricultural pesticides,
70% of crop yield could have been lost to pests (Oerke, 2005).

The intensity of crop protection has increased considerably as

extended by a 15-20 fold increase in the amount of pesticides
used worldwide (Oerke, 2005). Over the last century,
agricultural production has steadily increased, mainly due to
advances in crop breeding, improved nutrient availability, and
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that increasing vegetation biodiversity in agro ecosystems
can reduce the impact of pests and diseases by the following
mechanisms: (1) resource dilution and stimulo-deterrent
diversion, (2) disruption of the spatial cycle, (3) disruption
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of the temporal cycle, (4) allelopathy effects, (5) general
and specific soil suppressiveness, (6) crop physiological
resistance, (7) conservation of natural enemies and facilitation
of their action against aerial pests and (8) direct and indirect
architectural/ physical effects (Ratnadass et al., 2012).

2. Agronomic Components of Pest and Disease Management

2.1. Tillage/Plowing

Tillage has been an integral part of production agriculture
and is synonymous with seedbed preparation and post weed
control (Reicosky and Allmaras, 2003). Tillage has also been
important for insect and disease management through the
burial of crop residue, despite the negative environmental
effects of tillage, it remained an important tool for managing
weeds before the planting of crops and after their emergence,
but before full crop canopy (Gunsolus, 1990). Tillage was
used to destroy perennial crops and weeds before seeding
annual crops (Tripplett, 1985). The introduction of Glyphosate
resistant (GR) crops in 1996 brought a technology that enabled
many producers to adopt reduced tillage production systems
(Wade at al., 2009). Smiley and Wilkins (1993) found that
rhizoctonia root rot was more severe in barley than wheat
especially in non-tilled soils and the continuous cropping of
cereals enhanced the disease problem, as both crops were
hosts for the pathogen. Spotted wilt (tomato spotted wilt
tospovirus) incidence was 42% lower in reduced and minimum
tillage systems than in conventional tillage systems and is now
part of the recommended strategy to manage the disease
(Johnson et al., 2001). Alternating between conventional and
minimum tillage would pose less disease risk for Sclerotinia
than long-term minimum tillage in lettuce at Salinas Valley of
coastal California, USA (Jackson et al., 2004). Deep plowing
results in exposure of propagules to elevated temperatures
and physical killing of the pathogen and this can be regarded
as dry soil solarization, summer plowing was effective at
reducing populations of cyst nematodes and increasing wheat
yield (Mathur et al., 1987). In an experiment at Salinas Valley,
California, USA, Minimum tillage tended to decrease lettuce
(Lactuca sativa) and broccoli (Brassica oleracea) yields, but
was not associated with increased pest problems (Jackson
et al., 2004). At Agriculture and Agri-Food Research Centre
Saskatoon, Canada, for cereal crops, root disease incidence
decreased with reduced tillage and new disease problems
with take-all, rhizoctonia root rot and pythium root rot have
not developed during the study period (Bailey, 2016).

