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ABSTRACT 

 Wheat aphids (Hemiptera: Aphididae) cause heavy losses to wheat crop by 

directly sucking the cell sap of the plant and indirectly by transmitting fungal and viral 

diseases. Mass screening (seedling bulk) test of fifty wheat genotypes against S. 

graminum was conducted in the Entomology laboratory of Agricultural Research 

Institute (ARI), Tarnab-Peshawar, Khyber Pakhtunkhwa, Pakistan. These genotypes 

were ranked resistance/susceptible at resistance rating scale (0-6) on the basis of mean 

number of S. graminum seedling-1 where '0' shows immunity (I); 1, highly resistant 

(HR); 2, moderately resistant (MR); 3, lowly resistant (LR); 4, lowly susceptible (LS); 

5, moderately susceptible (MS); and 6, highly susceptible (HS). Twelve genotypes were 

found highly resistant, twelve were moderately resistant while ten were lowly resistant. 

Ten genotypes were ranked as lowly susceptible, two were moderately susceptible 

while four genotypes were highly susceptible. This study provided preliminary 

information on the resistance/susceptibility status of tested genotypes against this 

aphid. To study the infestation of wheat aphids and their co-relation with natural 

enemies on wheat varieties, an experiment was conducted in the field at ARI-Tarnab. 

Twenty wheat varieties were selected from the tested fifty wheat genotypes. This 

experiment was conducted in a RCBD having three replications. Wheat varieties were 

sown randomly in each block/replication. Three species of wheat aphids, 

(Ropalosiphum padi; Schizaphis graminum and Sitobian avenae) were recorded on 

wheat crop. Ropalosiphum padi was abundantly present followed by S. graminum and 

S. avenae and was parasitized by two Aphidius species (A. ervi and A. colemani). 

Aphid’s infestation was started on different wheat varieties from December-January 

and reached to its peak level in first week of February to mid-March. After that the 

aphids population started declined and diminished during the first week of April. 

Highest mean aphids population (9.05 per tiller) was recorded on Saleem-2000 

followed by Zam-2004 and Fakhresarhad-99. While the lowest mean aphids population 

(1.84 per tiller) was recorded on Gomal-2008 followed by Pirsabak-2004 and Pirsabak-

2005. The mummified/parasitized aphids were recorded from January onward and the 

recorded data were converted to percent parasitism. aphids parasitism per tiller was 

maximum on variety Pirsabak-205 (20.21%) followed by Siran-2010 (20.20%). On the 

other hand, lowest aphid parasitism (8.62%) was recorded on Khyber-87 followed by 

Pirsabak-2008. Aphid parasitism has increased with the increase in aphids population 

and reached to its maximum level during aphids population declining stage. Analysis of 

the data revealed that there is positive co-relation between aphid population and natural 

enemies on the tested varieties. To determine  resistance factors against S. germanium  

i.e. antixenosis, antibiosis and tolerance were studied in control environmental 

condition. Antixenosis was conducted on twenty wheat varieties but antibiosis and 

tolerance was done for five varieties. Wheat variety 'Pirsabak-2004, Attahabib-2010' 



xi 

and 'Khyber-87, showed both types of resistant response as antixenosis, and antibiosis, 

based on different screening techniques and PRI value. However,  'Saleem-2000' 

proved to be the most acceptable/susceptible to the wheat aphid, while the tolerance 

category of resistance was reported in non of the tested varieties against S. graminum 

(R.).  An experiment was performed to study the effect of different insecticides on the 

population of wheat aphids and its natural enemies and yield and yield components of 

wheat. Two wheat varieties one susceptible (Saleem-2000) and one partially resistant 

(Pirsabak-2004) against aphids were sown in a randomized complete block design in 

split plot arrangement with three replications. Varieties were kept in the main plots 

while subplots were consisted of  four insecticides, Thiamethoxam 25 GW at the rate of 

24 gram acer,-1 Imidaclopride 20% EC at the rate of 70 ml acer,-1 Acetamiprid 20 SP at 

the rate of 150 gram acer,-1 Orange peel extract at the rate of 2500 ml acer-1 and 

control. In the sprayed plots the aphids infestation was reduced as compared to control. 

But synthetic insecticides had sharply decreased aphids population, while in orange 

peel extract plots less aphids reduction was noticed. Wheat grain yield and yield 

parameters like, weight of thousand grain and grains per spike were improved in 

Imidaclopride treated plots as compared to other treatments. It was expected that 

susceptible variety should suffered more yield losses than the partially resistant variety. 

Therefore, If both are free of aphid infestation then the reaction of susceptible should 

be greater than that of the partially resistant. But Saleem-2000 in spite of low yield 

potential showed less damage as compared to Pirsabak-2004. It may be due to tolerance 

response of Saleem-2000, this variety suffered less damage against wheat aphids. Host 

plant defense and natural enemies should be a good  IPM package against wheat aphids 

in field condition. But in case of aphids population build up selective insecticide should 

be applied to control aphids on wheat and decrease economic losses due to wheat 

aphids  
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I. INTRODUCTION 

Wheat (Triticum aestivum L.) ranks first as staple food in Pakistan (CIMMYT, 

1989). Pakistan is the 8th largest wheat producer in the world (Aslam et al., 2005) 

cultivated on about 8.7 million hectares. This is the largest area allocated to any crop in 

Pakistan, with production of 23.5 million tons of grain with an average yield of 2714 kg 

ha-1 (MINFAL, 2010-2011). According to (FAOSTATE, 2013) Pakistan ranked 62 in 

wheat yield in (hg ha-1) in the world (1hg=0.1 kg). 

 Numerous factors are responsible for the low production/yield of wheat. 

Arthropod pests are one of these factor and are known to attack wheat worldwide 

(Hatchett et al., 1987). Wheat is attacked by number of insect pests such as termites 

(Termitidae: Isoptera), cutworm and armyworm (Noctuidae: Lepidoptera), wheat 

beetles and weevils (Chrysomelidae, Carabidae, Curculionidae,), aphids (Hemiptera: 

Aphididae), thrips (Phlaeothripidae, Thripidae), Chinch bug (Lygaeidae, Miridae, 

Pentatomidae), Sunn pest (Scutelleridae), Leafhopper (Dictyopharidae) and Hessian fly 

(Cecidomyiidae) (Miller and Pike, 2002; El-Wakeil and Volkmar, 2013). Wheat aphids 

(Hemiptera: Aphididae) are common pest of wheat which are responsible for yield loss 

directly by feeding injury and indirectly by transmission of plant viruses (Chapin et al., 

2001; Steffey and Gray, 2009).  

Aphids are soft bodied insect that suck the cell sap of their host plan. These 

insect have small body size ranging from 1.5 mm to 3.1 mm (Dinant et al., 2010). They 

have  two cornicles projected from the upper surface of the abdomen; the cornicles or 

siphunculi have alarm pheromones oozing out to alarm other members of the colony. 

Aphid's also have a tail like structure at the end of the abdomen which is called cauda 

which vary in length depending on species (Mondor et al., 2002). Cereal aphid 

infestations have considerable impact upon productivity and profitability by reductions 

in shoot growth, lowering chlorophyll concentrations and root growth (Riedell and 

Kieckhefer, 1995). Aphids are also becoming a potential insect pest of wheat crop in 

Pakistan and a threat to wheat crop productivity therefore, farmers have started 

pesticides spray on their wheat crop and the spray area is widening (Wains et al., 2014; 

Anonymous, 2011). 
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Aphids because of their high reproduction rate and host speciation characteristic 

are able to search and exploit their host plants (Qamar et al. 2015). Several of these 

biological characteristics also make aphids widely studied model organisms. Sever 

aphids' infestation cause in poor root growth,  reduction in tiller number and grain yield 

even it can kill its host plant if it is attached in the early stage of its growth (Miller, 

1999; Russell, 2013).  

The abundance of wheat aphids adversely affect the nitrogen and protein 

contents, weight of 1000 grains, number of grains per ear (Ciepiela, 1993) and result in 

decrease in carbon assimilation rate, transpiration and total chlorophyll as well as in 

plant biomass (Holmes et al., 1991). Wheat aphids reduced wheat yield from 35-40% 

from the direct feeding and caused indirectly from 20-80% yield losses by transmitting 

viral and fungal diseases (Kieckhefer and Gellner, 1992; Girma et al., 1993; Trdan and 

Milevoj, 1999).  

  Several cereal aphid species on cereal crops reported from different parts of the 

world  including the bird cherry oat aphid, Rhopalosiphum padi (L), Russian wheat 

aphid, Diuraphis  noxia (Mordvilko), wheat grain aphid, Sitobion avenae (Fabricius), 

grain aphid, Sitobion miscanthi (Takahashi), corn leaf aphid Rhopalosiphum maidis 

(Fitch), Greenbug, Schizaphis graminum (Rondani) and yellow sugarcane aphid, Sipha 

flava (Forbes) (Hamid, 1983; Stoetzel, 1987; Dixon, 1992; Inayatullah et al., 1993), 

affect wheat yield to different degrees depending on region, adjacent crops, and 

climatic conditions. 

Rhopalosiphum padi adults are green-olive to light yellow-green, with a 

distinctive red-orange pigmentation at the distal section of the abdomen. Body is ovate 

in shape with a length of 2.5 mm width 1.5 mm; antenna filiform, with terminal process 

more than 3 times in length than the base; siphunculi more than 1.5 times longer than 

cauda; small cauda having 2 pairs of hairs; the head is triangular in shape and pointed 

interior.  

Sitobion avenae is spindle shape, its body size ranging from 1.9 mm to 3.5 mm. 

Body color is green to yellow or reddish to brown. Cauda is pale and siphunculi, femur 

and tarsi are black. Siphunculi are 1.5 time longer than cauda. Cauda has three pair of 
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hairs. The alate has distinct dark intersegmental marking on the upper surface of the 

abdomen (Blackman and Eastop, 2005). 

 Schizaphis graminum is a serious pest having a wide host range of at least 60 

plant species including wheat, barley, sorghum and corn (Bowling et al., 1998). In 

USA, six biotypes of greenbug named A to F have been identified. Pk-1, is the biotype 

of S. graminum reported from Pakistan is very different from the biotypes recorded in 

United States (Inayatullah et al., 1993).  

S. graminum having  elongated oval shape body.  The body color is green to 

yellow green ranging in size from 1.5 mm to 2.0 mm.  A green longitudinal strip 

moving down in the middle of the dorsum on winless adult. The  abdomen of winged 

individual is green to yellow green. Two pair of caudal hairs present on pale siphunculi 

and cauda. (Stoetzel, 1987).   

Schizaphis graminum (Rond.) is abundant in wheat and reduces yield directly 

through sucking of cell sap and indirectly  by transmission viral diseases in host plants 

(Gellner et al., 1991; Kannan, 1999; Qureshi and Michaud, 2005).  

The study of population trend of cereal aphids at field level is important for pest 

management decision (Winder et al., 1999). But seasonal distribution of wheat aphid is 

affected by various factors including climatic condition, host plant quality, dispersal 

efficiency and natural enemies (Mann et al., 1995). The wheat aphids population is 

controlled by the prevailing natural enemies including parasitoids, predators and 

entomopathogenic fungi (Adisu et al., 2002).  

Host plant own defense may also effect the performance of natural enemies 

(Campbell and Duffey, 1979; Kennedy, 2003). For example waxes or hair on leaf 

surface can hinder the searching ability of natural enemies (Eigenbrode and Espelie, 

1995). Plant species which were  suitable hosts for some insects, pest when their 

preference were measured they were not proved as suitable host for other insect, pest 

(Storer and Emden, 1995; Frei et al., 2003). Various environment friendly control 

methods includes cultural, biological, chemical and host plant resistance are available 

to prevent the losses from aphids (Hatchett et al., 1987). Host plant’s resistance can be 

divided in three functional categories, non-preference or antixenosis, antibiosis and 
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tolerance (Painter, 1951; Kogan and Ortman, 1978; Smith, 2005). Antixenosis 

resistance occurs when the plant acts as a ‘non-host’ and is not favored by the insect as 

food, shelter or an oviposition site. Antibiosis describes the negative influence of the 

plant on the biology of an insect attempting to use that plant as a host  and may be 

explained after reduced body size and mass, prolonged periods of development in the 

immature stages, reduced fecundity, or failure to pupate or eclose when trying to 

explore the host plant for nutrition. Tolerance is inset plant relationship in which plant 

shows ability to withstand or compensate insect damage as compared to a non tolerant 

host (Smith, 2005).       

Different cultivars of a plant species differ in their chemical or morphological 

characteristics which influence their suitability as host (Avé and Tingey, 1986). British 

scientist successfully remove a genes from the peppermint and incorporated it in wheat. 

The gene is known as (E)- beta- farnesene is responsible for producing a chemical 

which repels the aphids rather to kill it. This is an alternate solution to overcome aphids 

attack on wheat instead of spraying chemical which leads to risk of pest resistance 

(Collins, 2012).  

 One of the most effective and environmentally sound methods to address pest 

problems is the development of resistant lines through breeding (Webster, 1991; Friebe 

et al., 1996). Resistance is the genetically inherited trait in a genotype resulting in less 

damage than other (susceptible) genotype of the same group. In this way, plant 

resistance is conditioned by the presence of certain genes that express the presence or 

absence of certain chemical or morphological traits that interfere with the ability of an 

insect, pest to utilize a plant, and the plant to tolerate the attack (Smith, 

2005).Researchers have introgressed several genes from resistant germplasm and 

transfer those genes into wheat cultivars conferring resistance against biotic stress such 

as insect attack, powdery mildew, stem rust, leaf rust and yellow rust. Greenbug 

resistant gens which include Gb1 to Gb5, Gb7/Gbx2, Gba, Gbb, Gbc, Gbd, Gbx1 and 

Gby have been identified in wheat relatives and were transferred to wheat conferred 

resistant in wheat against different biotypes of greenbug (Friebe et al., 1996). 

The use of resistant wheat varieties is an important part of the integrated pest 

management program and can be used to control cereal aphids as resistant varieties 

have the potential to decrease the population of cereal aphids (Khan and Port, 2008). 
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Investigating the resistance of different cultivars to the pest with respect to 

plants difference can provide important information on their suitability or unsuitability 

to the pests (Mottaghinia et al., 2011). The most effective and environmentally sound 

methods of overcoming the problem of aphids is to developed resistant lines through 

breeding but the wheat aphid has the ability to overcome the resistance genes quickly 

(Webster, 1991). It is important to screen a range of wheat varieties/lines against aphids 

(Castro et al., 1999b). Combination of non-chemical i.e. host plat resistance and natural 

enemies can keep aphids population below economic injury level. But in case of aphids 

population build up selective insecticide should be applied to control aphids on wheat 

and decrease chance of  economic losses due to wheat aphids (Newsom, 1980; Lowe, 

1987).             

The thiamethoxam, imidaclopride and acetamiprid belongs to neonicotinoid 

group of chemical which act as systemic insecticides against sucking pests. These 

chemicals have quick knock down effect on target pest by interfering with 

transmission of impulse in the nerve system. The quick and excellent systemic and 

traslaminar activity of these insecticides make them able to control sucking pests 

such as aphids, whiteflies and other insects vectors of plant pathogenic viruses. 

Neonicotinoid applications reduce infection rate and spread of many crop viruses 

(Westwood et al., 1998; Elbert et al., 1998; Bethke et al., 2001; Elzen, 2001). 

Although the neonicotinoid have adverse effects on beneficial insects and non target 

such as bees, wasps and other nectars and pollens feeders but they are much safer 

than older insecticides such as organophosphates and carbamates (Boyd and Boethel, 

1998; Brunner et al., 2001; Elzen, 2001). Any portion of an insecticides that is not 

intercepted by vegetation will eventually reach the soil surface and small amount 

may reach water bodies. The neonicotinoid are rapidly degradable in the sunlight, 

However, if it is not completely broken down is further subjected to chemical 

processes and thoroughly metabolized in carbon dioxide (Krohn, 2001). 

 The effectiveness of products of orange (Citrus sinensis) against different 

insects, pest have been reported by different researchers; like (Iqbal et al., 2011) 

have reported the effective use of orange peel extract against wheat aphids, while in 

other study, Zewde and Jembere (2010) tested the effectiveness of sun dried orange 

peel and essential oil of citrus against store product beetle. Sundried powder and 
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essential oil of orange killed 65 percent and 67 percent of the Z. subfaciatus (L.) 

respectively. Belmain and Stevenson (2001) also reported the efficacy of orange 

peel powder against legume pests. The effectiveness of orange peel extract is 

probably attributed to silica or silica like compound, which are abrasive and ability 

of the particle to adhere to the brain. Sharaby (1998) and Tripathi et al. (2003) have 

reported that the toxicity of the orange peel extract may be due to d. limonene. 

Keeping in view the importance of the subject, problem this research is design 

to conduct different experiment regarding the management of mentioned insects with 

the following objectives. 

1. To screen different wheat genotypes against wheat aphids. 

2. To determine resistance categories against Schizaphis graminum in the selected 

wheat varieties.  

3. To determine the effect of the orange peel extract and three synthetic 

insecticides on the population of aphids, their natural enemies and yield 

components of wheat. 
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II. REVIEW OF LITERATURE 

2.1 Wheat aphids  

Aphids (Homoptera: Aphididae), also known as plant lice, are sucking pests of 

field crops, fruits and vegetables. Their population has been increasing for the last few 

years attaining the status of primary pest in Pakistan (Mohyuddin, 1981; Aheer et al., 

2008). Rhopalosiphum padi, Sitobion avenae and Schizaphis graminum as major wheat 

aphids’ species recorded on wheat in Khyber Pakhtunkhwa (Zeb, 2001). Aphids can 

reproduced parthenogenitically producing 3-6 offspring per day; nymphal stage 

developmental time takes 5-10 days and one aphid can survive up to one month. Some 

of biological features like  shorter developmental time, overlapping of generation and 

high potential birth rate help aphids to increase population on its host plant (Blackman 

and Eastop, 1984; Johnson and Lyon, 1998; Dickney and Medina, 2010).    

2.2.  Field screening of different varieties for resistance against wheat aphids.  

Ali et al. (2012) studied aphids population on eleven wheat genotypes in field. 

The genotype V-05066 was found susceptible (18.69 aphids per tiller) while V-04178 

proved to be relatively resistant (5.73 aphids per tiller). The peak level for aphids was 

observed on 24th of February.   

Akhtar et al. (2009a) evaluated eight wheat varieties in field against three 

species of cereal aphids including R. padi, R. maidis  and S. graminum. All varieties 

had shown susceptibility to different levels of cereal aphid infestation. Chanab-2000 

variety was moderately resistant while Chakwal-97 was observed partial resistant. MH-

97 was recorded partially susceptible and Iqbal-2000 and Saleem-2000 were 

susceptible to cereal aphids whereas Wafaq-2001, Inqilab-91 and Maragalla-99 were 

most susceptible to cereal aphids. High yielding varieties were found more susceptible 

to cereal aphids, whereas, cereal aphids infestation had less effect on plant height and 

seed weight. 

Iqbal et al. (2008) studied population density of aphids on 28 wheat, (Triticum 

aestivum L.) varieties/advanced lines. Significantly different level of  

susceptibility/resistance was observed  for wheat genotypes against aphids and were 
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categorized in order of, Iqbal-2000 with (8.06) aphids per tiller was most susceptible 

while V-00146 (2.91) was mostly resistant line. The peak population of aphids was 

observed during third week of March. 

Khan et al. (2007a) tested twenty wheat genotypes in field against most 

prevalent wheat aphids species included R. padi, S. avenae and S. graminum. Wheat 

genotypes were Sulaiman-96, RT-5, Khaniwal, K2-L, Takbeer, Nowshera-96, PS-85, 

Blue Silver, KRL-14, Ghaznawi-98, Bakhtawar-92, Kirn, FakhreSarhad-99, Dera-98, 

Saleem-2000, ICARDA, SARC-3, RT-10, Tatara-97 and Inqilab-91. Maximum 

infestation was recorded on Khaniwal and the lowest average was recorded on Tatara-

97; other genotypes exhibited a mixed response. Almost all species of aphids appeared 

in the first week of January and persisted till the start of April. Tatara-94 showed its 

resistance to the cereal aphids, its genetic basis of resistance and mode of inheritance 

need to be investigated. 

Aheer et al. (2006) screened five wheat cultivars against wheat aphids and 

selected fifteen tillers per five plant from each plot for counting of aphids weekly.  

  Riazuddin et al. (2004) conducted field trial on 20 wheat lines to determine 

population dynamics of wheat aphids and recorded attack of aphids and their effect on 

plants growth, however, lowest increase of aphids was noticed during vegetative 

growth. Wheat lines MPT-N-1, with (5.55), Inqilab-91 with (5.24), MPT-N-2 with 

(5.20) aphids per tiller, had significantly more aphids as compared to other tested wheat 

lines. There was a mean difference of 3.22% decrease in 1000 grain weight and 1.7% in 

yield decrease was observed for untreated plots.  

