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buffer, p'l 7.0, and rubbed on carborundum.Introduction 
dusted leaves of test plants with the thumb 

lentil (f.eu'e s ttd'tI Mlenc) is one and forefinger or sterile cotton Q.tips. Test 
of seven food leg'umes (pulse crops) grown plants utilized in the inoculation studies 
in I nhaseolusdeases irriat nar were Wlrl ulgaris L. 'Bountiful,ra or 
lions. Sevcal diases aflect n il and 'Pinto arieti.Lr il vt- U.I. Ill'), Chickpea (Cicer 
trus pils prdutg irgiotns ol thi oiln in .. 'Ghazvin'). Broadbean (Vicia faba L. 
try whlich) c.oot rihutte to the irregular" yed'Aleerian'.C w a[ iLm .il ai l. S t 

obtained rm this crop annually. The mo'.t 
imnportant diseases of Lentil inlIran are 

llungi and %iruses Kaisccaused by r )ot 
et al., 1)68). 

Very litile inlormation is aailable in the 
viruses aflecting Lentil

literature conccining 
In nature. This study was undertaken to 
determine the etiology and stu~dy various 

aspects of the t)iolog) of viruses infecting 
Lentil in Iran. 

Materials and methods 

were 
collected in %aliosareas 0I Ilan ware as-
sayCd tfO 1ir,, ilfelttion On dilh Lenl indica. 
tor plants. Plant tissucs %%ere ground in a 
mortar and ptslc to which had been added 

Diseased and healthy lentils WOich 

10 KIIPO., pll 7.1) o, 0.01 N1 phosphate 

(1)Rcseaich supxttcd in part bv The A. 
gency for Inleltnalional I)evclopment under a 
contacl (I'ASA RAA J3.t)t entled -Regional 
1)od IAuinc Impismciicot -, 

Mention of a Iiledmaik iar propriclarv pro, 
duct dMls not vonstilte a ,uarantve or ssar. 
ranty of the pidul by the U.S. i)ep.rtment If 
Agricullurc, and dts not imply it%approsal io 
the escfluion of other prKIlutS Ithat may also 
he suitable. 

(*) Reearch Plant Pathologit. Repional Pul, 
se Impioetnent ioiect, Plati S(:lwe Re-
wardh l)isimin Altitultuial Re ¢ari, Service. 
United SltsC%I b)epatmcn of Atil:cUte, c/o 
American 1lnhassv, Tiitn. Iran. I tccnt ad. 
dres: Fecderal Fi iimenl Station, PO. Do1 
70. Ma)ayuev, Pucto Rim 00701, 

'Aleian Cowpea [ la sil('Iis (L.) Savi 
i x Ilassk. 'Early Ramshorn'], Ghazvin' L.en-Iii, Cucunmher (('iw'iii.s .Mci'f~s !. 'National 

wnonisltfii'Ni oaL.), 

G ,Tpcruana L. and Che),opdiu~u 
ickling' , Tobacco (N i a 

gluhosa 
,ompur ea oibiorC CtLsteR cyn. 

Fungus isolations were also made from 
the roots and foliage of diseased lentils by 
plating surface sterilized (0.50n Clorox for 
5 min) pieces of tissue on water agar (WA), 
potato.dextiose agar (PDA), or acidified po
tnto-dextrose agar, p'l 4.0-4.5 (APDA). Cul
lures were maintained on PDA slants. Inocu
lation tests were done in the greenhouse by 
planting surface sterilized lentil seed in pas
teuriied ,reenhouse soil infested with mac
crated P)A cultures or %%ith cornmeal-sand 
15.95"% /%)inoculun of each fungus. Lenil. 
were also giown In field soil collected from 
benenah discased lentils. 

The elfects of virus Infection on seed 
vields %%ere studied in replicated field trials 
at Kmaj. Itan, using a large.secded Lentil 
line from Ghazvin, Iran. rreshl" prepared 

homopenates (if each sap transmissible virus 
[Alfalfa mosaic (ANIV), Bean yellow mosaic 
(BYMV), and Cucumber mosaic (CMV)] 
(Kaiser and I)anesh, 1971), with catborun. 

dum added, ere rubbed on leaflets of len
til plants witIih he thumb and forefinger at 
It,,o ftages of growth: pre-blooni (about 4 
weeki alter planting), and full bloom (about 
9 weeks after planting). Viruliferou%aphids 

were allowed to feed on plants in leaf cages 

7 



TAII.R 
TADIELLA 

I.- Host range of four viruses affecting Lentil 
I. - Ospit id quattro iris che alta'catto hi 

In Iran. 
Leuticchia in trau. 

