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INTRODUCTION
Cereal grains are major source of food for human and animals. In terms
of total yield production , wheat is the leading cereal grain in the world
(Haldore et al.,1982). Other important cereal grains are barley, ,oat, and

sorghum.

In Jordan although wheat occupied 61% of the area planted to grain
crops, wheat production is only equal to 12% of consumplion through
1978-1987 (Anonymous,1988). In 1986-1987 the fotal area planted o wheat
and barley was 1245426 and 600601 donums’®, respectively(Anonymous,1987}.
The average yield was 88 kg per donum for wheatand 68 kg for barley. This
compares very low with those in developed countries. Such low productivityr is
seemingly due to many factors among the most critical of which rainfall,
improper cultural practices and pests.

Of the diseases reporied on cereals, there were twenly viruses affecting

wheat and barley. The most imporiant viral disease is caused by barley yellow

dwarf virus(BYDV) (Oswald and Houston,1953a).It has been recognized in three-

continents as a serious disease to the production of wheat, barley, and oat

(Bruehl, 1961). This virus belongs 10 the luteovirus group (Matthews, 1981;

* Donum= 1000 m?
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Walkey, 1985}, member of which can cause yellow disease.

Infection by BYDV resulted in severe stunting of infected plants, partial
phloem plugging, root inhibition, and delaying or preventing heading and thus
reducing the yield (Bruehl,1961;Esau,1957; Oswald and Houston,1953a;
Panayotou, 1978).

The disease has a wide host range in the grass family, which includes
all small grains of cereal, including wheat, barley, oats, maize, and sorghum
(Oswald and Houston,1953b; Bruehl,1961; Stoner, 1977). The virus also infecls
the grasses, which act as reservoir for the virus and its aphid vector (Paliwal,
1982). The Barley yellow dwarf disease is caused by a virus transmitted by at
least five different species of grain aphids in a persistent manner( Orlob et al.,
1961; Paliwal and Sinha, 1970), but not by seed, soil, or sap transmission
(Gill,1967; Jedlinski et al., 1974; Rochow and Duffus, 1981). BYDV was assumed
to occur in Jordan on wheat and barley on the basis of field symptoms {Mink
and AL-Musa, 1984).

This study was iniliated to identify BYDV strains in Jordan and its
vectors. In addition field incidence of BYDV on wheat, barley, comn, and sorghum
was studied and the virus economic impact on wheat and barley cultivars was

evaluated. Furthermore the virus reservoir on grasses was assessed.
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LITERATURE  REVIEW

Barley yellow dwarl virus (BYDV) caused a destructive disease of
cereals that had been recognized in California in 1951 in most barley
production areas in the state reaching epidemic proportions in several years
(Oswald and Houston, 1953a). After that, BYDV has been recorded from most
areas ol the world wherever barley is grown (Bruehl, 1961). The virus has an
extensive host range among Gramineae (Oswald and Houston, 1853b). Economic
plant hosls of BYDV included barley, oats, wheat , rice, corn and rye. Other
important hosts included widely distributed lawn, pasture, and grasses (Brueh!,
1961, Latch, 1980; Paliwal, 1982; Stoner, 1977 ; Oswald and Houston (1953b)
reported that about 36 species of grasses were susceptible to BYDV, and
observed that some of them were symptomless carriers .

Symptoms of BYDV vary with the cultivars, the age of the plant at the
time of infection,the strain of the virus,and the environmental conditions
(Bruehl, 1961; Crlob and Arny,1961; Oswald and Houston, 1953a).They included
characteristic golden yellowing of Abarley leaves, chlorosis with occasional
little reddening of wheat leaves. Oat leaves become reddish or purple in color
(Allen, 1957; Bruehl, 1961). Young plants were either killed , or stunted so

severely that they failed to head. Severity of BYDV ranged from mild symptoms
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to total collapse and death of infected plani{ Bruehl, 1961; Panayotou,1979).
Symptoms of barley yellow dwarf virus were more pronounced under cool
temperatures, long days, and high light intensity(Orlob and Arny, 1961).

Replication of the virus occurs primarily in phloem ftissues (sieve
elements, companion cell, and parenchyma) with consequent phloem necrosis
(Esau, 1957; Jensen, 1969a). It does not mulliply in its aphid vector ( Paliwal
and Sinha, 1970).

Barley yellow dwarf virus includes at least five isolates that had been
grouped according to their vector specificity. The groups are designated by the
initial letters of their principal vector. These isolates are {transmitted
separately by Macrosiphum) (=Sitobion} avenae (MAV), Rhopalosiphum padi
(RPV), R. padi and M. avenae (PAV), or R. maidis (RMV), or Schizaphis
graminum  {SGV) (Johnson and Rochow, 1972; Rochow, 1969;1979). The
isolates could be grouped by serological methods to two groups, namely RPV
and RMV isolates in one group and MAV, PAV, and SGV isolates in the other
group. {Rochow and Carmichael, 1979; Paliwal, 1977).

The physiological alteration of cereal grains resulting from BYDV infection

had been noted. The virus reduced the average yield by 53% ,the photosynthesis
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rate by 45%, and the chlorophyll content by 80%. It also resulted in an
accumulation of soluble carbohydrate (Sugar) and strach in the infected leaves
(Jensen, 1972). BYDV induces ultrastructral changes in the infected phloem
lissue (companion cells, and sieve elements) that included slender filaments,
small vesicles containing fibrills, amorphous material in addition to the virus
particles {Gill and Chong; 1975; 1976; 1979).In this regard there are
distinctive differences among BYDV strains. Accordingly, BYDV strains could
fell into two groups as ;Sr—eViously mentioned. In the first group (MAV, PAV,
SGV), single membraned vesicles containing fibrills appeared in the cytoplasm.
This is referred to as MAV pattern. Moreover, this pattern involved distorlion
of the nuclear outline. Whereas in the RPV and RMV pattern a second membrane
containing fibrils is present and the virus parlicles were observed first around
the nucleus. This pattern is characterized by non distorted nucleous (Gill and
Chong,1976; 1879).
In infected barley, the weight of 1000 seeds was reduced by 21.9%
{Gill, 1970} and the fresh andr dry weight of diseased plants were reduced by
28% and 25%, respectively (Jensen, 1972).
Only 14 aphid species have been reported to transmit barley yellow

dwartf virus to cereals. The best known vectors of BYDV included Metopolophium
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(Acyrthosiphum)dirhodum Walk., R.maidis Fitch ., R. Padi L, M. avenae Fab.
and S. graminum Rondani. The virus is not transmitted by mechanical inocul-
ation but in the pé_r_s;istent_ manner by aphid vector which remain viruliferous
for 2-3 weeks (Rochow,1970). Aphids acquire BYDV by feeding for 2 days on
infected plant, the virus must pass into the gut and then passes through the
haemocoel of the aphid to the salivary glands via hemolymph. It is introduced
into the plants through the salivary secretions (Gildow, 1982; Gildow and
Rochow, 1980). BYDV can be also transmitied by the membrane-feeding
technique (Rochow,1960).