2.2. Selection of planting materials/varieties

To provide more and better food to populations in both
the southern and northern hemispheres in a sustainable
manner there is a need for a shift from agrochemistry to
agroecology (Deguine et al., 2008). Agroecology is based on
the optimization of biological interactions and regulations in
agroecosystems and its application to crop protection can
be referred to as agroecological crop protection (Deguine et
al., 2008). Selection of appropriate crop varieties may have
a profound effect on crop-weed competition and varietal
characteristics, like, taller plant height, size of flag leaf,
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higher leaf size, leaf area index, high specific leaf area during
vegetative growth and allelopathic ability (Joshi et al., 2007;
Bertholdsson and Brantestam, 2009) makes one variety
more competitive with weeds than another. Resistance of
the plant to insect is the property that enables the plant
to avoid, tolerate or recover from injury by insect pest
population. Mali and Patil (1993) noticed that least infestation
of gram pod borer, legume pod borer and plume moth with
mean percentage of pod infestation of 17.46%, 17.76% and
18.44% respectively, with variety T-21 in redgram. ICGS-65
a groundnut variety recorded lowest leaf miner infestation
(5.4%) whereas, TAG-24 was infested to the extent of 30.2%
(Jenaetal., 1996). The cotton germplasm stocks like MMCV-5,
Mahalaxmi, Krishna, Abadhita, TH-144, Sujatha, Suvin were
identifed for boallroom resistance, whereas, supriya, LK-861
and kanchan were found to have resistance against whitefly
(Sundarmurthy and Basu, 1992). Suraksha, Vikramarya,
Shaktiman, Rasmi jaya, Lata were the rice varieties with
multiple resistance to more than one pest (Krishnaiah,
1995). Lemerle et al. (1996) tested 250 genotypes of wheat
for competitiveness against Lolium rigidum and concluded
that strongly competitive genotypes had high early biomass
accumulation with extensive leaf display. Elite cultivars
of cowpea viz., IT90K-277-2, IT90K-734, IT93K-452-1 and
IT93K-513-2 performed better, whereas IT86D-719, IAR-48
and Dan lla gave the poorest yields, when unsprayed at lITA
Research Manjibir, Northern Nigeria (Asante et al., 2001).

Baliyan and Rao (2013) observed the yield, resistant to
nematode, late blight and farmer’s perception and concluded
that among the six tomato varieties tested, Zeal is the best
variety followed by FA 593 for pest and disease adaption and
productivity in Botswana of South Africa. Andrew et al. (2015)
also opined that early plant vigour and canopy architecture are
the important traits in cereals imparting competitive ability
against weed. Under the late sown condition of eastern Uttar
Pradesh, wheat variety DBW-39 was found highly effective
for suppression of weed growth, particularly during critical
crop-weed competition period and recorded higher number
of grain/earhead, biological yield and harvest index followed
by K-0307 (Mani et al., 2016).

2.3. Seed treatment

The role of seed in agriculture sector is of prime importance
in developing countries like India where the population
and GDP (Gross Domestic Product) considerably depend
on agriculture sector (Tyagi, 2012). The chemical control of
pest and disease via soil/foliar application has its limitation
such as high cost, selectivity, effect on target organisms,
development of pest resistance, resurgence of pests, pollution
of food and feed, health hazards, toxicity towards plants
and animals, environmental pollution etc (Rahman et al.,
2008). Considering these limitations with a growing world
population, there has been a growing interest to develop such
management practices/tools which alone or in combination
with other practices could bring about a reasonably good
degree of reduction of inoculums potential and at the
same time ensure the sustainability of the production, cost
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effectiveness and healthy ecosystem and ‘seed treatment’ is
one of these tools (Kumar, 2012). Seed treatment ranges from
a basic dressing to coating and pelleting (ASF, 2010; Dubey,
2011). Seed treatment with Trichoderma harzianum along
with soil amendment of poultry refuse and vermicompost
offered better performance against damping off disease of
potato and chilli. Seed treatment with T. harzianum followed
by soil amendment might be suggested to control damping
off disease complex of potato and chilli (Uddin et al., 2011).

Dry heat treatment (DHT), a powerful and agrochemical free
means of inactivating seed borne virus and other pathogens
has been extensively used for value added vegetable seeds
in Korea, Japan, and some other countries (Lee et al., 2004).
Thomas and Adcock (2004) reported that dry heat treatment
for a period of 4-7 days at 650 °C or up to 4 days at 700 °C
reduce, possibly eradicate anthracnose infection in lupine
seeds. Successful pathogen control achieved by Forsberg
et al. (2005) by aerated heat treatment of seed against
combined infections of S. nodorum and Fusarium spp, and for
T. caries on wheat, infections of D. teres and B. sorokiniana
on barley and infections of D. avenae and U. avenae on
oat. Research efforts in alternatives methods to chemical
crop protection are currently being addressed worldwide
especially with regards to food safety and environmental
sustainability (Nicholas and Steven, 2013). In green house
experimrnt at TNAU, Tamil Nadu, Bacillus subtilis G1 could be
considered as a promising alternative to synthetic chemical
fungicides in the management of maize downy mildew and
could be successfully exploited as a biocontrol agent within
the framework of integrated disease management system
(Sireesha and Velazhahan, 2016).