Teat plants / PtmLte di s'iggiO ANIV YIYMV 
Virus (a) 

CV ! PLRV 

Amaranthaceae 
Goinphrena globosa L..... ...... LLS (b) - LL 

Chenupocliaceae
Clenopodiwn aunarauticolorCoste et Revn.. LL LL LL -

Cucurbitaceau 
Cncwnis saliits L. National Pickling' . . S - S -

Leguminosae
Cicer arietinunt L. 'Ghazvin.. . .... S S S S 
Lens escalenta Mench 'Ghazvin' .. .... . S S S S 
Phaseolts vulgaris L. 'Bountiful' .. .... . LL S - S 
P. vulgarts 'Pinto U.I. I11'.. ...... . LLS S - -
Vtcia faba L. 'Algerian'.. . ....... . LLS S - S 
Vigna sitensis L. Savi ex llassk. 'Early Rainshorn' L.L - - S 

Solanaceae 
Nicoliama glut/nosa L.. . .. S - S 

(ta Viruses are: Al' I alfI a tnojio. IIN%1V lan ctllow n hailJ.i. L'%lV Wucuint ,r nosi.i , P'L.RV l',a laf rll 
Mb LL local lesions: S 6)slcin4i inectlion: - not uwCcpIbl 

-I,"for 3 days %%ith Pea leaf roll virus (PLRV), 
a circulative virus whiclh i not sap ,trans
milled (Kaiser and 1Danesh, 1971; 1071a). 
Plots were spra\cd %,ithan insctticide eery 
10-14 clays. Before cach inttulatiot, plots 

F 1 
a. 
, 

L' I ' were rofued of all diseasel alnd/or abnor. 
imal plants. Ii the ilolt Iilated pho s, dista d 

""2i' p ' plants were 
ulation. and 

lagged 
harses 

15.21) 
ine. 

tl , 
,iclkl 

lllcl' ill C. 
%%cic tak. 

, 

Ufa 

\j%,) 
/ . ,\

4% 
,,, 

AI""-

"-~ 
.,,, ¥, ' 

en fromi 25 plants in cith pl. 
Nonvirulilh.rous aphids (Aphis ,ra,ivora 

Koch) were also ledol diseascl lentils ill 
the gieenhouse and field in Ical cages for 

- 18-72 before transleied hecalthyv' It heing to 
4 't'i' , test plants for a 72 Ih inoculati(n Itedinte 

period. Aphids collected liin tlillcrcllt puls' 
"i crops and used iii ecto I.lflnliis io)lt~~~stu%%ere '" • d ies A . Cra ttivota , A r h .i ~l t 

1 ! , lfi pistim liarrts. and A. ,,,sbat,, IDa ,it. A

"" I-,! on healthy or diseased lh'uadhcan WV. faha 

S'Algerian').
S The importance of annual and perennial 

plants as alternate and overwintering hosts 
of viruses infecting lentils was invesligated. 
Diseased plamns grossing lin or adljacent to 
fields or puke crops %scre indexed for titus\Infection. 

Various techniques wcre utilifed in virus 
Identification. many of '%hich wcre ecunm-

Fig. I Growth and ,lelds of lentils Infected mended by IBos el al. (1960) for legume vi
with bean yellow mosalc virus (middle) and ruses. These included ss mptomatology, host 
cucumber mosaic virus (right) are sc~ercly re. range studie,. physical propewy tests, %,Cc
duced when compared to a healthy plant let) tor-virus retationship, scrology, and cit.
of the same age. tron microscopy. The procedures and cr. 
Fig. I L teria used In Identification of lentil virusesLo svillppo e la pro'lu:ione delle piatite
di Lenticcila lulette da B1IYA' (al ctlro) e were similar to those outlined in an earlier 
da CMV (a destra) sotuo molto ridotti rispetto 
a quelli delle plante sane (a sin/stra) della paper deallip, wsith the virus diseases ol 
stessa etd. Chickpea in Iran (Kaiser and l)anesh, 1971). 
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To observe whether viruses affecting 
Lens were seed-borne in this host, seeds /,...
from lentil plants infected naturally or inoc-

ulated with each virus in field trials were 
planted in pasteurized soil ill the grccnhou0LC 
After 4-6 weeks healthy and abnormal 
appearingindicatorplants hosts.were back-inoculated to . #;amauthealthy , 

Results 

identiiication of viruses af 
f ec t i n g I e n t i I s . Utilizing various Fig. 2. - Deformation, dwarfing, twisting and 
teclni(lties (1Ball, 1961; lBs el al., 1960; Kai- mottling of the leaflets, and shortening of the 

ser and l)anosh, 1971 ), tile naturally occur. internodes are symptoms commonly observed in 

ring viruses of Lenil in lraa were identified lentils infected with bean yellow mosaic (left) 

is AMV, HYNMV, C'MV, and PLRV. AMV, Midi cuicuiiiitcr mosaic (middle) viruses. licalthy 

BYMV, ald (MV were Sap t ransnmitted, in plants, right. 

which %%iws not mechani- Fig. 2. - DLformazion, anisrmo, distorsione ccontlastli P1ARV 
mdIat'rldatrira dclh' fogliolc, e accorciamenl'odegli

cally I raillrriltI. irawionission of pLRV inltcrlodi .soo .inllfi colilmlil'lIoiL'O ossL''a. 