BYDV belongs to the luteovirus group (Walkey, 1985,); The term BYDV
includes several related isometric viruses of graminaceous plants {Rochow and

Duffus, 1981), with particles of about 30nm in diameler,'a sedimentation
coefficient of 115 to 1185, and a single siranded RNA of molecular weight

2.0X10 ®'daltons (Brakke and Rochow, 1974; Rochow et al ., 1971). The RNA
content of BYDV was estimated to be 28% (Walkey, 1985). The molecular
weight of coat protein has been estimated to be 23,500 daltons for the MAV and
24,450 daltons for RPV isolate (Scalla and Hﬁchow, 1977).

The virus concentration is very low in infected lissue ranging from 20 ug

o 106 ug /1000 g source tissue depending on the strain of the virus
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(Rochow et al.,1371).The therma! inactivation point(TIP} in a sap of infected

plant with BYDV ranged between 65 and 70 (?,the dilution end point DEP is 103,
{Heagy and Rochow , 1965; Rochow, 1970). Clintland 64 Oat (Avena Sativa L..cv.
Clintland 64) is a good propagative host for barley yellow dwarf virus
(Patterson and Schafer, 1978).

Serology is one of the most commonly used tools for identification of
barley yellow dwarfl virus. One sensitive serological tests that has been
examined for usefulness in BYDV surveys is the enzyme-linked immunosorbent
assay {ELISA), which was adapted for the detection of BYDV Iluteoviruses in
plant tissue (Clark and Adams, 1977; Lister and Rochow,1979; Stobbs and
Barker, 1985; Voller et al.,1876). Other useful tests for BYDV detection
employing micro agar double diffusion {Aapola and Roéhow,1971), and
serologically specific electron microscopy (Paliwal, 1977).  Cross protection
tesls have been successiully used to demonstrate strain relationships of BYDV,
so that systemic invasion by one sirain can protect the plant against severe
symptom caused by infection with a second related virus (Aapola and Rochow,
1971; Jedlinski and Brown, 1965).

The most appropriate method for the control of barley yellow dwarf

virus depends upon the conditions under which a crop is grown and the
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epidemiology of virus under those conditions. Losses caused by BYDV can be
minimized as a result of elimination of virus source plants (Plum and Thresh,
1983), application of insecticides (Bruehl, 1961; Jedlinski et al, 1974}, and
changing the planting time to avoid maximum aphid population (Jedlinski et al.
1974). Overall, the use of resistant crop cultivars offers the best approach for

control of BYDV(Carrigan et al 1981.; 1983).
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MATERIALS AND METHODS

Virus Source. Leaf samples were collected from stunted wild oal {(Avena
sterifis L.)plant showing reddish to purple leaves in the Jordan valley. Virus
isolation and strain separation was then made by aphid transmission using
R.padi, M. avenae and R. maidis on Clintland* .64 oat plants. Details of
transmission experiments will be discussed elsewhere. Plants that reacted
with symptoms similar to those found in the field were kept under glasshouse
conditions at 20 + 2 &. The identity of different strains tha! were isolated by
the three aphid species was confirmed by serological tests using direct or
indirect ELISA (Clark, et al, 1986; Koenig , 1981; Lister and Rochow, 1879}
Details of ELISA test will be discussed later in the text.

Host Range. Six seedlings of each of wheat ' Deir Alla 4:' barley ‘Deir Alla
106", corn ‘Jubilee', oat 'Clinlland 64', and sorghum 'Local' at 3 leaf slage, grown
in 13 x 16 cm diameter pols in the glasshouse at the rate of one seedling per
pot, were inoculated by PAV strain using H. Padi. Three seedlings of each
species were infested by nonviruliferous aphids as control. Plants were

observed 3 weeks after inoculation for symptom development.

277539

* Clinland 64' oat was cbtained from Purdue University Agricuttural experiment station, West Lafayette, IN.
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Aphid Identification. Several species of wingless aphids had been collected
from cultivated or wild cereals in the Jordan valley. Identification of these
aphids was based on a key for identifying cereal aphids (Cohen,1574).
Confirmation of the identity of aphids was done by sending specimens to the
British museum.

Aphid transmission. Since the PAV strain can cause severe disease and is

reporied to be efficiently transmitted by B, Padi (Rochow,1969 }, detailed aphid
transmission experiments were carried out using PAV infected plants and
R. padi as a vector. Nonviruliferous apterious aphids were transferred with a
camel- hair brush to oat plant infected with PAV isolate for 2 days at 15 8
Ten insects were transferred to two week old healthy seedling of Avena sativa
L. cv.Clinttand 64 and allowed 5 days inoculation feeding period. The aphids
were then killed by Cypermethrin® and the plants were kept under glasshouse
conditions at 20 + 2 8 and observed for symptom development. All transmission

experiments by aphids were done as described here unless otherwise

mentioned.

*Cypermethrin, (RS)-a- cyano -3- phenoxybenzy!{IRS)-cis, trans-3- (2-2- dichlorovinyl) -2,2 dimethyi

cyclopropana carboxylate. ICl
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11
Efficiency of transmission by aphid. Wingless aphids were collected
from cultivated or wild cereals. The insects were idenlified as R. padi (L), R.
maidis (Fitch),M. avenae (Fabricius), andS. graminum (Rondani) as described
earlier. comparalive transmission tests using these insects were carried out
using the Clintland 64 oat cultivar infected with PAV strain as source of
inoculum. For each aphid species 1 oat seedlings at third leaf stage were
inoculated and kept under glasshouse conditions at 20128 for symptom

development.

Transmission through membrane by aphids. Transmission through
membranes was done to confirm results of ELISA with respect to BYDV-PAV
infectivity.  Nonviruliferous R. Padi previously starved at 15 (c} for 3h, were
placed in small feeding chambers topped with stretched parafilm membrane.
Test inocula were placed on the oppsite side of the membrane so that aphids
could feed through it on the virus preparation. Inocula were prepared by
macerating infecled tissue in a condition similar to that used for ELISA tests
at the rate of 1g per ml in neutral 0. M phosphate buffer containing 10%
sucrose; the homogenate was clarified by low speed centrifugation at 4000
rpm for 20 minutes. Following an acquistion feeding period of 2 days at 15 8

aphids were transferred {o Clinttand 64 oat seedlings, and were given 5 days
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12

inoculation feeding period before they were killed with Cypermethrin. Similarly
aphids that had been feeding on 10% sucrose were placed on oat seedlings 1o
serve as control. Assay plants were kept in the glasshouse three weeks for
sympiom development.

Virus strain and vector prevalence. Virus strain and vector predominance
was assessed in Deir Alla area, using Clintland 64 oat seedling as bait plant.
The seedlings were planted in 12 x 13 cm diameter pots, at the rate of one
seedling per pol. 20-25 pots were placed near wheat fields, starting Fe.b 9 at
weekly infervals and extended to the end of the growing season { First week of
May) of 1987. After one week exposure, aphids were identified and counted.
The plants were sprayed with Cypermethrin and grown for two weeks in the
glasshouse. Each plant was tested by ELISA for the presence of MAV, PAV, and
RPV virus types.

