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Abstraet.  Schizaphis graminum (RO~DA~I) is proved to be an additional vector of maize mosaic 
virus (MMu The pH range for the infectivity of the virus in extracted juice is found to be 
f rom 4.4 to 9.0, the optimum being 5.6 to 7.2. Effect of certain chemicals on the virus in vitro 
h a s  also been studied. Cross protectiou between MMV and Sugar-cane mosaic virus (SMV) 
indicated positive results. 

I t  has been concluded on the basis of similar physical properties, tolerance towards certain 
chemicals, host range, symptomatology, aphid vectors and positive immunological tests, tha t  

and SMV are related viruses. 

CEONA and SETI-I (1960) reported the occurrence of mosaic disease of 
maize from Delhi, which is distinct from all other virus diseases so far describ- 
ed on maize. The diseased plants are characterised by stunting and severe 
mosaic mottling (Fig. 1). The Maize mosaic virus (MMV) has been shown 
to be sap transmissible; its physical properties and host range among grasses 
have also been reported. MMV, however, does not infect sugar-cane. Three 
species of aphids are established as its vectors. The disease is now known 
to occur in various parts of the country and has been reported from the 
Punjab, Himachal Pradesh, Rajasthan, West Bengal and Andhra Pradesh 
by PALIWAL and I~AYCHAVD~U~I (1965a), who have also reported the exis- 
tence of three strains of the virus. B~A~GAVA and SnUKLA (1966) reported 
the disease from Uttar  Pradesh and established Myzus persicae (SVLZ.) 
as another vector of the virus. PALIWAL and I~Au (1965b) reported 
the presence of intracellular viral inclusions in the epidermal strips of the 
affected maize plants. They have shown that the viral particles are rod 
shaped (PALIWAL and RAYCHAV])HU~I 1966). The influence of MMV on 
host development under varying levels of potassium fertility, its infectivity 
to sorghum and loss in yield in maize has been studies by I~AYCttAUDttURI 
et al (1966). SHne~E~D (1965) from California reported a similar juice ino- 
culable virus on corn which does not infect sugarcane and studied its physical 
properties, vectors, serological behaviour, cross-protection with sugar-cane 
mosaic virus (SMV), and also purified the virus and found the particles to 
be rod shaped. 
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The present studies include additional aphid vector of the virus, in vitro 
effect of certain chemicals and pH variation on viral infection, as also cross- 
protection tests with SMV in order to establish its relationship with MMV. 
These studies were carried out with Delhi Strain of the virus reported b y  

:Fig. 1. Maize leaves  showing  severe  mosa ic  s y m p t o m s .  

CHO~A and S~TH (1960) which has a widespread distribution. I ts  physical 
properties are: thermal death point 50--55 ~ C, dilution end point 1 : 50 to  
1 : 100 and longevity at room temperature (28--32 ~ C) 16 hours. 

Material and Methods 

For insect transmission tests heal thy colonies of Schizaphis graminum 
(Ro~DANI) were reared on barley plants raised in the insectary. The insects 
were starved for 3--4  hours before giving an acquisition feeding period of  
10--20 minutes on diseased maize plant, after which they were transferred 
to healthy maize plants. 
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Effect of pH variation and chemicals on MMV was determined in the ex- 
1 tracted sap. For each gram of diseased leaf material ~: cc of sterilized distilled 

water was used. The juice after extraction was centrifuged for 30 minutes 
at 3,000 r.p.m. The pH of the aliquots was adjusted to the desired value with 
the help of Beckman's pH meter by addition of either a few drops of normal 
ttC1 or NaOH. For obtaining the desired strength of the chemicals, known 
volumes of centrifuged juice was mixed with equal volumes of double the 
required strength of the chemicals. For control, sterile water at different 
dilutions was used in blank experiments. SMV was extracted from sugare-ane 
variety Surlcha saharanpuri for cross-protection tests. Heal thy sets of the 
same variety were used to raise the nursery of sugarcane plants for detec- 
tion of SMV. 

In all these tests only, young, actively growing test plants were inoculated 
and all tests were carried out in the insect-proof glasshouse. 

