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Learning objectives

To understand the most important wheat insect pests, their 
geography, the mechanisms of insect resistance and breeding for 
insect resistance.

Introduction

The demand for wheat is increasing along with the increasing 
human population, which is expected to surge to 1 billion tons by 
the year 2050 [1]. Fulfilling this demand with the increasing impact 
of climate change, environmental and resources degradation, 
reduced supply and increasing cost of inputs, and emergence of 
new virulent pests will be challenging unless we deploy efficient 
strategies, methods and policies to develop climate smart 
wheat technologies with high genetic gain and minimum yield 
losses. Insect pests alone are causing up to 40% yield losses in 
agriculturally important plants. Globally, wheat yield losses of 
5. 1 and 9.3 % have been reported due to insect pests during 
the pre-and post- green revolution era, respectively [2]. This 
chapter summarizes the most important wheat insect pests, their 
geographic distribution and economic importance, mechanisms 
of resistance, sources of resistance, gene introgression, breeding 
methods and approaches for insect resistance. 

Major wheat insect pests, geographic distribution and 
economic importance 

There are many insects affecting wheat production at global 
and regional levels. The major ones are Hessian fly, sunn pest, 
Cereal leaf beetle; Wheat stem sawfly, Russian wheat aphid, 
Greenbug, Bird Cherry-Oat Aphid, English grain aphid and 
orange wheat blossom midge (Figure 1). The biology, geographic 
distribution and their economic importance are indicated in the 
following sub sections.

Hessian fly (Diptera: Cecidomyiidae)

Mayetiola destructor (Say) is an important pest of wheat 
in North Africa, North America, Southern Europe, Northern 
Kazakhstan, Northwestern China, and New Zealand. Yield losses 
of 30% are common but there can be complete crop failure if 
infestation coincides with young stage of the wheat crop [3]. 
Hessian fly adults do not feed and do not live long. Females lay from 
100 to 300 eggs. The pest has three larval instars. The first induces 
a gall nutritive tissue at its feeding site. The second grows rapidly. 
The third completes its development in a puparium that looks like 
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a flax seed, which is where the pupa also lives. Hessian fly has a 
facultative diapause during the third instar and overwinters in 
wheat stubble or volunteer wheat. Depending on environmental 

field conditions, Hessian fly can complete 2-3 generations/year 
(Figure 2). 

Figure 1: Major wheat insect pests: A. Hessian fly. B. Sunn pest. C. Cereal leaf beetle. D. Wheat stem sawfly. E. Russian wheat aphid. F. 
Greenbug. G. Bird Cherry-Oat Aphid. H. English grain aphid. I. Orange wheat blossom midge.

Figure 2:

Sunn pest 

Sunn pest refers to several species in two genera Eurygaster 
and Aelia. The most widespread and damaging species to wheat is 
Eurygaster integriceps Puton (Hemiptera: Scutelleridae). Sunn pest 
is widespread throughout South and East Europe, North Africa, 
Near East, West and South-Central Asia. Yield losses attributable 
to direct feeding typically range between 50 and 90% [4,5]. Prolyl 
endoproteases injected into the grain during feeding severely 
compromise the quality of the resulting flour by degrading the 
vital gluten proteins [6]. Sunn pest has one generation per year. 
Adults overwinter mainly in mountains and hills surrounding 

wheat fields. In early spring, mature adults migrate from the 
overwintering locations to cereal fields. The pest has five nymphal 
stages, only four of which feed (2nd to 5th).

Cereal leaf beetle (Coleoptera: Chrysomelidae)

Oulema melanopus (L.) is a significant pest of wheat in Europe 
and Central Asia but has been reported causing damage in several 
other parts of the world including Algeria, Tunisia, Morocco, Syria, 
India, Pakistan, Iran, United States and Canada. Yield losses can 
be as high as 55% in spring wheat and 23% in winter wheat [7]. 
Larvae are more damaging than adults and have been reported to 
consume plant biomass 1 to 10 times their body weight. Cereal 
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leaf beetle has one generation per year. Adult beetles overwinter 
in protected areas such as wind rows, crop stubble and tree bark 
crevices. Larvae go through four instars.

Wheat stem sawfly (Hymenoptera: Cephidae)

Wheat stem sawfly (WSSF) is the common name of a number 
of sawfly wheat pest species in North America, Europe, North 
Africa and Asia. In North America, the most important species 
is Cephus cinctus Norton. Yield losses inflicted by this pest in 
the Northern Great Plains exceed $350 million a year. In Europe, 
North Africa and West Asia, the most common species is Cephus 
pygmaeus (L.). WSSF larvae cause two types of damage; larval 
feeding inside the stem reduces the nutrient transfer capability of 
the plant and weakens the stems. The most severe form of loss is 
caused by the stems that are girdled and topple to the ground just 
before harvest. In Morocco and Syria, 40 and 28% of stems cut by 
WSSF have been reported, respectively [8,9]. Larvae pass through 
four or five instars. There is only one generation per year.

Russian wheat aphid (Hemiptera: Aphididae)

Russian wheat aphid (RWA), Diuraphis noxia (Kurdjumov), 
is an important insect pest of wheat in many parts of the world, 
particularly in dry areas. Its origin is believed to be the Caucasus 
region, but it has spread widely and is now found on all continents. 
RWA is light green, elongated spindle-shaped aphid, with 
distinguishing double tail. Feeding on young wheat leaves causes 
a number of symptoms including longitudinal chlorotic streaking 
with a convoluted rolling of the leaf. Rolling of the leaves reduces 
photosynthetic area and protects aphids from contact insecticides 
and natural enemies. Yield losses of 20-90% have been reported in 
different parts of the world [10-12]. Depending on environmental 
conditions, RWA is reported to have sexual as well as asexual 
reproduction.

Greenbug (Hemiptera: Aphididae)

The species Schizaphis graminum (Rondani) commonly known 
as greenbug, has an uncertain origin, however it is considered of 
paleartic origin, probably from the Middle East or Central Asia. Its 
distribution encompasses Asia, Southern Europe, Africa, North 
and South America. The apterous individuals are light green with 
dark-tipped siphunculi, and typically with a green longitudinal 
stripe on their abdomen. S. graminum feeds on various genera 
of Poaceae, e.g., Agropyron, Avena, Bromus, Dactylis, Eleusine, 
Festuca, Hordeum, Lolium, Oryza, Panicum, Poa, Sorghum, 
Triticum and Zea. It is capable of transmitting BYDV, especially the 
SGV strain. Feeding of S. graminum on susceptible plants causes 
chlorosis and necrotic spots at the feeding site.