Serology. Antisera specific to B (PAV), and F (MAV) lypes of barley yellow
dwarf virus purchased from INOTECH company, were used for detection of
virus by direct enzyme-linked immunosorbent assay (ELISA) tests. Moreover

antisera to PAV, MAV, RPV, RMV, and 32-41* types of barley yellow dwarf

* 32-41 Anlisera was prepared against PAV, MAV and SGV types of BYDV
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virus, kindley supplied by Steve Wyalt, were used for indirect enzyme-linked
immunosorbent assay (ELISA) tests. Also Goat anti-mouse alkaline phospha-
tase conjugate was purchased from SIGMA chemical company.
Antigen preparation. Extraction of antigen for ELISA test was done by
chopping 1 gram of fresh or frozen tissue at _ 206. Each sample was then
homogenized in phosphate buffer saline containing 0.05% Tween 20, and 2%
polyvinylpyrrolidone (PVP) at a tissue : buffer ratio of 1 : 10 ( wiv).
Direct Enzyme-linked immunosorbent assay (ELISA). Double sandwich
procedure was employed as described by Lister and Rochow 1979 . Wells of
polystyrene Micro ELISA plates (Dynatech Laboratories) were coated by 200 ul
per well of immuno-globulin (lg) diluted in coating buffer (appendix 1), for
three hours at 376, at the immuno-globulin : buffer ratio was of 0.0025:1 (VIV}
coating buffer (Appendix 1). The plates were rinsed three times with PBS-
Tween 20 (Appendix 1), and 200 uL of extract sap was added to each well. The
plates were then incubated overnight at 4 (02 After further rinsing with PBS
-Tween, 200 ulL per well of enzyme - labelled gamma - globulin { conjugate }

diluted in conjugate buffer (Appendix 1} at .0025:1° was added to each well to

* Dikution 1:400 were used for both coating and cenjugated antibodies
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14
react with bound antigen during a further 4 h incubation at 37 8.

Finally, unreacied conjugate was rinsed away three times with PBS-
Tween 20. Specific  antibody-antigen reactions was assessed by adding
200 ulL P. nitrophenylphosphate at 1mg/ml in substrate buffer (Appendix 1) to
each well. The plate was incubated at room temperature for the reaction o
take place .

Reactions were stopped after 1 h by adding 50 ul per well of 3M sodium
hydroxide. Assay was done by visual observation of the yellow color, or by
reading absorbances {A 405nmjusing EL 308 mode! reader, Bio-Tek instruments.
Reactions that gave obvicus yellow color or absorbances greater than twice the
average for healthy control samples in the same plate were considered as
positive .

Indirect enzyme-linked immunosorbent assay. Indirect ELISA procedure
was employed as described by (Clark, et al., 1986; Koenig, 1981; Lommel et al.,
1982). Wells of polystyrene Micro ELISA plates { Dynatech Laboralories) were
coated by incubation 200 ul of extract sap to each well for three h at 375(:).
After incubation the plates were rinsed three times with PBS-Tween 20
(Appendix 1}, and 200 ulL antisera diluted at 1:40 in conjugate buffer were

[+]
added per well. The plate was incubated at 4C overnight . After further rinsing,
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200 uL per well of goat anti-mouse, alkaline phosphatase conjugate was added
at a 1/1000 dilution in coating buffer for three h incubation at 378.7-

Finally, unreacted conjugate was rinsed away three times with
PBS-tween 20.Antigen-antibody reactions was assessed by adding 200 ul P.
nitrophenyphosphate at 1mg per 1ml in substrate buffer 1o each well. plale
was incubated at room temperature for the reaction to take place. Reactions
were stopped after 1h by adding 50 uL 3M sodium hydroxide per well. Assay
was made by visual observation of the yellow color, or by reading absorbances
(A 405nm) with mode! EL 308 reader, Bio -Tek instruments. Reactions that gave
obvious yellow color or absorbances greater than twice the average for healthy
control samples in the same plate were considered as positive.

Incidence Of The Disease. Incidence of BYDV in cereal crobs was assessed
in 2184 leat samples from small grain plants (corn, barley, sorghum, wheal)
collected from fields randomly located along the Jordan valley and highlands
during the growing season of 1987, and 1988 (Table 1). Random sampling was
done by walking in the field in an "x" paltern and taking samples at monthly
intervals. Five samples were taken from five different location in each field
chosen at random and each sample represented 10 different planis usually one

leaf per plant. All collected samples were tested by ELISA to detect the virus.
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Table 1. Number of samples collected from different cereal crops* growing in
different areas in Jordan 1987-1988.

Year Location host Number of
samples collected

1987 Irbid Wheat 315
barley 45

Karak Wheat 287

Madaba Wheat 90

Jordan valley wheat 469

barley 151

Jordan valley and Irbid Corn 85

Jordan valley and Irbid Sorghum 139

1988 Irbid wheal 195
barley 67

Jordan valley wheat : 264

barley 77

Total 2184

*All Wheat and barley samples were collected between January and May whereas corn and sorghum were collected between
May and July 1987,
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Estimation of incidence was done by applying this formula :

Incidence %= Number_of infected samples x100

Total NyArpber of samples
Occurrence of barley yellow dwarf virus in wild grasses. A total of
240 leaf samples from grasses were sampled randomly from the Jordan valley.
Samples were taken from the most common grasses in the study areas .
Identification of these grasses was done by Dr Dawud Al-Eisawi.® These
included Alopecurus myosuroides Hudson,Avena sterilis L., Cynodon dacty!on([)'.
Phalaris brachystachys Link, Lolium rigidum Gaud, Sorghum halgpense (L.)
Pers., Polypogon  monspeliensis (L.) Desf, Hordeum Leporinum Link. Bromus
rubens L., Eragrostis Cilianensis (All) Vign- Lut, and Stipa capensis Thunb, All
samples were tesled against antisera to PAV, MAV, RPV ,add RMV types of
barley yelow dwarf virus, by ELISA.
Economic !mportance. ANl commercial wheat and barley cultivars in Jordan
were tested for their susceptibility, symptom severity, and yield reduction in

response to infection by the PAV sirain of barley yellow dwart virus.

Nine cultivars of wheat including sham 1, Korifla, F. 8, Stork, Deir-Alla 2,

* Dr. Dawud Al-Eisawi. Departemt of Biological Science. Faculty of Science. University of Jordan.
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Acsad 65, Hourani, Deir-Alla 6, Deir-Alla 4, and four cultivars of barley
including Deir-Alla 108, Rum, Line 1, and Acsad 176 were seeded in maethyl
bromide fumigated soil in 12 x 13 cm diameter plastic pots on the 3rd of
December 1987. A randomized complete block design with three replicatles was
used. In each replication, four plants from each cultivar were grown under
glasshouse conditions at 2012 8 half of them were inoculated by PAV using the
aphid A. padi at the third leaf stage. The aphids were then killed with
Cypermethrin»The remaining uninoculated plants were infested by nonvirul-
iferouus aphids acted as control. plants were examined daily for symptom
expression for a period of 35 days after inoculation.

Plant height*, severity of symptom , and grain yield were recorded for
individual plants of each cultivar. The paired comparison test was done to study
the effect of disease on plant height and grain yield within each cultivar.
Duncan's Multiple Range Test was used to evaluate the reduction in plant height

and grain yield among the wheat and barley cultivars under study.