2.4. Sowing/planting time

The manipulation of planting time helps to minimize pest
damage by producing asynchrony between host plants
and the pest or synchronizing insect pest with their natural
enemies. Hessian fly (Myotiola destructor) usually lays eggs in
the upper surface of young winter wheat leaves. By delayed
plating suitable host were not available until most of the
over wintering adult flies emerges and die (Teetes, 1993).
Rice planted on 15" may had resulted in high percentage of
infestation of mealy bug (30%) compared to july transplated
crop (Krishnaiah, 1995). From the production and protection
point of view 15% June was a suitable date of sowing of
groundnut so that the damage due to leaf miner can be
reduced to greater extent (Singh and Rawat, 1981). Sharma
and Sharma (1999) reported that early sown fenugreek crop
suffered least due to low powdery mildew inoculum potential
and unfavorable weather conditions for pathogen whereas,
late sown crop suffered more because of ready availability of
inoculums buildup in early sown crop. Experiment conducted
at the Teaching and Research Farm of Usmanu Danfodiyo
University, Nigeria showed that planting early is the best
way to achieve higher yield of onion of over 40 t ha? by
transplanting in November increased the yield to 60.0 t ha™*
and it was observed that any transplanting done beyond
December will produce very low yield due to severe attack
o
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of thrips (Ibrahim and Adesiyun, 2010). Sunflower crop sown
during I*t Fortnight of July showed least powdery mildew PDI
and slower disease progression than other dates of sowings
and also increase in seed yield followed by crop sown on |I™
Fortnight of July, wherein the lesser PDI and slower rate of
disease progression observed in contrast to higher PDI in
crop sown during August, September and October months
(Akhileshwari et al., 2012).

Kethran et al. (2014) reported based on the results of
experiment on different sowing dates at Kunri, Mirpur Khas
Sindh, Pakisthan, maximum mean aphids, thrips, jassids
whitefly and fruit borer population of 0.527, 3.68, 0.46,
5.49 and 0.427 leaf* were found in SD4 (February 28") and
minimum of 0.36, 1.83, 0.01, 3.41 and 0.27 leaf"* were present
in SD1 (January 15 ) and green maximum chilli pod yield of
2.71 t ha* was produced in SD1 (January 15" ) followed by
2.50 t hat in SD2 (January 30%) and minimum vyield of 1.72
ha was achieved in SD4 (February 28™"). Sujay and Giraddi
(2014) reported from experiments conducted at the Main
Agricultural Research Station, UAS, Dharwad, Karnataka, India.
Significantly lower level of sucking pest and leaf curl index
was observed in the interaction of July 15" planting which
recorded dry chilli yield 4.21 g ha™ as against yield of 1.99 g
ha™sown June 30%. Similar pattern of treatment significance
was observed in case of natural enemy population also.

2.5. Plant spacing/geometry

The plant spacing an important cultural factor, which
influence the incidence of leaf hoppers, thrips and aphids.
Sivagurnathan et al. (1998) noticed least number of leaf
hopper in cotton plants which were planted at 60x30 cm?
spacing. In contrast leaf hopper population was significantly
more in widely spaced cotton (75x45 cm?). Mathur et al.
(2007) observed that at wider spacing of 45 cm seed per pod
and 100 seed weight recorded an increase of 11.9 and 15.7%,
respectively in comparison to narrow spacing in mungbean.
Singh et al. (2011) concluded that the sugarcane genotype
ColLk 94184 was superior inyield, quality and its ratoonability
over CoLk 97147 with the spacing requirement of 90 cm. July
end sown crop was found to have more 100 seed weight (3.50
gm) in N-S direction (3.40 g) and closer spacing (3.42 g) than
their counter parts of August 1t sown crop with E-W direction
under wide spacing, respectively (Singh et al., 2012).