WaS il(c OIlipllkcd Orl\' IW Pr~ftilg aild With bill in piarit, di I.crllicchia irrfette da BYAV 

alplh ids. 'lhc IONIt raeP ol thIe Iour viroses (a sinislra) e da CAW (al cL'nito). A dhsra, 

:ire gi\'er ill lhahc I. AMV and CMV illLected 011 pIi1a Sal51. 

plltS ill Ith /IMMNlHllMTrWl c. (Iu'llrqoIdia.
cca'I(', ('le'lnhihliii'iuc. I.in'mrl,!?imuisirc, arid *Sol.
(Tat%ilI', \\licreas tIe hostI lriates of1 BYMV fection did not appear to cause discolora. 
adl'l.RVll M eCI0 coIIfIid (11PCStlo tI r lOfB tion or necrosis ofandlt PI.RV \XClw (olilli'd to 11LIhe 'llopl - the roots. 

r.0 I o f in i c r oo r g a n i s mn s i n
dil urc'll and L1'i:, ,,ilimm'.anld l.4guli 1owsaC, 

s e a s e d ev e I o P ti cln t . - IsolationsrcspecCti cllV liblc I). SCI010' , liliZig tile 
we,'C made limil the roots and stems of1lrCHOtlhloi , ai, lniCbldill lisioh lsl (Ball, 

1961 ). ,,ls ise i conirlling lIentil plants exhibiting symptoms of Illot\s epciiIlv ll ll i 
, sltlrtill , chirlosis, leal dwarfli g, twisttire idt'll f is t el'. o0f A*IV aid (' V lilu 

i dcfl lmalt.ion, alld proliferat ion ofIi 0ll lll d1 si n i ih il l 'tltlfs Mrr V1L:il' ilinted 
villarhids. Microurranisms were selllilsi ltllltcd pflinr s Ii cuiOUn' ILIls the a 

7"11 inm ill lrih \ICln dirrir isolated Ioln t1e Vilasclar' tissues ofabl lrgtlrIhl 'inc OheCi 
lentils exhibiting theseI\ elCtloll ilkli IW5L0i,l 0f iic ,a \tlV stiicld Itrns of disascd 

r tl ', ;lo ,,id c imr - llltlhus. I:rrgi irccasiorrally isolated fronleaf dip I)lCpI, I1 r og S 
I~llsaritm( (I llii, i.i li ili/ d iln id IllitiCtilin lof (lie roots of1 Itlsi pl tllllswere 

1 llill 
Ilf MV. lros 'h, Il,'r iim~ii la'scoliiskolts ot Ss\iiiftOhillolog, -,pp., ,pp., ,r 

illl t' , 114 \ el.lilhirslipsltlid ,id et I iris 


\clt, windI I I1 RV I Kaiscr aid Dan iiti 
m is , 1971; l1 111, tlwtaii illfiillrltio l w.its 
likkkii p i its Ii1 nllll'S .ll1d s tciolo y. 

S V IIIp I Oi IIIl O l i- "I k '.",a L. . - villlp 

11111% tlt'tllitfS iif,, ' l\ ill ilLis-illIL tIl 
leI t il', \\cW ,1t 11thu1 I i I. I .tld 1), leaft (Ic-

I ma iiO , lV. ,ilng, ,iii Ii'iisiul, (lip. 1, 2, 
3, anrd 4), roitcnitnt'iw l tIn1 iriiL iriLde [!ig. 

1, 2 ir d 3), gil itn At ii l 1 Of It ti a\ illai

budtRs (l)ig. 2). arl I rilllilr I'illis illfctlel . 

%itlh CN'V (hp11..I and 21 and PI.RV (pig. 3) 
\\tl'e irslsl t hhouliu , Na r \ir ll aid t\%iSt
iil i1 lr lOfI le S\\ 'l t i rlllllll)llh\tl\tI ' i' oh lt. 

in leitnils alle tcd b\ AMV (I ie. 4) aid Fig. 3. I.ntils ilt'cted \iths Peall roll virt-rs 

HlYMV I1 ll.I mrd 2). I h Ci irr allil pod (rig2ht) a1re sc\Cily si urriMli, rhhiOric, aid the 

fil'llalinll ill rSil \llllTs I-le me s delolmed arrd istLed. altivii t-l t'd lav I If lentils 

stiall y sparseC i lrI kinIg, arid seeds \\hich it tIe Sallnt ave, left. 

d celopctl \%crC ofler small, discolored, and iig. 3. I'e piallf1 di I.iwicchia infecf da viras 
ostri o fogll'S1ciare dl, / Pisllo,PLRV,shrivelled. Viro - s impl m s 0f lentils inocu- r(al dthra) mo .slt'ano rachitismo, t'lorosi, Ioglie 

lated ill lit p!rel hrfi e \kvic simrillar or iden- d'forluitl c di.slol. :1 .siistra, pianiLe sane 
tical to Ihose observed in%nature. Virus In- della stes15 to, 
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TABLE II. - Effect of two viruses, bean yellow mosaic (BYMV) and cucumber mosaic (CMV), on 
disease severity and seed yelds (if 30 Lentil lines in replicated field trials at Varamin, Iran. and 
subsequent reaction of these lines to each virus in greenhouse inoculation tests. 
TABELLA II. - Inflnenza di due virts, BYAV e CAlV. stilla severitM dela malattia e stlla produizione
di graniella di 30 linee di Lenticchia. Le linee sono state semiuare a 1laramin, Iran in prove di 
camnpo replicate. Nella tabella sono anche riportate le reazionti delle 30 litee ai due virus, in saggi
condotti in serra. 