Sarwar et al. (2004) conducted field experiment on 15 varieties/lines (Brassica 

campestris and Brassica juncea) to study aphids population and its affect on yield 

component. It was concluded that in case of heavy infestation of aphids, the growth of 

foliage and fruiting bodies, as well as the overall yield of plant were negatively 

affected.   
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2.3 Categories of resistance and host plant defense against wheat aphids  

Akhtar et al. (2013) evaluated fifty wheat varieties against S. graminum through 

seedling bulk test and categories of resistance i.e. antixenosis, antibiosis and tolerance. 

NARC-09, Momal-2002, TD-1 and Zarlasta-99 were found resistant in seedling bulk 

test. Antixenosis was present only in Momal-2002. Antibiosis was operated in NARC-

2009, Momal-2002 and Sulaman-96. TD-1, NARC-2009 and Sussui were highly 

tolerant. They recommended resistant wheat varieties against S. graminum cultivation, 

because the resistant suffered less damage in case of aphids infestation and provided 

higher yield.  

Razmjou et al. (2012) categorized the resistance factors through antixenosis, 

antibiosis and tolerance against R. padi in eight wheat lines under laboratory condition 

where these lines were further ranked resistant and susceptible by calculating plant 

resistance index (PRI) values. Antibiosis was assessed by the less number of progeny 

produced by R. padi per plant of the tested wheat lines. Antixenosis was assessed by 

the fewer number of R. padi recorded per plant of the tested wheat lines. Tolerance 

study was conducted by calculating percent reduction in growth parameters of wheat 

lines after initial infestation of R. padi of the tested plants for 21 days. Finally the PRI 

values were calculated for tested wheat lines, The plant resistant index values were 

greater for ERWYT 88-8 (9.71), followed by ERWYT 87-4 (7.04) and ERWYT 87-6 

(4.76). The wheat lines with greater PRI values were resistant against R. padi, these 

lines may be an important source of resistant for breeding new wheat varieties against 

R. padi and integrated pest management programs.  

Turanli et al. (2012) conducted an inheritance of resistance study on F2 plant 

resulted from self-crossed of F1 plants; F1 progeny received from crossing two 

resistance lines with one susceptible cultivar. They reported that plant containing Dn7 

resistance genes were highly resistant to Russian wheat aphid while plant with Dn6 

genes showed moderate resistance and other plants with different set of Dn genes were 

susceptible.       

Descamps and Chopa (2011) studied the biological parameters of R. padi i.e. 

net reproductive rate, intrinsic rate of natural increase , doubling time and finite rate of 

increase on different cereal crops under laboratory condition. Six winter commonly 



10 

grown cereals in the semiarid pampas of Argentina were selected for this study. It was 

concluded that beer barley due to greater longevity (20.88days) high fecundity (41 

nymphs per female) and lower nimphal mortality (22.2%) was very favorable for fast 

and healthy development of R. padi over other cereal crops.  

Khan et al. (2009a) reported that host plant resistance is important for integrated 

pest management against Russian wheat aphid. Several (Dn) genes that showed 

resistance to  Russian wheat aphid have been transferred in commercial cultivars of 

wheat to manage Russian wheat aphid. The response of (biotype 1 and biotype 2; 

Russian wheat aphid) was studied using three wheat genotypes through inheritance and 

categories of resistance. They reported antibiosis resistance to Russian wheat aphid 

biotypes 1 and 2 in wheat breeding line KS94H871, while tolerance and antixenosis 

were not operated in KS94H871. The resistant cultivars may serve as a good source of 

resistant against Russian wheat aphid in future breeding programs.    

Akhtar et al. (2009b) evaluated the resistance of twelve rain fed genotypes 

against R. padi through mass screening, antibiosis and tolerance in control 

environmental condition. Among the tested one variety and eleven wheat lines were 

found resistant in mass screening test. Wheat varieties/lines were further tested through 

antixenosis, antibiosis and tolerance. They concluded that to reduce the yield losses to 

wheat crop due to aphids only resistant, least preferred, least fecund and highly tolerant 

wheat varieties/lines should be selected.  

Akhtar et al. (2007) studied the nature of resistance in eleven advance wheat 

lines against R. padi through seedling bulk or mass screening and antixenosis in 

laboratory condition. Antixenosis response was evaluated after 24 hours and 48 hours 

after aphid released.  

Akhtar and Mujahad (2006) evaluated sixteen wheat varieties against S. 

graminum through initial mass screening and factors of resistance antixenosis, 

antibiosis and tolerance in laboratory condition. It is recommended that varieties with 

high level of tolerance should be recommended for breeding program and high yield.  

Hesler and Tharp (2005) tested for antibiosis and antixenosis resistance to R. 

padi among four wheat and eight triticale accessions. Relatively stronger resistance in 
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triticale entries was considered for future use in breeding program for cereal aphid 

resistance.       

Castro et al. (1999a) studied the resistance mechanism using 26 wheat cultivars 

against S. graminum and D. noxia through antixenosis, antibiosis and tolerance in 

control environmental condition. Antixenosis, antibiosis and tolerance was operated at 

high level against these two aphid species in tested wheat cultivars. They further 

suggested that the resistance genes should be identified and incorporated in new wheat 

cultivars to improve their genetic base of resistance against the greenbug and Russian 

wheat aphid. 

Hesler et al. (1999) studied host plant resistance characters to R. padi among 

promising hexaploid wheat accessions. The wheat plants were assessed based on 

population increases of R. padi at different day intervals after initial infestation. 

Antibiosis was tested by calculating the intrinsic rate of R. padi on tested wheal plants. 

In antixenosis, R. padi was allowed to choose the preferred wheat accessions. It was 

concluded that the number of R. padi per plant varied by accession and days. Among 

the tested wheat MV4 presented low level of antibiosis.              

2.4 Effect of different insecticides on wheat aphid, natural enemies and yield 

 and components of wheat 

Aziz et al. (2013) compared the effectiveness of different products (leaf and 

seed extracts and seed oil) of a botanical (Azadirachta Indica L.) and a neonicotinoid, 

Imidaclopride against wheat aphids. All insecticides were significantly effective for 

wheat aphid control as compared to control. Significantly less number of mummified 

aphids were recorded in Imidacloprid treated plots as compared to control and other 

treatments. There were no significant differences in all treatments with respect of 

aphids predators. Significant yield increased was recorded in treated plots as compared 

to control. 

Shahzad et al. (2013) assessed feeding losses caused by wheat aphids to wheat 

crop. They recorded highly significant increase in grain weight and yield in wheat with 

the application of Imidacloprid insecticide.  
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Ali et al. (2011) carried out a field experiment on four wheat varieties viz, 

Inqlab-91, Sehar-06, Lasani-08 and Faisalabad-08 to study the effect of Imidacloprid 

on wheat aphids. Post spray data were recorded at 4, 11, 18 and 25 days. Aphids 

population was significantly controlled in treated plots compared to untreated plots; 

however, significant differences among varieties was observed with respect of aphids 

population in untreated plots. Significant increases in thousands grain weight and  yield 

was recorded in treated plots as compared to untreated plots, this increased was 

significantly different among the tested varieties. The maximum grain weight was 

recorded for FSD-08 followed by Lasani-08 and Inqlab-91. 

Iqbal et al. (2011) tested various botanical extracts which included; bitter goard 

(Momordica dioica); garlic (Allium vineale); mari gold; hot pepper (Capsicum 

frutescens) and tobacco (Nicotiana tabacum); orange-peel (Citrus sinensis) on wheat 

aphid. Orange peel extract achieved maximum mortality of aphids followed by garlic 

and tobacco. They suggested the use of botanical extract as alternate option to control 

aphid on wheat as compared to environmentally hazardous insecticides.   

Costa et al. (2011) reported that the greenbug S.graminum is the most serious 

pest of wheat and is responsible for viral diseases in wheat. This aphids can be 

controlled by the used of selective insecticides.  

Joshi and Sharma (2009) evaluated Imidaclopride either alone or in combination 

with a fungicide (Tilt 0.01%) against wheat aphids. They used seven different 

treatments, including control and found that imidaclopride at the rate of 100 ml/ ha was 

more effective against wheat aphids.  

Sallam et al. (2009) compared the effectiveness of three different botanical 

insecticides (NeemAzal T/S, Trifolio S-forte and extract of Quassia amara L.) and two 

Pyrethroid insecticides (deltamethrin and lambda-cyhalothrin). Post treatment data 

were recorded at 24, 48 h, and 100h post treatment. Eighty percent of aphids mortality 

was achieved when using deltamethrin, lambda-cyhalothrin and Neem Azal T/S.  
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Shah et al. (2007) compared the effectiveness of a biopesticide (Bt at the rate of 

1g lit-1 and three synthetic pesticide (Chloropyriphos, Trend and Megamos) on two 

wheat varieties, Inqlab-91 and Saleem-2000 against wheat aphids. Significantly lower 

aphids population and higher yield increased was recorded for Chlorpyriphos treatment 

as compared to other insecticides.  
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III. MATERIALS AND METHODS 

3.1 Mass screening (seedling bulk) test of fifty wheat genotypes against 

 Schizaphis graminum (Rondani) 

 In 2011, following the procedures of Weibull (1987) and Inayatullah et 

al.(1993), an experiment was conducted at the Agricultural Research Institute Tarnab-

Peshawar, Entomology Laboratory in Khyber Pakhtunkhwa, Pakistan. Fifty wheat 

genotypes were screened in a seedling bulk test to evaluate their resistance against S. 

graminum. The experiment was layout in a complete randomized block design with X 

replications per treatment. Aphid and plant culture were maintained in control 

environmental condition at a temperature of  20 ± 7 OC, 60 ± 5 % relative humidity and 

photoperiod of 16:8 (L:D) h. For convenience and space limitation, these genotypes 

were divided in groups and each group consisted of five genotypes. Five seeds of each 

genotype from the group was sown in 45 cm long, 30 cm wide and 6 cm deep plastic 

tray in straight lines keeping 5 cm distance between lines and plant to plant distance of 

7cm. Trays were already filled with a mixture of field soil, FYM and sand in ratio of 

(2:1:1) field soil was supplied with DAP and urea fertilizer.  

 A white triangular filter paper piece was placed near the base of each seedling 

when plants were in one leaf stage and 10-12 cm height. Five apterous individuals of S. 

graminum were collected from the colony and transferred to filer paper by using a 

camel hair brush. The number of aphids (adults and nymphs) on each seedling was 

counted at two days interval after aphid were released. The data stopped when the plant 

attained the size of 18-20 cm height as seedling started logging after 5-6 days after 

aphids release. The resistant/susceptible data presented as mean number of aphid 

seedling-1 (Statistix 8.1); multiple comparison LSD test used a α=0.05. 

Genotypes were ranked using a modify resistant rating scale (0-6) (Wang et al., 

2011; Li et al., 2013) where, 0, shows immunity, 1 highly resistant, 2 moderately 

resistant, 3 lowly resistant, 4 lowly susceptible, 5 moderate susceptible, and 6 highly 

susceptible.  
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3.1.1 Maintaining laboratory culture of Schizaphis graminum (Rondani). 

 In laboratory pure culture of S. graminum was kept on fresh seedling of mixed 

seeds of other wheat and oat varieties instead of using the seed of selected wheat 

genotypes. For sowing seeds plastic pots were filled with a mixture of substrate which 

was prepared  ratio of (2 parts field soil:1 part sand:1 part well rotten farm yard 

manure), which also contained urea and phosphorous fertilizer applied in the field soil 

(Razamjou. et al., 2012). Water was applied to substrate mixture and pots were placed 

in plastic plates. For healthy growing mixture of wheat and oat seeds were placd at 1.5 

cm dept from the surface of the substrate soil in every plastic pot. Emerged, seedling 

were checked daily for water requirement. Seedling were irrigated by putting fresh 

water in and water reached to the plant through pores at the bottom of each pot. To start 

the aphid colony in laboratory, alate S. graminum were collected in wheat fields and 

kept in colony for several generations before experiments. Pots in which aphid 

successfully started reproducing their offspring were shifted to aphids' rearing cages. 

Plastic pots with wheat seedling were replaced as needed by adding new pots with fresh 

seedling and letting aphids move from the old dried seedling to the newly grown 

seedling in other pots. Dried seedling were remove from the plastic pots, put them in 

plastic bags and were discarded appropriately. 

3.1.2 Plant culture 

Seeds of fifty wheat genotypes (Table 2) were obtained from the wheat program 

of the Cereal Crop Research Institute (CCRI) Pirsabak, Nowshera, Khyber 

Pakhtunkhwa province.        

3.2 Field screening of wheat varieties against wheat aphids 

This experiment was conducted at the Agricultural Research Institute Tarnab-

Peshawar, Khyber Pakhtunkhwa, Pakistan in 2011-2012. The trial consisted of a 

randomized complete block design with three replications per treatment. Each block 

(replication) consisted of twenty plots. Individual plot size was 2.5m x 2m (width x 

length) with a buffer area of one meter between plots and similarly one meter 

separation between replications. Seed (56.25 gram per variety plot-1) was sown on 15th 

November 2011 with the help of hand hoe (manual single line seed drill). 
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Recommended spacing of 30 cm was maintained between two adjacent rows and 

similar agronomic practices were applied in all plots i.e. fertilizers at the of rate 120 kg 

N and 90 kg P ha-1, from Urea and DAP sources were used. Half of the nitrogen and full 

dose of phosphorous were applied at soil preparation, while the remaining half nitrogen 

was applied with first irrigation at three weeks after sowing (Inamullah et al., 2011). 

Manual weeding was done in all plots. Pesticides was not applied before or after the 

sowing. 

3.2.1  Population of (R. padi, S. graminum and S. avenae) and total aphid's 

 population per tiller  

Nine wheat plants plot-1 initially were randomly selected and number of wheat 

aphid species was recorded on a weekly basis. (Annan et al.1997) All counts were 

made directly in the field. Aphids were also counted after tillering. The average number 

of aphids species per per tiller and rate of aphids' parasitism of (the total number of 

aphids) on each variety was calculated for each sampling date (Aheer et al., 2006; Iqbal 

et al., 2008; Akhtar et al., 2009). Wheat aphids were counted on the stem, leaves and 

spikes portion of the wheat plant. All samples were preserved in 70% alcohol for specie 

identification. A sub-sample was mounted in a permanent slide using Hoyer's medium. 

Identification of aphids were made under the microscope using the Blackman and 

Eastop’s identification key(Blackman and Eastop, 1984).   

3.2.2 Rate of aphid parasitism recorded on twenty wheat varieties.  

The aphid's mummies per tiller for each variety were also visually counted in 

the field and rate of aphids parasitism was calculated by using the following equation 

(Shahid et al., 2012).  

% Parasitism = [No. mummified aphids/ (No. mummified aphids + No. non 

mummified aphids)] x 100 

For the parasitoids identification counted number of mummified aphids were 

collected from wheat plants and caged in petri dishes at laboratory condition at a 

temperature of 20 ± 5 OC, 50-65% relatively humidity and photoperiod of 16:8 h (dark: 

light).Parasitoids were killed by keeping them in refrigerator. The specimens were 
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mounted on triangular cards for identification by using the taxonomic key of (Ahmad 

and Inayatullah, 2006).  

In order to analyze the influence of varieties on the number of   different species 

of wheat aphid, total wheat aphids and rate of parasitism weekly average data were 

classified in three groups as early, mid and late season infestation (Ronquim et al., 

2004), by using (Statistix 8.1) and for multiple comparison LSD test was used at 

α=0.05. Standard errors of means were calculated for seasonal mean population in MS 

EXCEL by using the statistical formula StErr= StDev/ √n (Zeb et al., 2011).         

 Seasonal mean aphid population and seasonal mean rate of parasitism per tiller 

per variety were compared (Fig.6) to determine any relationship between parameters. 

3.2.3 Correlation of aphid population and rate of parasitism. 

A multiple liner regression was performed to compared rate of parasitism 

Y= β0  +  B1X1 + B2X2 + B3X3…………+ B21  X21 + E 

 VARIABLES 

Y APHID POPULATION PER TILLER 

Β0 CONSTANT 

ΒI COEFFICIENTS 

X1 INTERVALS  

X2 PARASITOIDS 

X3 PIRSABAK-2005 

X4 ATTAHABIB-2010 

X5 ZAM-2004 

X6 BATHOOR-2008 

X7 BARSAT-2010 

X8 SEHER-2006 

X9 SALEEM-2000 

X10 DERA-98 

X11 FAKHRESARHAD-99 

X12 TATARA-97 

X13 DAMAN-98 

X14 AUQAB-2000 

X15 PIRSABAK-2004 

X16 KHYBER-87 

X17 BAKHTAWAR-92 

X18 HASHIM-2008 

X19 KT-2000 
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 In the equation dummy variable for varieties were used to determine variety 

effect. In this case, the respective varieties take the value 1, if is present and 0, etc. In 

order to determine if individual effect of parasitism and different time intervals on 

aphid per tiller on different varieties differed, the following regression model was 

analyzed:  

Yvi = α0 + α1 X1
v  + α2 X2

v  + E 

Where  

Yvi = Aphid population per tiller 

 α0  = Constant 

 αi = Coefficients 

X1 = Parasitism  

X2 = Time intervals 

3.3 Categorization of resistance factors against Schizaphis graminum in wheat  

3.3.1  Antixenosis test 

 Following (Castro et al., 1999b; Miller et al., 2003; Khan et al., 2009b; 

Razamjou. et al., 2012) protocol against S. graminum, an antixenosis experiment was 

conducted to evaluate aphid choice between plant of similar growth stage (two leaf 

stage and 5-8 cm height). For this experiment, a total of ten pots (10 cm height x 26 cm 

wide) previously filled with substrate soil mixture of field soil, farm yard manure and 

sand in ratio of (2:1:1) were used. Also, di ammonium phosphate  and urea fertilizers 

were  applied in field soil; water was applied gently to keep the substrate moist and 

leveled in the pots. The pots were placed in plastic plates and were arranged in a 

completely randomized design. For convenience, all the twenty varieties were divided 

into four groups and every group consisted of five varieties. Seeds of each variety 

separately were pre-germinate on a thin layer of cotton on a filter paper placed in a petri 

dish. Water was applied daily to keep seed moist; seeds were checked daily. On 

X20 PIRSABAK-2008 

X21 SIRAN-2010 
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emergence, from each variety one seedling was transplanted in a circular pot at an 

equal distance from other seedling maintained uniform distance from the centre of   

each pot. Then the pot was individually enclosed in a cage made of fine mesh to 

prevent aphids from escaping. The base of each plastic plate was filled with water to 

keep the base of the pot moist through pores at the bottom. The experiment was 

performed in laboratory at a temperature of 20 ± 5 OC, 60 ± 5% relative humidity and 

photoperiod of 16:8 (L:D) h (Inayatullah et al., 1993). Ten days after transplantation, 

fifty wingless  S. graminum as 10 aphids plant-1 were released in the center of each pot. 

Aphids were shifter from culture by using a fine camel brush  and were placed carefully 

on a filter paper in the center of each pot. After released, the total number of aphids 

attracted to each plant were counted at an interval of 12, 24 and 48 hr. To determine 

antixenosis for each variety was calculated as  an average number of aphids landed at 

each plant instead of two recording after 2h and 24 h as done by (Castro et al., 1999b).  

3.3.2 Antibiosis test 

This test was conducted on five selected wheat varieties which included 

Saleem-2000, Attahabib-2010, Dera-98, Pirsabak-2004 and Khyber-87. Adopting 

(Khan et al., 2009a) protocol, ten seedling per variety in the two leaf stage were planted 

separately in plastic pots; a total of fifty pots were prepared. Each pots (4 cm height x 5 

cm wide) were filled with a substrate mixture  as mentioned earlier. Pots were arranged 

in a completely randomized design. 

 Once the plants reached 5-8 cm high (2-leaf stage), one leaf of every seedling 

was infested with an adult of S. graminum (P1) kept in a clip cage. The clip cages 

design was adopted from previously described designs by Miller et al. (20030 and 

Awmack and Leather (2007). After P1 produced its first nymph (F1), P1 was shifted to 

another leaf of the same plant and clip caged while F1 was left caged on the first leaf. 

The nymphs (md) produced by P1 was recorded daily. Recording stopped when F1 

started reproduction (first nymphs); days to reproduction (d) were also recorded for F1; 

the md (total number of progenies) by P1 and recorded (d )for F1 for every aphid on 

each seedling.  

 Adopting (Castro et al., 1999a; Hesler. et al., 1999; Miller et al., 2003; Khan et 

al., 2009b), the mean intrinsic rate of natural increase (rm) was calculated to measure 
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antibiosis of female aphids on each variety using formula by(Wyatt and White, 1977) 

The relationship of  fecundity of an individual female aphids to its development time 

was calculated by  rm value . The  formula, rm = 0.738 (loge md/d), where md is the 

number of nymphs produced by P1 divided by the number of days to reach 

reproduction (d) until F1. The 0.738 is a constant value which is an approximation of 

the proportion of the total fecundity produced by females in the first days of 

reproduction. 