The pigeonpea sown at 150x90 cm? spacing recorded
significantly higher number of pods plant? as compared to
150%x60 cm? spacing. However, the other yield attributes viz.,
100 seed weight and number of seeds pod™ did not differ
significantly due to different spacing (Saritha et al., 2012).
Sujay and Giraddi (2014) reported significantly lower level of
sucking pest and leaf curlindex was observed in the 90x60 cm?
spacing followed by 60x60 cm?, whereas, it was higher in case
of 60x30 cm?. Significantly highest chilli yield was registered
in 90x60 cm? spacing (4.21 q ha) whereas, the lowest chilli
yield of 1.99 g ha? was registered in 60x30 cm? treatment
from experiments conducted in Karnataka, India. Two years
results of the study at CSIR-Crops Research Institute, Kumasi,
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Ghana showed high biomass and seed yield of chia (Salvia
hispanica L.) when the crop was planted at narrow row spacing
of 0.5x0.5 m? consistently produced the highest biomass and
seed yield in both years of the study (Yeboah et al., 2014).
Among the four different planting geometry tried, square
planting architect 30x30 cm? proved better (3690.90 kg?) than
other planting geometry in case of faba (Singh et al., 2015).

Planting geometry of 45x15 cm? resulted in maximum
branches plant?® (15.67), capsules plant? (38.00), seeds
capsule? (51.44), seed weight plant® (31.89 g), seed index
(2.83 g), biological yield (2301.23 kg ha), seed yield (742.33
kg-ha) and harvest index (30.44%) followed by planting
geometry of 60x10 cm? in all the parameters. However,
minimum growth and yield traits of sesame were recorded
under planting geometry of 30x20 cm? (Nadeem et al., 2015).
The experiment conducted at Adisaptagram Block Seed Farm,
Mogra, Hooghly, West Bengal, India to know the severity
of late blight of potato (Phytophthora infestans) and from
the results it was evident that the severity of the disease
decreased with increase in spacing i.e. in spacing 50x15 cm?
the severity of the disease was 92.06%. But in case of spacing
60x25 cm? the severity of the disease was only 71.82% (Dey
and Chakraborty, 2016)

2.6. Crop rotation

Crop rotation with non-host plants is the first general
agronomic rule to avoid soil-borne diseases. Non host
effects via increased plant species diversity (PSD) at the
field level over time, disrupt the life cycle of soil-borne pests
and diseases via belowground processes (Ratnadass et al.,
2012). Neglecting crop rotation results in the enrichment of
pest populations, the accumulation of toxic substances, the
depletion of mineral nutrients, degradation in soil fertility
and destruction of soil structure (Katan, 2010). Crop rotation
deals with plant health in general rather than with controlling
a specific disease, although a certain crop sequence might be
more effective in reducing the incidence of a specific disease
than others.

Although air borne diseases can also be avoided to some
extent through crop selection and crop rotations that include
some non host crops, this strategy is more effective for soil
or residue borne pathogens (Krupinsky et al., 2002) with
reduced mobility and dispersal ability and a limited life span
of conservation forms. The most straight forward principle
underlying rotation as a disease control strategy is that plant
pathogen propagules have a lifetime in soils and rotation with
non-host crops starves them out (Reid et al., 2001).

