EXPERIMENTAL

- RESULTS




48

1 -Disease symptoms and diagnosis of the causal viruses:

Healthy looking and naturally infected potato plants showing typical
symptoms of mild to severe mosaic or down-word curling of leaves, crinkling and
necrosis on the vein of down-side of the leaf or up-word leaf rol with stand upright

and pale-yellowish, purple or reddish were collected from different potato growing
areas to represent the major potato viruses i.e. Potato X virus (PVX) Potato Y virus
(PVY) and Potato %eaf roll virus (PLRV), respectively. The viruses associated with
these specific symptoms in foliage parts of the infected potato plants were verified
on indicator host plants and serologically by direct ELISA test. Physical properties of

these viruses were accomplished as follow:-

2 -Survey of Potato viruses :

In this study, fresh samples of potato plants looking heaithy or exhibited
different viral disease symptoms including mild to severe mosaic, vein banding,
leaf rolling and stunting of the plant were collected from different locations in
Giza, Gharbia and Qalubia locations during summer seasons 1995-1996. The
infectional viruses in saps of the collected samples were detected serologically
through ELISA technique.

Data preseﬁted in Table (3) and Fig. (1) show that the three potato
viruses i.e. PVX, PVY, and PLRV were detected either singly or in combinations
in assayed samples of both potato cultivars Spunta and Diamont. Regarding with
Spunta cv., the obtained resuits revealed that infection with PVY, PLRV, and
PVY reached to 74.07 %, 65.0 % and 33.33% in locations of Giza, Qalubia and
Gharbia, respectively. For Diamont cv., the occurrence percentages of PVX,
PVY and PLRV were 34.46, 46.15 and 43.48 %, in the same locations,
respectively.
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Table (3): Percentage of infection with PVX, PVY and PLRV and their
combinations in potato cvs. Spunta and Diamont in different
locations in Egypt.

R R P

2414 | 19.23
7407 | 2222 | 1000 | 3446 | 4615 | 4348
1141 | 2222 | 6500 | 1034 | 1154 | 2174
741 2222 | 1000 | 1034 | 1154
6.90 3.85
- - - 6.90 3.85 4.35

- - 5.00 6.90 3.85 4.35

(++) parenthesized number represents number of examined samples.
(- ) Not detected.

Regarding the synchronized complex infection with two or three viruses
together in the same infected sample, the present data indicated that it seems
occurred at relatively lower percentage than the singular infections. In this
regard, the complex infection with PVX + P\VY was detected in 22.22, 10.0, and
7.41 % of samples of Spunta cv., collected from Qalubia, Gharbia and Giza
locations respectively. While the combined infections with PLRV + PVX or PLRV
+ PVY were never detected on Spunta cv. The compound infection with the
three viruses i.e. PVX + PVY + PLRV was detected in 5.0 % of samples obtained
from Gharbia location only.

On potato cv. Diamont, PVY-infection was the more popular in the three
location. it was reached to 34.46, 46.15 and 43.48 % in Giza, Qalubia and
Gharbia locations, respectively. The singular infections with PVX came the next
followed by PLRV-infection. Although complex infection by two or three viruses
on Diamont cv. was also less than infection with a single virus but it was more
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common on that cultivar in all three locations compared with Spunta cv. From
these results it could be concluded in general that, the Diamont cultivar was

more susceptible to infection with these viruses in combination than Spunta

cultivar.

3 .Effect of different size of explant on growth rate and elimination of
potato viruses:

In this experiment, different sizes of explant .. 0.2, 0.5 and 0.7 mm were
excised aseptically from sprouts emerged on tubers of potato cvs. Spunta and
Diamont (Figs., 2 and 3) previously proved (through ELISA test) to be infected
with the three viruses i.e. PVX, PVY, PVY and PLRV. The excised explants were
cultured for up to 20 weeks on MS-medium to study effect of their sizes on the in
vitro relative growth as well as on elimination of potato viruses associated with
the original tubers. Percentages of survived plantlets after 20 weeks were also
investigated.

3-1. -Effect of size of explant on percentage of survived plantiets:

It is clear from data presented in Table (4) that percentage of survived
plantiets produced from explants with length of 0.2 mm was greatly higher
(70.8%) in Spunta than Diamont (58.3%) cultivars. However, there are no clear

differences in percentage of survived plantiets developed from explants with
lengths of 0.5 or 0.7 mm in both cultivars. With the largest size of explanti.e. 0.7
mm, the percentage of survivals reached to 83.3% in both Spunta and Diamont

CVs.

Table (4): Effect of size of explant on number @ and percentage of survived
potato plantiets cultured on MS-medium for 20 weeks.

ol

833

S

14 583 16 66.7

" @ Average of 4 replicates each incuded 24 explans.
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Fig. (2): Sprouted tubers and detached sprouts of two potato cultivars i.e.
Spunta and Diamont.
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Fig. (3): Excised meristem tips of potato cv., Spunta (explants) at 0.2, 0.5, and
0.7 mm long. (100X)
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3-2. -Effect of size of explant on growth rate:

The results obtained in Table (5) and Fig. (4) showed that, the in vitro
development and growth rate of both tested potato cvs. L.e. Spunta and Diamont

was increased by increasing size of explant from 0.2 to 0.7 mm as well as by
prolongation in the incubation time from 4 to 20 weeks. After 20 weeks for
example, the relative growth rate reached to 62.5, 79.2 and 89.1%, for 0.2, 0.5
and 0.7 mm explants of Spunta cv., respectively. The corresponding values were
63.64, 65.0 and 83.33 %, respectivefy in case of Diamont cv.

Table (5): Effect of explant size on percentage of relative growth @ of potato cvs.
Spunta and Diamont .in in vitro.

16.67 | 19.17 8.33

39.10 | 47.50 | 4053 | 20.00 | 29.09 2747

3917 | 5250 | 62.72 | 51.46 | 28.33 | 40.00 | 40.00 | 36.11

5250 | 65.80 | 77.27 | 6519 | 4545 | 48.33 | 48.33 | 47.37

6250 | 79.20 | 89.10 | 76.93 | 63.64 | 6500 | 83.33 | 70.66

40.67 | 50.65 | 59.15 | 60.16 | 3257 | 38.15 | 43.33 | 38.02

@ based on (-5 scale suggested by Klein & Livingston (1983)

The present data noticed also that the growth rate of Diamont cv. was
somewhat slower than that of Spunta cv. at all tested incubation periods. The
average mean of relative growth of Diamont cv. was 38.02 % compared with
50.16 % for Spunta cv.

