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ABSTRACT

Using indirect ELISA and five antisera specific to important potatg viruses, potato plants
of cv. Spunta naturally infected singly with Alfafa mosaic virus (AMV), Potato leaf roll virus
(PLRV) and Potato virus Y (PVY) at two stages of plant development were chosen and
targeted in the field to determine the effect of such virus infection on the vegetative growth
and productivity of the infected plants. Vegetative growth parameters represented by plant
height, average number of leaves per plant, fresh and dry weight of root and shoot systems
were significantly reduced by virus infection. Great reduction was observed with plants
infected at 5-6 leaf stage with AMV, PLRV and PVY. The same trend was also observed
with productivity parameters represented by number of tubers per plant, weigit of tubers per
plant, dry matter and tuber size. Weight of tubers per plant was reduced by 66.2 and 48.1%,
69.9 and 39.8%, 63.6 and 23.3% in naturally infected plants, at 5-6 leaf stage and 8-9 leaf

stage of develepment with AMV, PLRV and PVY, respectively.
On the other hand, chemical components of tubers of infected plants such as reducing
and non reducing sugars, starch and vitamin C were not significantly affected.

INTRODUCTION

Potato (Solanum tuberosum L.) is a perennial plant of Sclanaceae and
the world's most widely grown tuber crop ranking fourth in the world after
rice, wheat and maize. 40% of the world potato‘es are grown in Europe,
35% in other developed countries and 25%. |n rest of the world. (Langer,
1975 and Yvon ef af, 2000).

Several distinct viruses are known to infect potatoes under field
conditions. Among the most important of these in Egypt are Pofafo leaf roll
viruses (PLRV), Potato virus Y (PVY), Potato virus X (PVX) (Shalaby, 1993;
Gamal EI-Din et al., 1997 and Amer, 1999)

Little work has been done on potato viruses in northern Egypt.
However, our limited surveys in some potato producing regions of
Alexandria and El Behira governorates revealed the occurrence of AMV,
PLRV and PVY in higher frequencies than other viruses.

This paper presents some morphological effects of AMV, PLRV and
PVY on potato cv. Spunta and the rate of yield reduction due to these
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viruses when infection occurred naturally at different stages of plant
development.

MATERIALS AND METHOTDS
1. Field experiment

Open field experiment was conducted during spring season 2012, at
Etai El Baroud Al-Khawalid — El-Behira. The experiment was carried out on
March 5, 2012. Plants of potato cv. Spunta grown in the field were left for
natural infection with potato viruses and plants infected singly with each
AMV, PLRV and PVY were recognized in samples collected from such
plants by indirect ELISA using specific antisera. Stages of plants at which
symptoms appeared were also determined. Plants on which symptoms of
AMV, PLRYV and PVY appeared at different stages of plant development
were chosen. Virus free plants were used as control. Five replicates were
used for each treatment. Potato plants were weekly sprayed with
Malathione 0.1 % to minimize infection of selected plants with other viruses.

2. Virus detection

2.1, Source of antisera
Antisera for AMV, PLRV, PVY, PVX, PVS and PVM were provided by Dr.

Gaber Fegla, Plant Virology Lab., Plant Pathology Dept., Faculty of
Agriculture;-Atexandria University.

2,2, ELISA
The indirect ELISA first reported by Koenig (1981) and modified by

Fegla et al. (1997) was used. The ELISA values were measured by Sunrise
ELISA reader and expressed as absorbance at 405 nm. Absorbance values
if at least double that of the healthy control were considered positive.
3. Effect of virus infection on vegetative growth and productivity

Potato plants were individually coilected with their fubers in plastic bags
at the end of experiment and used to study the effect of natural infection
with AMV, PLRV and PVY on vegetative growth as well as productivity and
some chernical components of tubers. Obtained results were statistically
analyzed according to Duncan's multiple range test procedure at p < 0.05
leve| of significance, as illustrated by Snedecor and Cochran (1980).
3.1. Vegetative growth

Vegetative growth parameters of potato cv. Spunta such as piant height,
number of leaves per plant, fresh and dry weights of shoot and root
systems were determined.
3.2. Productivity and some chemical components of tubers
3.2.1. Productivity

