ZESZYTY PROBLEMOWE POSTEPOW NAUK ROLNICZYCH 1989 z. 381

POTATO VIRUS M TRANSPORT IN INFECTED PLANTS
Selim Kryczyiski, Marek Bartosiewicz, Margorzata Niznik

Department of Plant Pathelogy of the Warsaw Agricultural University

A study of virus tramsport in plants yields a lot of data enri-
ching our knowledge on the viruses themselves as well as omn their
interaction with diseased plants [6, 7] Besides it yields numerous
data which allow to understand and to solve some practical problems
in agriculture, It is known, for example, that not all potate tubers
from a diseased plant have to be infected, that the number of infece
ted tubers decreases when the time of infection is delayed and that
the virus is not transported to the tubers when plant infection 1is
sufficiently late [1]. The aim of this study was to obtain the data
on the direction and rate of potato virus M translocation in planta
and on tuber infection on plants which had been inoculated in dif-
ferent periods.

MATERIALS AND METHODS

One of the severe potata virus M (PVM) isolates (M 24) described
by Kowalska [5] was used throughout this study. Potato plants cv. U=
ran infected with this virus isolate obtained from the Department of’
Gehatics of the Potato Research Institute at Mrochéw served as a vie
rus source,

Tomato cv. Najwczesniejszy plants were used in the experiments
on the direction and rate of PVM translocation. These plants were i=-
noculated in a 4 leaf stage by rubbing inecculum anto 3rd and 4th
leaves from the base of plant. They were grown in a greenhouse in
which the temperature was maintained at 18-28°C level and 18 hours
day was secured by mercury lamps giving the 1light of minimum 6 000
1x, The presence of PVM in leaves of these plants was tested by se=
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rological microprecipitin test with commercial antiserum produced by
Sernlogical Laboratory of the Potato Research Institute at Gdarisk.

The aim of the first experiment was to check how <fast tVM esca=-
pes from inoculated leaves. Twenty five tomato piants were inocula=-
ted and divided in 5 groups - 5 plants in each group. Inoculated lea=-
ves were detached off the plants of succesive groups in 4, 8, 12, 16
or 20 days following inoculation. 4All plants were individually tes=
ted for PVM 6 weeks after the leaves had been detached off +the last
group of plants. The sap for testing was obtained from the top, ful=
ly expanded leaves, Twenty five of uninoculated tomato plants served
as controls,

The aim a second experiment was to obtain the data on the direc-
tion and rate of PVM translocation in tomate plants. Twenty five
plants were inoculated and divided in 5 groups - 5 plants in each
group. In a week sfter inoculation the first leaf samples were tes-
ted for PVM. Each sample contained 5 leaves (1 leaf from each of 5
plants of first group) from the same node. The succesive groups of
plants were tested by the same manner in 2, 3, 4 and 5 weeks follow=
ing inoculation,. ‘

The experiments on potato tuber infection with PVM were conduc-
ted on virus~-free cv, Irys plants obtained from the Department of Gew-
netics and Potato Breeding of the Potato Research Institute. At the
end of May 75 tubers were planted in +the experimental <field in 3
rows 70 cm apart. Thirty three days later 25 plants in a Dborder row
were sap-inoculated with PVM by rubbing the inoculum onto 10 leaf=
lets in a upper part of each plant, The plants in a second border
row were inoculated 54 days after tuber planting. The plants in the
middle row were left as controls. The tubers were harvested in 90
days after plantinge. Three tubers from each plant were selected for
PVM testing - one from the middle part of the stem, second from the
upper part, and the third from the lower part of the same stem, Un-
fortunately, the stolons were destroyed in many plants at the harves-
ting time and the localization of tubers was possible only for 10
plants inoculated in 33 days after planting, 5 plants inoculated in
54 days after planting and 10 control plants. The tubers from these
plants were tested for PVM after 3 months of storage. The eguivalent
webght of flesh from each tuber was ground in a mortar and used for
bioassay of bean cv, Red Kidney plants [4].
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After taking these samples for biocassay the tubers were planted
in a greenhouse and the plants were bioassayed for PVM on Red Kidney
plants. A 3 g leaf sample from each plant was taken for this test
from the upper part of the plant.