3-3. -Effect of size of explant on elimination of potato viruses :

For studying effect of size of explant on elimination of viruses associated
with the original tubers of potato cvs. Spunta and Diamont, five plantiets of 20-
weeks old were selected randomly from those developed from each particular
explant size and analyzed serologically by using ELISA technique. The
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Fig. (4): Effect of different size of explant on growth rate of both Spunta and
Diamont in vitro.
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percentage of infection with potato viruses PVX, PVY and PLRV either singly or
in combination as affected by length of explant are presented In Tables (6).

Data in Table (6) explored that, the three potato viruses were easily
eliminated from plantites of Diamont cultivar. compared with those of Spunta
one. Out of 15 plantites (for the three sizes of explant for each cultivar) 7 and 3
plantlets were completely freedom from the three viruses in Diamont and Spunta
cultivars, respectively. As for explants with 0.2 and 0.5 mm lengths, the same
data proved that, 3/5 (60%) and 4/5 (80%) of the plantites assessed for Diamont
cultivar. and 2/5 (40%) and 1/5 (20%) of the plantites assessed for Spunta

cultivar were virus-free, respectively

Table (6): Effect of explant size on number @ and “percentage” of virus-free or
virus-infected  plantlets of potato cvs. Spunta and Diamont
developed from different size of explant.

@ basedon 5 plantlets assessed by ELISA for each explant size.

The same data revealed also that the combined infections with PVX +
PLRV as well as PVX + PVY + PLRV were completely absent (0.0%) as it was
never detected in all tested sizes of explant in both tested potato cvs. The
double infections with PVX + PVY and PVY + PLRV as affected by size of
explant were less observed in Diamont cv. compared with Spanta cv. It is
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surprising that PVY + PLRV- infection was detected only in 1/5 (20%) of
plantlets originated from 0.2 mm explant of Diamont while it was noticed in 3/5
(60%) and 1/5 (20%) of plantlets developed from 0.5 and 0.7 mm explants and
completely absent in those originated from 0.2 mm explant of Spunta cv. About
difficulty of elimination of a singular infection, the present data showed that PVY-
infection was mofe resist as it was detected in 5/15 and 6/15 of plantietes of
Spunta and Diamont cvs., respectively. Each of PVX- and PLRV- infection were
detected in only 1/15 of plantltes of these cvs., respectively.

3-4. -Effect of virus status of potato plantlets developed through only
tissue culture technique alone on production of microtubers:

As for potato cv. Spunta, the data in Table (7) iliustrated tat the number of
microtubers produced by virus-free plantlets and piantlets still infected by PVX
alone or PVX + PVY (all developed from 0.5 mm long explants) were
significantly equal. However, all other tested characters i.e, total weightand
volume of harvested microtubers and average weight and volume of individual
microtuber were significantly higher in virus-free plantlets compared with those
infected with PVX or PVX+ PVY (Fig., 5). In case of plantlets infected with PVY
alone, the average weight of single microtuber was significantly higher than that
of virus-free plantiets and this could be attributed to lower number of microtubers
produced by PVY-infected plantiets compared with the virus-free ones. The
same data shows also the highest significant reduction in all above mentioned
tested characters was produced by Spunta-plantlets still infected with PVY alone
or combined with PLRV. It could be noticed that the total number, weight of the
yielded microtubers, total volume of microtubers and average volume of a single
microtuber were reduced by 50, 26.9, 60.8 and 22.5 %, respectively. In case of
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Table (7): Comparison between in vitro microtuber production of the ELISA
tested plantiets of potato cv. Spunta virus-free or infected with PVX,
PVY and/or PLRV singly or in combination.

@ -- = Cases of virus status not detected by ELISA test.

Table (8): Comparison between in vitro microtuber production of the ELISA
tested plantlets of potato cv. Diamont virus-free or infected with PVX,
PVY and/or PLRV singly or in combination.

TEETY

9.0 265 2.944 2.02 0.22
®» | 3B NS. NS. N.S. N.S.
@ - = Cases of virus status not detected by ELISA test.
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UNTREATED
(CONTROL)

Fig. (5): Micmtubers production of Spunta cv., plantlets virus-free (0) or still
infected with PVX (1), PVY (2), PVX+PVY (3) or PVY+PLRV (4), all
developed from 0.5 mm long explant without any additional treatment.
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plantlets infected with PVY + PLRV, these characters reduced by 46.9, 40.7, 53,
and 50 %, respectively compared with the virus-free plantlets.

In case of potato cv., Diament, the data tabulated in Table (8) indicated
that, the number of harvested microtubers was the only character which was
affected significantly by viral infection. In this regard, combined infection with
PVY + PLRV reduced the total number of microtubers by 37.8 % followed by
PLRV-infection (30 %) and PVY-infection (11 %). Regardless significancy, it
could be noticed that infection with PVY was accountable for the highest relative
reduction in total weight of microtubers followed by combined infection with PVY
+ PLRV and PLRV alone, respectively. The latter two infections increased

average weight of a single microtuber while PVY-infection decreased it
compared with virus-free case. Relative increase in total volume of harvested
microtubers was noticed in case of Infection with PLRV alone while infections
with PVY alone or combined with PLRV were relatively increased it.

4 -Effect of combination between Virazole treatment and size of explant:

In this experiment, Virazole as antiviral agent was incorporated into MS-
culture medium at concentrations of 10, 20 and 40 ppm. in addition to control
(without Virazole) fo study their effects on percentage of survivals, the in vitro
growth rate of potato microplants developed from explants taken from sprouts of
infected tubers of Spunta and Diamont cultivars at lengths of 0.2, 0.5 and 0.7 mm as
well as on elimination of potato viruses associated with these parent tubers.

4-1. -Effect of combination between Virazole treatment and size of explant
on survivals:

It is cleaa; from data prese‘hted in Table (9) and Fig. (6) that percentage of
survived plantiets were gradually decreased with increasing concentration of
Virazole up to 40 ppm. especially with potato cultivar Spunta. As for the latter

cultivar, the percentages of survivals at 10 ppm., were 66.0, 79.0, and 79.0% for
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explants of 0.2,0.5and 0.7 mm, respectively. These percentages decreased to
16.7, 29.2 and 33.3% at 40 ppm, for fhe three lengths of explant, respectively.
With respect to Diamont cultivar, the survival percentage at 40 ppm. of Virazole
were 41.7, 50.0 and 50.0 % for explants with 0.2, 0.5 and 0.7 mm, in respective.
In control treatment (Without Virazole), the percentages of survivals were 70.8,
70.8 and 83.3 % for Spunta cultivar and 58.3, 66.7 and 83.3 % for explants of

0.2, 0.5 and 0.7 mm length, respectively.

Table (9): Effect of different concentrations of Virazole in MS-culture media on
number @ percentage of survived plantiets developed from 0.2,05
and 0.7 mm long expiants for potato cultivars Spunta and Diamont.

0 | 471 12

@ Average of 4 replicates each included 24 explants.