3.3.3 Tolerance test 

Five varieties were selected for tolerance test under laboratory condition. 

Twenty pre-germinated seedling were selected per each variety in the two leaf stage 

and at the height of 5 cm. Thus ten pair of each variety were transferred in twenty 

plastic pot size 17 cm height X 15 cm wide. Pots were arranged in a RCB design and 

each block consisted of one pair of seedling per variety. One seedling in each pair, was 

infested with 10 late instar of S. graminum adults for 10 days by adopting the procedure 

of (Dixon et al., 1990). Each pot was enclosed in a cage made of fine mesh nylon cloth.  

 Cages were removed after 10 days, and tolerance was measured by calculating 

the proportional plant dry weight change (DWT) and tolerance index (TI). The total 

number of aphids on each infested seedling was counted to determine TI by using the 

formula.  

TI = DWT/number of aphids per infested seedling 

 Upper portion of infested and non infested plants were enclosed separately in 

pre weighted aluminum foil and kept in a scientific hot air woven for drying for 3 h  at 

temperature of 75 C0 (Khan et al., 2009b). For calculating difference in weight changes 

of infested and non infested plants the aluminum pouches were measured on digital 

microbalance one by one. Tissues weight was calculate by subtracting the weight of the 

aluminum foil pouch from the combined pouch and tissue weight. per each plant by 

using the following equation DWT= [(WC-WT)/WC]X100, where WC is dry shoot 

weight of the uninfected seedling, WT is the dry shoot weight of the infested seedling, 

Tolerance Index (TI)= DWT/ number of aphids produced on the infested seedling 

(Reese et al., 1994). 
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Statistical Analysis  

Data were analyzed statistically by using Statistix 8.1 (Analytical software 

2005) for multiple comparisons; LSD-test was used for separation of means at α=0.05. 

Standard errors of means were calculated in MS EXCEL by using the statistical 

formula StErr= StDev/ √n (Zeb et al., 2011).         

 3.3.4 Plant Resistance Index 

 The PRI values measured by the formula of (Ullah,1985) which was later 

reported by Webster et al. (1987). The PRI summarized the results of the categorization 

experiments and facilitates comparison among the tested wheat varieties  (Lage et al., 

2004) where antixenosis (X=Average number of aphids per seedling), antibiosis 

(Y=mean number of nymphs) produced by aphid per seedling, and tolerance 

(Z=Tolerance index values for varieties) were normalized by dividing them by the 

maximum value. 

3.4 Effect of (botanical extract and three synthetic insecticides) on wheat aphid 

 population, rate of aphids parasitism and yield and yield components of 

 wheat  

To determine the effect of botanical extract and systemic insecticides on aphids 

and yield components, a field experiment was conducted during the 2012-2013  

cropping season. One susceptible (Saleem-2000) and one partially resistant (Pirsabak-

2004) varieties were used against wheat aphids. Varieties were selected after laboratory 

and field screening. ) Seeds were sown on 13/11/2012 in a randomized complete block 

design with split plot arrangement with three replications. The plot size was 2.5x3.6 m2, 

3.6 meter row length and nine rows per plot with one meter buffer zone between plots 

and replications. All other agronomic practices were applied in all experimental plots 

following the procedure already done in the field screening experiment. After crop 

emergence, five tiller in each plot were selected randomly and aphid and aphid 

mummies were counted weekly. Applications started when aphids population reached  

an average density of 10 or more aphid per tiller (Aziz et al., 2013). To determine the 

effect of different insecticides on the population of aphids and aphid parasitism, data 

were taken 24 hours (19th February, 2013), 7 days, 15 days, 21 days and 30 days after 

application. Sprayer was calibrated before the applications took place. Water was used 
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for all calibrations. The amount of water applied was subtracted from the water in the 

spray machine to determine the volume of water required to spray a plot uniformly. 

Mortality of aphids and the rate of parasitism were was calculated by using the 

following formulas.   

% Mortality= [(No. aphids in Pre-treatment – No. aphids in Post treatment) / No. aphids 

in Pre treatment)] ×100 (Shah et al., 2007), and % Parasitism = [No. mummified 

aphids/ (No. mummified aphids + No. non mummified aphids)] x 100, at 24 hours, and 

7, 15, 21 and 30 days interval. 

Table 1. Insecticides trade name, active ingredient and concentration  

INSECTICIDES  ACTIVE 

INGREDIENT  

RECOMMENDED 

DOSE  

SPRAY CALIBRATED  

ACTARA 25 WG THIAMETHOXAM 24 GRAM ACER
-1 0.24 GRAM LITER

-1
  

CONFIDOR 20% 

SL 

IMIDACLOPRIDE 70 ML ACER
-1 0.7 ML LITER

-1 

MOSPILON 20 SP ACETAMIPRID 150 GRAM ACER
-1 1.5 GRAM LITER

-1 

ORANGE PEEL 

EXTRACT   

D-LIMONENE 2500 ML OF EXTRACT 

ACER
-1 

25 ML EXTRACT 

LITER
-1 

CONTROL  ----- ----- ---- 

3.4.1 Preparation Orange peel extract 

For preparation of botanical extract, sour oranges were collected from the 

ground at the Agricultural Research Institute-Tarnab Peshawar research station. 200 

gram of peel sour oranges were grinded in one liter of distil water. The extract was 

filtered in a pot passing through a filter paper and stored in dark brown glass bottle for 

7 days before spray. Twenty five ml of filtered extract was mixed with one liter of 

water before spray (Iqbal et al., 2011).          

3.4.2 Grain yield kg ha-1  

At maturity, the crop was harvested in 1 m2 area in the center of each plot to 

avoid lodging effect and bird damage. The bundle was properly tagged and allowed to 

sun drying for seven days. After threshing, grain yield per each plot was converted to 
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kg ha-1 to compare the effect of non spray and spray on grain yield on each varieties. 

The following formula adopted from (Inamullah et al., 2011) was used.   

                                            yield in kg plot-1  

                 Yield in kg ha-1=_________________ X 10,000  

                                              Area harvested  

3.4.3 Grains spike-1 and spike length in (cm) 

At crop maturity, five spike were randomly selected from each plot and they 

were individually measured from the base of the spike to the tip of spikelet to 

determine spike length. Grains were removed from each spike and counted separately 

for each plot to determine the effect on number of grains spike-1 in sprayed and control 

plots.     

3.4.4 Thousand grain weight (g)  

After harvesting, a sub-sample of grains were taken thousands grain were 

counted and weighted using a microbalance. Thousands grain weight were taken from 

sprayed and non sprayed plots      
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IV. RESULTS 

4.1 Mass screening of wheat genotypes against S. graminum during, 2011 

The mass screening test result is presented in Table 2. The data indicate that 

genotypes are significantly different (F=198; df=49, 249; P=0.00) in respect of mean 

number of S. graminum seedling at resistance rating scale (0-6). Twelve genotypes 

were found to have higher resistance (1) against S. graminum. The mean number of 

aphid on these genotypes ranged from (1-2.8) and included PR-104, AS-

2002=WD=97603, Pirsabak-2004, Iqbal-2000, Bau's-Bagula, Kauz's', PR-102, 

Zargoon-79, Baviacora-M92=V-97097, Cham-04, PAR-173-Blue bird, and Chakwal-

50.  

 Whereas, moderately resistance (scale 2) was found on twelve genotypes 

including Maxipak-65, Shalimar-88, Tatara-97, Pirsabak-2008, KT-2000, Hashim-

2008, Seher-2006, Siran-2010, Attahabib-2010, SA-42, Kohistan-97, and PR-103.  

 Furthermore, based on resistant rating scale (3), ten genotypes e.g. Satluj-86, 

Kohinoor-83, MPT-2011-2012 (RF) Entry No 4, Zam-2004, Kohsar-95, FakhreSarhad-

99, Barsat-2010, Bathore-2008, Nuwyt-3, and Faisalabad-83 presented a mean aphid 

seedling-1 of 5-6.8 aphids per tiller. These varieties were categorized as lowly 

resistance.  

Ten varieties/lines were rated lowly resistant (4 scale) with a mean aphid (7-8.8) 

seedling: PR-103, Pewees, SA-75, Dera-98, Auqab-2000, Saleem-2000, Daman-98, 

Bakhtawar-92, and Faisalabad-2008 (V-04189), Pirsabak-2005. This pattern was 

followed by moderately susceptible at resistant rating scale (5) included Fasalabad-85, 

Khyber-87 with (9-10) S. graminum seedling.-1 Lastly, four out the fifty tested varieties 

(Gomal-2008, Zamindar-80, Punjab-96,  Lasani-2008) were ranked as highly 

susceptible  (scale 6) with more than ten aphid seedling-1  
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Table 2. Mass screening of wheat genotypes against S. graminum, 2011 

Genotypes Pedigree S. graminum  

seedling-1 

RS Ranking 

---------- --------  0 I 

Iqbal-2000  BURGUS/SORT 12-

13//KAL/BB/3/PAK 81 PB 21912-11A-

0A-0A-59A-0A-0A 

1.60 u 

 

1 HR 

Zargoon-79 CC-Inia/Tobari-C.fon/BB CM8237-G-

1M-3Y-2M-4Y-0M 

1.80 tu 

PR-104 -------- 2.20 st 

PR-102 ------ 2.40 rs 

Bau's-Bagula  TTR'S'/JUN'S' CM59123-3M-1M-3Y-

1M-3M-2Y-1M-0Y-54Y-0M 

2.40 rs 

Baviacora CM 92066-J-0Y-0M-0Y-4M-0Y 2.60 qrs 

Cham-04 FLK/HORK CM39816-1S-1AP-0AP-

0SYR 

2.60 qrs 

AS-2002 

 

KHP/D31708//CM74A370/3/CIAN079/

4/RL6043/*4NAC 

2.80 pqr 

 

Pirsabak-2004 KAUZ/STAR 

 

2.80 pqr 

Kauz's'  JUP/BJY'S' JUP/BJY'S'/URES 

CM7458-4Y-1M-3Y-1M-4Y-0B 

2.80 pqr 

PAR-173 Blue bird  CNO//SN64/KLRE/3/8156 

II23584-303M-0Y-111A-1A-1436-

0PAK 

2.80 pqr 

Chakwal-50  ATTILA/3/HUI/CARAC//CHEN/CHT

O/4/ATTILA 

 

2.80 pqr 

SA-42  C271/LR 64//SON 64 3.0 pq 

2 MR 

Hashim-2008  JUP/ALD'S'//KLT'S'/3VEE'S'/6/BEZ/T

OB/815 

6/4/ON/3/6*TH/KF//6*LEE/KF/51CW

91-0321-2AP-0TS-1AP-2AP-0L-0AP 

3.0 pq 

Attahabib-2010 INQALAB91*2/TUKURU 3.0 pq 

Shalimar-88  PB81/HD2182//PB81 3.20 p 

Sehar-2006 CHIL/2*STAR/4/BOW/CROW//BUCP

/PVN/3/--CMSS9Y0045-100Y-200M-

17Y-10M-0Y 

3.20 p 

KT-2000 GEN#WHETON 3.80 o 

PR-103. ------- 3.80 o  

Tatara-97 JUP/AMB"S"//KLT"S"/3/VEE"S" 4.20 no 

Pirsabak-2008 KAUZ/PASTOR 4.20 no 

Maxipak-65 PJ62/GB55 II.8156-0PAK 4.40 n  

Kohistan-97 V-1562//CHRC'S'/HORK/3/KUFRA-

1/4/CARP'S'/BJY'S'(PB.24883B-1A-

0A) 

 

4.60 n 

Siran-2010 PBW343*2/KUKUN 4.60 n 

Nuwyt-3 ----------- 5.20 m 

 
3 LR 

FakhreSarhad-99 PFAU'S'/SERI/BOW'S' 5.20 m 
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Kohinoor-83  

 

OREF1-

58/FDL//MFN/2*TIBA63/3/COC 

CM37987-I-1Y-5M-0Y-0PAK 

5.40 m 

  

Kohsar-95 PSN/BOW CM69560-1M-1Y-1M-2Y-

0M-0PAK 

5.20 m 

MPT-2011-2012 

 

MILAN/KAUZ//PASTOR/3/PASTOR 5.40 m 

Barsat-2010 FRET2 6.0 l 

Fasalabad-83  FURY/KAL/BB 

CM37138-48Y-1M-5Y-1M-4V-5Y-0A-

0PAK 

6.0 l 

Satluj-86 CMT/YR//MON'S' 6.40 kl 

Zam-2004 KAUZ* 2/OPATA//KAUZ 6.60 jk 

Bathore-2008 URES/JUN//KAUZ 

CM 96818-i- 0Y-0M-0B-2Y-1Y-0M 

6.80 jk 

 Pirsabak-2005 MUNIA/CHTO//AMSEL 7.0 ij 

4 LS 

Pewees INIA66/7C//MAYA/3/PCI/TRMCM31

630 

7.60 h 

Bakhtawar-92 JUP/BJYG/URES 7.40 hi 

Auqab-2000 CROW'S'/NAC//BOW'S'PB22138-3A-

0A-0A-234A-0A 

7.60 h 

Saleem-2000 CHAM-6//KITE/PGO 7.80 gh 

Dera-98 F12-71/COC//CNO79 

CM76688-9Y-03M-02Y-2B-0Y 

7.80 gh 

SA-75 NA1 60/CB 151//S 948/3/MXP 7.80 gh 

Daman-98 BOW'S'/3/CAR853/COC//VEE'S' 8.20 fg 

Faisalabad-2008 PBW-65/2*PASTOR 8.60 ef 

PR-103 ----------- 8.80 e 

Fasalabad-85 MAYA/MON//KVZ/TRM 

CM44083-N-3Y-1M-1Y-1M-1Y-OB 

 

9.60 d 

5 MS 

Khyber-87 KVZ/TRM//PTM/ANA-CM43930 10 cd 

Zamindar-80  RON/CHA//BB/NORCM5484-F-5Y-

4M-1Y-1M-1Y-0M-0PAK 

10.40 c 

6 HS 

Gomal-2008 ATTILA 

CM85836-4Y-0M-0Y-14M-0Y-5M-

0Y-15J-0Y-0AP 

11.80 b 

Punjab-96 SA 42 *2/4CC/INIA//BB/3/ 

INIA/HD832 

 PB1352-B-4K-36A-0A 

13.40 a 

 

Mean number of S. graminum seedling-1 followed by the same letters are not 

significantly different at 5 % level of significance (LSD-test) 

 

RS: Resistance scale (0-6) 

I: Immunity, HR: Highly resistant, MR: Moderately resistant, LR: Lowly resistant,  

LS: Lowly susceptible, MS: Moderately susceptible, HS: Highly susceptible.       
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4.2  Field screening of wheat varieties against wheat aphids species and total 

 aphids population per tiller 

Table 3 shows the population of R. padi on twenty wheat varieties. Alate of R. 

padi was found during the first week of December in 2011; they started reproducing at 

the two leaf stage. But from 01 January 2012, apterous R. padi were very common as 

compared to alate form. Rhopalosiphum padi exhibited a significantly high preference 

for variety Saleem-2000 (6.94 aphid per tiller; F=240.35; df=19,59; P=0.0000). Wheat 

variety Zam-2004 with (3.69 aphid per per tiller) and variety FakhreSarhad-99 (3.54 

aphid per tiller) are statistically similar. Similarly, average R. padi population on wheat 

variety KT-2000 (3.41 aphid per per tiller) were statistically similar than in the variety 

Barsat-2010 (3.18 aphid per tiller). Furthermore, R. padi per tiller observed on wheat 

variety Sehar-2006 (2.91) was statistically similar than variety Dera-98 and Daman-98 

(2.80 aphid per tiller each) and variety Attahabib-2010 (2.57 aphid per tiller). On the 

other hand, R. padi  per tiller was low on wheat variety Gomal-2008 (0.62 aphid per  

tiller), which is statistically similar to variety Pirsabak-2004 (0.63 aphid per tiller), 

followed by variety Pirsabak-2005 (1.03 aphid per tiller); however it was statistically 

similar to variety Hashim-2008 (1.19 aphid per tiller). Furthermore, R .padi per tiller on 

wheat variety Khyber-87 (1.83 aphid per tiller) which was not statistically different 

from variety Bathoor-2008 (1.67 aphid per tiller), or variety Siran-2010 (1.48 aphid per 

tiller) which was statistically similar than variety Auqab-2000 (1.46 aphid per tiller) 

and variety Pirsabak-2008 (1.41 aphid per tiller).  

Peak level populations of R. padi on most of the varieties except Pirsabak-2005, 

Hashim-2008 and Gomal-2008 were observed during the month of February in 2012. 

Significantly high number of aphids (11.03 aphid per tiller) was recorded on Saleem-

2000 (F=244.03; df=19,59; P=0.0000) followed by Tatara-97 (8.75 aphid per tiller); 

however they were statistically similar with Zam-2004 (8.73 aphid per tiller), Dera-98 

(8.59 aphid per tiller) and FakhreSarhad-99 (8.40 aphid per tiller). Similarly, R. padi 

population on variety KT-2000 (8.31 aphid per tiller) was similar than Daman-98 (8.22 

aphid per tiller). Wheat variety Barsat-2010 (7.52 aphid per tiller) followed by 

Attahabib-2010 (6.92) and Khyber-87 (6.80) were statistically similar and Furthermore, 

R . padi  on variety Pirsabak-2008 was statistically different from Auqab-2000 (5.76 

aphid per tiller ), Bakhtawar-92 (5.62 aphid per tiller), Bathoor-2008 (5.25 aphid per 

tiller) and Siran-2010 (4.88 aphid per tiller).  Statistically similar population of this 
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aphid was recorded on Gomal-2008 (2.21 per tiller), Pirsabak-2005 (2.45 per tiller) and 

Hashim-2006 (2.95 per tiller).        

Rhopalosiphum padi (L.) declined from the first week of March, 2012 and were 

completely disappeared till the end of March, 2012. Among the tested wheat varieties, 

significantly higher number of aphids (F=57.83; df=19,59; P=0.0000)  were recorded 

on Saleem-2000 (6.50 per tiller) which was followed by Tatara-97 (5.54 aphid per 

tiller)  and Bakhtawar-92 (5.36 aphid per tiller). Statistically similar population of R. 

padi was observed on Zam-2004, FakhreSarhad-99, Attahabib-2010 and Barsat-2010. 

Similarly varieties Pirsabak-2008, Dera-98, Sehar-2006, Hashim-2008, Pirsabak-2004, 

Daman-98, Pirsabak-2005 and Gomal-2008 were not statistically different from each 

other. During the first week of March, population of this aphid increased somehow on 

Pirsabak-2005, Hashim-2008 and Gomal-2008 but in subsequent weeks started downed 

trend. Furthermore, minimum population (2.10 aphid per tiller) was recorded on Siran-

2010 but similar to KT-2000 (2.22 aphid per tiller) and Khyber-87 (2.53 aphid per 

tiller).  

Fig-1. On the basis of seasonal preference of the twenty used wheat varieties, R. 

padi was significantly different per tiller (F=28.77, df=19, 319; P=0.0000) on wheat 

varieties. Higher population per tiller (8.12 ± 0.78) was recorded on Saleem-2000, 

followed by Tatara-97 (5.39 ± 0.73), Zam-2004 (5.22 ± 0.73) and FakhreSarhad-99 

(5.01 ± 0.71). Lowest mean population of R. padi (1.39 ± 0.4), (1.64 ± 0.36) and (1.92 

± 0.6) was recorded on varieties, Gomal-2008' Pirsabak-2005 and Pirsabak-2004 

respectively.   
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Table 3.  Average R. padi; per tiller early, mid and late season infestation on 

wheat, 2011-2012 

 

WHEAT 

VARIETIES 

(5/12/2011- 

31/01/2012) 

 

(07/02/2012-

28/02/2012) 

(7/03/2012-

27/03/2012) 

 

PIRSABAK-2005 1.03 K 2.45 M 3.11 FGH 

ATTAHABIB-2010 2.57 F 6.92 F 4.36 C 

ZAM-2004 3.69 B 8.73 BC 4.78 C 

BATHOOR-2008 1.67 HI 5.25 IJ 2.99 GH 

BARSAT-2010 3.18 D 7.52 E 4.34 C 

SEHER-2006 2.91 E 4.34 K 3.60 DE 

SALEEM-2000 6.94 A 11.03 A 6.50 A 

DERA-98 2.80 EF 8.59 BCD 3.70 DE 

FAKHRESARHAD-

99 

3.54 BC 8.40 BCD 4.58 C 

TATARA-97 3.60 BC 8.75 B 5.54 B 

DAMAN-98 2.80 EF 8.22 D 3.12 FGH 

AUQAB-2000 1.46 IJ 5.76 H 2.81 HI 

PIRSABAK-2004 0.63 L 4.35 K 3.33 EFG 

KHYBER-87 1.83 GH 6.80 F 2.53 IJ 

BAKHTAWAR-92 1.97 G 5.62 HI 5.36 B 

HASHIM-2008 1.19 JK 2.95 L 3.45 DEF 

GOMAL-2008 0.62 L 2.21 M 3.01 FGH 

KT-2000 3.41 CD 8.31 CD 2.22 J 

PIRSABAK-2008 1.41 IJ 6.23 G 3.84 D 

SIRAN-2010 1.48 I 4.88 J 2.10 J 

LSD 0.27 0.44 0.44 

 

 

Mean followed by same letters within the columns are not significantly different at 5 % 

level of significance (LSD- test)  
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Fig-1.  Seasonal Rhopalosiphum padi (L.) population (MEAN ± SEM per 

tiller) on twenty wheat varieties, Pakistan 2011-2012 
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Table 4 shows the population of S. graminum (R.) on the twenty wheat 

varieties. Few alate of this aphid were observed on wheat during mid-December, 2011; 

but both alate and apterous S. graminum were available during mid-January. 