* Plant height = Distance from base of the plant to the top of the main culm
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Results

Virus isolation. M. avenae transmitted an isolate that gave mild symptoms
which could not be transmitted by R. padi; this will be referred to hereafter as
(MAV), whereas R. padi transmitted another isolate that gave severe
symptoms and was also fransmitted by M. avenae. It will be referred to
hereafter as (PAV)I. Since PAV is the strain which cause severe disease as
described by others(Rochow, 1969;1970), it had been maintained for further
studies . Occurrence of other mild strains as (RMV) and (RPV), was either
recorded by serology or preferential aphid transmission. R. maidis transmitted
RMV isolate, whereas R. Padi transmitted RPV isolate .
Host range and symptomology. Host range of the barley ygllow dwarf virus
is resiricted to gramineae. All plants showed inital symptoms 7 - 26 days
after inoculation by R. Padi vector. Symptoms vary with the crop as follows :
1) Barley ( Hordeum vulgare L. }.

Within 12-15 days following inoculation , leaves start to turn yellow
usually at the tips . The yellowing progress downward , at first along the leaf

margins . After thal, the color of leaves developed a golden yellow color.
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Infected plants are generally stunted , and the size of spike is reduced
compared to that of the control plants.
2) Wheat { Triticum aestivum L. )

The first sign of infection could be observed 3 weeks after inoculation
as a darker than normal green color of the older leaves with serrated edges and
little redding of the lower leaves. Tillering of infected plants is suppressed |,
the plants are stunted, the size of spike is reduced , and the kernel is -shrivelled.
3} Qats ( Avena sativa L. )

The first symptoms of the disease appeared at the tip of the leaf 7-10
days alter inoculation as reddish yellow color which will eventually cover the
entire leaf. Infected plants are dwarfed and failed to head.

4) Corn ( Zea mays L. )

Symptoms of BYDV in corn were slow to develop , appearing first in
the lower mature leaves 25 days after inoculation . The lower leaves show
yellowing to purpling with consequent drying up of their lips and margins .
Stunting was observed and the size of the ear is less than the normal .

5) Sorghum ( Sorghum vuigare Pers ) .

Leaves of inoculated plants turn yellow to purple , the discoloration
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begins at the tips and edges and progress down the leaf. The infected planis are
also stunted .
Efficiency of transmission by aphid. The transmission efficiency of
BYDV- PAV strain by four species of aphids was determined. Results {Table 2}
indicated that R. Padi was the most efficient vector for PAV strain and M.
avenae was the second most efficient vector, followed by S. graminum. R.
Maidis did not transmit PAV strain to any of the tested plants.
Transmission through membrane, When the insect vector A. Padi was fed
on inocula prepared by macerating 1gm PAV infected tissue in 1mL of 0.1 M
phosphate buffer (pH7), containing 10% Sucrose,it was able to transmit the
virus with 100% efficiency . This corroborate with the results of ELISA for
these samples (Table 3).
Virus strain and Vector prevalence. Three species of aphid population on
bait plants (Clintland 64), scaltered near grain crops, appeared suddenly in the
second week of February. Population of R. padiand S. graminum reached high
levels during the Ist and 4th weeks of Aprilthen aphid population decreased in
the first week of May , whereas the population of M. avenae showed slight

increased in the first and third week of March (Fig 1).

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



22

Table 2. Transmission efficiency of PAV strain of barley yellow
dwarf virus by four aphid species.

Aphid species Number of infected plants / % of virus infection

number of inoculated plants

--------------------------------------------------------------

R. Padi 15/16 94%
M. avenae 10/16 62%
S. graminum 3/16 19%
R. maidis 0/16 0
control 0/16 0
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Table 3. Testing cereal samples collected from the fields for barley yellow dwarf
virus (BYDV) by enzyme-linked Immunosorbent assay(ELISA) and virus fransmission
through membrane with A, Padi.

-------------------------------------------------------------

Plant species Number of samples Number of infected samples using

aphid transmission
ELISA assay planis
(Avena sativa. cv. Clintland 64 )

Wheat 186 16 16
oat 2 2 2
barley 2 2 2
control 12 0 o
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The population of different aphid species including R. Padi, S. graminum , M.
avenae and R. Maidis on bait plants was estimated to be 46.,36.8,16.7% and
0.4% of their total population, respectively (Table 4). Incidence of BYDV in bait
plants did not correspond to the aphid population (Fng)“. A total of 87% of the
oat bait plants (Clintland 64) exposed during this period were found infected

with BYDV |, of which 55.1% were found mixedly infected with PAV and RPV, 2.6

% were of the RPV type, 3.1 % were of the PAV type , and 39.2 % were of the

MAV (Table 5). RPV and PAV in mixedly infections were seemed to be
predominant type .

Incidence of the disease. Incidence of BYDV in whea! in the Jordan valley
during the growing season of 1987 varied from 11.5% in January to 73% in
April. Of the total infected plants 90.8% were of the MAV type, and 8.6% were
of the PAV type, and 0.6% were RPV type (Table 6). The total incidence of BYDV
strains in barley in the Jordan valley varied from 20% in January to 58% in
April. Of the total infected plants78.3% were of the MAV type, 11.7% were of
the PAV type, and 1.7% were of the RPV type. The remaining samples were
mixedly infected with RPV and PAV types (Table 7).

Incidence in the highlands was studied in Irbid, Karak, and Madaba
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Table 4. Total number of aphids per plants collected from oat bait plants
exposed for one week at Deir-Alla station during 1367.

27

Exposure date

February.
9
16
23
March.

i6

23

3l
April

71
24
21
74

M.avenea

6
I
12

19
5

23
6
9

R.maidis

35
22
25
34
26

i1l

53
34
146

S e L A T ol T R

Total
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Table 5. Incidence of Isolates of barley yellow dwarf virus detected by ELISA* in
the oat bait plants exposed for one week at Deir-Alla station during 1987 growing
season.

Exposure date  number of plants ELISA Positive for virus infection
MAV  PAV  RPV PAV+RPV  Tolal+tve (%)

February 9 24 20 0 o o 20 83%

= 16 23 21 0 o 0 21 91%

= 23 24 23 0 0 0 23 96%
March 2 24 25 0 0 0 25 100%
= 9 22 0 0 0 22 22 100%
= 16 16 0 2 4] 14 16 100%

= 23 23 0 0] 4] 21 21 91%

= 31 24 0 1 0 21 22 91%

April 7 25 0 1 0 18 19 76%

= 14 16 0 1 3 8 12 75%

= 21 9 0 0 2 3 5 55%

= 28 22 0 0 1 17 18 81%

May 5 8 0 2 0 1 3 37%

Total 260 89 7 6 125 227 87%

% 392% 3.1% 2.6% 55.1%

* Two polyclonal antibodies (MAV and PAV) were used in the direct ELISA, and two monoclonal
antisera PAV, and RPV in tha indirect ELISA.
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Table 6. Incidence of BYDV in wheat leaf samples from the Jordan
valley in 1987.

----------------------------------------------------------------------------------------

Date of sample tota! number ELISA positive for :
collection of samples MAV  PAV  RPV Total %
January 191 21 1 - 22 11.5%
February 95 26 3 - 29 30.5%
March 75 42 3 - 45 €60%
April 108 70 8 1 79 73%
Total 469 159 15 1 175 37%

% 90.8% 8.6% 0.6%

Monoclonal antisera (PAV, and RPV} were used in the indirect ELISA, and two polyclonal antibodies
(F and B) were used in the direct ELISA.
**(-} Samples were not tested.
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Table 7. Incidence of BYDV in barley leaf samples from the Jordan
valley in 1987.