Bird Cherry-Oat Aphid (Hemiptera: Aphididae)

Commonly known as the bird cherry-oat aphid, Rhopalosiphum 
padi (L.) has an origin difficult to trace, since it is currently 
distributed worldwide. Its sexual phase takes part on various 

Prunus species, e.g. in Europe it overwinters on Prunus padus 
L., and in North America on P. virginiana L. Among all aphid 
species mentioned in this chapter, R. padi is the only one able to 
overwinter on a species other than from the Poaceae family. Based 
on phylogenetic studies using SCAR markers on nuclear DNA, 
mitochondrial DNA (cyt.b) markers, and tracking life history of 
aphids, it has been shown that there are two lineages differing in 
their life cycle: 1) holocyclic, with the sexual phase on the primary 
host (P. padus) and a parthenogenetic phase during summer in 
Poaceae species; 2) anholocyclic, with only the parthenogenetic 
phase on grasses; this occurs in places where the winter is mild. 
The damage caused by this aphid in wheat is not evident to the 
human eye until plants are seriously damaged, by then plants 
become yellowish, stunted and most often dead. Even though the 
economic losses caused by this aphid in the absence of virus are 
not reported, it can significantly reduce yield by 31% and up to 
62% when damage is combined with BYDV infection [13].

English grain aphid (Hemiptera: Aphididae)

Sitobion avenae (F.), commonly known as the English grain 
aphid, probably originates from Europe, and it is currently 
present in Europe, Northern and Southern Africa, Eastern India 
and Nepal and North and South America. This species is a yellow-
green or reddish-brown aphid, small to medium sized and broadly 
elongated (1.9-3.5 mm). It has a pale cauda and typically black 
knees and cornicles, the latter twice as long as the cauda. This 
aphid species overwinters on Poaceae species where also the 
sexual cycle occurs, even though aphids can continue reproducing 
parthenogenetically the whole year. It is a vector of BYDV, 
particularly the strains MAV and PAV. Similar to R. padi, this aphid 
species does not cause visible symptoms on the wheat plants 
when feeding, but it can reduce spring wheat yields by 20% at only 
300 aphid-days.

Orange wheat blossom midge (Diptera: Cecidomyiidae)

The wheat midge Sitodiplosis mosellana (Géhin) is distributed 
throughout many wheat-growing regions of the Northern 
Hemisphere, especially between 42°N and 62°N latitude. From 
Eurasia - where it is a pest today - it spread to also become a 
serious pest in North America and China in the 1800s and 1900s, 
respectively [14-16]. There is a single generation each year. Adult 
emergence coincides with anthesis. The first two larval instars 
feed on the developing seed, thereby harming both wheat yield 
and quality. The seed can be entirely consumed. Infested seeds 
that are large enough to be harvested exhibit undesirable changes 
in germination, protein and dough strength. The third instar 
stays inside the floret until high moisture conditions trigger its 
departure. Larvae burrow to a depth of a few centimeters and 
overwinter inside a cocoon. During outbreaks, wheat losses are 
large. In 1983, an estimated 30 million in Canadian dollars was 
lost in Saskatchewan. In 2004, an estimated 1 million tonnes were 
lost in the United Kingdom [17].
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Mechanisms of Plant Resistance to Wheat Pests 

Crop plants do have different mechanisms to protect 
themselves from insect attacks. These mechanisms are classified 
in three groups as follows.

 

Antixenosis

Antixenosis or sometimes also called non-preference is a 
modality that encompasses mechanisms of the plant that helps to 
protect itself from occupation or colonization by the insect. Plants 
that exhibit antixenotic resistance should have a reduced initial 
number of colonies early in the season. The mechanism could be 
antixenosis against oviposition or feeding. Plants with pubescence 
such as hairiness of the foliage and or vascular bundles are able to 
deter insects with piercing and sucking mouth parts. The simple 
trichomes deter oviposition and feeding by preventing the insect’s 
ovipositor or proboscis from reaching the plant epidermis (Lee 
1983) Pubescent wheat cultivar Vel exhibits antixenosis to adults 
and larvae of the Hessian fly Mayetiola destructor (Roberts et al., 
1979). In wheat, an example is the resistance shown by ‘Kahla’ 
durum wheat (Triticum turgidum var. durum) in association with 
a reduction in the number of eggs oviposited on wheat spikes by 
the adult female wheat midge.Other morphological features of 
plants, such as frego bract in cotton,

help reduce the number of eggs laid and subsequent damage 
by boll weevils Anthonomus grandis (Jenkins and Parrot 1971). 
In field experiments, frego-bract cotton showed 50% less damage 
from oviposition than normal cottons did. The role of the frego 
bract in reducing damage by the boll weevil appears to be due to 
some adverse effect on insect behavior. Frego bract is associated 
with hypersensitivity to the plant bugs Lygus spp. and cotton 
fleahopper Pseudatomoscelis seriatus (Jenkins et al 1973).

The colour and shape of plants remotely affect host selection 
behaviour of phytophagous insects and have been associated 
with some resistance. ¢ Ex: Specific color-related resistance, For 
example, the red and glossy nature of Cruciferae plants was a 
major factor conferring antixenosis resistance against the cabbage 
aphid Brevicoryne brassicae (Singh and Bills 1993). ¢ Yellow 
colour is preferred by aphids ¢ Green and blue green is preferred 
by cabbage butterfly ¢ Dark green preferred by rice leaf fold.

Chemical cues are involved in all the three phases of host 
selection behavior; orientation, oviposition and feeding. Many 
factors play a role in the process of opposition by different insects, 
but long-range orientation of many insects to their host plants 
is known to be guided by volatile, compounds emanating from 
plants. Volatile hydrocarbons and other secondary compounds 
act as oviposition deterrents ¢ Onion volatile diallyl disulfide is 
antagonistic to onion fly Delia antiqua.

Antibiosis

Adverse effect of the host plant on the biology (survival, 
development and reproduction) of the insects and their progeny 
due to the biochemical and biophysical factors present in it. 
¢ Manifested by larval death, abnormal larval growth, etc. ¢ 
Antibiosis may be due to - Presence of toxic substances - Absence 
of sufficient amount of essential nutrients - Nutrient imbalance/
improper utilization of nutrients.

Another class of mechanisms is antibiosis, which encompasses 
any mechanism that reduces the growth or survival of the feeding 
stages of the insect. In wheat, examples of antibiosis are death of 
newly emerged Hessian fly or wheat midge larvae when they first 
attempt to establish a parasitic relationship with a resistant plant. 
Because reactions attributed to antibiosis are assumed to be more 
robust or reliable than those due to antixenosis, breeders and 
entomologists have typically concentrated more on identifying 
antibiotic mechanisms. The concern has been that in the absence 
of preferred genotypes, antixenotic plants can still be colonized 
and significantly damaged.