4-2. -Effect of combination between Virazole treatment and size of explant
on in vitro growth rate:

According to data presented in Tables (10 & 11) and Figs. (7 & 8)it
could be noticed that the growth rate of potato explants was successively
increased with prolongation in incubation period and it was better in explants
grown in control treatment (without Virazole) than those grown in media with
Virazole. When the concentration of the Virazole increased the growth rate was
consequently decreased. This trend was clear in both potato cultivars i.e. Spunta
(Table, 16) and Diamont (Table, 11).

EXPERIMENTAL RESULTS




Spunta

100

Survived plantlets (%)

8o |

20|

MO0 310 W20

a’s 0"
OO
R X

2ot
aret: SO
el
utat,4
WK
wevierel: RO

Tetle!
ARN
MO
el
Fobatad
KR
MK
Tetetet
ale?
Yadetet
l:l:l:l
IOH
XN
o,

0.2

0.5

0.7

Explant size (mm)

Diamont

100

Survived plantiets (%)

| MO E210 H620 BES 40 ppm |

80

5
“etee s
"alee

ey
3
e
0

0.2

Explant size (mm)

0.5

Fig. (6): Effect of different concentrations of Virazole and size of explant on
survival percentages of potato cvs. Spunta and Diamont.
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Table (10): Effect of Virazole on the growth rate of potato cv. Spunta cultured in
vitro through 20 weeks.

1447 | 3500 | 3947 52.50 62.50

818 | 4000 | 40.91 34.33 45.56
4

009 | 1273 | 2200 19.13 31.00

417 8.7 16.52 22.67 25.71
890 | 2411 25.15 3216 41.19

16.67 | 47.50 52.50 65.80 79.20
7.83 23.33 35.83 50.43 40.83
5.83 14.78 3913 36.00 31.00

2.61 7.83 16.52 26.67 30.04

8.24 23.36 36.00 4.73 45.27
18.17 39.10 62.72 77.27 89.10

15.00 | 3417 46.67 58.00 62.00
8.33 16.19 40.00 4.21 46.67
6.09 16.36 23.00 40.00 43.33

12.15 26.46 43.10 54.87 60.28
@ based on 0-5 scale suggested by Klein & Livingston (1983)
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Table (11): Effect of Virazole on growth rate of potato cv. Diamont cultured in
vitro through 20 weeks.

545 | 29.09 | 4000 | 4040 | 6364
2.00 12.00 | 2200 | 36.00 | 56.00

1.70 1170 | 2330 | 3000 | 56.70
1.70 1000 | 21.70 | 2830 | 38.30

2.71 1570 | 26.75 | 3368 | 53.66

833 | 3333 | 4000 | 4833 | 65.00
2.00 18.30 | 3500 | 48.00 | 60.00

3.30 1200 | 2000 | 41.70 | 5830
1.70 5.00 1000 | 1830 | 46.00

383 1716 | 2625 | 39.08 | 57.33

1166 | 2000 | 2833 | 4833 | 83.33
8.30 1500 | 2670 | 3500 | 70.00
500 | 1330 | 21.70 | 31.70 | 55.00
500 | 1170 { 21.70 | 31.70 | 46.70

| 749 | 1500 | 2460 | 3668 | 6376

o

& basad on 0.5 sesle suggestod by Kiein & Livingwton (1983,
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Fig. (7): Effect of different concentrations of Virazole and size of explant on in
vitro relative growth of potato cv. Diamont.
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Fig. (8): Effect of Virazole (VIR) concentrations (ppm) treatment on growth rate
of potato plantlets (Spunta cv.) after 1-5 months in vitro. ,
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Regardless Virazole treatment, the present data declared also that, the
relative growth for any explant length after incubation periods of 4, 8, 12, and 16
weeks, in general was conspicuously higher in Spunta cultivar than Diamont
one. However, after 20 weeks, this trend was compleiely reversed.

4-3. - Effect of Virazole on elimination of viruses

The results about effect of different concentration of Virazole on
elimination of viruses are demonstrated in Tables (12 & 13). Regarding with
production of virus-free plantiets for potato cv. Spunta (Table, 12), the present
results indicated that, 2/5, 1/5 and 0/5 virus-free plantlets could be produced by
using explants with lengths of 0.2, 0.5 and 0.7 mm, respectively in absence of
Virazole {control treatment). In Virazole treatments, It could be noticed that only
1/5 of the plantleté developed from 0.2 mm explant length at Virazole
concentrations of 10 and 40 ppm. but not at 20 ppm. were virus-free. No virus-
free plantlets could be produced at any given concentration of Virazole when 0.5
mm. explants were used. The most beneficial effect of Virazole was clearly
observed when explants with 0.7 mm length were used. With this large size of
explants, the number of virus-free plantlets reached to 3/5, 3/5, and 1/5 at
concentrations of 10, 20, and 40 ppm., respectively.

Respecting with effect of Virazole on elimination of infection with singular
viruses, the same data proved that both PVX- and PLRV-infections were
completely eliminated when 0.2 mm explants only were used. With 0.5 mm
explants, the PLRV-infection was also eliminated at all tested concentrations of
Virazole but PVX-infecton was detected in 1/5 of plantiets developed at
concentration of 10 ppm. Out of total 20 plantlets developed from explants 0.7
mm length, 4 and 1 were infected with PVX and PLRV, respectively. Regarding
with incidence of single infection with PVY, the same data proved that it was
detected in 8/20, 9/20 and 2/20 of plantlets developed from 0.2, 0.5 and 0.7 mm
explants, respectively. The single infection with PVY seems to be more difficult
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fo eliminate by Virazole treatments than PVX and PLRV infections. In general,
out of total of 60 plantlets tested 5, 19 and 1 were infected with PVX, PVY and
PLRV, respectively.

Table (12): Effect of different concentrations of Virazole on elimination of potato
viruses using different size of explant in Spunta cultivar.

oo D |- = W W

1

1

2 - - - - - - 3

1 - 1 - - - - 3

- 1 - 1 - 1 i

4 2 1 3 - 2 1 7
. {5 19 1 8 - 13 2 12

* The ELISA test was carried out on 5 plantiets per each treatment.

(-} Not detected.
As for complex infection, the present data proved that applying any

concentration of Virazole with any size of explant resulted in complete
elimination of the combined infection with PVX + PLRV. In this regard, the
combined infection with PVY +PLRV was occurred more frequently, especially
in case of 0.2 and 0.5 mm explants, than infection with both PVX + PVY viruses.
The combined infection with the three concemed viruses i.e. PVX + PVY + PLRV
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was detected only in 1/5 of the plantiets developed from 0.5 and 0.7 mm
explants at 40 ppm concentration of Virazole. In general, out of total of 60
plantlets tested 8, 0, 13, and 1 were infected with PVX + PVY, PVX +PLRV,
PVY + PLRV and PVX + PVY + PLRV, respectively.