Significantly greater numbers of S. graminum (F=22.43; df=19,59; P=0.0000) were 

observed on Saleem-2000  (1.31 aphid per tiller) while on the other varieties its 

population was less than 1 aphid per tiller . 

Wheat varieties were significantly different (F=25.01; df=19,59; P=0.0000) in 

respect of peak level of S. graminum tiller,-1  highest population (3.33 aphid per tiller) 

were recorded on KT-2000 followed by Siran-2010 (3.09 aphid per tiller) and 

FakhreSarhad-99 (2.96 aphid per tiller). Variety Saleem-2000 (2.83 aphid per tiller), 

Pirsabak-2005 (2.82 aphid per tiller) and Zam-2004 (2.68 aphid per tiller) were not 

significantly different from one another. Furthermore, Khyber-87 with (2.64 aphid per 

tiller) followed by statistically similar population (2.60 aphid per tiller) and (2.42 aphid 

per tiller) on Attahabib-2010 and Bathoor-2008 respectively. Lower mean population 

of this aphid was recorded on Gomal-2008 and Auqab-2000 (1.08 aphid per tiller) and 

(1.07 aphid per tiller) respectively, followed by statistically parallel population on 

Daman-98, Pisabak-2004 and Tatara-97. Statistically similar population (2.19 aphid per 

tiller) and (2.18 aphid per tiller) was recorded on variety Sehar-2006 and Barsat-2010 

respectively, which was significantly different form statistically similar population on 

Dera-98 (1.98 aphid per tiller) and Hashim-2008 (1.92 aphid per tiller). Variety 

Pirsabak-2008 and Bakhtawar-92 are statically at far with each other.      

Population of S. graminum (R.)  started declined from the third week of March 

and were completely absent till the end of March, 2012. During this stage significantly 

(F=69.69; df=19,59; P=0.0000) highest mean S. graminum per tiller was recorded on 

variety Pirsabak-2008 (3.63) followed by Bakhtawar-92 (2.91). Statistically similar 

population (2.30), (2.17) and (2.02) per tiller were recorded on variety Auqab-2000, 

Saleem-2000 and KT-2000 respectively. Similarly, population of S. graminum (1.73 

per tiller), (1.57 per tiller) and (1.47 per tiller) was at par with each other on wheat 

varieties, Siran-2010, Barsat-2010 and Bathoor-2008 respectively. Population (1.44 per 

tiller) of this aphid on variety Pirsabak-2013 was statically different from similar 

population on Attahabib-2010 and FakhreSarhad-99. Furthermore, statistically similar 

population was recorded on varieties, Gomal-2008, Khyber-87, Pirsabak-2005 with 
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(1.08), (1.03) and (1.00) aphid per tiller respectively. Lower mean population of S 

graminum (0.13 per tiller) was recorded on Daman-98 followed by Hashim-2008 (0.22 

aphid per tiller), which was statistically different than statistically similar population on 

Dera-98 (0.40 aphid per tiller) and Tatara-97 (0.45 aphid per tiller).     

Fig-2 indicates that the seasonal mean population of S. graminum per tiller on 

twenty wheat varieties was significantly different at (F=2.74, df=19,219; P=0.0003). 

Higher mean population was recorded on Saleem-2000 (2.02 ± 0.32) followed by 

Siran-2010 (1.74 ± 0.4). On other hand, lower mean population of S. graminum was 

observed on Daman-98 (0.59 ± 0.28).  
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Table 4.  Average S. graminum; per tiller early, mid and late season 

infestation on wheat, 2011-2012 

 

WHEAT 

VARIETIES 

(16/1/2012-

14/2/2012) 

(23/2/2012-

14/3/2012) 

(21/3/2012-

27/3/2012) 

PIRSABAK-2005 0.44 CDEF 2.82 BCD 1.00 HI 

ATTAHABIB-2010 0.54 BCD 2.61 CD 1.23 FGH 

ZAM-2004 0.25 GHI 2.68 BCD 0.58 JK 

BATHOOR-2008 0.37 EFG 2.41 DE 1.47 EF 

BARSAT-2010 0.13 HIJ 2.18 EF 1.57 E 

SEHER-2006 0.29 FGH 2.19 EF 0.81 IJ 

SALEEM-2000 1.31 A 2.83 BC 2.17 C 

DERA-98 0.35 EFG 1.98 FG 0.40 KLM 

FAKHRESARHAD-

99 

0.58 BC 2.96 ABC 1.14 GH 

TATARA-97 0.16 GHI 1.35 IJ 0.45 KL 

DAMAN-98 0.26 GH 1.25 IJ 0.13 M 

AUQAB-2000 0.05 J 1.07 J 2.30 C 

PIRSABAK-2004 0.15 HIJ 1.30 IJ 0.40 KLM 

KHYBER-87 0.43 CDEF 2.64 CD 1.03 HI 

BAKHTAWAR-92 0.33 FG 1.57 HI 2.92 B 

HASHIM-2008 0.09 IJ 1.92 FGH 0.22 LM 

GOMAL-2008 0.40 DEFG 1.08 J 1.08 HI 

KT-2000 0.45 CDEF 3.33 A 2.02 CD 

PIRSABAK-2008 0.51 CDE 1.63 GHI 3.63 A 

SIRAN-2010 0.67 B 3.09 AB 1.73 DE 

LSD 0.17 0.41 0.31 

 

Mean followed by same letters within the columns are not significantly different at 5 %         

level of significance (LSD- test)  
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Fig-2.  Seasonal Schizaphis graminum (R.) population (MEAN ± SEM per 

tiller) on twenty wheat varieties 
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Table 5, Shows the population of S. avenae per tiller on twenty wheat varieties 

at weekly interval. This wheat is found mainly on the spikes in the tillers during the 

third week of March. Significantly (F=137; df=19, 59; P=0.000) maximum (2.53 aphids 

per tiller) were observed on Khyber-87 followed by Saleem-2000 (1.70 aphid per 

tiller), Dera-98 (1.40 aphid per tiller). Wheat varieties, Bakhtawar-92, Tatara-97 and 

KT-2000 with (1.15 aphid per tiller), (1.09 aphid per tiller) and (1.07 aphid per tiller) 

respectively were not significantly different from one another. The population of S. 

avenae was zero on variety FakhreSarhad-99 (0.00 per tiller) followed by statistically 

similar varieties, Pirsabak-2008 (0.07), Pirsabak-2005 (0.09) and Siran-2010, Pirsabak-

2004, Sehar-2006, Bathoor-2008 and Gomal-2008 with (0.10 aphid per tiller each). 

 During the last week of March significantly (F=177.50; df=19, 59; P=0.0000) 

higher population (3.00 per tiller) of this aphid was recorded on variety Tatara-97, 

followed by Saleem-200 (2.58) and Attahabib-2010 (1.82). Varieties Khyber-87 and 

KT-2000 were statistically at par with (1.50 aphid per tiller) and (1.40 aphid per tiller) 

respectively. Variety Zam-2004 and variety Daman-98 were statistically at par with 

other with (1.10) and (0.80) aphid per tiller respectively.  

 In the last week of April, significantly (F=5.65; df=19, 59;P=0.0000) maximum 

population (1.13 per tiller) was recorded on variety, Hashim-2008 followed by 

Bathoor-2008 (0.78). Furthermore, statistically similar population of (0.53) and (0.50) 

population was recorded on Saleem-2000 and Pirsabak-2004. The remaining varieties 

with less than 1, aphid per tiller were at par with each other.  

Fig-3, shows that significantly (F=0.96, df=19, 59; P=0.0097) maximum 

number of S. avenae per tiller was recorded on Saleem-2000 (1.60 ± 0.60), followed by 

Tatara-97 (1.45 ± 0.81), Khyber-87 (1.39 ± 0.70). Varieties which were not 

significantly different from each other in respect of average population of S. avenae per 

tiller, included KT-2000 (0.89 ± 0.36) and followed in descending order by Attahabib-

2010 (0.87 ± 0.52), Dera-98 (0.70 ± 0.40), Bakhtawar-92 (0.66 ± 0.33), Zam-2004 

(0.66 ± 0.24), Daman-98 (0.57 ± 0.28), Bathoor-2008 (0.37 ± 0.20), Barsat-2010 (0.30 

± 0.21), Pirsabak-2005 (0.28 ± 0.24), Pirsabak-2008, Fakhresarhad-99 (0.22 ± 0.22), 

Pirsabak-2004 (0.20 ± 0.07), Hashim-2008 (0.14 ± 0.09), Gomal-2008 (0.13 ± 0.04), 

Auqab-2000 (0.10 ± 0.06), Saher-2006 (0.10 ± 0.02) and Siran-2010 (0.10 ± 0.00).  
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Table 5.  Average S. avenae;) per tiller early, mid and late season infestation 

on wheat, 2011-2012 

 

WHEAT 

VARIETIES 

21/3/12 27/3/12 4/4/12 

PIRSABAK-2005  0.09 IJ 0.75 F 0.00 D 

ATTAHABIB-2010  0.77 E 1.82 C 0.03 D 

ZAM-2004  0.57 FG 1.10 E 0.77 B 

BATHOOR-2008  0.10 IJ 0.23 G 0.00 D 

BARSAT-2010  0.70 EF 0.20 G 0.07 D 

SEHER-2006 0.10 IJ 0.13 GH 0.07 D 

SALEEM-2000  1.70 B 2.58 B 0.53 BC 

DERA-98  1.40 C 0.70 F 0.00 D 

AKHRESARHAD-

99   
0.00 J 0.67 F 

0.00 D 

TATARA-97  1.09 D 3.00 A 0.27 CD 

DAMAN-98  0.53 G 1.07 E 0.10 D 

AUQAB-2000  0.20 HI 0.00 H 0.10 D 

PIRSABAK-2004  0.10 IJ 0.17 GH 0.33 CD 

KHYBER-87  2.53 A 1.50 D 0.13 D 

BAKHTAWAR-92  1.15 D 0.80 F 0.03 D 

HASHIM-2008  0.30 H 0.00 H 1.13 A 

GOMAL-2008  0.10 IJ 0.07 GH 0.50 BC 

KT-2000  1.07 D 1.40 D 0.20 CD 

PIRSABAK-2008  0.07 IJ 0.20 G 0.13 D 

SIRAN-2010  0.10 IJ 0.17 GH 0.00 D 

LSD 0.17 0.19 0.10 

 

Mean followed by same letters within the columns are not significantly different at 5 % 

level of significance (LSD- test)  
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Fig-3.  Sitobion avenae (F.) population seasonal MEAN ± SEM per tiller on 

twenty wheat varieties 
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Table 6, shows wheat aphids population per tiller on twenty wheat varieties. 

Aphids appeared in the first week of December, 2011. The infestation was very low 

during December and January. However, significantly (F=396.56; df=19, 59; 

P=0.0000) higher population was recorded on variety Saleem-2000 (7.80 per tiller) 

followed by statistically parallel varieties, Zam-2004, KT-2000, FakhreSarhad-99 and 

Tatara-97 with (4.16 per tiller), (4.06 per tiller) and (4.00 per tiller) and (4.00 per tiller) 

respectively. Furthermore, variety Barast-2010 with (3.41 per tiller) was significantly 

similar with varieties Dera-98 and Daman-98. Varieties Sehar-2006 and Attahabib-

2010 with (3.00 aphid per tiller) and (2.93 aphid per tiller) respectively were 

significantly similar with each other followed by similar population on varieties 

Bakhtawar-92 and Khyber-87. On the other hand lower mean population of wheat 

aphid was recorded on variety Gomal-2008 (0.57 per tiller) and Pirsabak-2004 (0.64 

per tiller). Variety Pirsabak-2005 with (1.13 per tiller) was significantly different from 

other varieties.  

Similarly, during the peak population stage from February to mid-March wheat 

aphid varied significantly (F=93.86; df=19, 59; P=0000) among the tested wheat 

varieties. Maximum mean aphids were recorded on variety Saleem-2000 (13.00 per 

tiller) followed by FakhreSarhad-99 (10.41 per tiller) and Zam-2004 (10.22 per tiller). 

Wheat aphid on KT-2000 (9.40 per tiller) followed in descending order by other 

varieties which included Tatara-97 (9.36 per tiller), Dera-98 (9.12 per tiller), and 

Barsat-2010.(8.92 per tiller). Furthermore, mean population on variety Attahabib-2010 

(8.72 per tiller) followed by statistically similar varieties, Daman-98, Khyber-87, 

Pirsabak-2008, and Bakhtawar-92. Aphids population on variety Siran-2010 (6.92 per 

tiller) was statistically similar with variety Bathoor-2008 followed by variety Sehar-

2006 (6.48 per tiller) and Auqab-2000 (6.06 per tiller). The lower mean population of 

wheat aphid was recorded on variety Gomal-2008 (3.97 per tiller) which was followed 

by statistically similar population on varieties, Pirsabak-2005, Hashim-2008 and 

Pirsabak-2004.         

Aphids population started declined on wheat after mid-March and eliminated in 

the first week of April. Significantly maximum population was recorded on Pirsabak-

2008 (7.30 per tiller) followed by Bakhtawar-92 (6.99 per tiller). Average population 

on KT-2000 (6.23 per tiller) and Siran-2010 (6.19 per tiller) was statistically at par with 
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each other. Similar mean population was recorded on Tatara-97, Saleem-2000, Khyber-

87 and Gomal-2008 with (5.90 per tiller), (5.91 per tiller), (5.88 per tiller) and, (5.70 

per tiller) respectively. Furthermore, aphid per tiller observed on variety Pirsabak-2004 

(5.02 per tiller) was at par with Hashim-2006, and Auqab-2000. Aphids per tiller on 

variety FakhreSarhad-99 (3.98 per tiller) was significantly different from statistically 

alike population on varieties Daman-98 and Dera-98. On the other hand minimum 

population was recorded on variety Pirsabak-2005 (1.97 aphid per tiller) followed by 

statistically similar aphid population per tiller on Sehar-2006 (2.50), Bathoor-20084 

(2.52), Zam-200 (2.63) and Attahabib-2010 (2.78).  

The seasonal Means ± SEM population of aphids on twenty wheat varieties are 

presented in (Fig-4). Significantly (F=21.08, df=19, 379; P=0.0000) maximum mean 

population per tiller (9.05 ± 0.98) was recorded on Saleem-2000 followed by Zam-2004 

(5.84 ± 0.84). Fakhresarhad-99 with (5.77 ± 0.88 aphid per tiller) was statistically at par 

with Tatara-97 (5.77 ± 0.83 aphid per tiller).  

Variety KT-2000 (5.46 ± 0.84 aphid per tiller) was followed by statistically 

similar population on variety Barsat-2010 (4.98 ± 0.85) and Dear-98 (4.93 ± 0.80), 

Attahabib-2010 (4.78 ± 0.89), Daman-98 (4.52 ± 0.72). Mean aphid per tiller on 

varieties, Bakhtawar-92 (4.29 ± 0.85) and Khyber-87 (4.05 ± 0.85) were significantly 

not different from each other. While, Sehar-2006 and Pirsabak-2008 with (3.85 ± 0.68 

aphid per tiller) and (3.80 ± 0.85 aphid per tiller) respectively were statistically alike 

which were further, followed by statistically similar varieties, Bathoor-2008, Siran-

2010 and Auqab-2000 with (3.31 ± 0.89), (3.29 ± 0.72) and (3.14 ± 0.58) aphid per 

tiller respectively.  

 On the other hand the lowest mean aphid population per tiller was observed on 

variety, Gomal-2008 (1.84 ± 0.49) but it was at par with Pirsabak-2004, Pirsabak-2005, 

Hashim-2008 with (2.40 ± 0.62), (2.54 ± 0.63) and (2.56 ± 0.63) aphid per tiller 

respectively.  
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Table 6.  Average wheat aphids per tiller early, mid and late season 

infestation on wheat, 2011-2012 

 

WHEAT 

VARIETIES 

(5/12/2011-

30/1/2012) 

(7/02/2012-

14/3/2012) 

(21/3/2012-

4/4/2012) 

PIRSABAK-2005 1.13 H 5.02 I 1.67 K 

ATTAHABIB-2010 2.93 D 8.72 DE 2.78 IJ 

ZAM-2004 4.16 B 10.20 B 2.63 J 

BATHOOR-2008 1.65 FG 6.90 G 2.52 J 

BARSAT-2010 3.41 C 8.92 CD 2.98 I 

SEHER-2006 3.00 CD 6.48 GH 2.49 J 

SALEEM-2000 7.80 A 13.00 A 5.88 E 

DERA-98 3.28 CD 9.12 CD 3.49 H 

FAKHRESARHAD-

99 

4.00 B 10.42 B 3.98 G 

TATARA-97 4.00 B 9.36 CD 5.90 DE 

DAMAN-98 3.27 CD 8.21 EF 3.68 H 

AUQAB-2000 1.65 FG 6.06 H 4.80 F 

PIRSABAK-2004 0.64 I 5.04 I 5.02 F 

KHYBER-87 2.01 EF 7.97 F 5.70 E 

BAKHTAWAR-92 2.23 E 7.64 F 6.99 B 

HASHIM-2008 1.42 GH 5.23 I 4.98 F 

GOMAL-2008 0.57 I 3.97 J 5.69 E 

KT-2000 4.06 B 9.40 C 6.23 C 

PIRSABAK-2008 1.59 FG 7.69 F 7.30 A 

SIRAN-2010 1.61 FG 6.96 G 6.20 CD 

LSD 5.37 0.64 0.29 

 

Mean followed by same letters within the columns are not significantly different at 5 % 

level of significance (LSD- test)  
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Fig-4.  Wheat aphids population seasonal MEAN ± SEM per tiller on 

twenty wheat varieties 
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4.3 Rate of aphid parasitism on different wheat varieties, 2011-2012 

Data in Table 7, show the rate of aphids parasitism recorded per tiller during the 

field screening on twenty wheat varieties. Data reveal that in early wheat growing stage 

there was zero parasitism. Aphids parasitism gradually increased as the aphid 

population build up. In the last week of January few mummified aphids were recorded 

on Pirsabak-2005, Attahabib-2010 and Bathoor-2008. 

During aphid peak population stage significantly (F=313.52; df=19, 59; 

P=0.0000) higher mean rate of aphid parasitism was recorded on Pirsabak-2005 (9 .89 

per tiller) followed by Gomal-2008 (9.17 per tiller). Significantly similar parasitism 

(5.40) and (5.33) was recorded on Siran-2010 and Hashim-2006 respectively followed 

by statistically alike rate of parasitism on Attahabib-2010, Bathoor-2008 and KT-2000. 

Furthermore, Auqab-2000, Dera-98 and am-2004 were statistically parallel to each 

other in respect of rate of aphid parasitism per tiller followed by Tatara-97 with (2.98). 

Variety Bakhtawar-92 with (2.65 per tiller) aphid parasitism was followed by 

statistically similar rate of parasitism on Khyber-87 (2.59 per tiller) and Barsat-2010 

(2.54 per tiller). On the other hand, lower mean aphid parasitism rate (1.39 per tiller) 

was observed on Sehar-2006 followed by Pirsabak-2004 (1.47 per tiller). 

Rate of parasitism was significantly (F=84.39; df=19, 59; P=0.0000) maximum 

on Siren-2010 (56.53 per tiller) during the declining population stage of wheat aphids. 

Varieties Daman-98, Hashim-2008 and Sehar-2006 with (51.40), (50.50) and (48.39) 

rate of aphid parasitism per tiller were statistically parallel to each other. On the other 

hand significantly lower mean rate of aphid parasitism per tiller was recorded on variety 

Khyber-87 (16.87). 