Tolerance

Tolerance refers to the ability of the host plant to withstand 
an insect population sufficient to damage severely the susceptible 
plants. ¢ Tolerance is a plant response to an insect pest. It 
describes the ability of the plant to grow and reproduce in spite of 
supporting what would normally be a damaging insect population. 
Whereas antibiosis and antixenosis resistance cause an insect 
response when the insect attempts to use the resistant plant for 
food, oviposition, or shelter. ¢ This form of resistance includes 
general vigour, compensatory growth in individual plants and 
or the plant population, wound healing, mechanical support in 
tissues and organs and changes in photosynthate partitioning. 
Tolerant varieties have higher ETL ¢ They prevent development 
of biotypes ¢ They increase yield stability. Insect populations are 
allowed to sustain epidemics in an area, causing problems in other 
crops ¢ It is more strongly affected by environmental extremes 
than other forms of resistance. 

In wheat, an example of such a mechanism is the ability of 
plants to tiller after seedlings are attacked by Hessian fly larvae. 
Of the three resistance mechanisms, tolerance is perhaps the most 
difficult to identify since it requires a more precise quantification 
of plant responses to the insect, preferably over a range of insect 
densities. On the other hand, tolerance theoretically places less 
selection pressure on the insect population relative to antixenosis 
and antibiosis.

Genetic diversity and gene mining for insect resistance

Wheat genetic diversity, defined as the total number of 
genetic characteristics present in the Triticum species, is the most 
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important factor for wheat improvement in terms of adaptation, 
yield potential, end-use quality, drought and heat tolerance, 
resistance to diseases and insect pests. Large number of wheat 
genetic resources including land races, old cultivars, wild relatives 
and elite breeding lines are available in the gene banks at CIMMYT 
and ICARDA and other international and national institutions 
(Tadesse et al. 2019). However, only a limited amount (about 
10% ) of the available genetic resources have been utilized for 
improvement purposes by breeders globally due to (a) gene bank 
accessions are too obsolete, clumsy and wild with difficulty to 
breed and even if successful, it may lead into linkage drags, (b) the 
germplasm is poorly characterized and the available data might 
not be accessible and match the interest of breeders, (c) enough 
genetic diversity might be available in the elite breeding lines and 
varieties. Deployment of effective strategies and tools to undertake 
gene mining and introgression is highly important to increase the 
utilization of genetic resources in the wheat breeding programs. 
Some of these strategies and techniques are indicated below.

Focused Identification of Germplasm Strategy (FIGS)

Distribution of genetic resources is a key and core gene 
bank activity aiming at responding to requests from various 
users including breeders, researchers, farmers, etc [18]. When 
the request does not specify the germplasm and traits sought, a 
random sample is selected and sent to requesters. Core collections, 
proposed originally by Brown in 1989, were developed for major 
crops which include 10% of holdings representing the geographic- 
characterization- or genetic-based diversity.

To effectively respond to inquiries that directly meet the 
needs of the users, the focused identification of the germplasm 
strategy FIGS has been developed at the International Center 
for Agriculture Research in the Dry Areas (ICARDA) in the last 
decade. FIGS has become a better alternative to random sampling 
and the use of core collections since it is specific to each trait and 
is selecting manageable size subsets with higher probability of 
finding the desired traits. It is based on finding the relationship 
between the environmental conditions of collection sites and the 
traits requested by users.

FIGS uses two approaches: filtering and modeling; both of 
which select best-bet environments that are likely to have imposed 
selection pressure for specific traits on in-situ populations 
over time. Developing a FIGS filtering strategy requires deep 
understanding of the ecology and the optimal conditions of the 
expression of the trait under study, how these conditions affect 
the crop, and how this will relate to a selection pressure on an 
in-situ population. The FIGS modeling pathway explores the 
mathematical relationship between the adaptive trait of interest 
and the long-term climatic and/or soil characteristics of collection 
sites. The mathematical conceptual framework of FIGS is based 
on the paradigm that the trait as a response variable depends 
on the environment attributes considered as the covariates. 
The quantification process leads to the generation of a priori 

information, which is used in the prediction of accessions that 
would carry the desired trait.

Previous success in using FIGS has been reported for example 
in the identification for sources of resistance to Sunn pest in wheat 
in Syria and for Russian wheat aphid in bread wheat [19].

Here we represent an example of how a filtering approach was 
used to select best bet subset for selecting FIGS subset for Sunn 
pest: 1- Start with all georeferenced landraces for which a suite of 
monthly agro-climatic data was available from WorldClim (8376 
Accessions), 2- Collection sites from a geographic region between 
latitudes 30° to 45° and longitudes 35°-80° where progressed 
to the next step to represent areas where Sunn pest has been 
reported as an historic pest, 3- Sites in China, Pakistan and India 
were also excluded because there have been only recent reports 
of Sunn pest in these countries, 4- Accessions collected from sites 
whose long term average annual rainfall was less than 280 mm per 
year were excluded as Sunn pest populations are not particularly 
dense in very arid environments, 5- Accessions from sites that 
experience long term average minimum monthly temperatures 
of less than -10°C were also excluded as it was hypothesized that 
areas experiencing particularly harsh winters would not favor high 
population densities of Sunn pest, 6- Maximizing agroecological 
diversity which resulted into 534 accessions of which half were 
from Afghanistan.

The evaluation of this Sunn pest FIGS subset yielded 9 
accessions that were resistant to the juvenile stage of the pest (1 
from Tajikistan and 8 from Afghanistan), which was an excellent 
result considering that 1000s had been screened previously 
without success [4]. This example demonstrates that 1) even 
a very simple filter, using just monthly temperature and annual 
rainfall, can be effective at capturing invaluable genotypes, and 2) 
it is essential to understand something about the biology of the 
organism in question when designing a filter.

Screening techniques for resistance to wheat pests 

 When screening plant materials for resistance to a particular 
arthropod - whether in the field or the greenhouse - two 
observations signal the possibility that a particular genotype is 
resistant. The first is the complete absence of the insect, whereas 
it is clearly present on other genotypes. The second is reduced 
presence relative to its greater presence on other genotypes. 
Conclusions based on such observations are more reliable if 
a variety of plant genotypes are tested simultaneously. Highly 
susceptible genotypes must always be included. They act as 
‘controls’, providing proof that the absence of the pest from a 
particular genotype resulted from its ability to resist attack rather 
than because it escaped attack due to a failure of testing conditions. 
The screening techniques described below for resistance to 
Hessian fly, Sunn pest, Cereal leaf beetle, Wheat stem sawfly and 
Russian wheat aphid are in use at ICARDA [19]. whereas those 
presented for the greenbug, bird cherry-oat aphid and English 
grain aphid are commonly used at CIMMYT. 
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Hessian fly

Screening for Hessian fly can be carried out in hotspots in 
the field under natural infestation but also in the greenhouse. 
In the field, planting date needs to be adjusted so that 1-2 leaf 
stage of the crop coincides with the emergence of the flies. For 
example, in North Africa, a delayed planting date creates strong 
pest pressure on the test plants. Evaluation of plant genotypes 
for resistance is usually made 3-4 weeks after infestation in the 
greenhouse or when symptoms are clearly seen on the susceptible 
check. Susceptible plants show stunted growth and a dark green 
color and contain live larvae, whereas the resistant plants exhibit 
normal growth and a normal light green color and contain either 
mostly or only dead first-instar larvae.