Date of sample tetal number ELISA positive for :

collection of samples MAV  PAV RPYV  RPVand PAV Total %
January 60 12 0 - - 12 20%
February 30 12 2 - - 14 47%
March 30 14 2 - - 16 53%
April 31 9 3 1 S 18 58%
Total 151 47 7 1 5 60 40%

Yo 78.3% 11.7% 1.7% 8.3%

........................................................................................

*Monoclonal antisera (PAV, and RPV) were used in the indirect ELISA, and two polyclonal
antibodies (F and B) were used in the direct ELISA.
**{-} Samplas were not tested.
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areas. In Irbid, samples were collected from January to April during the
growing season of 1987. The virus was not detected in January but started to
build up slowly to 15% in April.  Of the infected wheat samples 88.5% were of
the MAV-type , and 11.5%of BYDV were of the PAV type (Table 8). In the barley
fields the virus was not detected in January but start to build up to 40% in
April. Of the infected barley samples 88.8% were of the MAV type, 11.2% were
of the PAV type (Table 9).

In Karak, samples were collected from February to April. The percent-
age of BYDV ranged from 0% in February to 11.5% in April. And all infected
samples were of the MAV type (Table 10).

In Madaba, samples were collected from February to April. The Percent-
age of BYDV ranged from 0% in February to 16% in April.Of tﬁe total samples
60% Were mixedly infected with RPV and PAV type ,whereas MAV and RPV
were separately found in 20% (Table 11).

Incidence of BYDV in corn and sorghum during 1987 along the Jordan
valley and Irbid area was determined . In the Jordan valley of 71 corn leal
samples collected, 48 (68%) samples were tested as positive for BYDV. The

percentages of plants infected with PAV, RPV, and mixed Infection ( PAV and
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Table 8. Incidence of BYDV in wheat leaf samples from Irbid during
1987.

Date of sample Total number ELISA positive for :

collection of samples PAV MAV TOTAL %o
January 75 4] 0 0 0%
February 80 1 6 7 8.8%
March 80 2 5 7 8.8%
April 80 0 12 12 15%
Total 315 3 23 26 8%

% 11.5% 88.5%

* Two polyclonal antibodies (F and B) were used in the direct ELISA
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Table 9. Incidence of BYDV in barley leaf samples from Irbid during
1987.

Date of sample Total number ELISA positive for :

collection of samples PAV MAV TOTAL %
January 10 0 0 ¢ 0%
February 15 0 3 3 20%
March 10 0 2 2 20%
April 10 1 3 4 40%
Total 45 1 8 9 20%

% 11.1% 88.9%

* Two polyclonal antibodies (F and B} were used in the direct ELISA
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Table 10. Incidence of

BYDV in

wheat leaf samples from

34

Karak in

ELISA positive for :

Date of sample

collection

Total number

of samples

PAV

February
March

MAV  TOTAL
0 0
0 0
10 10
10 10
100%

*Two polyctonal antibodies [ PAV and MAV) wera used in the direct ELISA.
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Table 11. Incidence of BYDV In wheat leaf Samples from Madaba in 1987.

Date of sample Total number ELISA positive for :

collection of samples PAV MAV RPV RPV and PAY TOTAL %
February 30 0 0 0 0 0 0%
March 35 0 1 0 0 1 2.9%
April 25 0 - 1 3 4 16%
Total 90 0 1 1 3 5 5.5%
Yo 0% 20% 20% 60%

antibodies MAV was used in the direct ELISA.

**(.} Samples were not tested.
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RPV) were 354 % , 20.8% and 43.8% respectively (Table 12}. In Irbid, of 14
samples collected, 7(50%) were tested as positive for BYDV(Table 12) and all
infected samples were of the PAV type.

n addition, 47 sorghum samples were collected from the Jordan valley
and tested for BYDV by ELISA. Thirty five (74%) samples were found positive .
The percentages of plants infected with PAV,RPV and both (PAV and RPV) were
45.7%, 11.4% and 42.9% respectively (Table 13). In Irbid of 92 samples
collected, 47 (51%) samples were positive for BYDV . The percentage of plants
infected with PAV, RPV, and both (PAV and RPV } were 46.8% , 25.5%, 27.7%,
respectivelly (Table 13).
Incidence of the disease in 1988. During the growing season of 1988
incidence of BYDV in wheat in the Jordan valley ranged from 1.4 % in January to
49% in April. 32-41, PAV MAV and RMV strains of BYDV comprised 46.7%,
10.7%, 5.3%, 5.3 of the total incidence of BYDV, respectively. The remaining
samples were mixedl} infected. (Table 14). In addition , incidence of BYDV in

barley ranged from 0% in January to 80% in April. The percentage of plants
infected with PAV, MAV | RMV and 32-41 strains of BYDV was 9.3% , 6.3%12.

5%, 31.3%, and 32% of the total infection.respectively . The remaining samples
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Table12: Incidence of BYDV in Corn leaf samples from the Jordan
valley and lrbid areas during growing season 1887.

Locations Total number ELISA positive for :
of samplas PAV  RPV PAVand RPV TOTAL <%
Jordan valley 71 17 10 21 48 68%
Yo 35.4% 20.8% 43.8%
Irbid 14 7 0 0 7 50%
Yo 100%
Total 8s 24 10 21 55 65%

* Two monoclonal antisara (PAV and RPV) were used in the indirect ELISA.
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Table13:Incidence of BYDV in sorghum leaf samples from the Jordan
valley and Irbid areas during growing season 1987.

Locations Total number ELISA positive for :

of samples PAV RPV PAVand RPV TOTAL %
Jordan valley 47 16 4 15 35 74%
% 45.7% 11.4% 42.9%
Irbid 92 22 12 13 47 51%
% 46.8% 25.5% 271.7%
Total 139 38 16 28 g2 59%

* Two monoclonal antisera (PAV and RPV) were used in the indiract ELISA.
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Table 14. Incidence of BYDV in wheat leaf samples from the Jordan
valley during growing season 1988.

Date of sample Total number ELISA positive for :

Collection of samples PAV MAV RBMV  32-41 mixed TOTAL %
infection**

January 70 0 1 0 0 o 1 1.4%

February 70 o 1 0 12 6 19 27%

March 69 6 1 4 10 7 28 40.5%

April 55 2 1 0 13 1" 27 49%

Total 264 8 4 4 35 24 75 28%

% 10.7% 5.3% 53% 46.7% 32%

* Four monoclonal antisera  {PAV, MAV, RMV, 32-41) were used in the indirect ELISA.
** Two or three strains in the same plant. *
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were mixedly infected (Table 15).

Incidence in the highlands was studied in Irbid. The percentage of BYDV
in wheat ranged trom 0% in January to 36% in April of the year 1988. Of the
infected samples 8%were identified as 32-41 type,31.3% were infected with
the PAV type, 10.5% were infected with MAV type, and 13% were infected with
RMV type. The remaining infected samples were mixedly infected with BYDV
types. {Table 16).