The number and weight of potato tubers per plant, dry matter, tuber
shape index and tuber size of healthy and infected plants with AMV, PLRV
or PVY were determined.
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3.2.2. Chemical components
The following chemical components were determined in tubers of
healthy and infected plants.
3.2.2.1. Reducing and non-reducing sugars content
A known mass (5g) of fresh tuber was taken to estimate reducing and
non- reducing sugars, using sulphuric acid and phenol (5%), and then they
were calorimetrically determined, according to the method of Dubios et al
(1958).
3.2.2.2. Starch content
Tuber starch content was determined by using a sample of 1 g of fresh
tuber, according to the method described in AQAC (1970).
3.2.23. Vitamin C _
Vitamin C was determined by titration with 2, 6-di-chlorophenol-
indophenol blue dye, according to the method of Jacobs (1951).

RESULTS
1. Effect of virus infection on vegetative growth and productivity
Alfaifa mosaic virus (AMV)

Data presented in Table (1) indicate that height and average of imaves
per plant of plants infected with AMV at 5-6 leaf stage of development were
reduced by about 21.8 and 68.1%, respectively. The reduction reached 4.4
and 50.4%, respectively when infection occurred at 8-9 leaf stage. Fresh
and dry weights of shoot system were also reduced and the reduction was
greater in plants infected at early infection date (5-6 leaf stage) being 56.1
and 59.5%, respectively. The same trend was observed with fresh and dry
weight of root system.

Reduction in vegetative growth parameters reflected on productivity
(Table 2). Number of tubers and weight of tuber per plant were decreased
by 61.7 and 69.9% in plants infected at 5-6 leaf stage of development and
by 425 and 39.8 in piants infected at 8-3 leaf stage, respectively
Comparing with control treatment, dry matter of tubers and tuber size
reduction were 52.7 and 73.2%, respectively when infection occurred at 5-6
leaf stage and reached 37 and 49.1% when infection happened at 8-9 leaf
stage of development, respactively. N

Tuber shape index was not significantly affected by virus infection either
at 5-6 leaf stage or at 8-9 leaf stage of development.
Potato leaf roll virus (PLRV) :

The height and average number of leaves per plant of potato plants
infected with PLRV were reduced by 42 and 72.5%, respectively in 5-6 leaf.
stage infected plants and reduction reached 13.4 and 48.1% in 8-9 leaf
stage infected one. Fresh and dry weights of shoot system were aiso
decreased and the reduction reached 72.8 and 34.6% in early infected
plants and 37.6 and 22.9% in late infected one, respectively. The same
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trend was observed with fresh and dry weights of root system, higher
reduction was also observed in root system of early infected plants.

Parameters of productivity were greatly affected. Number and weight of
tubers per plant were reduced by 63.7 and 66.2% in 5-6 leaf stage infected
plants and by 15.2 and 48.1%, in 8-9 leaf infected one, respectively.

Dry matter of tubers and tuber size were reduced by 60.17, 68% and
54.7, 45% in plants infected at 5-6 and 8- leaf stages of development,
respectively.

Tuber shape index was not significantly affected by virus infection either
at 5-6 leaf stage or at 8-9 leaf stage of development.

Potato virus Y (PVY)

Plant height and average number of leaves per plant were
significantly reduced by virus infection and the reduction was greater in
plants infected with PVY at the early stage (5-6 leaf stage) of piant
development (Table 7). Shoot system was also affected. Virus infection at
5-6 and 8-9 leaf stages decreased significantly shoot system in terms of
fresh weight by 85.1 and 54% and of dry weight by 81.84 and 41.0%,
respectively. The same trend was observed with fresh and dry weights of
root system, the reduction was greater in plants infected earlier {(at 5-6 leaf
stage) being 75.5 and 75.7 %, respectively as compared with control.

Studying productivity showed that there were significant reduction in
number of tubers per plant and weight of tubers by about 60.7 and 63.6%,
respectively in plants infected at 5-6 ieaf stage and the reduction reached
24.3 and 23.3% in plants infected at 8-9 leaf stage. Dry matter of tubers
and tuber size were significantly decreased by 57.3 and 67.6% in early
infected plants and by 39 and 25.8% in late infected ones.

Tuber shape index was not significantly affected by virus infection either
at 5-6 leaf stage or at 8-9 leaf stage of development.