The aphid parasitism seasonal Means ± SEM on twenty wheat varieties are 

presented in (Fig-5). Significantly (F=2.93;df=16, 339; P=0.00) higher rate of aphid 

parasitism (20.21 per tiller) was recorded on Pirsabak-2005 but statistically it is similar 

with Siran-2010, Gomal-2008, Hashim-2008, Daman-98, Saher-2006, Zam-2004 and 

Barsat-2010. Lowest rate of aphid parasitism (8.62 per tiller) was recorded on Khyber-

87 followed by Pirsabak-2008.  
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Table-7.  Average rate of aphids parasitism during early, mid and late season 

infestation of wheat aphids, 2011-2012 

 

WHEAT VARIETIES (5/12/2011-

30/1/2012) 

(7/2/2012-

14/3/2012) 

(21/3/2012-

4/4/2012) 

PIRSABAK-2005 1.87 A 9.89 A 46.98 CDE 

ATTAHABIB-2010 0.85 B 4.20 D 29.80 GH 

ZAM-2004 0.00 D 3.34 EF 43.80 E 

BATHOOR-2008 0.08 C 4.06 D 25.32 IJ 

BARSAT-2010 0.00 D 2.54 HI 39.76 F 

SEHER-2006 0.00 D 1.39 L 48.3 BCD 

SALEEM-2000 0.00 D 2.09 J 26.50 HIJ 

DERA-98 0.00 D 3.44 E 26.76 HIJ 

FAKHRESARHAD-

99 

0.00 D 2.20 IJ 24.33 IJ 

TATARA-97 0.00 D 2.98 FG 27.93 GHI 

DAMAN-98 0.00 D 1.85 J 51.40 B 

AUQAB-2000 0.00 D 3.54 E 29.05 GH 

PIRSABAK-2004 0.00 D 1.47 KL 30.65 G 

KHYBER-87 0.00 D 2.59 H 16.8 K 

BAKHTAWAR-92 0.00 D 2.65 GH 31.33 G 

HASHIM-2008 0.00 D 5.33 C 50.50 BC 

GOMAL-2008 0.00 D 9.17 B 45.15 DE 

KT-2000 0.00 D 3.93 D 25.11IJ 

PIRSABAK-2008 0.00 D 1.84 JK 23.41 IJ 

SIRAN-2010 0.00 D 5.40 C 56.53 A 

LSD 0.05 0.37 3.61 

 

Mean followed by same letters within the columns are not significantly different at 5 % 

level of significance (LSD- test) 
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Fig-5.  Wheat aphid parasitism seasonal MEAN ± SEM per tiller on twenty 

wheat varieties 
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4.4  Mean aphids population and rate of parasitism per tiller on wheat 

 varieties during, 2011- 2012 

Figure 6, shows the relationship of mean aphid seasonal population and 

seasonal mean percent of aphids parasitism per tiller.-1 The data indicate that wheat 

parasitoids regulated aphids population on various wheat varieties at different levels. 

The wheat variety, Pirsabak-2005 showed the maximum aphids percent parasitism 

(20.21) followed by Siran-2010 (20.20%), Gomal-2008 (19.04%), Hashim-2008 

(18.34%) and Saher-2006 (15.35%) which was evident from the reduced average aphid 

population per tiller build up on these varieties e.g. (2.54 mean aphids per tiller), (3.29 

mean aphids per tiller), (1.84 mean aphids per tiller), (2.56 mean aphids per tiller) and 

(3.85 mean aphids per tiller), respectively. 

On the other hand lower rate of aphids' parasitism (8.62%) was recorded on 

Fakhresarhad-99 followed by KT-200 (9.89%) with low average aphids population per 

tiller of (5.77) and (5.46) respectively.  
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Fig-6   Mean aphids population and rate of aphids parasitism per tiller on 

twenty wheat varieties during, 2011- 2012 
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4.5 Correlation of aphid population and rate of parasitism 

The regression analysis Table 8, shows that the model is overall good on the 

basis statistics analysis. R2 of the model show that 61 percent variation in the dependent 

variable (aphid) has been explained by the independent variable. Keeping all the other 

variable constant 1 percent increase in parasitism significantly decreased aphid 

population by 17 percent. Results of the model further shows that infestation was 

significantly high at Sleem-2000 followed by Zam-2004, Tatara-97 and Fakhresahad-

99.    

Table 9, indicates that the value of R2  i.e. 0.797 in respect of Saleem-2000 

showed higher risk of aphid attack and had less rate of parasitism per tiller (-0.492) 

with the corresponding interval and F. value (31.49). On the basis of R2, F values, 

corresponding intervals and their respective rate of parasitism varieties Gomal-2008, 

Pirsabak-2005, Siren-2010, Hashim-2008 and Sehar-2006 have constant performance 

with regard to less aphids attack and with higher values of parasitism. 
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Table 8.  Regression results of aphids infestation per tiller on twenty wheat 

varieties during, 2011-2012 

 

 

 

 

 

 

 

VARIABLES COEFF. STANDARD 

ERROR 

PROB. 

INTERVALS  0.542 0.029 0.000 

PARASITOIDS -0.168 0.011 0.000 

PIRSABAK-2005 0.814 0.770 0.291 

ATTAHABIB-2010 2.286 0.771 0.003 

ZAM-2004 3.652 0.771 0.000 

BATHOOR-2008 0.684 0.772 0.376 

BARSAT-2010 2.700 0.771 0.001 

SEHER-2006 1.682 0.771 0.030 

SALEEM-2000 6.347 0.772 0.000 

DERA-98 2.308 0.772 0.003 

FAKHRESARHAD-99 3.020 0.772 0.000 

TATARA-97 3.150 0.772 0.000 

DAMAN-98 2.449 0.770 0.002 

AUQAB-2000 0.573 0.772 0.458 

PIRSABAK-2004 -0.237 0.772 0.759 

KHYBER-87 1.161 0.773 0.134 

BAKHTAWAR-92 1.746 0.772 0.024 

HASHIM-2008 0.663 0.770 0.390 

KT-2000 2.821 0.772 0.000 

PIRSABAK-2008 2.821 0.772 0.195 

SIRAN-2010 1.515 0.770 0.050 

-CONS -1.901 0.593 0.001 

NUMBER OF OBSERVATIONS 380 

F-STATISTICS 26.46 

R2 0.61 
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Table 9.  Regression results of rate of aphids parasitism and aphid infestation 

per tiller on twenty wheat varieties during, 2011-2012 

 

DESCRIPTION CONSTANT RATE OF 

PARASITISM 

CONFIDENCE 

INTERVALS 

F R2 

ALL VARIABLES -0.0448 -0.173 0.552 153.06 0.45 

PIRSABAK-2005 -1.535 -0.095 0.509 7.47 0.48 

ATTAHABIB-

2010 

-1.045 -0.285 0.756 17.62 0.69 

ZAM-2004 0.337 -0.240 0.741 25.45 0.731 

BATHOOR-2008 -1.902 -0.292 0.676 7.78 0.493 

BARSAT-2010 0.173 -0.183 0.616 16.75 0.677 

SEHER-2006 0.798 -0.104 0.389 6.54 0.450 

SALEEM-2000 3.324 -0.492 0.811 31.49 0.797 

DERA-98 -0.484 -0.383 0.747 33.02 0.780 

FAKHRESARHAD-

99 

0.550 -0.397 0.704 22.41 0.737 

TATARA-97 -0.936 -0.238 0.611 16.87 0.678 

DAMAN-98 1.008 -0.147 0.478 15.40 0.658 

AUQAB-2000 -1.130 -0.200 0.540 22.23 0.735 

PIRSABAK-2004 -1.830 -0.153 0.503 19.67 0.711 

KHYBER-87 -1.480 -0.483 0.727 8.64 0.519 

BAKHTAWAR-92 -1.217 -0.184 0.658 12.59 0.611 

HASHIM-2008 -1.335 -0.119 0.505 9.37 0.540 

GOMAL-2008 -1.283 -0.060 0.372 7.99 0.500 

KT-2000 1.028 -0.333 0.618 10.51 0.568 

PIRSABAK-2008 -1.426 -0.240 0.626 12.11 0.602 

SIRAN-2010 -1.194 -0.114 0.566 13.06 0.572 
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4.6 Categorization of resistance factors against Schizaphis graminum in wheat. 

 Antixenosis test results Table 10, Show that twelve varieties Tatara-97, Saleem-

2000, Barsat-2010, Siran-2010, Zam-2004, Daman-98, Hashim-2008, Bakhtawar-92, 

Saher-2006, FakhreSarhad-99, KT-2000, Pirsabak-2008 were not-significantly different 

to each other. However, Tatara-97, Saleem-2000, Barsat-2010, Siran-2010 were 

significantly different at (F=4.92; df=19,59; p=0.00) from all the tested varieties in 

terms of maximum mean number of aphid seedling-1 at two leaf stage while all other 

varieties included Gomal-98, Dera-98, Auqab-2000, Bathoor-2008, Pirsabak-2005 and 

Attahabib-2010 responded mixed behavior to Schizaphis graminum. On the other hand, 

lower mean number of S. graminum recorded on Khyber-87 and Pirsabak-2004. 

 Table 11, In antibiosis test, statistically different (p<0.05) number of days to 

reproduction by (F1) and number of progeny produced by S. graminum (P1) was 

observed for tested varieties. Significantly maximum number of days to reproduction of 

(F1) was recorded on variety Attahabib-2010 (8.46 ± 0.05) followed by Pirsabak-2004 

and Dera-98. Significantly lowest number of days to reproduction was recorded on 

Saleem-2000 (8.00 ± 0.16). Significantly less progeny were produced by the female 

aphid (P1) on variety Pirsabak-2004 (6.01 ± 0.09) compared to other varieties (table 10 

column 2), while more progenies were produced on variety Saleem-2000 (9.33 ± 0.27).    

Intrinsic rate of natural increase (rm) was calculated for each variety to 

determine the performance of S. graminum  (table 11). Heights (rm) value (0.21 ± 0.01) 

was calculated for Saleem-2000 followed by Khyber-87 (0.19 ± 0.002). Lower intrinsic 

rate of natural increase (rm) values were noted on cultivars Attahabib-2010 and 

Pirsabak-2004.  

 Table 12, shows the result of tolerance test of five varieties. The proportional 

dry weight change (% DWT) values was statistically different (p<0.05) among the 

tested wheat varieties. Maximum % DWT value was recorded for Pirsabak-2004 (9.22 

± 0.04), followed by Dera-98 (9.20 ± 0.03) and Saleem-2000 (7.85 ± 0.06). 

Significantly different lowest % DWT values were recorded for varieties Khyber-87 
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(6.70 ± 0.02) and Attahabib-2010 (6.68 ± 0.03). Significantly different tolerance index 

(TI) value was recorded for Dear-98, while tolerance index values for Attahabi-2010, 

Khyber-87, Saleem-2000 and Pirsabak-2004 were in the same line.    

Plant resistance Index (PRI) values Table-13 summarized the results of 

antixenosis, antibiosis and tolerance conducted for five tested varieties.  

 Among the tested varieties, Dera-98 has the lowest Plant resistance index value 

(PRI= 1.16), followed by Saleem-2000 (1.35), Khyber-87 (1.67), Attahabib-2010 

(2.04). The lower plant resistance index value (4) was recorded for Pirsabak-2004.  
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Table 10.  Average number of S. graminum (R.) seedling-1 after 12, 24, and 48 

h, antixenosis test 

  

VARIETIES 12 H 24 H 48 H MEANS 

TATARA-97 4.0 ± 0.30 4.9 ± 0.1 4.0 ± 0.14 4.30 ± 0.3 A 

SALEEM-2000 3.8 ± 0.13 4.0 ± 0.25 5.0 ± 0.29 4.27 ± 0.37 A 

BARSAT-2010 4.0 ± 0.15 4.5 ± 0.17 4.0 ± 0.15 4.17 ± 0.17 A 

SIRAN-2010 5.0 ± 0.21 4.0 ± 0.30 3.5 ± 0.17 4.17 ± 0.44 A 

ZAM-2004 3.3 ± 0.15 4.3 ± 0.15 3.9 ± 0.1 3.83 ± 0.29 AB 

DAMAN-98 3.6 ± 0.16 4.5 ± 0.17 3.0 ± 0.33 3.7 ± 0.43 AB 

HASHIM-2008  5 ± 0.15 4.0 ± 0.33 2.0 ± 0.15 3.67 ± 0.88 AB 

BAKHTAWAR-92 3 ± 0.18 4.0 ± 0.33 3.4 ± 0.16 3.47 ± 0.29 ABC 

SAHER-2006 4 ± 0.26 4.2 ± 0.13 2.0 ± 0.21 3.40 ± 0.70 ABCD 

FAKHRESARHAD

-99 
2.8 ± 0.13 3.5 ± 0.17 3.9 ± 0.1 3.40 ± 0.32 ABCD 

KT-2000 3.00 ± 0.26 4.0 ± 0.33 3.0 ± 0.26 3.33 ± 0.3 ABCD 

PIRSABAK-2008 3.3 ± 0.15 3.0 ± 0.14 3.3 ± 0.15 3.07 ± 0.1 ABCDE 

GOMAL-98 2.4 ± 0.16 2.6 ± 0.16 3.0 ± 0.15 2.67 ± 0.18 BCDEF 

DERA-98 3.0 ± 0.26 2.40±0.16 2.0 ± 0.15 2.47 ± 029 CDEF 

AUQUB-2000 4.0 ± 0.30 2.0 ± 0.25 1.0 ± 0.15 2.33 ± 0.88 CDEF 

BATHOOR-2008 2.1 ± 0.18 2.10±0.18 2.7 ± 0.15 2.27 ± 0.22 DEFG 

PIRSABAK-2005 2.0 ± 0.15 2.7 ± 0.15 2.0 ± 0.15 2.23 ± 0.23 DEFG 

ATTAHABIB-

2010 
2.4 ± 0.16 2.0 ± 0.15 1. 7 ± 0.15 2.03 ± 0.20 EFG 

KHYBER-87 2.0 ± 0.15 2.0 ± 0.15 2.0 ± 0.26 2 ± 0 FG 

PISABAK-2004 1.2 ± 0.13 1.0 ± 0.25 1.1 ± 0.1 1.10 ± 0.06 G 

LSD  1.17 

 

Mean ± SEM number of S. graminum on wheat varieties at 12, 24, and 48 h post 

infestation time; means followed by same letters within the columns are not 

significantly different at 5 % level of significance (LSD- test)  
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Table 11.  MEAN ± SEM offspring produced by adults (P1), days to 

reproduction by (F1), rm of S. graminum on five wheat varieties 

 

Varieties d md rm 

Saleem-2000 8.00 ± 0.16 c 9.33 ± 0.27 a 0.21 ± 0.004 

Khyber-87 8.09 ± 0.09 bc 8.38 ± 0.07 b 0.19 ± 0.002 

Dear-98 8.33 ± 0.03 ab 7.57 ± 0.04 c 0.18 ± 0.000 

Pirsabak-2004 8.33 ± 0.07 ab 6.01 ± 0.09 d 0.16 ± 0.001 

Attahabib-2010 8.46 ± 0.05 a 6.37 ± 0.04 d 0.16 ± 0.001 

LSD 0.26 0.38 7.37 

 

Means followed by the same letter are not significantly different (α> 0.05; LSD). 

md= number of progeny; d= days to reproduction; rm= intrinsic rate of natural increase; 

P1= Parent; F1= fist generation.                                                               

 

Table 12.  MEAN ± SEM percent dry weight change and tolerance index of 

wheat varieties infested with S. graminum 

 

CULTIVARS DWT TI 

DERA-98 9.20 ± 0.03 A 0.97 ± 0.02 A 

ATTAHABIB-2010 6.68 ± 0.03 C 0.77 ± 0.02 B 

SALEEM-2000 7.85 ± 0.06 B 0.72 ± 0.01 B 

PIRSABAK-2004 9.22 ± 0.04 A 0.71 ± 0.02 B 

KHYBER-87 6.70 ± 0.02 C 0.76 ± 0.03 B 

LSD 0.28 0.06 

 

means followed by the same letter are not significantly different (α> 0.05; LSD) 

DWT= proportional dry weight change; TI= tolerance index. 
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Table 13.  Normalized indices for categories of resistance and plant resistance 

index (PRI) for tested varieties 

 

Varieties Normalized   indices XYZ (PRI) 

1/XYZ No. of aphids 

plant-1 (X) 

Nymph 

aphid-1 (Y) 

Tolerance 

Index (Z) 

Dera-98 1.00 0.86 1 0.86 1.16 

Saleem-2000 1 1.00 0.74 0.74 1.35 

Khyber-87 0.81 0.95 0.78 0.60 1.67 

Attahabib-2010 0.82 0.76 0.79 0.49 2.04 

Pirsabak-2004 0.45 0.76 0.73 0.25 4 

 

PLANT RESISTANCE INDEX (PRI)= 1/XYZ; X= ANTIXENOSIS; Y= ANTIBIOSIS; 

Z=TOLERANCE  
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4.7 Effect of (orange peel extract and synthetic insecticides) on the population 

 of aphids, their natural enemies and yield components of wheat 

 Table 14, sub plots (insecticides), Table 15, main plots (varieties) and Table 16 

shows interaction effect of insecticides and varieties on the average population of 

aphids per tiller at pre and post spray intervals. Pre spray mean aphids population was 

statistically similar in subplots but it was significantly different (F=7278.23; df=1, 29; 

P=0.0001) in main plots. Interaction effect of sub plots and main plots was different 

statistically at (F=13.42; df=4, 29; P=0.0001). 

 Post spray (24 h) mean aphid population (13.80 per tiller) in control plots was 

significantly higher (F=3286.53; df=4,29; P=0.0000), followed by average aphids 

population in orange peel extract treated plots (6.37 per tiller). Lowest mean population 

was recorded in Acetamiprid treated plots which was (0.12 aphids per tiller) with (99% 

mortality) but at par with Imidaclopride. Main plots effect was not statistically different 

but the interaction effect was significantly different at (F=290.25; df=4,29; P=0.0000).   

Post spray seven days, average aphids population in control plots (24.07 per 

tiller) was significantly higher at (F=3411.62; df=4, 29; P=0.0000) as compared to 

other insecticides. In orange peel extract aphids population was (10.80 per tiller) with 

(55%) aphid mortality while the lowest aphids population of (0.47 per tiller) and higher 

(98%) aphid mortality was recorded in Thiamethoxam treated plots but it was 

statistically similar with Acetamiprid and Imidaclopride plots. Significantly (F=216.64; 

df=1, 29; P=0.0046) more aphid (8.91 per tiller) was observed on susceptible variety as 

compared to resistant variety. Interaction effect of insecticides and varieties were 

significantly different at (F=251.45; df=4, 29; P=0.0000). 

Fifteen days after spray mean aphids population was (9.03 per tiller) in control 

plots, which was significantly higher at (F= 144.48; df= 4, 29; P= 0.0000) as compare 

to other insecticides. This time aphids population was statistically similar in orange 

peel extract, Thiamethoxam, Acetamiprid and Imidaclopride treated plots. In main plots 

significantly more aphids (5.13 per tiller) were recorded on susceptible variety as 

compared to resistant variety. Interaction effect of insecticides and varieties was 

significantly different at (F=22.63; df=4, 29; P=0.0000).  
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Post spray (21 days) show that the average aphids population in control plots 

(10.34 per tiller) was significantly higher (F=23.13; df=4, 29; P=0.0000), followed by 

orange peel extract (5.94 per tiller). Lowest and statistically similar average aphids 

population was recorded in Imidaclopride (2.86 per tiller) followed by Acetamiprid 

(2.98 per tiller) and Thiamethoxam (3.11 per tiller) treated plots. Statistically similar 

aphids infestation was also recorded on both varieties. Interaction effect of insecticides 

and varieties was not significantly different.   

Post spray (30 days) aphids density in all sub plots was significantly different at 

(F=11.32; df=4,29; P=0.0001). In main plots the average population (2.86 per tiller) 

was significantly higher at (F=22.56; df=1, 29; P=0.0416) on susceptible variety as 

compared to resistant. Interaction effect of insecticides and varieties was significant.  

 Table 17, shows sub plots (insecticides), Table 18, shows main plots (varieties) 

and Table 19, shows interaction of insecticides and varieties effect on the  rate of 

aphids parasitism per tiller at pre and post spray intervals. Pre spray mean rate of aphids 

parasitism was statistically similar in subplots but it was significantly different 

(F=44.95; df=1, 29; P=0.0215) in main plots. Interaction effect of sub plots and main 

plots was different statistically at (F=23.7; df=4, 29; P=0.0000). 

 Post spray (24 hr) mean rate of aphids parasitism (22.83 per tiller) in 

Imidaclopride treated plots was significantly higher at (F=2517.56; df=4,29; P=0.0000), 

followed by Acetamiprid (18.33 per tiller) and Thiamethoxam (11.17 per tiller). Lowest 

mean rate of parasitism was recorded in control plots and orange peel extract treatment 

which was (1.17 per tiller) and (1.67 per tiller) respectively. Main plots effect was 

significantly different at (F=1056.25; df=1, 29; P=0.0009). Interaction effect was 

significantly different at (F=90.00; df=4,29; P=0.0000). 