All inoculations were made by rubbing the sap obtained by grin-
dind the leaves or tuber parts in a mortar in the presence of and
equal amount (w/v) of 0.067 M phosphate buffer pH = 7.5, Inoculated
leaves had been previously dusted with carborundum 600 mesh and were
rinsed with tap water after inoculation.

RESULTS

Antigserum against PVM did not react with the sap from control to-
mata cv, Najwczesniejszy plants nor the control antiserum from rab-
bit reacted with the sap from PVM inoculated plants. On the other
hand, antiserum against PVM reacted with the sap from all PVM inocu-
lated plants, even from those which the leaves were detached off at
the 4th day following inoculation (Table 1), It means that all ino-
culated plants became infected with PVM and that 4 days period was
sufficient for PVM escaping from inoculated leaves, The intensity of
serological reactions indicated that the amount of PVM was the highe
est in the plants which the inoculated leaves were detached off in
8th and 12th day following inoculation. The least amount of a virus
was present probably in the plants which +the leaves were detached
off in 4th day following inoculation (Table 1).

PVM was not detected in leaves of any of 6 or 7 nodes of tomato
cv. Najwczesniejszy plants tested in 1 or 2 weeks after inoculation.
The virus was not detected even in inoculated leaves from 3rd and
4th nodes (Table 2), The tests made in 3 weeks after inoculation
shown that PVM was present in inoculated leaves and in leaves from 2
succesive nodes above the inoculated leaves., In 4 and 5 weeks fol=
lowing inoculation PVM was detected in leaves from all nodes except
two youngest, top leaves (Table 2).

PVM was not detected in any of tubers from control potato cv, I=
rys plants nor in any of plants inoculated 54 days after planting.
These results were confirmed by testing the plante grown from these
tubers,
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Table 1

PVM detection in tomato cv. Najwczesniejszy plants
which inoculated leaves were detached off
in different time following inoculation

No., of days
after inoculation
in which Nao. of plant
inoculated leaves
were detached off

Result of serological testing

PVM~a + CP C-a + 1P PVM—a + IP

5 1 - - +
2 - - -+

3 - - +

4 - - +

5 - - +
8 6 - - ++
i - - ++

8 - - ++

9 - - ++

10 - - ++

12 11 - - ++
12 - - ++

13 - - ++

14 - - ++

15 - - ++

16 16 - - +
17 - - +

18 - - +

19 - - +

20 - - +

20 21 - - +
23 - - +

24 - - +

25 - - +

PVM~-a - antiserum against PVM, C-a = control antiserum, CP = con=-
trol plants, IP = inoculated plants.

= No precipitate.

+ Visible precipitate,

++ Heavy precipitate.



POTATO VIRUS M TRANSPORT IN INFECTED PLANTS
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Serological PVM detection in leaves
from different nodes of tomato cv. Najwczesniejszy plants

in succesive weeks following inoculation

Table 2

PVM detection in successive weeks

Node from the base of plant

1 2 3 4 5
1 - - - + +
2 - - - + +
3“ - - + + +
4* - - + + +
5 - - + + +
6 - - + + +
i nt - - + +
8 nt nt - + +
9 nt nt - + +
10 nt nt nt - +
11 nt nt nt - -
12 nt nt nt nt -

- PVM not detected, + PVM detected, nt not tested (ne

on a plant), x inoculated leaves,

such node

On the other hand, PVM was detected in almost all, except three,
tubers from the plants inoculated 33 days after planting (Table 3).
The number of lesions on Red Kidney leaves indicated that PVM was
present in a highest concentration in tubers from middle part of the
stem and in the lowest concentration in tubers from the upper part
of the stem (Table 3), These results were fully confirmed by testing

the plants grown from these tubers (Table 4).
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Table 3

The number of local lesions on Red Kidney bean leaves
inoculated with sap from potato cv. Irys tubers
obtained from plants inoculated with PVM 33 days after planting