Chemical components of tubers
Data concerning chemical components of tubers collected from healthy

and naturally infected plants are presented in Tables (3, 6 and 9). Resuits
indicate that virus infection with either AMV, PLRV and PVY had no
apparent effect on total sugars, reducing sugars, starch content and vitamin
c. Values of these components varied according to plant stage at which
infection occurred by decrease or increase as compared with control, but

the differences were not significant.
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Table {1): Growthparameiers of potaio cv. Spunta plants naturally infacted with AMV at two differsnt stages of development
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Table {2): Productivity of potato cv. Spunta plants naturally Infected with AMV at two different stages of dsvelopment
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Tabiel3): Chemical component of tubers of Spunta plants naturally infacted with AMY

Time of symopeloms Msrind from symptzms
appeaentyn apoearanen o yeld Farnst idzys) Toid sigars (%) Fenurig sxam (%) Stnrch ronlent (%) e C [0 )
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Table (4): Growih parmmelers of polato cv. Spunta plantz naturally infecled with PLRV al two different slages of development
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Table (6): Productivity of potato cv. Spunta plants naturally infected wih PLRV at two different stages of development

Tirne of Pernd from Ne. of lubers Tubees weight perplat. Mean tuber wraight Dry rtterlg)  Tubay Tubes size (Cm)
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Tabie (6): Chemical components of tubers of Spunta plants naturally infected with PLRYV
Time obsymptoms P from symplorms
ADpEArANCE appearmee loyisfd hoevest {days, Tolsl migas %) Reducing ugars (%) Starch eonzent (W) Viamin C (mg/190 )
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Table(7): Growth parameters of potato cv. Spunta plants naturally infected with PVY two ditferent stages of de\felopmenl
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Table (8): Produclivity of potato cv. Spunta plants naturalty Infected with PVY at two differsnt stages of development
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Tapla {9): Chemical component of tubers of Spunta plants naturally infected with PVY
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DISCUSSION

Several distinct viruses are known to infect potatoes under field
conditions. Among the most important of these in Egypt are Pofato leaf roll
virus (PLRV), Potato virus Y (PVY), Potafo virus X (PVX) (Shalaby, 1993,
Gamal El-Din ef af.,, 1997 and Amer, 1999).

Limited surveys carried out in some potato producing regions of
Alexandria and Bheira governorates revealed the occurrence of Affalfa
mosaic virus (AMV), Potato leaf rolf virus (PLRV) and Potato virus Y (PVY)
in higher incidence than other viruses. Thus this work was directed to study
the effect of infection with AMV, PLRV and PVY under field conditions on
vegetative growth and productivity of potato cv. Spunta.

Growth and productivity parameters of potato plants were significantly

reduced as a result of infection with AMV, PLRV and PVY.
The highest reduction in plant height was due to PVY infection and the
lowest one was in plants infected with PLRV, Similar results were reported
by Rahman ef al. 2008, who found that the reduction in plant height ranged
from 16.05-22.68 % and 27.87-35.12% for PLRV and PVY respectively.

The reductions in tuber number per plant were 61.7%, 63.7%, and
680.7% for AMV, PLRV and PVY respectively at 5-6 leaf stage while it was
15.2%, 45% and 24.3% at 8-9 leaf stage. Such results agreed with
previous data of Rahman et a/. 2006.

Tubers yield also was reduced in infected plants by 48.1-66.2%, 39.8-
69.9% and 23.3-63.6% for PLRV, AMV and PVY respectively. These
results are in line with those of Gupta et a/. (1985) who found that yield
infection with AVY and PLRV singly reduced potato yiekd up to 60-75% in
India and Hoa et a/. (1991) who reported that moderate infection and
severe infection due to PVY, respectively, caused 49% and 61% yield loss
in the Philippines under low land field condition. Also Hossain and Ali
(1992) found that the yield loss due to PVY raised up to 95% with severe
infection in Bangladesh. With 100% infection of PLRYV, yield loss was
recorded up to 78% (Hossain et a/., 1994) and only 30% infection with PVY
in variety Cardinal may cause 35% vield loss (Hossain and Ali, 1993) in
Bangladesh, while no significant change in tubers content of starch and
total sugars. Our resuits also showed that infection with AMV, PLRV and
PVY did not significantly reduce reducing and non-reducing sugars, starch
and vitamin C contents of tubers.
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