 Seven days after spray, mean rate of aphid parasitism (21.76 per tiller) in 

Acetamiprid treated plots was significantly higher at (F=518.21; df=4,29; P=0.0000), 

followed by Imidaclopride (21.00 per tiller). On the other hand lowest rate of aphids 

parasitism was recorded in control plots followed by Thiamethoxam which was (5.17 

per tiller) and (17.62 per tiller) respectively. Mainplots effect was significantly different 

and higher rate of aphids parasitism was recorded on susceptible variety. The 

interaction effect was significantly different at (F=91.26; df=4,29; P=0.0000). 
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 Post spray (15 days), significantly (F=138.78; df=4, 29; P=0.0000) lowest rate 

of parasitism was recorded in Acetamiprid plots followed by statistically similar rate of 

aphids parasitism in Thiamethoxam and Imidaclopride plots. Higher rate of parasitism 

was observed in control plots but it was statistically similar with orange peel extract 

treated plots. Significantly different parasitism was recorded in main plots, while 

interaction effect was significantly different at (F=21.46; df=4, 29; P=0.0000).  

 Post spray (21 day), rate of aphids parasitism increased in systemic insecticides, 

but again it was maximum in orange peel and control plots. In main plots significantly 

(F=69.92; df=1, 29; P=0.0140) higher rate of parasitism was recorded on resistant 

variety. Interaction effect was also significantly different at (F=12.7; df=4, 29; 

P=0.0001).  

 Post spray (30 days), significantly (F=184.89; df=4, 29; P=0.0000) maximum 

rate of parasitism (26.67 per tiller) was recorded in Acetamiprid plots followed by 

Thiamethoxam. On the other hand lower rate of aphids parasitism (16.00 per tiller) was 

recorded in Imidaclopride treated plots. Main plot effect was significantly different at 

(F=110.08; df=1, 29; P=0.0090) with mean maximum rate of parasitism of (20.97 per 

tiller) on resistant variety. Interaction effect was also significantly different.  

Tables 20, shows the insecticides effect and Table 21, shows varietal effect and 

Table 22, shows interaction effect of insecticides and varieties on the grain yield and 

yield components. Significant difference grain yield (Kg ha-1) was observed in 

subplots. The maximum yield (3680 Kg ha-1) was recorded in Imidaclopride spray plots 

followed by statistically similar yield in Acetamiprid (3670 Kg ha-1 ) and 

Thiamethoxam treated plots, where average yield was (3660 Kg ha-1). In the orange 

peel extract treated plots also showed increase in yield (3496.7 Kg ha-1) as compared to 

control plots (3415 Kg ha-1). In main plot significantly more yield of grain (3649.3 kg 

ha-1) for susceptible variety as against (3519.3 kg ha-1) for resistant variety was 

recorded.   
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 Thousand grain weight was significantly greater in Imidaclopride treated plots, 

followed by Thiamethoxam, Acetamiprid and orange peel extract compared to control 

plots. While in main plot significantly maximum thousand grains were recorded for 

susceptible variety. Significantly different effect of insecticides and varieties was 

recorded for yield and thousands grain weight.  

Spike length was maximum in Thiamethoxam treated plot, However, it was 

statistically parallel with spike length in other plots. Similarly, it was not significantly 

different among the resistant and susceptible varieties.  

Significantly (F=425.98; df= 4, 29; P=0.0000) maximum number of grain  

spike-1 were recorded in Imidaclopride plots followed by Thiamethoxam treatment. 

While, least number of grain spike-1 was recorded in unsprayed plots, followed by 

orange peel extract and Acetamiprid plots. Significantly (F=44.32; df= 1, 29; 

P=0.0218) more number of grain spike-1 were observed in resistant varieties. 

Interaction of subplots and main plots in respect of number of grain spike-1 was 

significantly different.  
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Table 14.  Sub plot effect (insecticides) on the population and % mortality of wheat aphids  

INSECTICIDES APHIDS POPULATION AND PERCENT APHIDS MORTALITY RECORDED  PER TILLER 

PRE SPRAY 
POST PRAY  

(24 HR) 

POST PRAY 

(7 DAYS) 

POST PRAY 

(15 DAYS) 

POST PRAY 

(21 DAYS) 

POST SPRAY  

(30 DAYS) 

THIAMETHOXAM  11.10 A 0.72 C (95) 0.47 C (98) 3.90 B (60) 3.11 C (70) 2.27 B (36) 

IMIDACLOPRIDE  11.23 A 0.33 D (98) 0.57 C (98) 2.73 B (70) 2.86 C (72) 1.63 B (54) 

ACETAMIPRID  11.10 A 0.12 D (99) 0.83 C (97) 3.42 B (62) 2.98 C (71) 1.78 B (50) 

ORANGE PEEL EXTRACT 11.58 A 6.37 B (21.7) 10.80 B (55) 3.65 B (60) 5.94 B (43) 1.88 A (47) 

CONTROL 12.07 A 13.80 A 24.07 A 9.03 A 10.34 A 3.57 A 

LSD 0.76 0.31 0.53 0.63 2.01 0.98 

Mean followed by same letters within the columns are not significantly different at 5 % level of significance (LSD- test)  

 

 

Table 15.  Main plot effect (wheat varieties) on the population and % mortality of wheat aphids 

WHEAT VARIETIES APHIDS POPULATION AND PERCENT APHIDS MORTALITY RECORDED  PER TILLER 

PRE SPRAY POST PRAY 

(24 HR) 

POST SPRAY 

(7 DAYS) 

POST SPRAY 

(15 DAYS) 

POST SPRAY 

(21 DAYS) 

POST SPRAY 

(30 DAYS) 

SUSCEPTIBLE 13.00 A 4.21 A (68) 8.91 A (32) 5.13 A (60) 5.48 A (57) 2.86 A (78) 

RESISTANT 9.833 B 4.32 A (56) 5.79 B (41) 3.97 B (57) 4.60 A (53) 1.59 B (83) 

LSD 0.16 0.49 0.91 0.37 1.52 1.15 

Mean followed by same letters within the columns are not significantly different at 5 % level of significance (LSD- test)  
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Table 16.  Interaction effect of insecticides and varieties on the aphids population and % mortality per tiller, 2012-2013 

 
INSECTICIDES PRE SPRAY POST SPRAY  (24 HR) POST SPRAY  (7 DAYS) POST SPRAY  (15 DAYS) POST SPRAY  (21 DAYS) POST SPRAY  (30  DAYS) 

SUSCEPTIBL

E 

RESISTAN

T 

SUSCEPTIBL

E 

RESISTAN

T 

SUSCEPTIBL

E 

RESISTAN

T 

SUSCEPTIB

LE 

RESISTANT SUSCEPTIB

LE 

RESISTANT SUSCEPTIBL

E 

RESISTANT 

THIAMETHOXA

M  

14.0 A 8.2 E 1.3 E (92) 0.1 F (99) 0.6 E (98) 0.4 E (97) 4.1 C (64) 3.7 CD (45) 3.2 CDE (75) 3.1 E  (62) 3.0 AB (21) 1.5 DE (55) 

IMIDACLOPRIDE  12.5 B 9.9 D 0.4 F  (97) 0.3 F (97) 0.4 E (99) 0.8 E  (95) 2.7 E (79) 2.7 E (60) 2.8 E (78) 2.9 E (64) 1.93 CDE (49) 1.3 DE (61) 

ACETAMIPRID  11.4 C 10.8 CD 0.1 F (99) 0.1 F  (99) 1.1 E (96) 0.6 E  (97) 3.7 CD (70) 3.1 DE (54) 2.9 E (77) 3.1 DE (62) 2.90 ABC (24) 0.67 E (80) 

ORANGE PEEL 

EXTRACT 

13.2 AB 10.0 D 3.5 D (78) 9.2 C (22) 11.9 C (61) 9.7 D (45) 3.7 CD (70) 3.6 CD (46) 6.0 BC (52) 6.0 BCD (26) 2.63 BCD (31) 1.13 E (66) 

CONTROL 13.8 A 10.3 D 15.8 A 11.8 B 30.7 A 17.6 B 11.4 A 6.7 B 12.6 A 8.1 B 3.80 A 3.33 AB 

LSD 0.97 0.59 1.07 0.87 2.87 1.36 

 

Mean followed by same letters are not significantly different at 5 % level of significance (LSD- test) with in pre spray, post spray (24hr), 

(7days), 15 (days), (21days) and (30 days) intervals.    
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Table 17.  Sub plot effect (insecticides) on the rate of aphids parasitism per tiller, 2012-2013.   

INSECTICIDES RATE OF APHIDS PARASITISM PER TILLER 

PRE SPRAY POST PRAY (24 

H) 

POST SPRAY 

(7 DAYS) 

POST SPRAY 

(15 DAYS) 

POST SPRAY  

(21 DAYS) 

POST PRAY 

(30 DAYS) 

THIAMETHOXAM  1.17 A 11.17 C 17.62 B 4.18 B 7.33 C 18.00 B 

IMIDACLOPRIDE  1.50 A 22.83 A 21.00 A 4.00 B 6.43 C 16.00 D 

ACETAMIPRID  1.17 A 18.33 B 21.76 A 4.08 B 9.67 B 26.67 A 

ORANGE PEEL EXTRACT 1.50 A 1.67 D 21.67 A 18.50 A 11.08 A 17.25 BC 

CONTROL 1.50 A 1.17 D 5.17 C 18.60 A 10.84 A 16.83 CD 

LSD 0.45 0.58 0.93 2.02 1.11 0.96 

Mean followed by same letters within the columns are not significantly different at 5 % level of significance (LSD- test)  

 

 

Table 18.  Main plot effect (wheat varieties) on the rate of aphids parasitism per tiller, 2012-2013  

WHEAT 

VARIETIES 

RATE OF APHIDS PARASITISM PER TILLER 

PRE SPRAY POST SPRAY (24 HR) POST SPRAY 

(7 DAYS) 

POST SPRAY 

(15 DAYS) 

POST SPRAY (21 

DAYS) 

POST SPRAY (30 

DAYS) 

SUSCEPTIBLE 1.13 B 13.20 A 18.90 A 10.7 A 8.67 B 16.93 B 

RESISTANT 1.60 A 8.87 B 15.99 B 9.08 A 9.47 A 20.97 A 

LSD 0.30 0.57 1.92 3.25 0.41 1.65 

Mean followed by same letters within the columns are not significantly different at 5 % level of significance (LSD- test)  

 

 



63 

Table 19.  Interaction effect of insecticides and varieties on the rate of aphids parasitism per tiller during, 2012-2013 

INSECTICIDES PRE SPRAY POST SPRAY  (24 HR) POST SPRAY  (7 DAYS) POST SPRAY  (15 DAYS) POST SPRAY  (21 DAYS) POST SPRAY  (30  DAYS) 

SUSCEPTIBL

E 

RESISTAN

T 

SUSCEPTIBL

E 

RESISTA

NT 

SUSCEPTIBL

E 

RESISTAN

T 

SUSCEPTIBL

E 

RESISTA

NT 

SUSCEPTIBL

E 

RESISTA

NT 

SUSCEPTIBL

E 

RESISTAN

T 

THIAMETHOXAM 1.33 CD 1.00 DE 14.00 D 8.33 E 20.73 B 14.50 C 3.67 C 4.70 C 5.00 D 9.67 B 9.67 G 26.33 B 

IMIDACLOPRIDE 0.67 E 2.33 A 26.00 A 19.67 C 26.83 A 15.17 C 4.33 C 3.83 C 5.27 D 7.60 C 13.00 F 19.00 C 

ACETAMIPRID 0.00 F 2.33 A 22.67 B 14.00 D 20.72 B 22.80 B 5.67 C 2.33 C 9.83 B 9.50 B 25.33 B 28.00 A 

ORANGE PEEL 

EXTRACT 
2.00 AB 1.00 DE 2.00 F 1.33 FG 20.77 B 22.57 B 24.00 A 13.00 B 11.58 A 10.58 AB 13.67 F 20.83 D 

CONTROL 1.67 BC 1.33 CD 1.33 FG 1.00 G 5.42 D 4.93 D 15.67 B 21.53 A 11.68 A 10.00 B 23.00 C 10.67 G 

LSD 0.62 0.89 2.12 3.88 1.45 1.36 
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Table 20.  Sub plot effect (insecticides) on grain yield and yield components of wheat during, 2012-2013 

YIELD AND YIELD COMPONENTS 

INSECTICIDES YIELD KG/HA THOUSANDS GRAIN 

WEIGHT (G) PLOT-1 

SPIKE LENGTH IN 

(CM) 

NUMBER OF GRAINS  SPIKE-1 

THIAMETHOXAM  3660.0 A 60.28 B 10.51 A 67.50 B 

IMIDACLOPRIDE  3680.0 A 65.58 A 10.50 A 69.67 A 

ACETAMIPRID  3670.0 A 59.65 B 10.49 A 63.67 C 

ORANGE PEEL EXTRACT 3496.7 B 60.28 B 10.29 A 62.52 D 

CONTROL 3415.0 B 56.38 C 10.21 A 60.83 E 

LSD 89.07 1.31 0.90 0.53 

  Mean followed by same letters within the columns are not significantly different at 5 % level of significance (LSD- test)  

 

Table 21.  Main plot effect (wheat varieties) on grain yield and yield components of wheat, 2012-2013 

YIELD AND YIELD COMPONENTS 

VARIETIES YIELD KG HA-1 THOUSANDS GRAIN 

WEIGHT 

SPIKE LENGTH IN (CM) NUMBER OF GRAINS  SPIKE-1 

SUSCEPTIBLE 3649.3 A 62.113 A 10.31 A 63.93 B 

RESISTANT 3519.3 B 58.760 B 10.49 A 65.74 A 

LSD 58.58 1.80 3.13 1.17 

Mean followed by same letters within the columns are not significantly different at 5 % level of significance (LSD- test) 
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Table 22.  Interaction effect of insecticides and varieties on grain yield and yield components of wheat during, 2012-2013 

INSECTICIDES YIELD KG HA-1 THOUSANDS GRAIN WEIGHT SPIKE LENGTH NUMBER OF GRAINS SPIKE-1 

SUSCEPTIBLE RESISTANT SUSCEPTIBLE RESISTANT SUSCEPTIBLE RESISTANT SUSCEPTIBLE RESISTANT 

THIAMETHOXAM 3760 A 3560 BC 61.7 B 58.8 DE 10.9 A 10.8 A 67.0 C 68.0 BC 

IMIDACLOPRIDE 3783 A 3577 B 69.4 A 61.8 B 10.6 A 10.4 A 68.3 B 71.0 A 

ACETAMIPRID 3770 A 3570 B 61.5 B 57.8 DEF 10.5 A 10.4 A 62.3 F 65.0 D 

ORANGE PEEL 

EXTRACT 
3497 BCD 3497 BCD 61.4 BC 59.1 CD 10.2 A 10.1 A 61.3 G 63.7 E 

CONTROL 3437 CD 3393 D 56.6 EF 56.2 F 10.2 A 9.9 A 60.7G 61.0 G 

LSD 123.7 2.31 3.20 17.90 
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V. DISCUSSION 

 In our studies total fifty wheat genotypes were tested for resistant/susceptibility 

response to greenbug under a laboratory conditions in a (mass screening test) The 

seedling with mean (1.60-2.80 aphids) at resistant rating scale (1) were ranked as high 

resistant, followed by (3.0-4.60 aphids seedling-1) at resistant rating scale (2) were 

ranked as moderately resistant. Lowly resistant (5.20-6.80 aphids seedling-1) were at 

resistant rating scale (3). whereas the susceptibility was recorded with rating scale as 

lowly susceptible (7.0-8.80 aphids seedling-1) at (04) followed by moderately 

susceptible (9.60-10 aphids seedling-1) at (5) and highly susceptible (10.40-13.40 

aphids seedling-1) at susceptibility rating scale (6). This study was in line with 

previously published research. Weibull (1987) screened 27 lines of barley in seedlings 

stage against Rhopalosiphum padi and plants were grouped as resistant and susceptible 

on the basis of aphids number/plant. Similarly, Scott et al. (1991) screened 133 triticale 

line against Russian wheat aphids. Assad et al. (1999) evaluated 76 barley genotypes 

through mass screening test for reaction to Russian wheat aphid. Wang et al. (2011)  

and Li et al. (2013) evaluated resistance in 22 and 292 wheat germplasm respectively 

against S. avenae. Different scales (1-6), (0-9) and (0-6) were used to ranked the 

resistant and susceptible wheat genotypes against aphids on the basis of visual 

observation of plant damage rate or leaf chlorosis (Nkongolo et al., 1989; Inayatullah et 

al., 1993; Assad et al., 1999; Wang et al., 2011; Li et al., 2013)  but (Weibull, 1987)  

ranked genotypes resistant or susceptible as mean number of aphids seedling-1. 

 Among the tested genotypes only twelve (Iqbal-2000, Zargoon-79, PR-104, PR-

102, Bau's-Bagula, Baviacora, Cham-04, AS-2002, Pirsabak-2004, Kauz's', PAR-173, 

Chakwal-50) responded as highly resistant, which was followed by moderately resistant 

(SA-42, Hashim-2008, Attahabib-2010, Shalimar-88, Sehar-2006, KT-2000, PR-103, 

Tatara-97, Pirsabak-2008, Maxipak-65, Kohistan-97, Siran-2010) and ten (Nuwyt-3, 

FakhreSarhad-99, Kohinoor-83, Kohsar-95, MPT-2011-2012, Barsat-2010, Faisalabad-

83, Satluj-86, Zam-2004, Bathore-2008) of the tested genotypes were rated as lowly 

resistant. Furthermore, the susceptibility behavior was grouped as lowly susceptible 

(Pewees, Bakhtawar-92, Auqab-2000, Saleem-2000, Dera-98, SA-75, Daman-98, 

Faisalabad-2008, PR-103, Pirsabak-2005) two of the tested genotypes, Fasalabad-85 

and Khyber-87 behaved as moderately susceptible and four (Zamindar-80, Gomal-
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2008, Punjab-96, Lasani-2008) were rated as highly susceptible. Inayatullah et al. 

(1993) who tested 439 different native wheat germplasm against Schizaphis graminum 

in control condition. presented more or less similar result for genotypes Kohinoor-83, 

Zargoon-79, Faisalabad-83, Khyber-87 and Zamindar-80 were in susceptible group 

while Satluj-86 showed intermediate response. While, in our studies Zargoon-79 

proved highly resistant, Khyber-87 and Zamindar-80 were also susceptible while, other 

three genotypes were lowly resistant. Slight differences with (Inayatullah et al., 1993) 

in the resistant status for these genotypes may be due to the difference in resistant 

rating scales. Our finding are more identical to (Khan et al., 2007) who screened 

different genotypes in field against S. graminum identified Tatara-97 as highly resistant 

followed by Saleem-2000, Dera-98, FakhreSarhad-99, Bakhtawar-92, While in our 

studies on the base of resistant rating scale for these genotypes Tarata-97 also proved 

resistant followed in ascending order by FakhreSarhad-99, Bakhtawar-92, Saleem-2000 

and Dera-98. However, (Aslam et al., 2006) screened twelve varieties/lines of wheat in 

field, which included Inqilab-91, MH-97, Iqbal-2000, PND-1, BWP-97, Punjab-96, 

2333, 2210, 2049 and 2460 against S. graminum (R.). In that screening experiment 

variety Iqbal-2000 showed intermediate response while, Punjab-96 proved second best 

in respect of resistant to this aphid. In our studies genotypes Iqbal-2000 and Punjab-96 

responded as highly resistant and moderately susceptible respectively. Changes in the 

resistance status of a genotypes in field is attributed to different biotic and a-biotic 

factors (Feng et al., 1992). Screening and identification of resistant germplasm is 

fundamental and continuous process for sustainable production (Akhtar and Mujahid, 

2006).  

During the second experiment only twenty wheat varieties were selected for 

field screening against aphids and studies the relationship of aphids and rate of aphids 

parasitism on these varieties. Total three wheat aphid species were identified attacking 

wheat crop. Rhopalosiphum padi and Schizaphis graminum appeared on the wheat crop 

during two leaf stage in the month of December and January. Alate form of aphid 

started attacking wheat in one to two leaf seedling stage during the first week of 

December. During January crop reached to 5-6 leaf stage both alate and apterous 

morphs were present, Onward apterous and nymphs were very common. Different peak 

level population were recorded on different varieties from the first week of February to 

mid-March, the crop was in the heading stage. After mid-March the aphids population 
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started declined and diminished during the first week of April, the crop reached to 

ripening stages. During the mass screening among the twenty tested wheat varieties 

eight (Gomal-2008, Khyber-87, Daman-98, Dera-98, Saleem-2000, Auqab-2000, 

Bakhtawar-92, Pirsabak-2005) were in susceptible groups while, twelve varieties 

(Bathoor-2008, Zam-2004, Barsat-2010, FakhreSarhad-99, Siran-2010, Pirsabak-2008, 

Tatara-97, KT-2000, Sehar-2006Attahabib-2010, Hashim-2006, Pirsabak-2004) were 

included in resistant groups. In field screening susceptible varieties Saleem-2000, 

Pirsabak-2005, Khyber-87 and Bakhtawar-92 proved susceptible and Zam-2004, Brsat-

2010, Sehar-2006, Pirsabak-2004, Hahim-2006 and Tatara-97 proved partially resistant 

against S. graminum. While the resistant/susceptible status for the other varieties was 

changed during the field screening. 