(average from 3 Red Kidney leaves)

Localization Lesion number for plant no.: Average
of the tuber lesion
on plant stem 1 2 3 4 5 6 7 8 9 10 number
Upper 1 44 2 12 19 10 0 40 15 0 14
Middle 24 81 12 41 120 39 31 52 41 4 44
Bottom 14 54 4 23 178 13 12 53 13 O 26
Table 4

The number of local lesions on Red Kidney bean leaves
inoculated with sap from potate c¢cv. Irys plants grown from tubers
harvested from plants inoculated with PVM 33 days

(average from 3 Red Kidney leaves)

after planting

Localization
of the tuber
on plant stem

Lesion number for plant no,:

Average

1 2 3 4 5 6 7 8

lesion
9 10 number

Upper
Middle
Bottom

1 120 7 30 48 27 0 88
66 227 30 101 309 104 74 115
36 153 10 57 199 34 29 118

36 0 36
g8 10 113
32 0 67
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DISCUSSION

The data obtained in an experiment in which inoculated leaves we=
re detached off the plants in different times following inoculation
indicate that PVM could escape from inoculated leaves first 4 days
following inoculation. This result is in agreement with the results
obtained for other plant viruses [6, 7], It seems that a small
amount of a virus is translocated to the plant in such a short time
because PVM concentration in plants on which inoculated 1leaves were
left for 8 or 12 days was probably higher which was indicated by the
heavier precipitation with antisexum,

On the other hand, PVM concentration in plants on which inoculae-
ted leaves were left for 16 or 20 days seemed again lower at the mo~
ment of testing. Dzieworiska et al. [3] have proved, that when the
temperature is high enough (above 20°C) the concentration of PVM in
plants is quickly increasing at the beginning of infection process,
it reaches some maximum, and then starts to decrease againe. Then it
is conceivable that in our experiments which were conducted in high
temperature conditions FPVM concentration reached its peak quite
shead of testing time in plants which inoculated leaves were left on
for 16 or 20 days. Such interpretation is possible when we accept
that inoculated leaves are significant virus source for +the whole
plants in at least 20 days following inoculation.

The data which were obtained in a second experiments are in fa-
vor of such interpretation. PVM was not detected in inoculated and
in two leaves just above the inoculated leaves till the 3rd week
after inoculation and in the rest of leaves, except two youngest, it
was detected at 4th week after inoculation.

The tubers of potato c¢v. Irys plants which had been inoculated
54 days after planting were not infected with PVM, Similar results
were obtained by Beemstexr [2] for potato virus Y and they are in ace
cordance with a common opinion that potato tubers may escape infece
tion if plant infection is sufficiently late,

On the other hand the plants which had been inoculated 33 days
after planting yielded the tubers which were almost whelly infected.
The highest PVM concentration was found in tubers from the middle
part of the stem, These tubers are first to initiate and they are
initiated when the plants are still young and the virus replication
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and translocation are still active [3] so they may obtain a heavy vi=
Tus load. The tubers which were initiated later on the higher and loe-
wer parts of the stem could obtain the lower virus load since in the
time of their initiation the plants were already older and the virus
replication and transport were gradually inhibited [1], Then it is
possible that the highest virus concentration in the biggest tubers
which was found by Beemster [2] was connected not with a tuber size
but rather with their initiation time.

Finally, the correlation between the results of bioassaying of
tubers and of plants which were grown from these tubers (Tables 3
and 4) indicates that, at least for young plants, PVM concentration
in plants was influenced by the concentration of this virus in tu=-
bers which these plants were grown from.
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S. Kryczynski, M. Bartosiewicz, M, Niznik
TRANSPORT WIRUSA M ZIEMNIAKA W PORAZONYCH ROSLINACH
Streszczenie