Table (13): Effect of different concentrations of Virazole on elimination of potato
viruses using different size of explant in Diamont cultivar

- 2
1 3 - - 2 1 - 12
- 1 - - - - - 4
. 2 - - - - - 3
- 3 1 - - - - 1
- 6 1 - - - - 13
. 5 - . . . . -
- 1 - - - - - 4
- 1 1 - - - - 3
- 1 - - - - 4
. 8 - - - - - 1"
- {1 1 17 3 | - 2 1 - 36
* The ELISA test was caried out on 5 plantiets per each freatment

{ - ) Not detectad
As for potato cv. Diamont, the obtained results (Table, 13) were nearly

similar to that mentioned above especially with effect of Virazole and explant
size on incidence and frequency of singular infections with each virus alone.
However in case of combined infection, it could be noticed that infections with
PVX +PVY was never detected in ail freatments and PVY + PLRV-infection was
detected only in 1 out of 60 plantiets tested. In confrast, PVX + PLRV-infection
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was detected in 2/60 in plantiets of Diémont cv. compared with 0/60 in plantiets-
of Spunta cv. (Table, 12).
I general, the total number of virus-free plantlets was considerably
higher in Diamont cv. (36/60) than in Spunta cv. (12/60).
4-4, -Effect of Virazole on microtubers production of virus-free and -
infected plantlets in vitro:

At 10 ppm of Virazole for potato cv. Spunta, the data illustrated in Table
(14) and (Fig., 9-A) indicated clearly that PVX-infection increased number of
harvested microtubers while PVY-infection reduced it significantly compared with
those harvested from virus-free plantlets. On other hand, numbers of
microtubers from virus-free plantlets and from plantiets infected with PVX + PVY
were significantly equal. However, Infection with PVY alone orin combination
with PVX reduced total weight of harvested microtubers significantly. PVY-
infection reduced it by 38.3 % while PVX + PVY-infection reduced it by 43.7 %
compared with virus-free case. Average weight of the individual microtuber was
significantly decreased (39.1 %) in case of infection with PVX + PVY compared
with virus-free case. At same concentration of Virazole, the present data showed
also that, both total volume of harvested microtubers and average volume of the
single microtuber were significantly decreased by infection with PVX and PVY
each alone or in combination. In general, combined Infection with PVX+ PVY
caused the highest reduction in both total volume of harvested microtubers (68.7
%) and average volume of a single microtuber (66.7 %) compared with virus-free
case.

At concentration of 20 ppm of Virazole, the same data and (Fig., 9-B)
proved that, the number of harvested microtubers was reduced significantly by
all detected virus-status i.e., infections with PVX (57.0 %), PVY (62.9 %), PLRV
(32.4 %), PVX +PVY (23.5%), and PVY +PLRV (65.9 %) compared with virus-
free status. Most of the other tested characters of microtubers i.e. total weight
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Table (14): Effect of different concentrations of virazole on the in vitro microtuber production of plantlets of potato cv. Spunta either
virus-free or infected with PVX, PVY and/or PLRV singly or in combination.

- Total No. of ESEQ \ : EE i of| >§§<§§s
: ~} - microtuberper | microtuber in g per | single microtuber in| L ror 3. plantet mi.of & single
Virus-Status | _ plantiet @ plantlet mg thantetath it microtuber
| o |8t 8|0 .a_m 10| 20 25 0] 2| 40
| & |pem|pem|pom| 3 |ppm | pom | pom| § | gom| pom| oo | opm | pom
i : 73 | - | 364 wﬁa 227 | - | 2459 2373|3110 024 | 024 | 028 ] -

63 | 185 | 291 | 256 | 153 | 3.00 | 3638 | 3200 [ 2429 [ 1622 | 250 | 225 | 1.63 | 236 | 031 | 023 | 0.22 | O.13

11.5 - - - 179 | - - - (377 - - - 1.73 - - - (015 ] -

130 | 108 | 297 | 228 | 1.75 | 311 {2007 | 154.1| 1458 } 2880} 300 | 1.88 | 1.63 | 288 | 0.20 | 0.6 | Q.13 | 0.27

75 | 163 [ 236 | - 136 | 331 [2776| - [181.3(2031| 218 | - 143 | 325 026} - {018} 02

- 17.3 - - - 2571 | = - - | 1486] - - - 238 | - - - 0.14

170 | 11.0 | 398 | 405 ] 343 | 332 | 2489 | 253.1 | 201.8 | 3018 | 638 | 600 | 525 | 475 | 040 | 048 | 0.31 | 043

13| 17 | 032t043| 018 | NS | 291} 530 119|377 )| 080} 0467 031 | 085| 003 { 0.07 | 0.01 | 0.4

@ = A single plantiet divided into five segments and cultured together in one jar.
A = Cases of virus status nof detected by ELISA test.
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JRAZOLE

Fig. (9): Effect of Virazole at 10 ppm (A), 20 ppm (B), and 40 ppm (C) on
microtubers production of virus-free plantiets (0) as well as those still
infected with:

PVX(1-B, 2-A,C), PVY(1-A,C, 2-B), PVY+PVX(3-A,C, 4-B), PLRV(3-B),
PVY+PLRV(3-C, 5-B), PVX+PVY+PLRV (4-C).
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and volume of harvested microtubers and average volume of a single microtuber
were reduced significantly by each one of the detected viral-status. In general,
the highest reduction in total weight of microtubers per plantiet was caused by
compound infection with PVY + PLRV (60.3 %) followed by infection with PVY
alone (55.4). However, combined infection with PVY + PLRV and PVX + PVY
caused the highest significant reductions in total volume of microtubers per plant
and average volume of a single microtuber i.e. 72.8 % and 58.1 %, respectively.
With respect to 40 ppm of Virazole, the same data in Table (15) and
(Fig., 9-C) indicated that, the total number of microtubers per piantiet was

significantly higher in most detected cases of viral-infected plantiets (except
PVX + PVY) compared with virus-free plantlets. It could be observed also that

total weight of microtubers per plantlet was significantly equal in both virus-free
and virus-infected plantlets. The average weight of single microtuber was,
however, significantly reduded by 46.3 %, 32.7 and 50.8 % in case of infection
with PVY, PVY + PLRV and PVX + PVY + PLRV, respectively. Total volume of
microtubers per plantiets was significantly reduced by 49.9 % in case of PVY-
infection, 39.4 % in case of PVX + PVY-infection, 31.6 % incase of PVY +
OLRV-infection and 49.9 % in case of infection with the three viruses i.e. PVX+
PVY + PLRV. As for average volume of a single microtuber, percentages of
reduction caused by these viral-infections were 69.8, 37.2, 53.5 and 67.4 %,
respectively. o

Regarding with potato cv. Diamont, the obtained data (Table, 15) proved
that, both total number of microtuber per plantiet and average volume of a single
microtuber at both 20 and 40 ppm of Virazole concentrations, and total volume of
microtubers per plantiet were significantly affected by variety of viral-infections.
At concentration of 20 and 40 ppm for PVY-infection and 20 ppm for PLRV-
infection, the total number of microtuber per plantiet was significantly higher than
the comesponding number of virus-ree plantiets. However at concentration of -
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~ Table (15): Effect of different concentrations of virazole on the in vitro microtuber production of v_nz_oa of potato cv.
Diamont virus-free or infected with PVX, PVY and/or PLRV singly or in combination.