The third specie Sitobion avenae appeared late in the season and disappeared in 

the first week of April. Furthermore, the response of the tested varieties to wheat aphids 

(Fig-4) has shown that Saleem-2000 followed by Zam-2004, Fakhresarhad-99, Tatara-

97, KT-2000, Barsat-2010, Dear-98 Attahabib-2010, Daman-98 and Bakhtawar-92 

were susceptible while, Gomal-2008 followed by Pirsabak-2004, Pirsabak-2005, 

Hashim-2008, Auqab-2000, Siran-2010, Bathoor-2008, Pirsabak-2008, Sehar-2006, 

Khyber-87 were partially resistant. More or less similar population trend was reported 

by different researcher for wheat aphids in Pakistan. Aheer et al., (2006) observed the 

aphid appearance on different wheat varieties in the second week of February, peak 

aphids population was observed during third wheat week of March, while aphids 

remained on spike portion till the third week of April. Aslam et al. (2006) and Aheer et 

al. (2006) observed the highest aphids population on 23rd March. Shahzad et al. (2013) 

reported peak population for wheat aphids on 26th March. Ahmad and Nasir (2001) 

reported peak aphid’s population during the third week of March and (Suhail et al., 

2001) reported peak aphid’s infestation on 2nd April. However, they reported that wheat 

aphids population became zero on 17th April. This aphids population trend is very 

different from other region of the world where in central Europe wheat aphids started 

migrating to wheat in mid-May, reached to highest peak in last week of June and then 

sharply declined (Wratten, 1975; Hqnek and Martinkova, 1999). 
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The observed difference in the time of peak level and zero population may be 

due to the difference in the weather of different locations. Aheer et al. (2007) also 

confirmed that combination of all abiotic factors (Temperature, Humidity and rainfall) 

contribute a significant role in aphids population fluctuation on wheat. Feng et al. 

(1992) have observed that population density of wheat aphids fluctuate from year to 

year. Some of our tested wheat varieties were included in field screening experiments 

of other researchers and reported more or less similar resistant/preference status of 

these varieties against wheat aphids.     

 Ali et al. (2015) who screened wheat varieties, Bakhtawar-92, Uqab-2000, 

Fakhr-e-Sarhad, Tatara-97, Saleem-2000, Pirsabak-2004, Pirsabak-2005, Pirsabak-

2008, Ghaznavi-98 and Suliman-96 against aphids at different location from our 

experimental site, reported Saleem-2000 and Pirsabk-2005 as resistant cultivar and 

Pirsabak-2004 as susceptible. But according to our findings Saleem-2000 was most 

susceptible and Pirsabak-2004 was resistant. Muhammad et al. (2013) who studies 

population dynamic of wheat aphid on different wheat varieties/lines, wheat variety 

Saher-2006 was also included in the study, it was third least preferred variety on the 

base of main number of aphid per tiller  while, this variety was in resistant group in our 

field screening. Zeb et al. (2011a) studied population trend of wheat aphid on wheat 

varieties/lines in the cropping season 2009-2010 on Pirsabak-2004, Pirsabak-2005, 

Pirsabak-2008, KT-2004, Khyber-87, PR-1, PR-2, Barsat-2010 and Saleem-2000. 

Maximum aphids infestation was recorded on line PR-1 while the lowest was recorded 

on Pirsabak-2004, which further confirmed the resistant status for this variety. Wains et 

al. (2010) in field experiment studied aphids population dynamics on twelve wheat 

varieties/lines, on the bases on number of aphids per tiller wheat, they also reported that 

Sehar-2006 was proved resistant to wheat aphid. Akhtar et al. (2009b) conducted host 

plant analysis of wheat varieties at the experimental site of National Agriculture 

Research Centre, Islamabad, Pakistan, wheat varieties Inqilab-91, MH-97, Chakwal-97, 

Margalla-99, Iqbal-2000, Chenab-2000, Saleem-2000 and Wafaq-2001 were tested 

against wheat aphids, they  also recognized Saleem-2000 as susceptible variety to 

wheat aphids. Iqbal et al. (2008) screened twenty eight wheat varieties/lines against 

wheat aphid, wheat variety Iqbal-2000 with 8.06 aphid per tiller was susceptible and 

advance line V.00147 with 2.91 aphid per tiller was least preferred while Uqab-2000 

showed intermediate preference to aphid, we agreed to their result regarding Uqab-



70 

2000. Khan et al., (2007a) tested wheat varieties RT-5 Suliman-96, K2-L, Khaniwal, 

Takbeer, Nowshera-96, Pirsabak-85,  KRL-1.4, Blue Silver, Ghaznawi-98, Bakhtawar-

92, Kim, FakhreSarhad-99,, Saleem-2000, Dera-98, ICARDA, SARC-3, RT-10, 

Tatara-97 and Inqilab. Maximum population of aphid was recorded on wheat variety,  

Khaniwal and lowest average was recorded on Tatara-97. Akhtar & Mujahid (2006) 

screened sixteen wheat varieties against aphid, variety KT-2000 was ranked as resistant 

variety against wheat aphid. The seasonal distribution of wheat aphids on different 

varieties depends upon the climatic condition of the region, host plant quality, natural 

enemies and agricultural practices (Brewer and Elliott, 2004). Plant morphological 

characters such as growth habit, plant height, leaf color and growth stage of various 

wheat genotypes also have an effect on the aphids seasonal dynamic (Markova & 

Tomchev 2013). 

Mann et al. (1995) reported that this fluctuation is mainly attributed to climatic 

conditions, host plant quality, dispersal efficiency and natural enemies. Both physical 

and biological factors are responsible for aphid fluctuation and densities on various 

cultivars (Akhtar et al. 2009). While, the seasonal abundance and the peak populations 

of pests though varied from year to year still remained at the mercy of climatic changes 

and/or parasitoids (Khan et al., 2007). 

The resistant status of variety pirsabak-2004 have been proved as antixenosis 

and sustained significantly minimum number of aphid compared to all other tested 

varieties. This picture is further verified by the strong reaction, interims of minimum 

number of progeny produced by the greenbug on variety pirsabak-2004, with 

comparatively longer time taken to mature and minimum number of progeny produced. 

The tested variety 'Pirsabak-2004' proved resistant based on antixenosis and antibiosis 

tests. This was further confirmed by the natural intrinsic rate of increase (rm) value. Our 

antixenosis results were similar to (Akhtar and Mujahid, 2006) who conducted 

antixenosis study against S. graminum in sixteen wheat cultivars and grouped these 

cultivars as highly preferred, moderately preferred and least preferred on the basis of 

mean of S. graminum accumulated seedling-1 after released. Hesler and Tharp (2005) 

also tested eight wheat genotypes against R. padi and recorded smaller (rm) value for  

MV4 because of more time taken to reproduced R. padi. The intrinsic rate of increase 

provide information on  performance of the aphid on wheat varieties in antibiosis test 
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(Castro et al., 1999a; Razmjou et al., 2012). Intrinsic rate of increase (rm) is defined as 

the rate of increase of a population in a time unit under a given set of similar and 

enclosed ecological condition (Birch, 1948). wheat varieties with lower (rm) value 

showed resistance against aphid (Kennedy, 1976; Gibson and Plumb, 1977; 

Lykouressis, 1984). 

To determine the third category of resistance 'tolerance' when the five selected 

varieties were exposed to tolerance test. The proportional plant dry weight change 

(DWT) and tolerance index (TI) were calculated for shoots only. The proportional plant 

dry weight change for variety, Attahabib-2010, and Khyber-87, had shown significantly 

minimum changes in dry weight analysis compared to other tested varieties. While in 

case of tolerance index the tested varieties, Attahabib-2010, Pirsabak-2004, Khyber-87 

and Saleem-2000 followed similar pattern in response to greenbug feeding and 

breeding for ten days. This pattern is also in line with the already published research. 

Varieties with TI values significantly lower than those of the susceptible were 

considered tolerant (Khan et al., 2009b). Reese et at. (1994) reported that tolerance is 

useful in a pest management program than antibiosis or antixenosis because of 

compatibility with other control strategies and biotypes consideration. However, 

(Smith, 1989) preferred varieties with the combination of different resistant categories 

that are more beneficial than the effect of individual category of resistance.  

The normalize indices for categories of resistant factor against Schizaphis 

graminum is summarized as plant resistant index (PRI) for the tested varieties as 

'Pirsabak-2004' the most resistant based on higher value index (PRI) while 'Dera-98, is 

labeled as least resistant variety based on the lowest PRI value. Our results are in closed 

conformity with Razmjou et al. (2012) who studied eight wheat line through resistance 

categories against R. padi, among the tested lines antibiosis and antixenosis was 

recorded for ERWYT87-4, ERWYT88-8, ERWYT87-6, these lines were also ranked 

by calculating plant resistance index values, maximum (PRI) values were recorded for 

resistant lines as compared to the susceptible lines included in the study.    

It is very clear from different experiment that variety pirsabak-2004, carry 

resistant gene(s) may be poly genes or monogenic dominant or recessive genes which 

can further be investigated in future. 
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 Rate of aphids parasitism was also studied per tiller on selected varieties and the 

mean seasonal percent parasitism was compared with seasonal mean aphids population. 

The mummified/ parasitized aphids were recorded from January onward and the 

recorded data were converted to percent parasitism. The data indicate that percent 

parasitism has increased with the increase in aphid population and reached to its 

maximum level during the aphids declining stage. Analysis of the data revealed that 

there is positive co-relation between aphid population and natural enemies on the tested 

varieties. 

 It was further noted that host plant influenced parasitoids ability to effectively 

control aphids population on various wheat varieties. Saleem-200 which had highest 

wheat aphid infestation showed 9.2% aphid's parasitism per tiller. While Tartar-97 and 

Bakhtawar-92 with less mean aphid population per tiller as compared to Saleem-200 

showed 10.17% and 10.99% parasitism respectively. Dera-98 which has less number of 

aphid per tiller may be due to high level of parasitism as against Khyber-87 and 

Pirsabak-2008. Host plant resistance is more important but in some cases host plant 

own defense may also affect the performance of natural enemies (Campbell and 

Duffey, 1979; Kennedy, 2003). For example, waxes or hair on leaf surface (glandular 

trichomes) can hinder the searching ability of natural enemies (Eigenbrode and Espelie, 

1995). On one side insect resistance cultivars increase the performance of biological 

agents but in different situation high level of plant succulence in cultivars have 

detrimental effect on the performance of natural enemies (Treacy et al., 1985). Some 

insect resistance cultivars having volatile compounds influence the performance of bio-

control agents (Van Emden, 1986). Plant genotypes affect the performance of insect 

herbivores and the community structure of predators and parasitoids (Schädler et al., 

2010). We recorded two species of wheat aphids parasitoids, Aphidius ervi and 

Aphidius colemani. Different wheat aphids parasitoids were reported in different parts 

of the world like Khan et al. (2007b) also reported Aphidius ervi and Aphidius colemani 

in this region.  

 Wheat aphid caused significant damage to wheat varieties under filed condition. 

It was noted that both varieties either susceptible or partially resistant showed reduction 

in yield Kg ha-1 , thousands grain weight, number of grain pike-1 and spike length. It 

was expected that susceptible variety should suffered more losses than the partially 
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resistant, but contrary Saleem-2000 in spite of low yield potential of 4707 Kg ha-1 

(Subhan et al., 2004) showed less damage as compared to Pirsabak-2004 of maximum 

yield potential of 5600 Kg ha-1 (Khan et al., 2006). It may be due to tolerance response 

of Saleem-2000, this variety suffered less damage against wheat aphid. (Akhtar et al., 

2009) in different study also recorded more yield for susceptible varieties also included 

Saleem-2000, this may be due to that susceptible varieties have sufficiently more food 

to supply for aphid feeding. 

But after spray a significant improvement in yield and yield components for 

both varieties was recorded, but at average susceptible showed more increase as 

compared to resistant. This increase in the yield may be due to improvement in 

thousands grain weight of susceptible as compared to resistant variety. Shahzad et 

al.(2013) and Ali et al.(2011) also reported similar results that after spray yield and 

thousands grain weight significantly increased. Among the tested insecticides the 

systemic insecticides have provided quick control of wheat aphid, but overall 

Imidaclopride was very effective. 

Joshi and Sharma (2009) conducted field experiment to study the effectiveness 

of different treatment concentration of Imidaclopride against wheat aphids at 24 hours, 

2 days, 7 days and 14 days post spray interval. Imidaclopride treatment at the rate of 

400 ml ha-1 was found most effective against wheat aphids. Anikwe et al. (2009) tested 

various concentration of Thiamethoxam against cocoa mirid, Sahlbergella singularis 

Hagl. (Hemiptera: Miridae) at different post spray intervals. Post spray (24 h) caused 

93.3-100 percent mortality of cocoa mirid. Das (2013) tested Imidaclopride insecticides 

in different concentration against chilli aphid Myzus persicae (Hemiptera: Aphididae), 

spray effect was monitored after 24 hours to 10 days. Good knock down effect was 

achieved after 24 hours of spray. But highest percent mortality was observed after 3 

days of spray.   

In our experiment in orange peel extract treated plots aphid mortality was (53, 

57, 60, 43 and 17) percent at 24 h, 7 days, 15 days, 21 days and 30 days respectively, 

Iqbal et al. (2011) reported 20.65-65.69 percent mortality of wheat aphids due to 

orange peel extract  at 48 h, 72 h and 144 h post spray application intervals. We 

recorded 10.06 percent more yield increased for Saleem-2000 (susceptible variety) and 

5.42 percent yield increased for Pirsabak-2004 (resistant variety in Imidaclopride 
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treated plots or in other words this was a decreased in yield due to wheat aphids in 

untreated plots. But, Girma et al., (1993) reported upto 35-40% yield losses and 

(Kieckhefer and Gellner, 1992) observed that wheat aphids caused 20-80% decrease in 

yield. Sundell (1977) estimated 10 % yield losses due to wheat aphid feeding and 

suggested wheat aphids resistance cultivars should be develop to reduce loss. Liu et al. 

(1986) reported 14% yield losses due to wheat aphid injury in case of infestation 

between ear emergence and flower stage. (El-Heneidy et al., 2003) reported EIL  and 

ETL  level for the major cereal aphid species; S. graminum and  R. padi in different 

wheat growing areas in Egypt. Population of these aphids fluctuated significantly at 

wheat plant growth stage and change in location. these values fluctuated significantly 

according to different seasons, sites, growth stages, and aphid species. However (6.23 

to 10.47aphids plant-1) the highest Economic injury level were recorded for R. padi 

during the stem elongation growth stage. Economic injury levels for S. graminum were 

almost equal in all locations, where they ranged between (5.7- 5.9) aphids plant-1. In all 

growth stages, the impact of the stress of cumulated aphids' infestation (reduction in 

grain yields) caused by R. padi alone was always the lowest, it ranged (21.2-75%) 

compared with (21.3-80.8%) by S. graminum alone and/or to (22.2 -84.2%) by the two 

species together.  

Our finding are in conformity of Liu et al. (2000) that the rate of parasitization 

of aphid increased in sprayed plots with insecticides. But the increased in the aphid 

parasitization rate was not due to the actual increased in the number of mummified 

aphid but due to spray aphid population declined rapidly. Rate of parasitization of aphid 

was least effected in orange peel extract plots and was continued with its natural 

momentum in control plots.   
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VI. SUMMARY 

Mass screening results indicated that genotypes were statistically different in 

respect of mean number of S. graminum per seedling and resistance scaling (0-6). 

Twelve genotypes found highly resistance while twelve genotypes were ranked as 

moderately resistance and ten genotypes were lowly resistance. Total ten genotypes 

were ranked as Lowly susceptible. Tow were moderately susceptible and remaining 

four genotypes were highly susceptible.  

To study the infestation of wheat aphids and their co-relation with natural 

enemies on wheat varieties, an experiment was conducted in cropping season during 

2011-2012 at Agricultural Research Institute, Tarnab-Peshawar, Pakistan. The trial was 

conducted in Randomized Complete Block Design with three replications. Twenty 

selected wheat varieties were sown randomly in each block/replication. Three species 

of aphids (Rhopalosiphum padi, Schizaphis graminum and Sitobion avenae) were 

recorded on wheat crop. R. padi was abundantly present followed by S. graminum and 

S. avenae and was parasitized by two Aphidius species (A. ervi and A. colemani).  

Aphid’s infestation was started on different wheat varieties from December-

January and reached to its peak level in first week of February to mid-March. After that 

the aphid’s population started downward trend and diminished during the first week of 

April. Highest mean infestation was recorded during February to mid-March on variety 

Saleem-2000 (13.00 per tiller) followed by FakhreSarhad-99 (10.42 per tiller) and Zam-

2004 (10.20 per tiller) while lowest aphid infestation was observed on variety Gomal-

2008 (3.97) per tiller followed by Pirsabak-2005 (5.02) per tiller and Hashim-2006 

(5.23) per tiller. Other varieties were intermediate. The mummified/parasitized aphids 

were recorded from January onward and the recorded data were converted to percent 

parasitism. The percent aphid parasitism was maximum on variety Pirsabak-2005 

(20.21 % per tiller) followed by Siren-2010 (20.20% per tiller). The data indicate that 

percent parasitism has increased with the increase in aphid population and reached to 

its maximum level during declining stage of wheat aphids. Analysis of the data 

revealed that there is positive co-relation between aphid population and natural enemies 

on the tested verities. 
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Categorization of resistance experiments were conducted in controlled 

environmental condition against greenbug, Schizaphis graminum. Antixenosis, 

Antibiosis and tolerance tests were performed in two leaf stage. Schizaphis graminum  

showed more preference for Saleem-2000, Barsat-2010, Siran-2010 and Tatara-97 

while Khyber-87, Attahabib-2010 and Pirsabak-2004 attracted least number of green 

bugs. Antibiosis and tolerance tests were conducted on five selected wheat varieties i.e. 

Salemm-2000, Khyber-87, Dera-98, Pirsabak-2004 and Attahabib-2010. Antibiosis was 

observed as days to reproduction of (F1) first nymph of mother (P1) number of progeny 

produced by (P1) till (F1) produced its first nymph. Intrinsic rate of natural increase 

was calculated for Schizaphis graminum on the selected varieties. Reduced natural rate 

of intrinsic increase was observed on Attahabib-2010 and Pirsabak-2004. 

Tolerance was measured as proportional dry weight change (% DWT) and 

tolerance index (TI) values for the wheat varieties. Highest % DWT value was 

observed for Pirsabak-2004, followed by Dera-98, Khyber-87 and Attahabib-2010 

respectively. The smaller percent dry weight change was recorded for Attahabib-2010 

and Khyber-87. Tolerance index value was maximum for Dera-98. 'Pirsabak-2004, 

Attahabib-2010' and 'Khyber-87, showed both types of resistant response as 

antixenosis, and antibiosis, based on different screening techniques and PRI value. 

However, variety 'Saleem-2000' proved to be the most acceptable/susceptible. While 

the tolerance category of resistance was reported in non of the tested varieties against 

greenbug. 

Resistant wheat varieties and natural enemies are important to keep wheat aphis 

population well below economic threshold level in field condition. But in case of 

aphids population build up selective insecticide should be applied to control aphids on 

wheat and to decrease economic losses due to wheat aphids. Neonicotinoid sharply 

decreased aphids population as compared to control, while in orange peel extract plots 

less aphids reduction was noticed. Wheat grain yield and yield parameters like, 

thousand grain weight and number of grains per spike were improved in Imidaclopride 

treated plots as compared to other treatments. But Saleem-2000 in spite of low yield 

potential showed less damage as compared to Pirsabak-2004 in control plots. It may be 

due to tolerance response of Saleem-2000, this variety suffered less damage against 

wheat aphid. Therefore, when both were free of aphids infestation the reaction of 

susceptible was greater than the resistant variety.   
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VII. CONCLUSIONS AND RECOMMENDATIONS 

Mass screening is a technique, which allows the researchers to make large-scale 

evaluation and rank the resistance/susceptibility status of different genotypes against 

aphids in shortest possible time. If researchers are interested to select the resistance 

genotypes for further breeding and development of aphids resistance varieties, they can 

eliminate the susceptible genotypes from wheat breeding program at early stage. The 

plants proved resistant during initial testing process should further be screened against 

wheat aphids in the field as some plant proven resistant at seedling stage may be 

susceptible in the later growth stage. 

In our studies total fifty genotypes were tested for resistant to green bug under 

laboratory conditions in a (mass screening test) and the response was rated as high 

resistant with resistant rating scale (1) followed by moderately resistant (2) and lowly 

resistant (3) where as the susceptibility was recorded with resistant rating scale as lowly 

susceptible (04) followed by moderately susceptible (5) and highly susceptible (6).  