Disease Rating / Grado di mnalwtia
 
Line . . . . ... .Yield
 
No. Source Field (a) Greenhouse (hi
 

.. . . .. .. Prodolto 
Linea Orlglne Virus 

N. 	 Symptoms BYMV CMV Who (d) 

1 Isfahan, Iran .... .. 0 1/14 (c) 2/12 1166
 
2 Isfahan, Iran .... .. 1 3/14 0/14 994
 
3 Jiroft, Iran .... .. 1 6/15 1/14 979
 
4 Isfahan, Iran .... .. 1 5/13 5/14 957
 
5 Isfahan, Iran ... ... . 1 7/14 2/16 952
 
6 Isfahan, Iran .... .. 1 3/14 5/15 931
 
7 Isfahan, Iran . ...... 1 11/16 4/15 912
 
8 Isfahan, Iran . ...... 1 4/13 2/13 903
 
9 Isfahan, Iran . ...... 1 4/15 4/15 880
 

10 Isfahan, Iran ...... 1 1/15 3/15 824
 
11 Isfahan, Iran ...... . I 4/15 3/15 809
 
12 Isfahan, Iran . ...... 1 2/14 6/15 770
 
13 Isfahan, Iran.... ... 2 9/15 6/16 617
 
14 Lebanon .. ....... 5 12/15 9/14 284
 
15 Ahar, Iran ......... 4 4/16 5/15 278
 
16 Iran... ......... 8 12/15 13/15 276
 
17 Arasbaran, Iran ..... 7 12/15 12/15 231
 
18 Moghan. Iran .. ...... 5 11/15 14/16 206
 
19 Ghazvin. Iran ........ 5 10/15 10/14 201
 
20 Moghan, Iran ........ 6 12/13 12/15 180
 
21 Tabriz, Iran . ...... 5 2/15 10/14 178
 
22 Azarbaijan, Iran 6 12'15 13/15 162
 
23 Cyprus .. ....... 8 10/14 11/15 152
 
24 Ghaz%,in, Iran ........ 8 13/14 12/14 139
 
25 Ghazvin, Iran .... .. 6 9,'14 13/14 125
 
26 Moghan, Iran . ..... 7 10/14 9/15 124
 
27 Ardabil, Iran .... .. 5 12/15 10/15 120
 
28 Ghazvin, Iran .... .. 7 11/15 11/14 I1
 
29 Azarbaijan. Iran ..... 7 1214 11/14 106
 
30 Ardabil, Iran. ..... 7 14/15 14/15 96
 

(a) Lentil plots in the field %%cre graded for virus infectHon on a scale of 0 q 0 - no dihca'c; 4 I00, dlsca'c 
(b) 	Plants of each Icniilj line were inoculated with Lentil isoltatis of IIYMV and L'\IV in the grcenhoue. In c¢l!, iloi lation tst. 

plants not showing di cae 51kimptolls were relnoculated 2.3 tI i ard at the IctninatiihbOn of tie test. plants 11o ¢cthllillng
virus symptoms were back ino'ulatcd to susceplible indicator let plants. 

(C) Combined results of [%%oinoclation experiments. S'.ncrator Is the numhcr of plants infctcd denominator is the numher
 
of plants Inoculated.
 

(d) Seed )elds in kg/ha were from plots which were 4 rows wide and I m long with 4 rcplicailons per lentil line. 

(Maubl.) Ashby, and Rhizoctonia solanti greenhouse and field inoculations when ino-
Kuhn. Viru3-like symptoms were never re- culated singly or in combination. 
produced in controlled greenhouse inocula- E ffe c o virii s in Ie c t i o it o n 
tion tests with these microorganisms. A few vields of Lenti I. In field inocnla. 
fungi, particularly isolates of Pvthiumn spp. tion trials, yields of lentils inoculated with 
and R. solani, caused a discoloration and AMV, IIYMV, CMV, and PLRV singly, and 
necrosis of the rootlets which often resulted with BIYMV - CMV sinultanicouslv, at two 
In death of inoculated plants. Four viruses, stages of plant growth were reduetcd by 
AMV, BYMV, CMV, and PLRV which were 46 to 94(1 (Fig. 5). The ellects of virus 
isolated from diseased lentils, reproduced si- infection on plant growth and yields were 
milar or identical symptoms in this host in most pronounced in lentii piants infected in 
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the seedling stage. The largest reduction in 
seed yields occurred at pre-bloom with 
BYMV + CMV, followed by PLRV, BYMV, 
CMV, and AMV (Fig. 5). Although virus 
symptoms, especially stunting, were most 
noticeable in plants infected prior to flower-
ng, mor'tality was seldom observed, except 

with PLRV at pre-bloom where it exceeded 
50%. 