I | Avrsgow ot s
2 RN microtuber per u_aao io_.o:_uoq

pnnnn
om |-ppm | g\ ppm | ppm | ppm

- | 1542 - - -~ 175 [ - - - 015 - -

80 | 103 | 120 | 128 | 188 | 174 | 238 | 140 | 2350 | 1689 | 1983 | 1167 ) 195 | 167 | 195 | 162 | 024 | 016 | 016 | 093

6.3 - 30 - 22 - 1248 -~ 3508} - |1908]| - 25 | - 167 - | 040 - O3} -~

56 - - - 206 - - - | 3661 - - - 147 | - - - |0} - - -

- - - - - - - - - -— - —_ - - - - - - - -

90 | 9.0 | 100 | 100 | 265 | 1.74 | 188 | 1.90 | 2044 | 1933 | 188.0 | 190.0{ 202 255 | 187 | 300 1 022 | 028 | 019 | 0.0

<_=§§

r@#ba 333 | NS | 1751315 [ NS. [ NS [ NS. [ NS [ NS | NS | NS [ NS [ NS [ NS [ NS [ 025 NS | 0111 005! 008

@ = A single Emaams Qs%q into five segments and cultured together in one jar.
A = Cases of virus status not detected by ELISA test
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40 ppm for complex infection with PVY + PLRV, the total number of microtuber
per plantiet was significantly reduced by 40.0 % of those produced by virus-free
plantiets. On the other hand, total volume of microtubers per plantiet and
average volume of individual microtuber in case of treatment with 40 ppm of
Virazole were reduced by 46% and 56.7%, in respective, in case of infection
with PVY alone and by 61% and 33.3%, in respective, in case of infection with
PVX + PLRV compared with virus-free case.

5 . Effect of combination between size of explant and salicylic acid
treatment:

In this experiment, salicylic acid as antiviral agent was incorporated into
MS-culture medium at concentrations of 10, 20 and 40 ppm. in addition to control
(without salicylic acid) to study their effects on percentage of survivals, the in
vitro growth rate of potato microplants developed from explants taken from
sprouts of infected tubers of Spunta and Diamont cultivars at lengths of 0.2, 0.5
and 0.7 mm as well as on elimination of potato viruses associated with these
parent tubers.

5-1. - Effect of salicylic acid on survival percentage:

The obtained data in Table (16) and Fig. (10) proved that there was no
clear differences in percentages of survived plantlets of both potato cultivars
either .developed from explants with length of 0.2 or 0.5 mm. These observations
were tue in all tested concentrations of salicylic acid. The percentage of
survivals was relatively higher at concentration of 10 ppm. than 20 or 40 ppm. of
salicylic acid. It was noticed also that percentage of survived plantiets developed
from explants with length of 0.7 mm at all tested concentrations of salicylic acid
were greatly higher, especially in Diamont cv., than those developed from 0.2 or

0.5 mm explants.

R
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Table (16): Effect ofdifferent concentrations of Salicylic acid in MS-culture media on number
@ percentage of survived plantiets developed from explants with different
lengths (in mm) for potato cultivars Spunta and Diamont.

@ Average of 4 replicates each included 24 explants.

5-2. - Effect of salicylic acid on rate of growth:

The effect of different concentrations of salicylic acid i.e. 0, 10, 20 and 40
ppm on the in vitro relative growth of pdtato plantlets, developed from different
sizes of explants of Spunta and Diamont cvs., was studied.

in this regard, the obtained results included in Tables (17 & 18) and Figs.
(11 & 12) revealed that salicylic acid has an inhibition effect on the in vitro
growth of plantlets of Spunta and Diamont cultivars when compared with control
(without acid treatment). This inhibition was increased with increasing
concentrations of salicylic acid. Regardless size of explant and concentrations
of salicylic acid, the growth rate was increased by prolongation of incubation
period. At all incubation periods except the first 4 weeks, the relative growth was
clearly high in plantiets of Diamont cv. than Spunta oV
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Fig. (10): Effect of different concentrations of Salicylic acid and size of explant
on survival percentages of potato cvs. Spunta and Diamont.
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Table (17): Effect of salicylic acid on the growth and development (growth rate)
to cv. Spunta cultured in vitro through 20 weeks
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Table (18): Effect of salicylic acid on the growth and development (growth rate)
of potato cv. Diamont cultured in vitro through 20 weeks.
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Fig. (11): Effect of different concentrations of Salicylic acid and size of explant
on in vitro relative growth of potato cvs. Spunta and Diamont.
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Fig. (12): Effect of Salicylic acid (Sal.A.) concentrations (ppm) on growth rate of
potato plantiets (Spunta ¢v.) after 1-5 months in vitro.
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5.3. -Effect of salicylic acid on eliminaiion of potato viruses:
Effect of different concentrations of salicylic acid on virus elimination from

the in vitro cuitured meristems was present in Tables (19 & 20).
Data in Table (19) showed that, the different concentrations of Salicylic

acid had no clear effect on elimination of viruses from plantlets of Spunta cv.

particularly those developed from meristem tips with 0.2 mm long compared with
control treatment. In control treatment 2/5 of the developed plantiets were virus-
free, while only 175 was virus-free. Of 20 plantlets tested for all Salicylic acid

concentrations 2, 7 and 8 plantiets were found to be infected with PVX, PVY and
PVX + PVY, respectively.

Table (19): Effect of different concentration of salicylic acid on elimination of
potato viruses using different size of explant in Spunta cultivar.