Sunn pest

Screening is conducted only in the field under artificial 
infestation. Test entries are planted under mesh screen cages. 
Plants are infested at the time of Sunn pest’s once yearly 
migration to wheat fields using insects collected by sweep nets. 
The evaluation is based on vegetative stage damage either four 
weeks after infestation or when symptoms are clearly visible on 
the susceptible check. The following rating scale of 1–6 is used to 
assess shoot and leaf damage (and plant stunting): 1 = no damage 
and no stunting; 2 = 1–5% damage, with very little stunting; 3 = 
6–25% damage with low level of stunting; 4 = 26–50% damage, 
with moderate level of stunting; 5 = 51–75% damage with high 
level of stunting, and 6 = > 75% damage, with severe stunting.

Cereal leaf beetle

Because cereal leaf beetle has one generation/year, screening 
of germplasm is carried out in hotspots in the field under natural 
infestation. When severe damage is seen on the flag leaf of the 
susceptible check, the evaluation is conducted using the following 
rating scale: 1= no damage, 2= 10% or less of leaves damaged, 3= 
25% or less of leaves damaged, 4= 50% or less of leaves damaged, 
5= 75% or less of leaves damaged, 6= more than 75% of leaves 
damaged, including the flag leaf. 

Wheat stem sawfly

Wheat stem saw fly produces one generation/year. Screening 
of germplasm for resistance to this pest is mostly carried out in 
hotspots in the field under natural infestation. At the end of the 
season, just prior to harvest, evaluation for resistance is based 
on the % stems cut by larvae: > 30% = susceptible, 20 – 30% = 
moderately susceptible, < 10% = moderately resistant, < 5% = 
resistant. 

Russian wheat aphid

Screening for Russian wheat aphid is carried out in hotspots 
in the field under natural and/or artificial infestation but also in 
the greenhouse. Evaluation is made when symptoms of leaf rolling 

and leaf chlorosis are clearly visible on susceptible checks using a 
1–3 scale for leaf rolling (LR), where: 1 = no rolling, 2 = trapping or 
curling in one or more leaves, and 3 = rolling in one or more leaves. 
For leaf chlorosis (LC) a 1–6 scale is used where: 1 = no LC, 2 = < 
33% of leaf area with LC, 3 = 33–66% area with LC, 4 = > 66% area 
with LC, 5 = necrosis in at least one leaf, and 6 = plant death [20].

Greenbug

Because of the symptoms caused by S. graminum it is possible 
to perform massive screenings, allowing the identification of 
resistant germplasm in short spans (10-14 days). Protocols consist 
of sowing row or hill plots of eight to ten seeds in flats; three days 
after emergence plants are infested by placing infested leaves on 
the plots with an average density of four to five aphids per plant; 
scores of symptoms in percent of chlorosis are taken 10-14 days 
after infestation, or using a 0-9 damage scale where: 0=No damage 
and 9=dead. However, more quantitative and eye-independent 
measurements, is the evaluation of chlorophyll content, which has 
been successfully used in wheat to identify resistance sources and 
map chromosomic regions associated with the resistance [21].

Bird cherry-oat aphid & English grain aphid

Evaluating resistance to these two aphid species is more 
challenging, since none of these cause visible symptoms on the 
plants. One option is to conduct the typical life table assessments, 
where the intrinsic rate of increase is calculated, however, this is 
time consuming and the number of plant materials that can be 
evaluated is limited. Another option is to determine the aphid 
growth, this allows a somewhat larger number of genotypes to 
be evaluated. One more option is to assess the biomass loss of 
the seedlings in an infested vs. non-infested setup. There is one 
additional complication, in the case of the EGA it is fundamental 
to asses the germplasm at the adequate phenological stage, since 
evaluations at other stages can result in false positive results.

Orange wheat blossom midge

Field screening methods have enabled resistance scoring 
of hundreds or even thousands of genotypes in a single season. 
Two to three weeks after egg-laying occurs, an evaluator threshes 
a wheat spike (5 per plot), noting the presence of the bright 
orange mature larva. Genotypes that exclude larvae or support 
significantly fewer larvae compared to susceptible controls are 
classified as resistant. Genotypes can be misclassified as resistant 
if planted too early or too late, making the spike either no longer 
attractive to the egg-laying female or not suitable for larval 
colonization of the seed embryo. Bad weather can also prevent 
infestation. Multiple planting dates help reduce these problems 
but restrict the number of genotypes that can be screened each 
season. Screening in the greenhouse does not have these problems 
but requires establishment of a laboratory colony, each generation 
of which requires a 5-month long period of obligatory diapause in 
the cold. 
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Identification and introgression of insect resistant 
genes 

Using the FIGS approach and the different screening protocols 
of screening for insect resistance both in the field under hot 
spot locations and in the greenhouse using artificial inoculation, 
important Resistance (R) genes have been identified and mapped 
for each of the important wheat insect pests including the Hessian 
fly, Wheat midge, Greenbug, Russian wheat aphid and Wheat curl 
mite. According to Harris et al. [22], out of the total 479 R genes 
reported in wheat, only 69 R genes are targeted for insects and 
mites, mainly for Hessian fly (37 genes), Russian wheat aphid (11 
genes) and Greenbug (15 genes). Most of the resistance genes for 
Hessian fly were identified from Triticum aestivum accessions 
such as Grant, Patterson, 86981RC1-10-3, 8268G1-19-49, 
KS89WGRC3 (C3), and KS89WGRC6 (C6). Similarly, the majority 
of the Russian wheat aphid genes were identified from Triticum 
aestivum genotypes (PI137739, PI262660, PI 294994, PI 372129, 
PI 243781). Aegilops tauschii accessions have been identified as 
excellent sources of resistance for Greenbug, Russian wheat aphid 
and Hessian fly [23-25]. Rye (Secale cereale) has been reported as 
the source of H25 for Hessian fly, Gb2 and Gb6 for Greenbug while 
Aegilops triuncialis has been reported as the source of H30 gene 
of Hessian resistance. 