Effect of natural infection 
by BYMV and CMV on yield ot 
30 Lentil lines, and resistance 
of these lines in greenhouse 
I n o c u I a t i o n t r i a I s. - In field trials 
at Varamin, Iran, the incidence of virus dis-
cases, primarily BYMV and CMV, in 30 
Lentil lines varied greatly (Table 1I). Virus 
Infection was 3 0I or less in lines I to 13, 
while that of lines 14 to 30 was over 500. 
There was good correlation between yields 
anti incidence of disease, The highest yields 
of 617 to 1166 kg/ha were obtained from 

I to 13 which had the lowest diseaselines
incidence, whiereas yields ranged from 96 

fction was high (Tahle I1, Fig. 6). tIn green-~re 
house inoculationst ihdis wtItil insV and 
CMV, the highest ielint! Lentil linecis gle 
rally had thle lowest incidence of, infection 
(Table I!). D)isease symptoms were usually 
more prolnoulnced and st~ere in the lines 
with the lowest yields. 

I n s c c t ra n s In i S s i o n . - Several 
aphid species which commonly colonized 
lentils an1d other pulse crops under field 
conditions weie vectors of AMV, BYMV, 
CMV, and PLRV. 'These aphids were Apiis 
craccivora, Ac*vrtlhomipioi pi um, and A. ses-
baniac. All I.cmmtil \irusc ,. c\c'pt IIRV, wCrc 
transmitted by their aphid vectors in a sty
let-borne (in -Iil)c 1istt'elI) 1an C'. Thse i
ruses were acquired in brief feeding probes 
of 10 to 60 sec. )uil were usually retained 
for only a few h ours. I'I.RV was transmitted 
by aphids in a circtulativC (pCrsistCnt) man
ne-. Aphids u suallv Ii' 1lill lon!er feeding 
per-iods t.o acbtire RV hut retained and 
tansii tted thle viruS for' several days, often1 

for the life span of the \cctor.Seed trla nsi is!. ion . Lentil 

seeds from plants inoculated singlv with 
AMV, BYNIV, ('MV, ind PlRV were planted 

'%hcrcin tile grCenhoseLC obscrv'ations were 
made on se ,d transmiission. None of these 
viruses was foullld to be scdtl.b)orne in 300-
500 seeds tested. Tnllnmission of these Vi-
ruses was also negative in seed collected 
from naturally-infcctCd lentils. 

A n i a I a n d p e r e n n i a I o s t s 
o f v i r u s c s a f f e c t i n g L e n tNumerous cultivated crops, forage legumes, 

It,

%-, It 
- fAljl 

&N 4,
' t r - ,-'' , " 

."' 

¥,
 
,"
 

Fig. 4. •Lentil plant infected with Alfalfa mosaic 
virus (left); healthy plant, right. 
Fig. 4 •A sinistra,pianta di Lenticchia infetta da 
AMV; a destra, pianta sana. 

and weeds were alternate hosts of the four 
viruses which infected Lentil in various reg. 
ions of Iran (Table Ill). Many of these plants 
weral Tant reservoiry of a hid 
were also important reservoirs of aphid 
vectors of viruses infectious to L. esculcnta. 
Plants in 41 genera from 16 families were 
found to be naturally-infected by one or mo

of' viruses (Table 111). CMV, which hlad tile 
largest host ranFe. infected plants in 35 ge. 
nera from 15 amilics. Several perennial 

plnswrimott vwneighss
plants were important oeirwintering hosts 
of some viruses and their aphid vectors, e.g., 
Melilot s ba Dsr. with BYMY, and Medi. 
cago sativa L. with AMY and PLRV. 
Discussion 

In Iran food legumes are affected by at 
least seven viruses (Kaiser and Danesh, 1971; 
Kaiser et at., 1968). Four of these viruses, 

, 
. 

E
;... 

- ' " - -' 

. : LI, 
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,.,US IOLTES 

Fig. i . Elefect of infection bv Alfalfa mosaic 
(AMV), Bean yellow mosaic tMYMV), Cucumber 
mosaic (CMV), and Pea leaf roll viruses at two 
stages of plant growth on yields of Lentil in 
field inoculation trials at Karaj, Iran. 
Fig. 5. - Inlnwnza di AMV. BYMV, CV e PLRV 
sitla produzione di piante di Lenticchia infet.f differentirate artificialmnente in campo in decstadi di vegetazione. 

1l.
 



1'ASLL! Ill. - Natural infection of annual and perennial plants by four viruses affecting Lentil in Iran. 
TABELLA III. Infezione in natura sit piante annuali e pcrcimi dovutte ai quattro virus chie infettano 
la Lenticchia in Iran. 

Virus 16) 
Hosts / Ospill AMV BYMV CMV PLRV 

Amaranthaceae 
Anarantlts retrollexus L ...... . + (b) 

Boraginaccac 
Heliotropitin cur.ssavictin L . . . +
 
Echittin amnoetuitm F. et M. .. ..... .. +
 

Chenopodiaccac
 
Beta vtlgaris L .................... +

Chenopoditum albimi L......... +
 
Spinacia oleracca L ......... +
 

Compositac 
Cartlaius timctoritts L. +......... +
 
Lactuca sp. +
 
Tagetes pattla L ... .. . . . . . +
 
Taraxacum officiuale Weber ...... +
 
Zinnia elegants Jacq. +
 

Cruciferac 
Brassica kaber (DC.) Wheeler ..... 