3

1

2

1

7

1 -

1 1

1 2
-l -1 - | 5 | - - -
33| -] 8| -3 -132
1111 -2 -1+1t71-71-
A T R R P R B
12 -2 -1 -1-1-
N R A S e
2o - {51 -]1]-13
7119 - 21 ] - T a] - ]12

* The ELISA test was carried out on 5 plantiets per each treatment.
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In case of the medium size of ekplant i.e. 0.5 mm long, the Salicylic acid
at 10 ppm produced 2/5 virus-free plantlets compared with only 1/5 in case of
control treatment (without Salicylic acid). Of 20 plantlets tested for that length,
the majority (8/20) was still infected with PVX + PVY, while 3/20 were still
infected with PVX, PVY or PVY +PLRV. The highest infection with PVY (3/5)
and PVX (2/5) were associated with control treatment and 20 ppm concentration
of Salicylic acid, respectively. As for the larger size of explanti.e. 0.7 mm long,
the same data proved highly efficiency of Salicylic acid particularly at
concentrations of 10 and 40 ppm. At these concentrations 2 out 5 and 1 out 5
tested plantlets, in respective were virus-free compared with 0/5 in case of

control treatment. It could be noticed also that the majority of tested plantiets
developed from the larger size of explant were still infected with PVY (9/20)

followed by those infected with PVX + PVY (5/20), PVX (2/20) and PVY + PLRV
(1/20).
Regarding Diamont cultivar (Table, 20), the salicylic acid treatment

seems to be more effective in elimination of potato viruses from its cultured
explants if compared with Spunta cv. Of total 20 plantiets tested (developed
from 0.7 mm long explants) 8 plantiets were virus-free. Of those virus-free

plantlets 3/5, 2/5 and 3/5 were produced at concentrations 10, 20 and 40 ppm of
Salicylic acid, respectively. At 20 ppm of Salicylic acid, 100 % of ELISA tested
plantlets (5/5) were virus-free compared with only 80 % (4/5) of plantiets

developed in control and 10 ppm Salicylic acid treatments while only 20 % (1/5)
of those developed at 40 ppm were virus-free.
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Table (20): Effect of different concentration of salicylic acid on elimination of
potato viruses using different size of explant of Diamont cultivar.

—_ o bk RlOjWw N - W

*The ELISA test was carried out on 5 plantiets per each treatment.

5-4, -Effect of salicylic acid on the in vitro potato microtubers production:
Data about effect of different concentration on microtubers production for
both virus-free piantiets of potato cvs. Spunta and Diamont as well as the
plantiets infected with PVX, PVY and PLRV either singly or in combination were
tabulated in Tables (21 & 22).
As for in vitro tuberization of potato cv. Spunta, the data in Table (21)
and Fig. (13) showed that, at 10 or 40 ppm of salicylic acid, total number, total

weight and volume of 'ms;permﬂetwassig:ﬁﬁcaﬂyﬁglwinvim-
free plantiets than in plants infected with PVX, PVY either singly or
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Table (21): Effect of explant size and different concentrations of Salicylic acid on the in vitro microtuber production of plantlets of
potato cvs. Spunta virus-free or infected with PVX, PVY and/or PLRV singly or in combination.

Virus-Status

Y 148 | 1001930 | - {364 284 | 316

80 | 118 [ 118 | 88 | 297 | 283 287 | 231 [ 3638|2398 | 2432 | 2625 250 | 263 | 225 | 1680 | 031 | 022 | 0.99 | 0.0

;| 148 90| 83 | 98 | 207 | 156 | 232 | 145 | 2007 | 1733 | 279.5 | 1400 | 200 | 153 | 263 | 135 | 020 | 047 | 032 | 014

85 - - - 236 | - - - {2161 =~ - - 218 - - - 026 | - - -

a0 | 15| - | 65| 398 | 326 | - | 419 |2489| 1883 | - [2530| a3 (260 - | 413|040 | 0t6] ~ |0

05 . 1100|227 ] 163 | ns | 032 | 003 | NS | NS [ 209 | 269 | 325 ) NS [ 00| 142 | NS | 142 [ 003 | 003 | 003 | NS

@ = A single plantiet divided into five segments and cultured together in one jar.
A = Cases of virus status not detecled by ELISA test.
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._.mu_o (22): Effect of explant size and different concentrations of Salicylic acid on the in vitro microtuber production of Egaam of
potato cvs. Diamont virus-free or infected with PVX, PVY and/or PLRV singly or in combination.

.Q& zo of bﬁanm W.of a

igle microtuber in|

40 |1 m@,_ﬁ 40 _m

ppm | pom | porm | ppm |

143 1908 | 1210
ol 188 | - | - | 209 |2380] - | - |29 95| - | - |242| 0| - | - | on
slaa| | - | - |mes| - | -] - |28y - | -] -|ow| -} -]-
h<X+E.m.< 0| 05| - | - |1or| 1| - | - |n0sfmar| - | - [tof2m| - | - |om|oa| -
Py + E.m,\ | se | a3 | ea| - |205| 15| rse| - |sear|r2a7|mea| - |[tar|ars| a0 | - |02 |atw|osw| -
- - s - - | - |1er] - - | - [1a6s] - | - | - || - | -] - |O5| ~
90 | 95 | 98 | 108 | 265 | 261 | 267 | 203 | 2044 | 2747 | 2724 | 1880 | 202 | 220 | 268 | 1.59 | 022 | 0.2¢ | 026 | 0.18
o3 l225! 226|301 | ws |oss|oe2|ns | ns |ma0| s |40 | NS | 066 | o4 | oee | NS | o) oo7 | o]

@ = A single plantlet divided info five segments and cultured together in one jar.
A = Cases of virus status not detected by ELISA fest.

EXPERIMENTAI REQIN TQ




87

Fig. (13): Effect of Salicylic acid at 10 ppm (A), 20 ppm (B), and 40 ppm (C) on microtubers
production of virus-free plantiets (0) as well as those still infected with:
PVX(1-AB), PVY(2-AB, 1-C), PVY+PVX(3-AB, 2-C). (all plantlets developed
from 0.5 mm long explant of Spunta cv.).
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combination. Compared with virus-free plantiets at concentration pf 10 ppni,
reduction in number of microtuber per plantiet was 42.9, 32.6 and 48.6 %, in total
weight of microtubers per plantiets was 12.9, 13.2, and 52.1 %, respectively due
(o infection with PVX, PVY or PVX +PVY, respectively. Due to infection with
PVY alone or combined with PVX in treatment of 40 ppm, number of microtubers
per plantiets was reduced by 46.7 and 40.6 % and total weight of microtubers
was reduced by 44.9 and 65.2 %, respectively. At concentration of 40 ppm,
infection with PVX + PVY only reduced average weight of individual microtuber
by 41.3 compared with virus-free case. At 20 ppm concentration, no virus-free

piantlets of potato cv. Spunta were detected.