Because of the co-evolution between wheat and insects, 
stacking of major R genes is very important for the development 
of durable resistance. This is mainly feasible for Hessian fly, 
Greenbug, Russian wheat aphid and the Wheat curl mite since there 
are R genes clustered around the same chromosome intervals. For 
example, for Hessian fly, there are 15 genes reported on the short 
arm of chromosome 1A (H3, H5, H6, H9, H10, H11, H12, H14, H15, 
H16, H17, H19, H28, H29 and Hdic); three genes on the long arm 
of chromosome 3D (H24, H26, H32) and three genes on the short 
arm of chromosome 6D (H13, H23, HWGRC4). Similarly, six Dn genes 
are clustered on the short arm of chromosome 7D (Dn1, Dn2, Dn5, 
Dn6, Dn8 and Dnx) for Russian wheat aphid [23] and 8 Gb genes 
are clustered on the long arm of chromosome 7D (Gbx1, Gba, Gbb, 
Gbc, Gbd, Gbz, Gb3 and Gbx2) for Greenbug resistance [25]. Some 
of these genes such as H9 and H10; H26 and H32; Dn1, Dn2, Dn5, 
Dn6 and Dnx; Gbz and Gb3 are tightly linked and hence they can 
be easily introgressed simultaneously during the gene pyramiding 
process. 

The resistance sources from wheat relatives and land races 
do not have all the desired traits to be a variety by themselves. 
They can only serve as gene sources for traits of interest such as 
insect resistance, drought and heat tolerance, disease resistance, 
etc. Introgression of such genes from wild relatives into common 
wheat is very difficult and requires efficient introgression 
techniques and approaches. Though there are successful natural 
gene introgressions as exemplified by wheat–rye translocations 
of 1BL.1RS and 1AL.1RS, which arose spontaneously from 
centromeric breakage and reunion, gene introgression/transfer 
in pre-breeding programs can be carried out using gene 

transfer through hybridization and chromosome- mediated 
gene transfer approaches or through direct gene transfer using 
molecular approaches. The most successful and highly used gene 
introgression techniques is the development of primary synthetic 
wheats (2n =6x=42, AABBDD) which is an amphiploidy developed 
by crossing the T. turgidum spp. durum (2n=4x=28, BBAA) with 
Ae. tauschii (2n = 2x=14, DD) and chromosome doubling of the 
F1 through colchicine treatment [26]. The primary synthetic 
wheats have served as a bridge to transfer important genes such 
as resistance to Hessian fly, aphids, Sunn pest and many other 
important genes for resistance to abiotic and biotic stresses [19-
21, 27,28]. 

Breeding for insect resistance 

The main objective of any breeding programme is to 
develop high yielding, better quality and adapted varieties with 
resistance to the major abiotic and biotic stresses prevailing 
in the target region. Breeding for insect resistance should be 
carried out in combination with other important traits targeting 
the regions where the insect pest is economically important. 
The wheat programs at CIMMYT and ICARDA undertake 
intensive characterization of parents for different traits such 
as yield potential, disease (root and foliar) resistance, heat and 
drought tolerance, insect resistance (Hessian fly, Sunn pest and 
aphids) and better nutritional quality. Once the progenitors are 
characterized the breeding programs assemble crossing blocks 
targeting wheat growing regions in developing economies. High 
yielding and adapted hall mark wheat cultivars representing the 
major-agro-ecologies, synthetic derived hexaploid wheats, and 
elite lines are included in the different crossing blocks. Simple, top 
and back crosses are carried out commonly with the application of 
diagnostic markers for gene pyramiding in the F2, F1top, and BC1 
F1 populations [29, 30]. Selection of the segregating generation 
for different traits from F2 to F4 is carried out using the selected 
bulk or modified pedigree selection schemes as indicated (Figures 
1-3).

In addition to the scheme indicated in Figure 3, ICARDA has 
developed a modified speed breeding for elite x elite crosses 
whereby we manage crosses and F1s in the greenhouse and 
segregating generations and head-rows in the field at Merchouch 
in Morocco using summer x winter shuttle approach. Elite 
genotypes at F7 stage are evaluated in hotspot locations at 
Jemmaa Shaim in Morocco for Hessian fly and at Terbol station 
in Lebanon for Sunn pest resistance following the screening 
techniques indicated earlier in this chapter. The elite genotypes 
are also evaluated across key locations for yellow and stem rusts 
resistance at Kulumsa (Ethiopia) and Izmir (Turkey), for heat 
tolerance at Wadmedani (Sudan) and for root diseases, drought 
tolerance at Merchouch and Sid Al Aydi stations in Morocco. As 
indicated in Table 1, elite genotypes with high yield potential, 
yellow rust resistance, drought and heat tolerance with 100% 
resistance to the Moroccan.
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Table 1: Synthetic derived elite spring bread wheat genotypes from ICARDA combining yield potential, yellow rust (YR) resistance and 100% re-
sistance to Hessian fly at Merchouch, Morocco, 2018.

No. Name/Pedigree Days to head-
ing Days to maturity Plant height 

(cm) TKW (g) Yield (t/
ha)

YR 
(%)