The percentage of BYDV in barley ranged from 13.3% in January to 32%
in Aprif in 1988. Of the infected samples 46.7% were identified as 32-41 type,
13.3% were infected with the PAV type, 6.7% were infected with MAV type ,
and 13.3% were infected with RMV type. The remaining infected samples were
mixedly infected with BYDV types. (Table 17). The seasonal incidence in the
Jordan Valley of all BYDV isolates ranged from 37% fo 74% in cultivated
cereals. In the higlands the incidence ranged from 6%-51% in 1988, the
seasonal incidence ranged from 28%-42% in the Jordan Valley and from
19%-22% in the highlands . BYDV was detected in 64% and 72% of the weeds

tested in 1987 and 1988, respectively {Table 18).

Occurrence of BYDV in grasses. Occurrence of barley yellow dwarf virus

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



Table 15. Incidence of BYDV in barley leaf samples from the Jordan
valley during growing season 1988.

Date of sampla Total number ELISA positive for :

Collection of samples PAV MAV RMV 3241 mixed TOTAL %o
infection**

January 24 o] 0 0 0 0 0 0%

February 18 0 2 - 4 2 8 44%

March 20 1 0 3 4 4 12 60%

April 15 2 0 1 2 7 12 80%

Total 77 3 2 4 10 13 32 42%

% 9.3% 6.3% 125% 31.3% 40.6%

* Four monoclonal antisera (PAV, MAV, RMV, 32-41) were used in the indiract ELISA.
** Two of three strains in the same plant.
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Table 16. Incidence of BYDV in wheat leaf samples from Irbid during
growing season 1988.

........................................................................................

Date of sample Total number ELISA positive for :

Collection of samples PAV MAV RMV 3241  mixed TOTAL %
infaction**

January 45 0 o] 0 0 o 0 0%

February 45 1 1 2 t 4] 5 11%

March 45 2 2 2 1 4 1 24%

April 60 9 1 1 1 10 22 36%

Total 195 12 4 5 3 14 38 19%

% 31.5% 10.5% 13% 8% 37%

* Four monoclona] antisera {PAV, MAV, RMV, 32-41) were used in the indirect ELISA.
** Two of three strains in the same plant, -
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Table 17. Incidence of BYDV in barley leaf samples from Irbid during
growing season 1988.

Date of sample Total number ELISA positiva for :

Collection of samples PAY MAV RMVY  32-41 mixed TOTAL %
infection®*

January 15 0 1 1 0 o 2 13.3%

February 15 o (4] 0 2 4] 2 13.3%

March 15 1 0 o 3 0 4 26%

April 22 1 0 t 2 3 7 32.9%

Total 67 2 1 2 7 3 18 22%

Yo 13.3% 6.7% 13.3% 46.7% 20%

* Four monoclona!l antisera (PA}& MAV, RMV, 32-41) were used in the indirect ELISA.

** Two or three strains in the same plant,
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Table18. seasona! incidence of barley yellow dwarf virus in Jordan in

1987 and 1988.

Average seasonal incidence
year Crop Jordan valley Higlands
1987 Wheat 37% 6%

Barley 40% 20%
Corn 68% 50%
Sorghum 74% 51%
Grasses 64% .
1988 Wheat 28% 19%
Barley 42% 22%
Grasses 72% -
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in different species of grasses was determined by serological testing using
direct and indirect ELISA as described elsewhere in the text. Of 168 samples-
tested, 108 reacted positively for BYDV. In general all tested grasses were
found infected with BYDV at a ratio ranging from 38% 1o 75%. MAV types
seemed lo be the dominant type followed by RPV and PAV separately or mixed .
Moreover, Lolium rigidum, Avena sterilis, Polypogon monspeliensis  showed
higher incidence of infections than the others grasses during 1987. Mixedly
infections of virus strains occurred in 29.6% of infected samples (Table 19).

During the growing season of 1988, 72 samples of grasses from
different species were collected. 72% of these samples reacted positively for
BYDV using ELISA tests. RPV and PAV mixed infection seemed to be the
dominant type. Alopecurus myosuroides, Bromus rubens, and P. monspefiensis
showed higher incidence of infections than the others{Table 20). Incidence ol
BYDV in early season (February -March} was 68.6% whereas in late season
(April-May} was 50% (Table 21)
Economic Importance. Symptom expression of wheat barley and oats
cultivars, rated according to Watson and Mulligan severity index (I960), are

presented in (Table 22). All inoculated plants developed symptoms typical of
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Table 19. Barley yellow dwar virus {BYDV) infection detected by ELISA in grass species in 1987

46

Number] Number of  Plants Infected wilh lsolala type
Grass species Common name Plants PAV T
3 4y e + otai »
tested MAV | PAV'IRPV PV Positive Vo
Alopecurus myosuroides Littoral Grass 10 3 0 0 3 6 60 %
Avena sterilis Wild oat . 39 16 4 4 5 29 74%
Bromus rubens Opened-awned Brome grass - 4 2 0 .0 o . N 50%
’ '
Cynadan dactylcn Bermuda Grass . 16 “ 5 1 o 3 g | 56%
L]
Eragrostis Cilianensis Spreading Love-Grass 13 5 0 0 0 - 38%
Hordeum Leporinum Wild barley 2 "4 0 0 0 1 - | 50%..
Lolium rigidum. Rigid Rye - Grass : 26 13 1 2 3 19 73%
Phalaris brachystachys Shan-Spiked canaary Grass 39 - 14 0 0 i1 25 64%
Folypagon monspeliensis Arnual Beardgrass "4 1 ) 0 - 2 3 75 %
Sorghum haicpense Johason Grass 15 H i 2 5 S 60%
Total 168 61 7 B 32 108 §4%
o | 56.5%16.5% | 7.4% |29.6%| _ -
| ) | _

* Two Polyclonal antibodies ( F and B) were used in the direct ELISA. ‘
" Twe maoneclonal antisera {PAY, and RPV) used in the indirect ELISA .
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Table 20 Barley yellow dwarf virus (BYDV) infections detected by (ELISA) in grass species in 1988.

Number of plants infected with lsclate type

Grass species Common name Number * Total
Plants Positive of
tested 32-41 _.m§< PAV MAV Mixedly BYDV %
Alopecurus myosuroides Littoral Grass 5 1 0 0 0 4 5 100
Avena sterilis Wild oat 17 2 0 0 1 10 13 76
Bromus rubens Opened-awned Brome grass | 3 c 0 1 0 2 3 100
Cynodon dactylon Bermuda Grass 3 0 0 ¢ 0 2 2 67
Hordeum Leporinum Wild barley 9 1 0 1 0 4 8 67
Lofium rigidum Rigid Rye - Grass 9 1 0 1 1 4 7 78
Phalaris brachystachys Shart-Spiked Canary Grass 12 i 1 0 0 4 5 50
Polypogon monspeliensis A nnual Beardgrass 9 0 1 1 0 8 8 89
Sorghum halepense Johnson Grass 4 0 2 0 0 0 2 50
Stipa capensis Twisted - awned spear Grass 1 0 0 0 0 0 1 100%
Total 72 6 4 4 2 36 52 72%
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Table 21. Occurrence of barlay yellow dwarf virus in grasses in the Jordan

valley.
Grass species Early season Late season
February-March April-May
Alopecurus myosuroides 3/6 374
Avenae slerilis. 21125 8/14
Bromus rubens. 112 1/2
Cynodon dactylon. 517 4/9
Hordeum Leporinum - 1/2
Eragrostis cilianensis 513
Lolium rigidum. 16/20 3116
Phalaris brachystachys. 17/26 8/13
Polypogon monspellliensis 172 212
Sorghum halepense. 171 8/14
Total 70/102 38/76

% 68.6% 50%
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Table 22. Severity of symptoms in wheat and barley cultivars incoulated with the PAV strain , and grown in lhe glasshouss.

n:ﬂ_nwmw m«BEMM:M%f..m:Q Descriplion

1 Sham 1 6 More extensive bright yellowing of leaves; moderale to poor plant vigor; dwarfing.
*2 Korifla ) 5 : Moderale to somewhat axtensive yellowing of leaves; reduction In hsight.
*3 F.8 2 Traca amounts of yellowing of leaves;, na sign ol dwarfing; leaves became purple.