Respecting with potato cv. Diamont, the data in Table (22) stated that, at
different concentrations of Salicylic acid, the total number of microtubers per
plantlets was significantly equal or higher in plantiets infected with different
tested potato viruses compared with virus-free plantlets. This was in contrast
with total weight of microtubers per plantiet, which was significantly higher in
virus-free plantiets compared with those infected with different viruses. At
concentration of 10 ppm of Salicylic acid, total weight of microtubers per plantlets
was reduced by 59.4,39.8 and 55.9 % due to infection with PVX, PVX + PLRV
and PVY +PLRV, respectively. The latter three infections at same concentration
of Salicylic acid reduced average weight of single microtuber by 50.5, 52.4 and
55.0 %, respectively, however PVX-infection only reduced total volume of
microtubers per plantiet by 60.6 % compared with virus-free plantiets. Infection
with PVX alone or combined with PLRV reduced average volume of singie
microtuber by 54.2 and 41.7 %, respectively.

With regard fo concentration of 20 ppm of Salicylic acid, infections with
PVX, PVX + PLRV, PVY +PLRV, PVX+PVY +PLRV reduced total weight of
microtubers per plantiet by 35.6,45.3, 48.3 and 41.2%, respectively. The total
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volume of microtubers per plantiet was reduced due these infection by 32.2,
14.7, 34.1 and 32.2 %, and average volume of a single microtuber by 46.2, 38.5,
26.9, and 42.3 %, respectively. At concentration of 40 ppm, detected infections
ie. PVX and PVY each alone had no significant effects on total weight of

microtubers per plantiets but they reduced average weight of single microtuber
by 35.6 and 34.6 %, respectively.

6 -Effect of combination between gamma irradiation of infected potato
tubers and size of explant:

In this experiment, potato tubers of Spunta and Diamont cvs., coliected from
potato plants infected with PVX, PVY and PLRV were sprouted and exposed to
gamma irradiation at doses of 0, 15, 30 or 45 Gray. Explants were excised (from
sprouts of iadiated potato tubers) at lengths of 0.2, 0.5 and 0.7 mm and transferred
to MS-culture medium. For each potato cultivar, given size and dose of irradiation

24 tips were used. Through out 20 weeks of incubation, the survival percentage, the
in vitro relative growth of potato plantiets and detection of status of viruses (PVX,
PVY and PLRV) as affected by combination between imadiation and size of explant
were accomplished as described before.

Table (23): Effect of irradiation and size of explant on percentage of survived
plantiets for potato cultivars Spunta and Diamont

83.3

16 | 66.7 19 79.2 19 79.2
33.3 10 41.7 11 45.8
33.3 9 37.5 9 37.5
58.3 16 66.7 20 83.3
33.3 14 58.3 14 58.3
29.2 14 58.3 14 58.3
25.0 10 | #1.7 10 | 417

o |~|o | m ||
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6-1. -Effect of irradiation on survival percentage:
The data presented in Table (23) and Fig. (14) indicated that

percentages of survived plantiets of both potato cvs. Spunta and Diamont were
affected negatively by irradiation treatment. The dangerous effect of gamma
irradiation on survivals, in general, was slightly decreased with increasing length

of the excised explants. The negative effect was more conspicuous at doses of
30 and 45 Gray than at 15 Gray. After 20 weeks from incubation, percentages of
survived plantiets were 83.3, 79.2, 45.8 and 37.5% for potato cv. Spunta and
83.3, 58.3, 58.3 and 41.7% for potato cv. Diamont at irradiation doses of 0, 15,

30 and 45 Gray, respectively.

6-2. -Effect of irradiation on rate of growth:

Results in Tables (24 & 25) and Figs. (15 & 16) revealed that the in vitro
growth rate of potato piantiets of both potato cultivars Spunta and Diamont was
clearly increased with increasing length of explant from 0.2 mm to 0.7 mm as
well as by prolongation of incubation period up to 20 weeks.

The obtained data showed also that, the in vitro relative growth developed
from different size of explants of the tested potato cultivars Spunta and Diamont
might be responded differently to gamma irradiation during incubation periods.
in case of Spunta cv. (Table, 24), the growth rate of explants excised at length
of 0.2 mm from non iradiated potato tubers was better than growth rate of
explants with same length and taken from irradiated potato tubers. In contrast,
the highest growth rate in case of explants taken at length of 0.5 or 0.7 mm was
associated with those excised from potato tuber previously exposed to irradiation
at dose of 30 Gray compared with those excised from control tubers (non-
iradiated), In contrast with Spunta cv. all fested doses of gamma
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Fig. (14): Effect of pretreatment with difierent doses of gamma iradiation and size of
explant on survival percentages of potato cvs. Spunta and Diamont.
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Table (24): Effect of irradiation on the in vitro growth rate of potato cv. Spunta
through out 20 weeks of incubation.
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Table (25): Effect of irradiation on the'growth and development (growth rate) of
potato cv. Diamont cultured in vitro through 20 weeks.
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Fig. (15): Effect of prefreatment with different doses of gamma irradiation and size of
expiant on in vitro growth rate of potaio cvs. Spunta and Diamont.
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Fig. (16): Effect of pretreatment with different! doses of gamma imadiation on
growth of potato plantlets (Spunta cv.), after 1-5 months in vitro.
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Lirradiation seemed to be harmful to the in vitro growth rate of Diamont cv.
(Table, 25).
From aforementioned data, it could be concluded that gamma irradiation

at dose of 30 Gray has some promoting effect on growth rate of 0.5 and 0.7 mm
explants of Spunta but not Diamont potato cvs.

6-3. -Effect of radiation on elimination of potato viruses :

Effect of different doses of irradiation on elimination of potato viruses
PVX, PVY and PLRV in Spunta and Diamont cultivars was demonstrated in
Tables (26 & 27). The tabulated data presented that irradiation treatments were
more beneficial for production of virus-free plantlets especially from potato cv.
Diamont (Table, 27). In this regard, out of total 60 plantlets subjected to ELISA
test (for different doses of irradiation and size of explant), 30 (50%) plantiets of
Diamont cv. were virus-free compares with only 5 plantlets of Spunta cv. (T able,
26). The numbers of the virus-free plantiets of Diamont cv., produced from 0.2,
0.5, and 0.7 mm explants were 11/20, 15/20 and 4/20, respectively. The highest
percentage of virus-freedom (100 %) was associated with plantiets developed
from 0.5 mm explants excised from sprouted tubers exposed to gamma
irradiation at 30 Gray. However, exposing sprouted tubers of Spunta cv. o
irradiation doses 15 and 30 Gray resulted in only 1/5 (20 %) virus-free plantiet for
each dose. It could be noticed, in general, that the number of virus-free plantiets
obtained by irradiation treatment in Diamont was higher than Spunta cultivar
which reflect the genotype effect.

As for effect of iradiation on elimination of specific virus infection, the
same data proved that the infections with PVY either singly or combined with
PLRV in case of Spunta cv. were more difficult to eradication by irradiation than
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Table (26): Effect of different doses of gamma irradiation on elimination of potato
viruses infected Spunta cultivar.