Cucurbitaccac 
Cucunmis inelf ....... +
 
C. sativus L ...... +
 
Ctcurbita pepo ....... +
 

Fumariaccac 
Funiaria sp...........+
 

Tridaccae
 
Gladiolus sp ..... .......... +
 

Labiatac
 
Salvia splendens Ker-Gawl .....
 

Leguminosac 
Cassia occidentalis L .................. +
 
Cicer arietium L... .......... . + + +
 
Lathyruts odorattts L .................. +
 
L. satit'us L...................... +
 
Lens escuh'tta Moench ........ + + + +
 
Lotus corniculattts L. .......... +
 
Aledicago hispida Gacrtn .. ........ + + +
 
M. hpulina L ...... ......... + + +
 
M. sativa L..... .......... ++. + + 
Melilotits alhya Des..... ...... . + + 
M. indica (L.) All ..... ......... + + +
 
M. otlicinalis (L.) Lain....... . + +
 
Onobrvchis viciae/olia Scop. +
 
Phaseotlus aurets Roxb... ....... + +
 
P. hnatits L ...................... +
 
P. vulgaris L ........... . + + +
 
Pisunt sativion L .......... . + + +
 
Trifoliunn alexandrintan L .. .. + 
T. pratense L. .................. +
 
T. rcstipination L. ........... + +
 
T. rytidosemitin Boiss. et Hoh. ...... +
 
Trigonella foemttn.graectun L...... + + +
 
Trigonella sp .. . . . . . . . . . . +
 
Vicia faba I...... .......... + + + +
 
V. narboneusis L. .......... + + +
 
V. sativa L.. . ....... 
Vigna sinensis (L.) Savi cx Hassk. ........ + + + 

Polygonaceae 
Rtmex sp ...................... + 

Portulaceae 
Porttlaca oleracea L .... ...... + + 

Ranunculaccae 
Rantnculths sp .......... + 

Scrophulariaccae
Antirrhiti iaitts L . . . . . . . . + 

Solanaccae 
Capsicun anittuum L .......... + 
Datura stramonitwn L ......... + 
Lycopersicon esctlenttun Mill ...... + 
Petunia hybrida Vilm . ..... . + 
Solan!m nielongena L. + 
S. nigrion L....... .......... +
 

Violaccae 
Viola tricolor L .... ........... + 

(a) Vlrusc are: AMV (alfalfa mosaic); BYMV (bean yellow mosaic); C.MV (cucumber mosaic); and PLRV (pca leaf roll).
(b) + Indicates recovery of the virus. 



AMV, BYMV, CMV, and PLRV, were isolat-
ed from diseased Lentils in various pulse 
producing regions of Iran. These viruses, 
especially BYMV and CMV, are potentially 
limiting factors in the cultivation of Lens, 
particularly in areas of intensive crop pro-
duction where large reservoirs of the viru-
ses and their aphid vectors exist. Some of 
these viruses atfect lentils in other countries 
of the Middle East where they are cultiva-
ted as a food crop. The author has isolated 
BYMV, CMV, and PLRV from diseased food 
legumes in Turkey which infected lentils in 
greenhouse inoculation studies 'unpublished 
data). 

Over 50 annual and perennial plants in 
Iran were found to be alternate and over-

wintering hosts of four viruses affecting L. 
esculenia and several of their aphid vectors. 
Plants in the Legzninosae, especially forage 
legumes such as Alfalfa, were the most im
portant reservoir and overwintering hosts 
of AMV, BYMV, and PLRV. The host range 
of CMV was considerablN, larger, allecting

c a 
cultivated and weed plants in 15 families. 
NuLerous strains of AMV, BYMV, and CMV 
have been isolated from dilerent alternate 
hosts, most of which were highly infectious 
to different food legitmies, including L. esctl, 
lenta (Kaiser and Danesh, 1971a). Due to the 
importance of r-eservoir hosts in the epide-
iniology of thesC viruses, Lentil plantings
should not be established near important al-

ternate hosts. 
Over 50", of the Lentil lines included 

in a replicated yield trial at Varamin, lIran 
were heavily infectcd with BYMV and CMV. 
Most plants in many Lentil lines were disea-
sed and yields from these \irus-infected 
plots were drastically reduced. At Ghazv'in, 
Iran hVIere the saiic 30 Lcntil lines were 

onnd natiral 
clitions resulted in reduced plant vigor and 
yields (139 kg/ha) (right), in comparison to a 
resistant lentil line (824 kg/ha) (left). 

Fig. 6. - Virius infCkm i ield con. 

Fig. 6. - La malattia da virus dele'mina in cam. 
po ridnzione di vigore e bassa produzione 
(139 kg/ha) ielle piaute stscettibili (a destra). 
Le piante di line resistenti (a sinistra) sono pih 
vigorose e pitt produttive (824 kg/ha). 

also planted and the incidence of disease 
was negligible, yields of virus-susceptible 
lines were 4.5 to 10 times greater than those 
in the Varamin trial. However, at Varamin 
several of the small-seeded types from the 
Isfahan area of Iran exhibited high levels 
of field and greenhouse resistance to virus 
infection. Many of the small-seeded lines 
were also resistant to root rot which is a 
serious disease in certain areas where lentils 
are grown under irrigation (Kaiser, et al., 
1968). Since the small-seeded lines are not 
as desirable as large-seeded types in the 
market place, they are being included in 
the Lentil breeding program of Iran to in
corporate virus and root rot resistance into 
disease susceptible, but preferred, large
seeded Lentil lines. 