We further, selected twenty wheat varieties among the fifty genotypes to study 

their performance against wheat aphids in the presence of natural enemies. Different 

level of aphids infestations were recorded on the twenty tested wheat varieties. Rate of 

aphids parasitism increased with the increased in aphids population with time but this 

increased in the rate of parasitism was varied on tested varieties.   

Pirsabak-2005 was the only variety among the tested wheat varieties which 

provided easy access to parasitoids to consumed his prey (aphids). The susceptible 

variety Saleem-2000 proved less attractive for bio-control agents, therefore maximum 

aphids population could build up on Saleem-2000. On the other varieties different 

levels of parasitism were recorded. The morphological or biophysical characters of 

these varieties should be investigated and guideline should be provide to the wheat 

breeders to develop high yielding wheat varieties that prove less attractive for wheat 

aphids and at the same time more feasible for the bio-control agents for active and 

effective bio control of aphids on wheat.  
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Furthermore, the categories of resistant study in control environmental 

conditions helps to identify the resistance factors in wheat varieties. Plant resistance 

index (PRI) values finally raked the resistance and susceptible status of tested varieties.  

For confirmation of the resistance varieties could further be investigated 

through novel techniques like Electrical Penetration Graph (EPG) and molecular 

techniques to determine the long term basis of resistance for tested varieties.  

Host plant resistance character i.e. tolerance, antixenosis and antibiosis or 

combination of these characters and natural enemies should be a good IPM package 

against wheat aphis in field condition. But in case of aphids population build up 

selective insecticide should be applied to control aphids on wheat and decrease 

economic losses due to wheat aphids. Although the botanical extract have least effect 

on aphid natural enemies but systemic insecticides should be applied where quick 

knock down of wheat aphid is required.     

Saleem-2000 can be used as susceptible cultivars as local check in future 

research program for evaluation of wheat genotypes against wheat aphids.   
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IX. APPENDICES 

 
Appendix 1. Analysis of variance for Mass screening of wheat genotypes 

 

Source                   D.F               S.S          M.S            F. Value      Prob    

Treatment             49                 2055.70   41.9531     198             0.00  

Error                     200               42.40       0.2120 

Total                     249               2098.10 

Coefficient of Variance= 8.13 

 

Appendix 2.  Analysis of variance for average R. padi per tiller early season 

infestation (5/12/2011 to 31/01/2012) 

Source                   D.F               S.S           M.S              F. Value       Prob  

Treatment               19                 121.927     6.41723         240.35         0.0000 

Replication              2                  0.008         0.00390 

Error                       38                 1.015         0.02670 

Total                      59                  122.950           

Coefficient of Variance= 6.71 

  

Appendix 3.  Analysis of variance for average R. padi per tiller mid season 

infestation  (07/02/2012-28/02/2012) 

Source                   D.F             S.S            M.S           F. Value      Prob    

Treatment               19             324.025     17.0539        244.03        0.0000 

Replication              2              1.680         0.8401 

Error                      38               2.656         0.0699 

Total                      59              328.360                 

Coefficient of Variance=4.15 

 

Appendix 4. Analysis of variance for average R. padi per tiller late season 

infestation (7/03/2012-27/03/2012) 

Source                   D.F.             S.S            M.S            F. Value     Prob    

Treatment                19            76.2326     4.01224         57.83       0.0000 

Replication                2            1.0440       0.52201 

Error                        38             2.6367       0.06939 

Total                        59           79.9133 

Coefficient of Variance=7.00  
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Appendix 5.  Analysis of variance seasonal R. padi)  mean population per tiller, 

2011-2012 

Source                   D.F          S.S             M.S           F. Value     Prob    

Treatment             19               790.26       41.593         28.77       0.0000 

Replication           15               1754.47     116.965                 

Error                     285              412.01       1.446 

Total                      319            2956.74 

Coefficient of Variance=33.63 

 

Appendix 6.  Analysis of variance average S. graminum per tiller early season 

infestation (16/01/2012-14/02/2012) 

Source                  D.F           S.S            M.S           F. Value   Prob    

Treatment            19           4.33469      0.22814       22.43       0.0000 

Replication            2             0.03471      0.01735 

Error                     38           0.38654      0.01017 

Total                     59           4.75595 

Coefficient of Variance= 26.05 

 

Appendix 7.  Analysis of variance average S. graminum per tiller mid season 

infestation  (23/02/2012-14/032012) 

Source                   D.F      S.S            M.S           F. Value        Prob    

Treatment               19        29.5606      1.55582        25.01        0.0000 

Replication             2          0.0371        0.01854 

Error                       38        2.3642        0.06222 

Total                      59        31.9619 

Coefficient of Variance=11.63  

 

Appendix 8.  Analysis of variance average S. graminum per tiller late season 

infestation (21/03/2012-27/03/2012) 

Source                  D.F         S.S           M.S           F. Value       Prob    

Treatment              19           46.8306    2.46477       69.69           0.0000 

Replication             2             0.0916      0.04578 

Error                      38           1.3440      0.03537 

Total                     59           48.2662 

Coefficient of Variance= 13.78 
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Appendix 9.  Analysis of variance seasonal S. graminum mean population per 

tiller, 2011-2012 

Source                   D.F           S.S            M.S           F. Value       Prob    

Replication           10               167.734     16.77                      

Treatment             19               33.601       1.7685          2.74            0.0003          

Error                     190             122.833     0.6465 

Total                     219              324.169 

Coefficient of Variance= 66.77 

 

 

Appendix 10.  Analysis of variance average S. avenae per tiller, 21/3/2012 

Source                 D.F           S.S           M.S           F. Value       Prob    

Replication          2               0.0056        0.00279                     

Treatment            19             26.2788      1.38310     137.32          0.00     

Error                     38             0.3827       0.01007 

Total                    59             26.6672 

Coefficient of Variance= 15.84 

 

Appendix 11. Analysis of variance average S. avenae per tiller, 27/3/2012 

Source                  D.F           S.S           M.S             F. Value      Prob    

Replication          2               0.0454      0.0268          

Treatment            19             42.5400    2.23895          177.51        0.00    

Error                    38             0.4793      0.01261 

Total                    59             43.0647 

Coefficient of Variance= 13.57 

 

Appendix 12.  Analysis of variance average S. avenae per tiller, 04/04/2012 

Source                 D.F           S.S         M.S               F. Value       Prob    

Replication           2                 0.41726   0.20863 

treatment              19               4.32310    0.22753               4.83             0.0000 

Error                          38                    1.78894    0.04708 

Total                  59                    6.52930 

Coefficient of Variance= 81.31 
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Appendix 13. Analysis of variance seasonal S. avenae  mean population per 

tiller, 04/04/2012  

Source                 D.F          S.S           M.S               F. Value       Prob    

Replication           2                4.4080        2.20399 

Treatment             19              13.0570      0.68721           2.43         0.0097 

Error                          38                  10.7384        0.28259 

Total                  59            28.2033 

Coefficient of Variance= 97.09 

 

Appendix 14.  Analysis of variance average wheat aphid per tiller early season 

infestation (05/12/2011-30/01/2012) 

Source                 D.F       S.S            M.S              F. Value       Prob    

Treatment              19         158.543     8.34436         396.56         0.0000 

Replication             2           0.002         0.00106 

Error                      38         0.800         0.02104 

Total                      59         159.345 

Coefficient of Variance= 5.33 

 

Appendix 15.  Analysis of variance average wheat aphid per tiller  mid season 

infestation (07/02/2012-14/03/2012) 

Source                  D.F           S.S             M.S           F. Value       Prob    

Treatment               19          269.765      14.1981       93.86          0.0000 

Replication              2           2.163          1.0814 

Error                       38          5.748          0.1513 

Total                      59         277.676 

Coefficient of Variance=4.96  

 

Appendix 16.  Analysis of variance average wheat aphid per tiller late season 

infestation (21/03/2012-04/04/2012) 

Source                 D.F          S.S            M.S            F. Value       Prob    

Treatment             19          156.918      8.25884       266.83       0.0000 

Replication            2           0.073          0.03657 

Error                    38           1.176          0.03095 

Total                     59         158.167 

Coefficient of Variance= 3.86 
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Appendix 17.  Analysis of variance seasonal mean  wheat aphid population per 

tiller,2011-2012  

Source                  D.F            S.S            M.S             F. Value       Prob    

Replication          18                3340.18         183.849          

Treatment            19                975.76           51.491         21.08          0.0000  

Error                    342              833.39           2.436 

Total                    379              549.33 

Coefficient of Variance= 36.22 

 

Appendix 18.  Analysis of variance rate of parasitism per tiller during early 

season infestation of wheat aphid (05/12/2011-30/01/2012) 

Source                  D.F            S.S              M.S           F. Value       Prob    

Treatment              19           11.4668        0.60352       737.81       0.0000 

Replication            2             0.0006          0.00029 

Error                     38             0.0311          0.00082 

Total                     59           11.4985 

Coefficient of Variance= 20.45 

 

Appendix 19.  Analysis of variance rate of parasitism per tiller during mid 

season infestation of wheat aphid (07/02/2012-14/03/2012) 

Source                  D.F            S.S           M.S           F. Value       Prob    

Treatment             19           301.818     15.8852        313.52       0.0000 

Replication            2            0.127         0.0635 

Error                     38           1.925         0.0507 

Total                    59            303.871 

Coefficient of Variance= 6.09 

 

Appendix 20.  Analysis of variance rate of parasitism per tiller during late season 

infestation of wheat aphid (21/03/2012-04/04/2012) 

Source                  D.F            S.S           M.S           F. Value       Prob    

Treatment              19           7655.40    402.916         84.39           0.0000 

Replication             2            1.77          0.887 

Error                      38           181.42      4.774 

Total                      59           7838.60 

Coefficient of Variance= 6.25 
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Appendix 21.  Analysis of  variance average seasonal mean rate of aphid 

parasitism per tiller, 2011-2012 

Source                 D.F             S.S             M.S             F. Value       Prob    

Replication         16               57832.0      6425.78          

Treatment           19               3426.3        180.33          2.93          0.00 

Error                   304             10538.8       61.63 

Total                   339             71797.1 

Coefficient of Variance= 61.70 

 

 

Appendix 22.  Analysis of variance mean number of S. graminum seedling -1 at 

12, 24 and 48 hr post infestation, Antixenosis test  

Source                 D.F              S.S           M.S           F. Value       Prob    

Treatment              19               46.9333    2.47018          4.92               0.00 

Error                      40               20.0667    0.50167 

Total         59     67.0000  

Coefficient of Variance= 22.85 

 

Appendix 23.  Analysis of variance for (md) values in Antibiosis test  

Source                D.F               S.S            M.S           F. Value       Prob    

Treatment           4                    76.2008    19.0502     105               0.00 

Error                   45                   8.1480      0.1811 

Total                  49                       84.3488 

Coefficient of Variance= 5.56 

 

Appendix 24.  Analysis of variance for (d) values in Antibiosis test  

Source                D.F               S.S           M.S           F. Value       Prob    

Treatment           4                   1.44680    0.36170     4.20              0.00 

Error                   45                  3.87500    0.08611 

Total                 49                       5.32180   

Coefficient of Variance= 3.56 
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Appendix 25.  Analysis of variance for (%DWT) values in Tolerance test  

Source                D.F               S.S            M.S           F. Value       Prob    

Replication          9                1.1728      0.1303 

Treatment           4                 63.2593    15.8148         164.72            0.00 

Error                  36                 3.4564      0.0960 

Total                  49                67.8885 

Coefficient of Variance= 3.91 

 

Appendix 26.  Analysis of variance for (TI) values in Tolerance test  

Source                D.F               S.S            M.S             F. Value       Prob    

Replication         9                   0.03872      0.00430 

Treatments         4                   0.42646      0.10661         26.54         0.00 

Error                   36                 0.14462      0.00402 

Total                   49                 0.60980 

Total                    49                 0.60980 

Coefficient of Variance=8.06 

 

Appendix 27.  Analysis of variance for aphids per tiller  pre spray dated 18/02/2013  

Source                    D.F            S.S            M.S             F. Value       Prob    

Replication                02             0.321         0.1603 

MP                          01              75.208       75.2083        7278.23         0.00 

Error  Rep*Mp          02             0.021         0.0103          

SP                           04             4.107         1.0267          2.69              0.07 

MP*SP                    04             20.467       5.1167          13.42             0.00 

Error  Rep*MP*SP   16             6.099         0.3812      

Total                       29             106.222 

Coefficient of Variance=5.41                   (MP= Main plot effect; SP= Sub plot effect)  
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Appendix 28.  Analysis of variance for aphids per tiller  post spray (24 h) dated 

19/02/2013  

Source                     D.F        S.S               M.S                F. Value       Prob    

Replication                02           0.001          3.333E-04 

MP                          01            0.085          0.085533          0.89         0.44 

Error  Rep*Mp         02            0.193          0.09633          

SP                           04            843.543       210.886            3286.53   0.00 

MP*SP                    04            74.498         18.6245            290.25     0.00 

Error  Rep*MP*SP   16           1.027           0.06417     

Total                       29          919.347 

Coefficient of Variance=5.94 

 

 

Appendix 29.  Analysis of variance for aphids per tiller post spray (7 days) dated 

25/02/2013  

Source                     D.F      S.S           M.S               F. Value  Prob    

Replication                02         1.58          0.790 

MP                          01          73.01        73.008          216.64        0.00 

Error  Rep*Mp         02          35.34        0.337          

SP                           04          2568.14     640.81          3411.62     0.00 

MP*SP                    04          211.02       47.231          251.45      0.00 

Error  Rep*MP*SP   16         810.21       0.188     

Total                       29         2830.45 

Coefficient of Variance=5.90 

 

Appendix 30.  Analysis of variance for aphids per tiller post spray (15 days) 

dated 05/03/2013  

Source                     D.F     S.S            M.S               F. Value       Prob    

Replication               02        0.541         0.2703 

MP                          01        10.092       10.0920       177.05        0.00 

Error  Rep*Mp         02        0.114         3.0570          

SP                           04       155.505     38.8762      144.48         0.00 

MP*SP                    04        24.358       06.0895       22.63          0.00 

Error  Rep*MP*SP   16        4.305         0.2691      

Total                        29         194.915 

Coefficient of Variance=11.41 
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Appendix 31.  Analysis of variance for aphids per tiller post spray (21 days) 

dated 11/03/2013  

Source                       D.F      S.S           M.S            F. Value     Prob    

Replication                  02        5.177        2.5886 

MP                             01        5.758        5.7579          6.18           0.13 

Error  Rep*Mp            02        1.864        0.9321          

SP                              04        249.987     62.4967        23.13        0.00 

MP*SP                       04        25.523       06.4967        2.36          0.09 

Error  Rep*MP*SP      16        43.23         2.7014      

Total                           29        331.532 

Coefficient of Variance=32.59 

 

Appendix 32.  Analysis of variance for aphids per tiller post spray (30 days) 

dated 21/03/2013  

Source                    D.F       S.S          M.S            F. Value    Prob    

Replication                2             0.7387      0.3693 

MP                             1            12.0333    12.0333        22.56           0.04 

Error Rep*MP           2            1.0667      0.5333 

SP                              4            14.7820    3.6955          11.32            0.00 

MP*SP                      4            3.2167      0.8042           2.46             0.08 

Error Rep*MP*SP   16           5.2213     0.3263 

Total                       29          37.0587 

Coefficient of Variance=25.66 

 

Appendix 33.  Analysis of variance for rate of aphids parasitism per tiller pre 

spray dated 18/02/2013  

Source                      D.F       S.S           M.S               F. Value       Prob    

Replication                 02           0.6727        0.3633 

MP                           01            1.6333       1.63333        44.95           0.02 

Error  Rep*Mp          02           0.0727        0.0.3633                 

SP                            04            0.8000        0.20000        1.51             0.24 

MP*SP                     04            12.5333      3.13333         23.7            0.00 

Error  Rep*MP*SP    16           2.1147         0.13217      

Total                         29            17.8267 

Coefficient of Variance=26.60 
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Appendix 34.  Analysis of variance for aphids parasitism per tiller post spray (24 

h) dated 19/02/2013  

Source                     D.F        S.S           M.S            F. Value    Prob  

Replication                02           3.47          1.733 

MP                          01           140.833     140.833       1056.25     0.00 

Error  Rep*Mp         02           0.27          0.133          

SP                           04           2265.80     566.450       2517.56     0.00 

MP*SP                    04           81.00         20.250         90.00        0.00 

Error  Rep*MP*SP   16           3.60           0.225  

Total                        29           2494.97 

Coefficient of Variance=4.30 

 

Appendix 35.  Analysis of variance for aphids parasitism per tiller post spray (7 

days) dated 25/02/2013  

Source                      D.F       S.S           M.S               F. Value       Prob    

Replication                 02         0.12          0.062 

MP                           01          63.13        63.133            42.25           0.02 

Error  Rep*Mp          02           2.99          1.494          

SP                            04           1198.06     299.515         518.21          0.00 

MP*SP                     04            210.99       52.749           91.26           0.00 

Error  Rep*MP*SP     16           9.25           0.578      

Total                         29           1484.55 

Coefficient of Variance=4.36 

 

Appendix 36.  Analysis of variance for aphids parasitism per tiller  post spray (15 

days) dated 05/03/2013  

Source                     D.F       S.S           M.S           F. Value       Prob    

Replication          2             3.67             1.836 

MP                                      1             18.88          18.881            4.42                0.17 

Error  Rep*Mp               2             8.55             4.276 

SP                                        4          1505.82      376.455          138.78           0.00 

MP*SP                            4           232.89        58.222             21.46             0.00 

Error  Rep*MP*SP    16           43.40          2.713 

Total                       29      1813.22 

Coefficient of Variance=16.68 
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Appendix 37.  Analysis of variance for aphids parasitism per tiller  post spray (21 

days) dated 11/03/2013  

Source                      D.F      S.S           M.S              F. Value    Prob    

Replication                 02         0.072         0.0361 

MP                           01         4.760         4.7601         69.92          0.01 

Error  Rep*Mp          02         0.136         0.0681          

SP                            04         105.098     26.2745        31.98          0.00 

MP*SP                     04         41.990       10.4976        12.7            0.00 

Error  Rep*MP*SP    16         13.147        0.8217      

Total                         29          165.203 

Coefficient of Variance=9.99 

 

Appendix 38.  Analysis of variance for aphids parasitism per tiller post spray (30 

days) dated 21/03/2013  

Source                     D.F      S.S                M.S           F. Value       Prob    

Replication               02           0.35             0.175 

MP                          01          122.01         122.008         110.08         0.00 

Error  Rep*Mp         02           2.22             1.108          

SP                           04           459.13          114.783       184.89         0.00 

MP*SP                    04           664.53          166.133        267.60         0.00 

Error  Rep*MP*SP   16           9.93              0.621        

Total                        29          1258.17 

Coefficient of Variance=4.16 

 

Appendix 39.  Analysis of variance for Yield kg/ha 

Source                       D.F      S.S               M.S               F. Value       Prob    

Replication                    2        687              343 

MP                                 1       126750        126750            91.19          0.01 

Error Rep*MP               2       2780            1390 

SP                                  4      351453        87863              16.59          0.00 

MP*SP                          4       60133          15033                2.84           0.05 

Error Rep*MP*SP       16      84733          5296 

Total                          29       626537 

Coefficient of Variance=2.03 
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Appendix 40.  Analysis of variance for thousands grains weight  

Source                      D.F      S.S                M.S               F. Value       Prob    

Replication                 02        10.361         5.1803 

MP                            01        84.336         84.3363          64.56            0.01 

Error  Rep*Mp           02         2.613           1.3063          

SP                             04         220.815       55.2037           48.37           0.00 

MP*SP                      04         82.785         20.6963          18.13            0.00 

Error  Rep*MP*SP    16         18.260         1.1412        

Total                         29         419.170 

Coefficient of Variance=1.8 

 

Appendix 41.  Analysis of variance for spike length  

Source                   D.F      S.S                M.S               F. Value       Prob    

Rep                           2           1.8255          0.91274 

MP                          1           0.2306          0.23056            0.06           0.8324 

Error Rep*MP          2           7.9795          3.98974 

SP                           4           0.4588          0.11469            0.21           0.9282 

MP*SP                    4           2.1925          0.54812            1.01           0.4307 

Error Rep*MP*SP    16          8.6704          0.54190 

Total                       29         21.3572 

Coefficient of Variance=1.42 

 

Appendix 42. Analysis of variance for number of grains spike-1 

Source                     D.F       S.S               M.S          F. Value  Prob    

Replication                        2       0.145               0.0723 

MP                                        1       24.480             24.4803            44.32          0.0218 

Error Rep*MP                 2        1.105               0.5523 

SP                                         4        319.201          79.8003            425.98        0.0000 

MP*SP                               4        6.921               1.7303              9.24              0.0005 

Error Rep*MP*SP       16         2.997               0.1873 

Total                         29     354.850 

Coefficient of Variance=0.67 

 

 

 