1 JAWAHIR-9/ETBW 4920 107 169 105 45.5 10.41 10

2 ATTILA*2/AMAD//ENKOY/3/PFAU/MILAN 109 169 103 50.8 9.1 5

3 ZAIEM-11//CHAM-6/SHUHA-14 119 177 100 32.6 9.07 10

4 BACANORA T 88/RUTH-2 113 171 99 44.8 8.82 5

5 KATILA-11//SHUHA-8/DUCULA 109 169 105 45.6 8.55 15

6 CROC-1/AE.SQUARROSA (205)//MILAN/KAUZ/3/
MILAN/PASTOR 113 171 107 41.9 8.49 15

7 PFAU/MILAN//FUNG MAI 24/3/ACHTAR/INRA 
1764 114 173 111 42 8.45 15

8 CHAM-8/RUTH-3 109 169 105 37.8 8.33 10

9 CHAM-6/SHUHA-14//ETBW 4921 105 167 106 47.8 8.26 10

10 QAMAR-4/3/NESMA*2/14-2//2*SAFI-3 114 173 107 41.3 8.12 15

11 JAWAHIR-2//MILAN/DUCULA 115 174 103 37.4 8.02 15

12 NEJMAH-18/QADANFER-4 107 169 109 45.6 7.89 15

13 22SAWSN - 142/3/PASTOR//MUNIA/ALTAR 84/4/
SHAMISS-3 110 169 103 37.8 7.86 5

14 QAMAR-4/3/NESMA*2/14-2//2*SAFI-3 112 171 113 39.1 7.69 15

15 T.TAU.83.2.36/FRAME/3/OPATA/RAYON//KAUZ 108 169 96 44.1 7.02 15

16 STAR *3/LOTUS 5//TNMU/MILAN/3/QAMAR-2 110 169 102 37.3 6.08 15

17 SHARP/3/PRL/SARA//TSI/VEE#5/5/VEE/LIRA//
BOW/3/BCN/4/KAUZ/6/HUBARA-5 110 176 108 40.3 8.27 10

18 P1.861/RDWG//ESWYT99#18/ARRIHANE/3/
PFAU/MILAN 111 170 96 35.6 7.55 15

19 FAYEQ-2/3/NESMA*2/14-2//2*SAFI-3 111 170 106 34.6 7.11 20

20 HUBARA-1/5/KAUZ/3/MYNA/VUL//BUC/FLK/4/
MILAN 108 169 99 41.5 6.96 10

21 KA/NAC//SERI/RAYON/3/GOUMRIA-14 109 169 100 39.6 6.92 10

22 Tesfa 109 169 100 35.3 8.02 5

23 Terbol 113 172 103 35.7 7.7 20

24 Atlas 110 169 105 39.6 7.1 10
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Figure 3: Germplasm development and distribution scheme; P= parent; F= Filial generation; DH= Doubled Haploids; MAS= Marker 
Assisted Selection; PYTs= Preliminary Yield Trials; YTs= Yield Trials; AYTs= Advanced Yield Trials; NVT= National Variety Trial; VVT = 
Variety Verification Trial.

Hessian fly biotype have been identified and distributed 
to national programs in the CWANA region through ICARDA’s 
international nursery distribution system for direct release and 
parentage purposes. Similarly, breeding programs in the USA have 
developed resistant varieties for the major insects such as Hessian 
fly, Russian wheat aphid, Greenbug, and Wheat stem saw fly. More 
than 60 Hessian fly resistant wheat varieties have been released 
in the USA between 1950 and 1983 and less than 1% yield loss 
have been reported in areas where resistant cultivars have 
been deployed [31]. Resistance conferred by the Sm1 gene has 
revolutionized management of Wheat midge [32]. Discovered by 
Canadian researchers in 1996, Sm1 is now deployed in many parts 
of the world. Larvae die without causing damage to developing 
seeds. To ensure long-term durability of Sm1, the Canadian Wheat 
Board took the unusual step of requiring Sm1 be deployed in a 
90:10% mixture of resistant to susceptible seeds [33,34].

Summary

Genetic diversity for resistance to biotic and abiotic stresses is 
the backbone for the success of any breeding program. Studies to-
date have shown the availability of enough genetic diversity in the 
wheat genetic resources (land races, wild relatives, cultivars, etc.) 
for resistance to the most economically important insect pests 

such as Hessian fly, Russian wheat aphid, Greenbug and Sunn 
pest. Many R genes - including 37 genes for Hessian fly, 11 genes 
for Russian wheat aphid and 15 genes for Greenbug - have been 
identified from these genetic resources. Some of these genes have 
been deployed singly or in combination in the breeding programs 
to develop high yielding varieties with resistance to insects. Gene 
pyramiding using marker assisted selection is important to stack 
two or more R genes in an adapted cultivar in order to increase the 
durability of insect resistance. Breeding for tolerance traits would 
exert less selection pressure on insect pests to evolve the ability 
to overcome the deployed trait. It is also important to develop 
and deploy resistant varieties in a given agro-ecology instead of 
using a given variety across a large mega-environment along with 
integrated pest management options in order to slow down the 
development and spread of virulent biotypes of the insect pests.

Conclusions

Wheat genetic resources are reservoirs for different genes 
including for resistance to insects. Identification and introgression 
of these insect resistant genes into adapted cultivars using 
both classical and molecular approaches is key for successful 
development of high yielding and widely adapted wheat varieties 
with resistance to major insect pests. 

http://dx.doi.org/10.19080/ARTOAJ.2021.25.556321


0010

Agricultural Research & Technology: Open Access Journal 

How to cite this article:  Wuletaw T, Marion H, Leonardo Crespo H, Zakeria K, Mustapha El B. Wheat Breeding for Resistance to Major Insect Pests. Agri 
Res & Tech: Open Access J. 2021; 25 (5): 556321. DOI: 10.19080/ARTOAJ.2021.25.556321

References
1.	 Hunter MC, Smith MC, Shipanski ME, Atwood LW, Mortenson DA (2017) 

Agriculture 	 in 2050: Recalibrating Targets for Sustainable 
Intensification. Bio Science 67(4): 386-391.

2.	 Dhaliwal GS, Jindal V, Dhawan AK (2010) Insect pest problems and crop 
losses: changing trends. Indian Journal of Ecological sciences 37: 1-7.

3.	 Ratcliffe RH (2007) Hessian fly. In: Handbook of small grain insects. 
Buntin GD, Pike 	 KS, Weiss MJ, WebsterJA. Entomological Society of 
America. 120pp.

4.	 El Bouhssini M, Street K, Joubi A, Ibrahim Z, Rihawi F (2009) Sources 
of wheat resistance to Sunn pest, Eurygaster integriceps Puton, in Syria. 
Genetic Resources Crop Evolution 56 1065-1069. 

5.	 Miller R, El Bouhssini M, Lahloui S (2007) Insect pest of small grains 
outside of North America. 	 In: Handbook of small grain insects. 
Buntin GD, Pike KS, Weiss MJ, Webster 	JA (eds). Entomological Society 
of America. pp.120.

6.	 Darkoh C, MEl Bouhssini, M Baum, B Clack (2010) Characterization of 
a prolyl endoprotease from Eurygaster integriceps Puton (Sunn Pest) 
Infested Wheat. Archives of Insect Biochemistry and Physiology 74(3): 
163-178.

7.	 Kher SV, Dosdall LM, Cárcamo HA (2011) The Cereal Leaf Beetle: 
Biology, Distribution and Prospects for Control. Insects and Diseases 
4: 32-41.

8.	 Morrill WL, Weiss MJ (2007) Wheat Stem Sawfly. In: Handbook of 
small grain insects. Buntin GD, Pike KS, Weiss MJ, Webster JA (eds). 
Entomological Society of America. 120. pp.

9.	 Parker BL, El-Bouhssini M, Skinner M (2001) Field Guide: Insect Pests 
of Wheat and Barley in 	 North Africa, West and Central Asia. 
International Center for agricultural Research in the dry Areas. Aleppo, 
Syria. 120. pp.

10.	Peairs FB (2007) Russian Wheat Aphid. In: Handbook of small grain 
insects. Buntin GD, Pike KS, Weiss MJ, Webster JA (EDs). Entomological 
Society of America. 120pp.

11.	Voss TS, Kieckhefer RW, Fuller BW, Murdick J McL, David A B (1997) 
Yield losses in maturing spring wheat caused 	 by cereal aphids 
(Homoptera: Aphididae) under laboratory conditions. J Econ Entomol 
90(5): 1346-1350. 

12.	Stoetzel MB (1987) Information on and identification of Diuraphis 
noxia (Homoptera: Aphididae) and other aphid species colonizing 
leaves of wheat and barley in the United States. Journal of Economic 
Entomology 80(3): 696-704.