Results 

Aphid transmissions: Sixty two maize seedlings were inoculated with 
Schizaphis graminum by transferring 20--30 aphids per plant. After giving 
the required acquisition feeding period on diseased maize plant, the insects 
were allowed to feed on test plants for 24 hours and subsequently the plants 
were sprayed with 0.1~o Ekatox to kill the aphids. In  all, 14 out of 62 test 
plants took infection, showing clear mosaic symptoms. This establishes 
S. graminum as fifth aphid vector of MMV besides, Macrosiphum granarium 
KmBY, Aphis gossypii GLOVES, Rhopalosiphum maidis (FITCtt) and Myzus 
persicae recorded earlier. 

Effect of pit :  For determining the pH range of the virus in vitro, tests 
were conducted by adjusting the pH of the samples of infectious juice, ranging 
from 1.7 to 11.4. After the adjustment  of the pH of each sample to the desired 
level, inoculation were made (i) immediately and (ii) after storage for 4 
and 24 hours at 7-- 10 ~ C. The pH of each sample was again determined after 
24 hours of storage which revealed that  there had been no appreciable change. 

The results of inoculations have shown that  the virus was rendered inno- 
cuous immediately at pH 4.0 and below. However, at pH 4.4 it remained 
viable even after 24 hours when stored at 7-- l0 ~ C. Under  the same conditions 
at pH 9.0 the virus remained viable for only 4 hours while beyond pH 9.0 the 
virus is instantly inactivated. The optimum pH range, that  is the pH of the 
sap at which highest percentage of infection was obtained, lies betweeu 
pH 5.6 and pH 7.2. 

Effect of certain ehemieals on infectivity of MMV. The effect of some 
protein precipitating and denaturing agents as also some organic solvents 
on the infectivity of the virus was studied by making preparations of desired 
dilutions of chemicals with the infective plant extract.  Inoculations were 
made employing a set of 6 maize seedlings for each dilution, and control 
were also maintained. The inoculations were done immediately as also after 4 
and 24 hours of storage of the mixture at 7--10 ~ C. Acetone (40%) alcohol 
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(25%), chloroform (200/0) commerical nicotine sulphate (20~ glycerine 5%) 
lysol (1 ~ ) and formalin (0.5%) rendered the virus innocuous within 24 hours 
of incubation at 7--10 ~ C, while the virus was immediately inactivated by 
0.125% copper sulphate and 0.125% potassium permanganate.  Similar 
results were obtained by I~AFA:f (1935) employing some of these chemicals 
against SMV. 

Cross protection tests: Cross protection tests were conducted in order to 
determine the relationship between MMV and SMV. In  these tests a batch 
of 10 maize seedlings was inoculated with MMV, while another similar 
batch was inoculated with SMV. The inoculation of both the batches was 
done simultaneously under identical conditions. After a week both sets of 
test plants developed systemic mosaic symptoms. They were then re-inoculat- 
ed with the challenging virus, tha t  is, the first batch of maize plants was 
inoculated with SMV and the second batch with MMV. After about 2 weeks 
heal thy maize and sugar-cane plants were inoculated separately with the 
juice from each batch of infected plants. The inoculum from both the batches 
produced mosaic symptoms on maize plants, while sugar-cane plants could 
only be infected with the juice from the second batch. These tests were re- 
peated thrice and the same type of protection was observed, tha t  is, MMV 
protected maize plants against SMV when the plants are already fully in- 
fected with MMV. 

In  another experiment, a set of maize plants was inoculated with a mixture 
of equal volumes of MMV and SMV extracts to determine if any protection 
was afforded when two viruses are introduced simultnaeously in their 
common host. After about three weeks, back inoculations from these plants 
had shown tha t  maize as well as sugar-cane plants could be infected with 
the inoculum from these plants, indicating that  the simultaneous intro- 
duction of the two viruses in maize did not afford protection to maize plants 
against SMV and probably both of them multiplied in their common host 
when they are introduced simultaneously. 