Acknowledgements 

The author thanks Louise M. Russell, En
tomology Research Division, USDA, Washing. 
ton, D. C. for identifyng aphid species; R. Ber
cks and the late 1. Brandes, Biologische Bunde
sanstalt fir Land-und Forstwirtschaft, Institut 
ffir Virusserologie, Braunschweig, Germany, for 
conducting serology tests and taking electron 
inicrographs of bean yellow mosaic virus; L.
Bos and D. Z. Maat, Institunt Voor Plantenziek
tendkundig, Onderzoek, Wageningen, The Ne
therlands, for providing antisera to Alfalfa 
mosaic and Cucuinber- mosaic viruses; and 
G. M. Mossahebi. M. Okhovat, A. Z7nuzi, and 
P. Mojahed, Pulse Project, College of Agricul
ture, University of Tehran, Karaj, Iran for their 
technical assistance. 

Summary 

Four vir'uses were isolated from diseased 
plants of Lentil (Lens esculenta Moench.) in 
various areas of Iran. The viruses were: Alfal
fa mosaic (AMV). Bean yellow mosaic (BYMV), 
Cticunber mosaic (CMV), and Pea leaf roll 
(PIZV ). 

Methods Lt ilized in virus identification were 
symptoniatology, host range studies, physical 
' 'ppertytests, vcctor-virus relationships, sero
logs', ar1d electrion microscopy. \if-us symptoms 
commonly observed werc mottling, stunting, 
leaflet deformiation, dwarfing and twisting, 
siortening of the iernotmdes, and roliferation 
of the axillarv buds. Microorgai..nis were sel

odollnisolated f'oin ile rootas or steins of, vir-us
infected lentils, and disease sy'mptonms were 
1-. t . produced in coitrolled inctla tiontests 
witlt variotus ftigi. !n tield inocu lation studies 
-with t ie tour vii-ruses, inlfliton resulted in de

creased yields (if 46 to 9406. Largest yield re
duetions occurred when lentils were infccted in 
the seedling stage. In yield trials over 509' 
of 30 lines were heavily infected under natural 
conditions by BYMV and CMV, and yields we
re greatly reduced. Several high yielding, small
seeded lentil types were resislant to both vi
ruses in the field and in greenhouse inoculation 
tests. 

Aphids which usually colonized lentils in 
nature and were vectors of the four viruses 
were Aphis craccivora Koch, Acyrthosiphon pi
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sumn Harris, and A. sesbaniae David. AMV,
BYMV, and CMV were transmitted in a stylet.
borne (nonpersistent) manner, whereas PLRV 
was transmitted in a circulative (persistent) 
way. None of the viruses appeared to be seed-
borne in L. esciletita. Annual and perennial
plants in 41 genera from 16 families were alter. 
nate and overwintering hosts of these visesvtru: 

and some of their insect vectors. 


Riassunto 

EZIOLOGIA E BIOLOGIA DEI VIRUS CHE 
INFETTANO LA LENTICCHIA (LENS ESCU. 
LENTA MOENCH.) IN fRAN. 

Da piante di Lenticchia (Lens escidenta Mo. 
ench.) allevate in varie zone dell'Iran sono 
stati isolati 4 virus e c;O& t1li agenti del mo-
saico dell'Erba medica (AIV), del mosaico 
giallo del FaEiolo (BYMV), del inosaico del 
Cetriolo (CMV), c dellaccartocciamento foglia-
re del Pisello (PLRV). 

Per l'identificazione d.-i virus sono stati im-
piegati i seguenli nictodi. osscrvazione dci sin-

tomi, inoculazione di ospiti ditierenziali, saggi

sulle prprieth fisiche. rclazioni tra virus e vet-

tori, sicrologia, nlicroscopia clettronica. I sin-

tomi dovuti ai virus pli ComtluneCnelnIc ossCr-

vati sono stati: inactlatura, rachilisno, clefor-

mazione delle fogliole, nanismo c distorsione. 

accorciamento dculi internodi c prolilerazione

di gemme ascellari. Raraniente sono stati iso-

lati microrganisnii dailc radici c dai fusti di 

piante virosate. ComiunquC, inoculazioni cse. 

guite in scrra con i vari ftLIhi isolati non 

hanno riprodotto i sintonii. 


Inoculazioni Cscutitc in campo con i 4 vi 

rus hanno determinato tn decreniento di pro.

duzione dal 46 al 940,. Le pi4 forti riduzioni 

di procluzione sono state ottCnutc in piante

infettate in ono stadio pr-ccocissin1o (Ii s'il up. 

po. In prove di campo, oltre il 500 dIi30 line(

di Lenticchia sono state fortementc attaccate 
da infezioni naturali di BYMV e CMV. La pro-

duzione di tali linee / Fisultata grandemente 

ridotta. 