4 Stork 3 Modarate to low amount of yellowing ; no sign of dwarfing.
* 5 Deir Alla 2 3 Moderate amount of yellowing ; moderate plants viger,

6 Acsad 63 3 Mcderate amount of yellowing of leaves; modarata to goed plant viger.

7 Hevrani 1 Low amcunt of yellowing of the tips of leaves;, vigorous planl appearance,

8 Deir Alla 6 5 Moderate lo extensive ysllowing of the leaves; poor plants vigor
+g| Deir Alla 4 5

Modarals to extensiva yellowing of the leaves; reduced spike size; reduction In haight,

Barley

1 A csad 65 3 Moderate of yellowing leaves; moderate plants vigor.
2 Line 1 2 Moderate of yellowing leaves; no sign of dwarling ; vigerous plant appearence.
3 Deir Alla 108 4 High level of yellowing ; moderale plants vigor; reduced spike size.
4 Rum 5 Severe yellowing , small spike; moderate lo poor plant vigor.
Contral plants o Mo visibla sympiom .
Oat ( Clintland 64) 7 Reddish to purpla coloration; dwarling ; no spikes.

Visual scora - a 0 to 7 raling of the overall symplam espression , a scals by watson and Malligan 1950.
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barley yellow dwarf virus. These symptoms varies from discoloration
(yellowing or reddening) and dwarfing to very limited visual symptoms.

Grain yield reduction caused by BYDV in wheal cultivars ranged from
41.16% in Hourani to 75.26% in Deir-Alla 2. Reduction in the yield is not
significantly ditferent among all cultivars except for Hourani which exhibited
the lowest yield reduction (Table 23) .

Effect of BYDV on plant height of wheat cultivar, is presented in
(Table 23). There is no significant reduction in plant height among sham |,
stork, Deir-Alla 2 , Deir-Alla 6 , and Deir- Alla 4 .Sham |, Deir-Alla 6 , and
Deir Alla 4 ,attained the highest height reduction of 25.46% , 25.50%, 25.56%,
respectively.

Acsad 65 and F.8 showed less reduction in plant height of 8.43%,9.83 of
that in the control, respectively. Reduction of plant height of Korifla and

Hourani was intermediate reaching 13.86% and 13.16% of that in healthy control.

Barley
Grain yield reduction caused by BYDV in barley cultivars ranged from
40.6% in Acsad to 72% in Rum As compared to that of the control. There is no

significant difference among line |, Deir-Alla 106,and Rum. Yield reduction of
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Table 23. Percent of reduction in grain yield and plant height of wheat cultivars in
response to BYDV infeceion.

Wheat Cultivars percent reduction Percent reduction
in plant height/plant in yield/plant.
Shami 25.46 a 575 a b
Korifla 1386 bec 63.06 a
F.8 9.83 < 687.13 a
Stork 175 abgc 56.96a b
Deir-Alla 2 2173 ab 7526 a
Acsad 65 B.43 € 62. a b
Hourani 13.16 bec¢ 41.16 b
Deir Alla & 255 a 56.93a b
Deir Alla 4 2556 a 73.56 a

* Means followed by the same lelter are not significantly different at the 5% level. Means
separation is by Dancan's Multiple Range Test.
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Acsad was significantly less than that of any of the remaining cultivars (Table
24).Effect of BYDV on plant height of barley cultivars is presented in {Table 24).
Plant height reduction of barley cultivars ranged from 24.56% in Rum to 31.60%

in Acsad with no significant difference among the tested cullivars.
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Table 24. percent of reduction in grain yield of barley cultivars in responseleYDv

infection.
Barley Cultivar Percent reduction Percent reduction
in plant height/plant in yield/ plant.
Acsad 316 a 40.66 b
Line 1 25.03a 65.73a
Deir Alla 106 25.06a 70.2 a
Rum 24.56a 72. a

* Means followed by the same letter are not significantly different at the 5% level. Means

separation is by Dancan's Multiple Range Test.
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DISCUSSION

Based on the host range , insect transmission tests , and serology
(Enzyme - Linked immanosorbent assay) , four isolates of barley yellow dwarf
virus were identified as PAV , MAV , RPV , and RMV. These isolates occurred
separately or in mixed infection in the plants. Incidence of the virus ranged
from 37% in wheal to 74% in sorghum in 1987. In 1988 , however, the incidence
ranged from 28% in wheat to 72% in grasses. It is noted that the seasonal
incidence of the virus in the Jordan Valley is higher than that in the highlands
(Table 18). This may be due to either high inoculum sources or and to high aphid
population.

Prevalence of different strains of BYDV in all cultivated cereal crops
were 35.5% , 24% , 7.6% and 2.1% for MAV , PAV, RPV and RMV, respectively
{Table 27). Infection with two strains in cereal crops is more frequent (18.5%)
than those with three strains (4.7%) (Table 25) . The results indicated that PAV
and MAV are the predominant strains under the Jordanian conditions. MAV and
PAV are reported fo cause mild and severe symplom, respectively (Rochow ,
1969;1970). Mixed infection has critical impact on the disease response of

infected plants. Synergistic effect manifested as severe symptoms had been
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able 25) : ; : ; '
(Table ) Prevalence of barley yellow dwarf virus isolates in infected cereal crops ‘and grasses collected from different areas in Jordan

-during 1987 and 1988. .

Percentage of Plants infected with isolate type

Single infection% Mixed Infection%
MAV| PAV |RPV | RMY| 32-41 | RPV and [ MAY and] PAV ang [PAV and| MAVand [ REVand | MAV and MAV,PAV | PAV.MAV | ouy puy
HOST PAY RMV AMV 3z.41 | 3z.41 | 3| pay and 3z.41f IRMY | ooy 3544
Guliivatad Cereal Cropd 35.5 24 |76 | 2] 78 153 0.7 0.9 0a | 9% 0.5 04, z 1.2 1.5
- Grass
39 7 s | 23 4 20 1.2 2 5 06" ~ - 0.6 B 5.5

* |nfection wilh ona strain in the same plant.(76.8%])

s Infection with two strain in the samae plant.(18.5%)

==« |afaclion wilh thras strain in the same plant. {4.7%)




56
reported where RPV and PAV isolates occur in the same plant as it is
illustrated in (Table 5). This agrees with the findings of others (Aapola and
Rochow , 1971). Infection with RPV resulted in mild symploms. This strain also

cross protected the plants from the challenging  severe strain ( Aapola and

Rochow, 1971).