In  a third set of experiments, interval of 1, 3 and 8 days was given between 
the inoculations with the immunizing virus and the re-inoculation with the 
challenging virus. Back inoculations on maize and sugarcane had shown 
in all these cases that  when the maize plants were first immunized with MMV, 
SMV could not get a chance to multiply. This indicates that  complete pro- 
tection is always afforded when the interval between the introduction 
of MMV and subsequent inoculation with SMV is 24 hours or more. However, 
the protection in the reverse order could not be confirmed owing to lack 
of proper differential host plant. 

Diseussion 

Physical properties, tolerance towards certain chemicals, host range, 
symptomatology and aphid vectors of both M1V[V and SMV have much in 
common, which suggests the relationship between the two viruses. The cross 
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protection tests have shown an additional evidence of relationship between 
the two. Hence MMV may perhaps be considered as a strain of SMV. 
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Bylo dokAzAno, ~e Schizaphis gramgnum (Rondani) je dal~im p~ena~eSem viru mozaiky ku- 
ku~ice. Virus neztr~cl infekSnost p~i p t I  4,4--9,0 pH 5,6--7,2 je pro infekSnost viru ve hfhv~ 
optimAlnL Byl studovAn liSinek n~kter39ch chemikAlil na virus in vitro. I~iPi~ov6 testy, prove- 
den~ s virem mozaiky kuku~ice a virem mozaiky eukrov6 tPtiny, daly positivni v39sledky. Podobn6 
fysikAlni vlastnosti,  tolerance k n~kter#m chemikhliim, okruh hostitelfi, sylnptomatologie, 
p~ena~eSi (m~ice) a positivni imunologick6 testy sv~dSi o tom, ~e virus mozaiky kuku~ice a virus 
mozaiky cukrov6 t~tiny jsou p~ibuzn~. 

M. JI, CET • C. II. PAfi~A:c;IrYP~, OT~IeJI M~II<OJIOF~I~ ~I ~ITOnOTOYiOrm4, I/IH~II~ClfHI] 
~CcJIeJIoBaTe~bCI~l~ HHCTHTyT CeJIbCI~OYO XOB~I~ICTBa, H]DIO ~Ua]I/I, I/IH~I/I~: ~a~bnefim~e 
uccae~onannH Moaangn ~yi~ypyam (Zea rnays L.) - -  Biol. P lan t .  9 : 372--376,  t967. 

]~Lmo ~ioi~aaa,o, ,TO Schizaphis graminum (Bo~I),~I) ~na,eTc~ c3eJIylOml~M nepe- 
tlOCqHI(OM supyca  MoaaIIKH ~ytcypva~,L B , p y c  ue TepgeT IIH(~eI~IlgOHHyIO cnoco6HOCTI~ np,~ 
pH 4 ,4- -9 ,0 ;  na~6onbmau ~sd~e~monHa~ CnOCO6~OCTI) npo~e~ne~c~ np~ pH 5,6--7 ,2 .  
BI~UIO ~ICIIt,ITaHO ;Ie~cT~ge ~e~oTop~,IX XI/IMl/Iqe('HgX nei~iecTs ~a Bgpyc in vitro.  IIepe~pecTu~e 
TeCTI~ C ~npycoM Mo3aI/tICl/I ~y~ypya~ ~ sgpycoM Moaallt(!/I caxap~oro TpOCTttI~t(a 7Ia2Ig nO- 
.lOm~Te~Hb~fl pe3y~IbTaT. CXO~CTeO ~IanqecI~gX CBOfiCTB, C~mCO6HOCT~ ~epe~oc~Tb ~O3- 
;[efiCTnI4e HeNoTOpI~III xgMi4qecNnMl~ ~emecTnaMu o6m~e xoageBa, CIIMIITOMLI aapameu~u, 
nepe~oc~g~r (T~]~) ~ IlO;IO;~l~TeJIt,ItHe pe.~y~I, TaT~ u.~,MyuonorHuec~r~x npo6, C~U~eTe~- 
CTByIOT 0 pojIcTBennux cBuanx gem~ly O60UMI~ enpycam~. 