Crop rotation schemes at the land scape scale may affect
natural enemy communities due to changes in spatial
distribution of resources over time (Holland et al., 2005; Rusch
et al., 2010). For instance, increasing crop diversity may be
beneficial to natural enemies due to higher spatiotemporal
availability of food or refuges at the landscape scale. Longer
and more diverse crop rotation systems with a higher
proportion of perennial crops may also reduce disturbance of
natural predator communities (Jonsson et al., 2012).

w
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2.7. Irrigation and water management

Soil moisture is an important factor in pest development
because of its effect on plant growth and vigour. It alters the
moisture content of the soil and consequently influences
its aeration and temperature and these in turn affect the
incidence of diseases through their impact on biotic and
abiotic processes in the soil or foliage (Reference). Irrigation
also affects disease incidence indirectly due to changes in
the agricultural regime, such as intensification of cropping
and changes in the date of sowing and growing seasons
(Katan, 1996). Increasing or decreasing the moisture through
irrigation may affect pest population by causing mechanical
damage to their development, the rice mealy bug was found
to be abundant in unirrigated field compared to frequently
irrigated fields (Padhee et al., 1995).

Alternate wetting and drying at 10 days intervals starting from
35 days after transplanting drastically reduced brown plant
hopper and white backed plant hoppers incidence in contrast
to continuous flooding of water of 5 cm (Singh and Dhaliwal,
1994). Katan (2010) Cultural practices can be harnessed for the
management of foliar and soil borne diseases by creating an
environment which is favorable for the crop and unfavorable
for the pathogen. Certain (Cultural practices) CPs, e.g. flooding
and sanitation are used mainly for pest control while others,
e.g. irrigation, can be used for both crop management and
pest control.

Results of field experiment using system of rice intensification
(SRI) techniques conducted in Chiba, Japan revealed that
apart from higher water productivity it also showed a role of
AWDI in minimizing pest and disease incidence, shortening the
rice crop cycle, and also improving plant stand until harvest
(Tejendra and Yamaji, 2010). Saritha et al. (2012) reported
that two irrigations one at flower initiation and another at
early pod formation stage significantly increased the yield
components viz., number of pods plant?® and test weight
of pigeonpea as compared to control and one irrigation
treatment. No irrigation treatment recorded significantly
lower number of pods plant™ over irrigation treatment. Dey
and Chakraborty (2016) reported that the severity of late
blight disease of potato could be minimized by reducing the
depth of irrigation (i.e. % of irrigation channel).

2.8. Fertilizer application

Nutrients are important for growth and development of
plants and also microorganisms and they are important
factors in disease control (Agrios, 2005). The increase in the
level of nitrogen application resulted in the increase of aphid
population in mustard (Singh et al., 1995). Higher fertilizer
application especially, nitrogen resulted in more luxurious
vegetative growth and makes the potato more vulnerable for
weevil attack (Naik et al., 1996). Zinc application in the form
of zinc chelate (Zn-EDTA) was superior than the application of
zinc sulphate in reducing the rice green leaf hopper incidence
(Padhee et al., 1995). in rice increase in the mealy bug infsation
was noticed with corresponding increase in the nitrogen levels
(Backialakshimi and Subramanian, 1996).
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It is believed that plants grown under conditions of low N
availability are better defended against pathogens because
there is an increase in the synthesis of defense related
compounds (Wilkens et al., 1996; Hoffland et al., 2000). It
has been frequently observed that K reduces the incidence
of various diseases such as bacterial leaf blight, sheath blight,
stem rot, sesamum leaf spotin rice, black rust in wheat, sugary
disease in sorghum, bacterial leaf blight in cotton, cercospora
leaf spot in cassava, tikka leaf spot in peanut, red rust in tea,
cercospora leaf spot in mungbean and seedling rot caused
by Rhizoctonia solani (Sharma and Duveiller, 2004; Sharma
et al., 2005). Shu et al. (2009) indicated that excess Zn made
expression of vitellogenin gene downregulated and caused
poor accumulation of egg yolk, which led to a reduction in
egg numbers and failure of eggs to hatch. Kulagod et al.
(2011) reported the higher level of nitrogen and phosphorus
application supported higher blue beetle damage in paddy in
an experimrnt conducted at ARS Mundgod, Uttara Kannada
Karnataka.