All BYDV isolates in Jordan have similar host range , but differ in

symptom severity on oat indicator plants, Clintland 64. This agrees with the
findings of others (Rochow , 1969 , 1970). However the major distinguishing
criterion is the transmission by specific vectors. RPV , RMV , and MAV are
transmitted specifically by the respective vectors R.padi , R. maidis , and M.
avenae, whereas PAV is transmitted non specifically by R.paid , M.. avenae , and
S. graminum.These results are in agreement with' those found b'y others (Johson
and Rochow , 1972 ; Rochow , 1969 ; 1979) . It is cpeculated that specificity in
transmission of circulative Luteovirus by aphids is regulated by interaction
between virus capsid protein and specific receptor sites in accessory salivary
glands of the vector (Gildow , 1982; Gildow and Rochow , 1980).

Results in (Table 2) indicated that the vectors of BYDV including R.

padi, M. avenae , R. maidis , and S. graminum were trapped on oat planis , with
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R. padi being the most efficient in transmilting PAV strain than M. avenae. The
fact that R. padi transmitted the virus (PAV) from all samples tested positive
by ELISA for PAV and RPV substaintiated the validty of ELISA as tool for
detecting BYDV in infected tissue .
BYDV was common and wide spread in grasses throughout the Jordan
Valley and elsewhere in Jordan. The incidence of BYDV ranged from 64% to 74%

in grasses during a survey in 1987 and 1988 (Tables 19 and 20) . Such high

incidence of infected grass pointed fo high inoculum pofential that may assume

, in the presence of insect vector an important role in the epidemiclogy of BYDV
in cereal crops. In addition to grasses , corn and sorghum (Tables12 and13) in
the late {all in the Jordan Valley are seeminglly , important virus source for
wheat and barley that overlapped with these crops .

In consideraliion of the fact that wheat, barley, corn, sorghum and
grasses especially perennial grasses like (Johnson grass and Bermuda grass)
showed various levels of BYDV infection and aphid vectors. These hosts
constitute links in the disease cycle of the virus. The virus may cycle from
wheat which act as an overwintering to both corn, sorghum and grasses which

act as oversummering in Jordan. Moreover the perennial grasses are expected to
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provide primary inoculum of BYDV infection for early planted cereal crops.

High incidence of BYDV on the bait plants that were exposed in early
season (Fig 2) in presence of relatively low aphid population , is probably due to
high viruliferous ratio (Fig 2 ) . It is likely that the high viruliferous ratio is
altributed to high inoculum potential of the virus as represented in infected
grasses (Table 21). The low incidence of BYDV on the bait plants that were
exposed late in the season is probably due to relatively low viruliferous ratio.
This could be expected only if cultivated cereal crops infecled early in the
season did not constitule improtant element in the inoculum potential which in
turn may be expected if aphids colonize the cultivated cereal crops and tend not
to migrate to other cereal fields. In this case infected grasses are expected to
be the more imporfant inoculum source. This may be supportedﬂ by the fact that
grasses usually are either perennial or germinate before planting cereal crops
under the Jordan valley conditions. These grasses are expected o be exposed to
water stress which may induce the aphids to migr_a;te -to nearbywirrigated to
cultivated cereal crops.

BYDV is economically important on cereal crops, since it reduces the

grain yield by 41.16% to 75% in wheat (Table 23) and by 40.6% to 72% in barley
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(Table 25). However, some wheat cultivars are more tolerant to the virus such
as Hourani, whereas the most tolerant barley cultivar was Acsad 176.

In conclusion four strains of BYDV occur separately or in mixed
infection in cultivated and noncultivated cereals in Jordan. Moreover grasses
seems to constitute major incculum source of the virus which in presence of
the vector may result in relatively high disease incidence in cultivated cereal

crops .
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SUMMARY
"OCCURRENCE OF BARLEY YELLOW DWARF VIRUS
(BYDV) ON WHEAT IN JORDAN"

A study was initiated in 1987 to isolate and identify different strains
of barley yellow dwart virus in Jordan. Moreover, studies on the incidence,
economical importance and epidemiology of the disease were -carried out. Strains
of barley yellow dwarf virus including : MAV, PAV, RPV and ﬁMV occurred
separately or in mixed infection in the plants were identified on the basis of
host range, symptomology, insect transmission and serology.

Incidence of barley yellow virus reached 22% , 35% , 65% , and 59% , in
wheat , barley, corn and sorghum, respectively . The virus wasl recovered from
ail tested grasses . Grasses are seemingly the more critical virus. source which
in presence of A. midis, R. Padi, M . avenae, and S. graminun aphid vectors may
lead to high seasonal incidence of the disease .

BYDV reduced the plant height and grain yield in both wheat and barley .
The Hourani cultivar is more tolerant to the virus than other tested wheat

cultivars, whereas Acsad 176 showed more tolerance than other barley

cultivars .
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Appendix 1)Buffer formulations used in ELISA tests.
phosphate Buffer Saline - tween formulations ( PBS-T,pH7.4 ) .

Nacl 8.0 g.
KH2PO4 024qg.
NazHPO4 .12 H20 2.9 q.
Kel 0.2 ¢g.
NaN3 0.2qg.
Tween 20 0.5 ml

Disolve it in distilled water to 1000 mi.
This buffer was used for washing ELISA plates .

Coating Buffer formulations. ( pH 9.6 )

Naz2 COs3 1.59 g.
NaHCOs 2.93 g.
NaN3 0.2 gqg.

Disolve it in distilled water to 1000 ml.
Coating buffer was used to dilute gamma-glchulin for coating ELISA plates ,

Conjugate Buffer formulations ( pH , 7.4 )

NaCl 8.0 g.
KH2PO4 0.2g¢g.
Naz2HPo4. 12H20 29 g.
KCI 02g.
NaN3 0.2 g.
Tween 20 0.5 ml
polyvinylpyrrolidone 20. g.
Ovalbumin 2.0q.

Disolve it in distilled water to 1000 ml.
Conjugate buifer was used for diluted two enzyma - labilled gamma globulin .

71
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Substrate Buffer formulations ( pH , 9.8 )
Diethanolamine 97 ml.
Distilled Water 800 ml.

NaNa 02 g

Adjust PH to 9.8 with concentrated Hcl. make up to 1 liter
with distilled water.

Substrate buffer was used for diluted the P.nitrophenylphosphate.

Antigen ( Extraction ) Buffer formulations ( pH 7.4 ).

Nacl 80g¢g
KH2PO4 02 g
NazHPO4.12H20 29 g
Kcl 0.2g
NaN3 0.2¢
Tween 20 0.5 ml
PVP 20 g

This buffer was used for grinding tissue for direct ELISA.

PEP Buffer formulations

PBS - Tween 1200 ml.
Polyviny!Pyrrolidone 24 ¢
Egg albamin 24 g

PEP buffer was used for Grinding tissue for indirect ELISA.
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APPendiX 2. Occurrence of Virdliferous aphids collected from the oat bait plants

(C.64) at Deir - Alla area in 1987.

73

Exposure Total Nurnber of %
Viruliferous
Fabruary 9 11 9 81%
16 13 11 85%
23 13 11 85%
March 2 10 9 S0%
9 10 9 90%
16 10 10 100%
23 11 10 91%
a1 16 14 88%
April 7 10 6 60%
14 9 5 55%
21 9 6 66%
28 iR 8 73%
May 5 10 5 50%
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