In provec di infczione artiliciale condotte sia 

in campo che in serra, on gran nuncro di lince 

altamente produttrici, qCellc dl tipo a semi
 
molto piccoli, sono risultate resistenti ai due
 
virus.
 

Gli atidi che colunizzano in natura la Len-

ticchia, Aphis craccivora Koch., Acyrtosiphon

pisuin Harris, e A. sesbattiac David, sono ristl. 

tati vettori dci 4 virls. AMV, BYMV c CMV 

sonO stati trasmcssi , per stiletto , (in manicra 

non persistcntc), mentre PLRV i stato trasmcs. 

so in modo persistente (, circolativo,,). Nessun 

virus sembrato esserc trasniissibile per seine. 

Piante annuali e pcrenni appartenenti a 41 ge-

neri e a 16 famiglie si sono comportate da 

ospiti intermedi oppure da ospiti su cui i vi-
rus o gli insetti vettori hanno potuto svernare. 

RdsuM6 

9TIOLOGIE ET BIOLOGIE DES VIRUS OUI 
AFFECTENT LA LENTILLE (LENS ESCU-
LENTA MOENCH.) DANS L'IRAN. 

Ouatre virus ont td isolks des plantes ma-

Accepted for publication: 

lades de Lentille (Lens escilenta Moench.) en 
difdrentes regions diran. Ces virus sont: la 
mosa'que jaune du Ilaricot (BYMV), la mU
sa'ique du Concombre (CMV), 'enroulcmnent des 
fetilles du Pois (PLRV), In mosa'ique de [a
Luzerne (AMV).

Les mthodes utiliscs pour l'identilication 
du virus ont svmptolnttoloee, serie dctu
des suris hotes, essais dtis propriete physi
ques, rapports vectCur-virus, scrologic et mi
croscopie dlectronique. Les svniptunes du vi
rus observes cotnintncinctit sont: tacleItire, ra
bougrisscment, Idforlatioll ties lolioles. na
nisme et entortillcnient, Court-noe, et prolifO
ration des bourgeons axillaircs. 

Des microrganisnics ont rarement Ottd iso-
Iks des racincs otU des tiQCs die lenuilles in. 
fectdes par le virus, cepeldant les svnp6
nics ne se reprod,isirent pas lors des .,sais
dinoculation avcc les lillicrcitls chamupignons
isols. Dans IC chalmp. i11Culatliull acc les 
quatr- virts a cause tit dilminlion de 46 it 
94%0 de la production. Des dijlllItLutjt1LIs tiercn
denlents plus inportantes sont Srll i. 
sque Its lentill.s Otaient itlrctecs dalls Ia phia
se de petite plante. Dans Ics essais dc rentle. 
ment, plus de 501,. de 30 ligne, de LeIntille 
olt etc fOr'IClnCIII inhcltecs itis des tondi tions 
naturcllcs par ic IJYMV ct le (VA" et Ia pro
(IIction a OtO ti's rduitc. 

Plusicturs lignes dC ILcntille :t petite graines
ct i rexdenent tr's C\ckC 0ll 1l10ltF ICtlIC
resistantcs atN deux v'iItlis dans IC chali et 
1o-s dCssais dinuculation cn serrC. lXcs aphi
dicns qui COutlfllxllthlt CouiseI ICs Iltt ilIs 
dans la naturc, Its suivants n tc portcurs
ties 4 virus: Aphis cracci'ora Koch., A'rtosi
pltot, pistin Ilarris ct 4. st'sba,tiac l)avid. AMV,
BYMV ct CMV oil Otc tansiis (IC ldeinaliCrC 
non persstante t stVICt-hnrne ) tail s uC
PLRV Otait transsnis LiC illitCrC ,, CirCtilkC ) 

(p ersistant . Aucuo des virus 'ita ec sIrala,, ise 

par Ies grains L.dIe esuthta. Des plalntes

anluelles et vivaces (C 41 espccs ;ll)Pilltnlt

5 16 families dillcrentes nt11Ctc hltcs alterna
tifs on bicn h6tes sur lesquels ces virus on des 
insects vecteurs ont pu hivericr. 

LITERATURE CITED 

Bi.t. Ei.i.I, M.. 1961. Serological tests for ,he

identilication of plant viruses. Aimerican
 
P/*ytopathological Society, 16 p.


Bos L.. D. J. HAtbEDoRN and L. Ot xI, 1960. Sug.
gested procedures for international identili. 
cation of legutne viruses. iijdschr. Plziekt., 
66, 328-343. 

KAISIER W. J. and D. D.Nxrslt, 1971. Etiolov of 
virus-induced wilt of Cier arit,'itnt. hyla1-o
pathology, 61, 453-457. 

KAIS R W. J. and D. D.ts11. 1971a. Bioloy of 
four viruses affecting Citer arietiotl in 
Iran. Phytopau/olog-, 61, 372-375. 

KAISER W. J., D. DANrst, M. OKIIOrA and 11. 
MOssAIIEn. 1968. Diseases of pulse crops
(edible legumes) in Iran. Pl. Dis. Reptr, 52,
687.691. 

September 9, I72 

14 