13.	Simon JC, Blackman RL, Le Gallic JF (1991) Local variability in 
the life cycle of the bird cherry-	 oat aphid, Rhopalosiphum padi 
(Homoptera: Aphididae) in western France. Bull Entomol 	 Res 81: 
315-322.

14.	Barnes HF (ed). (1956) Gall midges of economic importance. Volume 
VII: gall midges of cereal crops. Crosby Lockwood & Son, London, 
United Kingdom.

15.	Olfert OO, Mukerji MK, Doane JF (1985) Relationship between 
infestation levels and 	 yield loss caused by wheat midge, 
Sitodiplosis mosellana (Géhin) (Diptera: Cecidomyiidae), in spring 
wheat in Saskatchewan. The Canadian Entomologist 117(5): 593-598.

16.	Lamb RJ, Wise IL, Olfert O, Gavloski JE, Barker PS (1999) Distribution and 
seasonal abundance of Sitodiplosis mosellana (Diptera: Cecidomyiidae) 
in spring wheat. The Canadian Entomologist 131: 387-397.

17.	Oakley JN, Talbot G, Dyer C, Self MM, Freer JBS, et al. (2005) Integrated 
control of wheat blossom midge: variety choice, use of pheromone 
traps and treatment thresholds. HGCA Project Report no 363.

18.	Anglin N, Amri A, Kehel, Z, Ellis D (2018) A case of need: linking traits to 
genebank accessions. Biopreserv Biobank 16(5): 337-349. 

19.	El Bouhssini M, Street K, Amri A, Mackay M, Ogbonnaya FC, et al. 
(2011) Sources of resistance in bread wheat to Russian wheat aphid 
(Diuraphis noxia) in Syria 	 identified using the focused identification 
of germplasm strategy (FIGS). Plant Breed 130(1): 96-97. 

20.	Crespo-Herrera LA, Smith CM, Singh RP, Åhman I (2013) Resistance to 
multiple cereal aphids 	 in wheat-alien substitution and 
translocation lines. Arthropod Plant Interact 535-545.

21.	Crespo Herrera L, Singh RP, Reynolds M, Huerta Espino J (2019) 
Genetics of greenbug resistance in synthetic hexaploid wheat derived 
germplasm. Front Plant Sci 10:782.

22.	Harris MO, Friesen TL, Xu SS, Chen MS, Giron D, et al. (2015) Pivoting 
from Arabidopsis to wheat to understand how agricultural plants 
integrate responses to biotic stress. Journal of Experimental Botany 
66(2): 513-531.

23.	Dweikat I, Ohm H, Patterson F, Cambron S (1997) Identification of 
RAPD markers for 11 Hessian fly resistance genes in wheat. TAG 
Theoretical and Applied Genetics 94(3-4). 

24.	Joukhadar R, El-Bouhssini M, Jighly A, Ogbonnaya FC (2013) Genome-
wide association mapping for five major pest resistances in wheat. 
Molecular Breeding 943-960.

25.	Zhu LC, Smith CM, Fritz A, Boyko E, Voothuluru P, et al. (2005) 
Inheritance and molecular mapping of new greenbug resistance genes 
in wheat germplasms derived from Aegilops tauschii. Theoretical and 
Applied Genetics 111(5): 831-837.

26.	Mujeeb-Kazi A, Hettel GP (1995) Utilizing Wild Grass Biodiversity in 
Wheat Improvement: 15 Years of Wide Cross Research at CIMMYT. 
CIMMYT Research Report No. 2, CIMMYT, Mexico.

27.	El Bouhssini, MFC Ogbonnaya, M Chen, S Lhaloui, F Rihawi, et al. (2012) 
Sources of Resistance in Primary Synthetic Hexaploid Wheat (Triticum 
aestivum L.) to Insect Pests – Hessian fly, Russian wheat aphid and Sunn 
pest in the Fertile Crescent. Genetic Resources and Crop Evolution 621-
627.

28.	Ogbonnaya FC, Abdalla O, Mujeeb Kazi, A Kazi, AG Gosnian, et al. (2013) 
Synthetic hexaploids: harnessing species of the primary gene pool for 
wheat improvement. Plant Breeding Reviews 37.

29.	Tadesse W, M Nachit, O Abdalla, S Rajaram (2016) Wheat Breeding at 
ICARDA: Achievements and Prospects in the CWANA Region. In Alain 
Bonjean, Bill Angus and Maarten van Ginkel (eds). The World Wheat 
BooK 3. A History of Wheat Breeding. Lavoiseier, Paris.

30.	Tadesse W, M Sanchez-Garcia, AS Thabet, S Tawkaz, S El Hanafi, et al. 
(2019). Wheat breeding Hand Book.

31.	Berzonsky WA, H Ding, SD Haley, MO Harris, RJ Lamb, et al. (2003) 
Breeding wheat for resistance to insects. Plant Breeding Reviews 22 
221-296. 

32.	Harris MO, K Anderson, M El-Bouhssini, F Peairs, G Hein (2017) Wheat 
pests: insects, mites and prospects for the future’ in P Langridge 
(eds), Achieving sustainable 	 cultivation of wheat Volume 
1: Breeding, quality traits, pests and diseases, 2017, Burleigh Dodds 
Science Publishing, Cambridge, UK. pp. 467-544.

33.	Brown AHD (1989) The case for core collections. In: The use of plant 
genetic resources., ARD Brown, OHD Frankel, DRMarshaIl et, JT 
Williams Edts. Cambridge University Press. pp.136-156.