Manganese fertilization can control a number of pathogenic
diseases such as powdery mildew, downy mildew, take-all,
tan spot and several others (Simoglou and Dordas, 2006).
Application of higher dose of 30 kg Zn ha® to rice against
stem bores incidence, markedly decreased infestation, while,
applications at 20 and 25 kg permitted slightly more dead
hearts and white heads incidence (Sarwar, 2011). Rice insect
pests and diseases such as brown plant hopper, stem borer,
leaf folder, blast, red stripped disease and Sheath blight of
rice pests were positively related to increased nitrogen level
application, with serious outbreak of insect pests and diseases
(Chau et al., 2013).

2.9. Cropping system

The canopy of intercrop should have an effect on crop growth
and also the insect pests incidence, the incidence of borer
complex has been found ten times more in pigeonpea with
intercrop as compared to sole crop (Bhatnagar, 1981). The
incidence of leaf miner was comparatively low in groundnut
+ bajra intercrop as compared to sole crop (Muralibaskaran
et al., 1990). Chickpea mix cropped with wheat, barley and
ray resulted in reduced pod damage due to Helicoverpa
armigerea but when, the same intercrops were grown with
definite row proportion, the incidence of pod borer was found
higher (Rathore and Nwanze, 1993). Kennady and Raveendran
(1989) reported that groundnut+bajra intrcropping system
registered low leaf hopper and thrips population and bud
necrosis disease when they harvested groundnut with
redgram, greengram, cowpea, sunflower, corn and sorghum
as intercrops.

The experiments conducted under Co-ordinated pulse
improvement projectin 1981-82 indicated that intercropping
reduced the incidence of borer complex to 26% as against
49% in sole crop of pigeonpea (Anonymous, 1982). Growing
sorghum in association with cowpea or lab lab reduced the
sorghum stem borer infestation. Chand and sharma (1977)
also found that growing maize in association with legumes

w
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reduced the Chilo partellus damge in maize-cotton crop
in rotation with non-hosts like raagi, maize, groundnut or
soybean minimizes the incidence of pests (Simwat, 1994).
It is expected that insect pests will generally become
more abundant as temperatures rise as a result of range
extensions and phonological changes. This abundance will
be accompanied by higher rates of population development,
growth, migration, and overwintering (Cannon, 1998;
Bale, 2002). Habitat management is one method used
within agricultural systems to alter habitats to improve the
availability of the resources and natural enemies required for
optimal performance (Landis et al., 2000).

Greater natural enemy presence has been observed in the
more diverse and shaded agroforestry systems and increased
bird diversity and density have been shown to reduce
herbivore plant damage through greater insectivorous bird
predation (Perfecto et al., 2004). Sule (2013) found that
intercropping cowpea with sorghum significantly reduced
aphid and thrips population than in sole cowpea varieties at
the age of 30 and 40 days. From the two year study to evaluate
the effect of intercropping of potato (Solanum tuberosum L.)
with onion (Allium cepa L.) on whitefly and aphids’(Myzus
persicae Sulz) and (Aphis gossypii Glover) infestation in potato
fields indicated that intercropping significantly reduced potato
plant infestation with whitefly by 42.7 to 51.3% while it was
62.69% reduction with aphids during the two successive
winter seasons than when potato plants were cultivated alone
(Sharaby et al., 2015).

3. Conclusion

Agronomic measures of insect pest and disease management
generally involve variation in the usual farm operation, they do
not usually require any extra out lay or equipment to carry out
pest management, these measures are usually preventive and
they are indirect in effect, they do not pose the environmental
problems. Hence, feasible and possible agronomic measures
suiting to the particular niche for particular single or group of
insect pest and disease infesting predominant crops should
be considered as the first ditch difference around which to
build other options for the pest control.
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