Testem serologicznym wykryto wirus M ziemniaka (PVM) nawet
w roslinach pomidora oduiany Najweczesniejszy, z ktérych inokulowane
liscie usunieto juz w 4 dni po inokulacji, choé ilosé wirusa w rod=
linach, z ktérych inokulowane liscie usuwano nieco pdé<Zniej byra wiecke
sza., Testujgc serologicznie liscie pomidora odmiany Wajwczesniejszy
z résnych pieter roslin w kolejnych tygodniach po inokulacji PVHM wy=-
kryto wirus - pierwszy raz po 3 tygodniach od inokulacji w lisciach
inokulowanych i potozonych bezposrednio nad nimi. W pééniejszych ter=
minach testowania wykrywano PVM we wszystkich lisciach z wyjatkiem
lisci najmtodszych, Nie wyxryto PVM w bulwach odmiany Irys zebrenych
Zz roélin inokulowanych wirusem po 54 dniach od posadzenia, ani w ros-
linach wyrosiych z tych bulw. Liczba plamek lokalnych na lisciach
pierwotnych fasoli Red Kidney $wiadezy, e najwigcej YVM szawieraly
bulwy ze Srodkowej czgsci peddw roslin odmiany Irys, inokulowanych wi-
rusem po 33 dniach od posadzenia., Ilosé wirusa w bulwach zawigzujg-
cych sie¢ pééniej byta mniejsza. Wyniki te potwierdzi*o badanie ros-
lin wyrostych z tych bulw.

C. Kpmumnbckm, M. Daproceswu, M, HuxHEK
TPAHCIIOPT BUPYCA M KAPTOQENA B MOPANEHHHX PACTEHUAX
PeswowMme

[lyrém cepoxormuecroft mpodw oCHapyZeH OHM BEpyc M raprofensa (PVM)
Iaxe y pacreHE#f nommpropa PamHecmesmft, E3 KOTODHX KHOKYJEPOBaHHHE
JECThA YASIAIECH yXO 4Yepe3 4 IHA NOCAe HHOKYJNANEM, XOTA YHGJIO BHEpY-
ca B DacTeHuAX, HHOKYJMDOBAKERHE JMCTBHA ¥ KOTODHX YHAJIAINCH HeMHOI'O
oo3xe, OHJIO BHII®. liccienys CepOJIOTHYeCKEM IYTEM JHMCThA Domuuopa PaH-
HecneJHft ¥3 pasHHX SPYyCOB PACTeHHA, Ha O4YepejHO# HejeJe NIOCHe HHO-
KYJMPOBKE PVM, OCHADYXOH GHJI BEDPYC yZ6 4Hepes 3 HeleJ: IOCHe MHOKYJM-
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POBKE B HHOKYJAEPOB&HHHX JECTHAX H B JHCTBAX DPACHOJOXOHHHX HENOCDeI~
CTBOHHO Ham HEME, B doJee IMO3IHME CPOKK HOONeNOBaHME PVM OCHApDyXeH
OHA BO BCEX JECTBAX 34 BECKIDYOHHEM HAHGONO8 MOJNOIHX JHCTEHEB.

He oOBapyxeH CHJI PVM HE B KIyOHAX Raprofeins copra Irys, BHpameH-
HOI'O K3 pacTeHM# WHOKYJMPOBAHHHX BHPYCOM B 54 IHA NmOCJe HOCANKU, HE
B PacTeHAX BHPOCHHMX M3 STHEX RAyOHe#. IMCHNO SHIOHEMHYECKEX NATHHIOK
NONY9eHHHX Ha NePBHYHHX JUCThAX facos® Red Kidney CBHIETEJbCTBYeT,
9TO0 GOoJblle Bcero PVM collepRej¥ RIYCHE cpenHeff 4acT® mOGeroB pacTe-
Hu#t Kaprojesa copra Irys, MHOKYJMPOBAHHHX BHDPyCOM B 33 IHA IIOCJE HO-
camre, YuCJO BHpPyC& B KIyOHAX 3aBABHBANIMXCA OO3%e, OHJIO MeHbme, Pe-
3yJbTaTH 9TH OHIE OOATBEPXNGHH HCCAEIOBAHHAMA pacTeBEil, BHpoOCHHX
H3 3THX KiayOHel,