34.	Painter HR (1951) Insect resistance in crop plants. New York, USA.

http://dx.doi.org/10.19080/ARTOAJ.2021.25.556321
https://academic.oup.com/bioscience/article/67/4/386/3016049
https://academic.oup.com/bioscience/article/67/4/386/3016049
https://academic.oup.com/bioscience/article/67/4/386/3016049
https://link.springer.com/article/10.1007/s10722-009-9427-1?shared-article-renderer
https://link.springer.com/article/10.1007/s10722-009-9427-1?shared-article-renderer
https://link.springer.com/article/10.1007/s10722-009-9427-1?shared-article-renderer
https://onlinelibrary.wiley.com/doi/abs/10.1002/arch.20370
https://onlinelibrary.wiley.com/doi/abs/10.1002/arch.20370
https://onlinelibrary.wiley.com/doi/abs/10.1002/arch.20370
https://onlinelibrary.wiley.com/doi/abs/10.1002/arch.20370
https://prairiesoilsandcrops.ca/articles/volume-4-5-screen.pdf
https://prairiesoilsandcrops.ca/articles/volume-4-5-screen.pdf
https://prairiesoilsandcrops.ca/articles/volume-4-5-screen.pdf
https://academic.oup.com/jee/article-abstract/90/5/1346/2216742?redirectedFrom=fulltext
https://academic.oup.com/jee/article-abstract/90/5/1346/2216742?redirectedFrom=fulltext
https://academic.oup.com/jee/article-abstract/90/5/1346/2216742?redirectedFrom=fulltext
https://academic.oup.com/jee/article-abstract/90/5/1346/2216742?redirectedFrom=fulltext
https://academic.oup.com/jee/article-abstract/80/3/696/2214727
https://academic.oup.com/jee/article-abstract/80/3/696/2214727
https://academic.oup.com/jee/article-abstract/80/3/696/2214727
https://academic.oup.com/jee/article-abstract/80/3/696/2214727
https://www.cambridge.org/core/journals/canadian-entomologist/article/abs/relationship-between-infestation-levels-and-yield-loss-caused-by-wheat-midge-sitodiplosis-mosellana-gehin-diptera-cecidomyiidae-in-spring-wheat-in-saskatchewan1/113AE62CF655CFA7E5F91434376DCA10
https://www.cambridge.org/core/journals/canadian-entomologist/article/abs/relationship-between-infestation-levels-and-yield-loss-caused-by-wheat-midge-sitodiplosis-mosellana-gehin-diptera-cecidomyiidae-in-spring-wheat-in-saskatchewan1/113AE62CF655CFA7E5F91434376DCA10
https://www.cambridge.org/core/journals/canadian-entomologist/article/abs/relationship-between-infestation-levels-and-yield-loss-caused-by-wheat-midge-sitodiplosis-mosellana-gehin-diptera-cecidomyiidae-in-spring-wheat-in-saskatchewan1/113AE62CF655CFA7E5F91434376DCA10
https://www.cambridge.org/core/journals/canadian-entomologist/article/abs/relationship-between-infestation-levels-and-yield-loss-caused-by-wheat-midge-sitodiplosis-mosellana-gehin-diptera-cecidomyiidae-in-spring-wheat-in-saskatchewan1/113AE62CF655CFA7E5F91434376DCA10
https://www.cambridge.org/core/journals/canadian-entomologist/article/abs/distribution-and-seasonal-abundance-of-sitodiplosis-mosellana-diptera-cecidomyiidae-in-spring-wheat1/4460EEE4D4E6C60EC844F98A87785421
https://www.cambridge.org/core/journals/canadian-entomologist/article/abs/distribution-and-seasonal-abundance-of-sitodiplosis-mosellana-diptera-cecidomyiidae-in-spring-wheat1/4460EEE4D4E6C60EC844F98A87785421
https://www.cambridge.org/core/journals/canadian-entomologist/article/abs/distribution-and-seasonal-abundance-of-sitodiplosis-mosellana-diptera-cecidomyiidae-in-spring-wheat1/4460EEE4D4E6C60EC844F98A87785421
https://repository.rothamsted.ac.uk/item/89xx7/integrated-control-of-wheat-blossom-midge-variety-choice-use-of-pheromone-traps-and-treatment-thresholds-hgca-project-report-no-363
https://repository.rothamsted.ac.uk/item/89xx7/integrated-control-of-wheat-blossom-midge-variety-choice-use-of-pheromone-traps-and-treatment-thresholds-hgca-project-report-no-363
https://repository.rothamsted.ac.uk/item/89xx7/integrated-control-of-wheat-blossom-midge-variety-choice-use-of-pheromone-traps-and-treatment-thresholds-hgca-project-report-no-363
https://pubmed.ncbi.nlm.nih.gov/30325668/
https://pubmed.ncbi.nlm.nih.gov/30325668/
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1439-0523.2010.01814.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1439-0523.2010.01814.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1439-0523.2010.01814.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1439-0523.2010.01814.x
https://link.springer.com/article/10.1007/s11829-013-9267-y
https://link.springer.com/article/10.1007/s11829-013-9267-y
https://link.springer.com/article/10.1007/s11829-013-9267-y
https://pubmed.ncbi.nlm.nih.gov/31263476/
https://pubmed.ncbi.nlm.nih.gov/31263476/
https://pubmed.ncbi.nlm.nih.gov/31263476/
https://academic.oup.com/jxb/article/66/2/513/2893259
https://academic.oup.com/jxb/article/66/2/513/2893259
https://academic.oup.com/jxb/article/66/2/513/2893259
https://academic.oup.com/jxb/article/66/2/513/2893259
https://link.springer.com/article/10.1007/s11032-013-9924-y
https://link.springer.com/article/10.1007/s11032-013-9924-y
https://link.springer.com/article/10.1007/s11032-013-9924-y
https://link.springer.com/article/10.1007/s00122-005-0003-6
https://link.springer.com/article/10.1007/s00122-005-0003-6
https://link.springer.com/article/10.1007/s00122-005-0003-6
https://link.springer.com/article/10.1007/s00122-005-0003-6
https://link.springer.com/article/10.1007/s10722-012-9861-3
https://link.springer.com/article/10.1007/s10722-012-9861-3
https://link.springer.com/article/10.1007/s10722-012-9861-3
https://link.springer.com/article/10.1007/s10722-012-9861-3
https://link.springer.com/article/10.1007/s10722-012-9861-3
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781118497869.ch2
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781118497869.ch2
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781118497869.ch2
https://onlinelibrary.wiley.com/doi/10.1002/9780470650202.ch5
https://onlinelibrary.wiley.com/doi/10.1002/9780470650202.ch5
https://onlinelibrary.wiley.com/doi/10.1002/9780470650202.ch5


How to cite this article:  Wuletaw T, Marion H, Leonardo Crespo H, Zakeria K, Mustapha El B. Wheat Breeding for Resistance to Major Insect Pests. Agri 
Res & Tech: Open Access J. 2021; 25 (5): 556321. DOI: 10.19080/ARTOAJ.2021.25.5563210011

Agricultural Research & Technology: Open Access Journal 

Your next submission with Juniper Publishers    
      will reach you the below assets

•	 Quality Editorial service
•	 Swift Peer Review
•	 Reprints availability
•	 E-prints Service
•	 Manuscript Podcast for convenient understanding
•	 Global attainment for your research
•	 Manuscript accessibility in different formats 

         ( Pdf, E-pub, Full Text, Audio) 
•	 Unceasing customer service

Track the below URL for one-step submission 
 https://juniperpublishers.com/online-submission.php

This work is licensed under Creative
Commons Attribution 4.0 License
DOI:10.19080/ARTOAJ.2021.25.556321

http://dx.doi.org/10.19080/ARTOAJ.2021.25.556321
https://juniperpublishersgroup.com/online-submission.php
http://dx.doi.org/10.19080/ARTOAJ.2021.25.556321