* The ELISA test was carried out on 5 plantiets per each freatment.
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Table (27): Effect of different doses of gamma iradiation on elimination of potato
viruses infected Diamont cultivar.

* The ELISA test was carried out on 5 plantlets per each treatment.
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to eradication by irradiation than other cases of virus-infections. These infections
were detected in 40 % (24/60) and 25 % (15/60) of the tested plantlets,
respectively (T abfe 26). In potato cv. Diamont (Table 27), the singular infections
with PVY or PLRV were the most resistant to elimination by irradiation

treatments. They were detected in 25 % (15/60) and 13.3 % (8/60) of tested
plantlets, respectively. On the other hand, the combined infections with PVX +
PVY and PVX + PVY + PLRV were completely absent from tested plantlets

(0/60) of Diamont cv., but they were detected in 15 % (9/60) and 6.7 % (4/60),
respectively from tested piantlets of Spunta cv.

6-4. —Effect of pretreatment with irradiation on in vitro microtuber
production:

The data in Table (28) explored that the 0.5 mm long explants excised
from sprouted potato tubers, exposed to gamma irradiation at 15 and 45 Gy but
not 30 Gy of gamma irradiation, and cultured on MS-medium, resulted in
production of virus-free plantlets. Microtuber productivity of plantlets, which were
still infected (after irradiation) with different potato viruses, was significantly less
than those were virus-free (see Fig., 17 A, B & C). In case of plantiets of 15 Gy
treatment but still infected with PVX, PVY, PVX + PLRV, or PVX + PVY +PLRYV,
the total weight of microtubers per plantlet, was reduced by 8.5, 44.6, 26.3, and
734 %, the average weight of single microtuber was reduced by 26.1, 43.6,
18.5, and 41.3 %, the total volume of microtubers per plantlet was reduced by

21.8, 56.3, 46.8, and 72.5 %, and the average volume of single microtuber was
reduced by 36.8, 55.3, 42.1, and 39.5 %, respectively compared with virus-free
plantiets
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Table (28): Effect of different doses of gamma irradiation on the in vitro microtuber production of plantlets of potato cvs. Spunta
virus-free or infected with PVX, PVY and/or PLRV singly or in combination.

@ = A single plantiet divided into five segments and cultured fogether in one jar.
A = Cases of virus status not detected by ELISA test.
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Table (29): Effect different doses of gamma irradiation on the in vitro microtuber production of plantlets of potato cvs. Diamont
virus-free or infected with PVX, PVY and/or PLRYV singly or in combination.

 Total No. of M 0 Volume n

microtuber per microtuber  in mi.of a single

plantiet @ mg...
30 | 45 30 | 45 : 15| 30 | 45
Gy | Gy Gy | Gy y| & | 9| Gy} 6
- | 10.0 - |1980] - |287| - [ 200| - | O] -~ |02
11.5 12351 =~ a.nm, 217 | 210 | - | 024 1028 ) 018 | ~

126 | 158 | 221 | 194 | 206 | 291 | 350.8 | 2282 | 164.8 | 1642 | 250 | 1.37 | 139 | 215 | 040 | 0.16 | 097 | 014

- 15.8 - - - 227 - - - | Ma7] - - - 1.72 - - - an

- 110 206 - - 171 1 36615 - - | 1555 147 | ~ - 145 | 026 { - - 013

00 ] 105 | 265 | 252 | 234 | 1.77 | 2944 | 2136 | 2340 | 1686 | 202 | 1.30 | 1.55 | 347 0221 011 | 016 | 030

173 | 348 | NS. | NS. | NS | 084 | NS | NS | 430 | NS | NS 104 | NS. | 058 | NS | 008 | NS | 005

@ = A single plantlet divided into five segments and culfured together in one ja.
A = Cases of virus status not detected by ELISA test.
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Fig. (17): Effect of pretreatment with 15 (A), 30 (B), and 30 (C) GY of gamma iradiation on
microtubers production of virus-free plantiets (0) as well as those still infected with
PVX (1-A), PVY (2-A, 1-B,C), PVX+PVY (2-8, 3-C), PLRV (2-C), PVY+PLRV (3-A,
4-C), PVX+PVY+PLRV (4-AB) (all plantiets developed from 0.5 mm long explant
of Spuntacv.).
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As for plantlets developed from ;Sretreatment with gamma irradiation at 45
Gy and still infected with PVY, PLRV, PVX + PVY or PVY + OLRV, the total
weight of microtubers per plantiet was reduced by 34.5, 15.3, 64.6, and 37.4 %,
~ the average weight of single microtuber was reduced by 7.4, 28.0, 69.2, and
47.6 %, the total volume of microtubers per ptantlet was reduced by 68.0, 60.0,
76.0 and 61.6 %, and the average volume of single microtuber was reduced by

52.8, 64.2, 77.4 and 66.0 %, respectively.
It could be noticed also that, the combined infection PVX + PVY + PLRV

(in case of 15 Gy treatment) or with PVY alone (in case of 45 Gy treatment)
reduced the total number of microtubers per plantiet by 54.8 and 32.2 %, in
respective, compared with healthy virus-free plantiets.

Respecting. with potato c¢v Diamont, the data in Table (29) viewed
unexpected results. In case of irradiation at 15 Gy, the total number of
microtubers per plantlets still infected with PVX, PVY, or PLRV, each alone, was
reduced by 42.4, 25.4, and 28.0%, in respective compared with virus-free
plantiet. At same dose of irradiation and same viral infections, both total weight
of microtubers per piantiet and average volume of a single microtuber were not
significantly differed, if compared with those of virus-free plantlets. However,'
both total volume of microtubers per plantiet and average volume of a single
microtuber were significantly higher especially in plantlets infected with PVX
alone if compared with those of virus-free plantlets. The latter trend was noticed
also in case of 30 and 45 Gy irradiation treatments.

6-5. -Effect of irradiation on protein pattern:

Because exposing plants to gamma irradiation may affect their patterns
for protein synthesis and metabolism, this experiment was conducted to
investigate protein pattem in plantiets developed from irradiated potato tubers of
Spunta and Diamont cultivars. Protein pattem as affected by different iradiation
doses i.e. 15, 30 and 45 Gray was compared with that of healthy (virus-free) and
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virus-infected  plantlets developed from non-irradiated potato tubers. Protein
extraction was obtained and separated by electrophoresis standard procedure.
The obtained protein bands were stained with coomassie blue R 250.

Table (30): The effete of irradiation dosage on protein profile in the in vifro
healthy and infected plantlets of Spunta and Diamont cultivars.

+ + + + - - + +
+ + + + - - + - -
+ + + + + - - + - +
+ + + + + + + + + +
+ + - - - + + + + +
+ ‘+ - + + - . + - -
7 6 4 5 5 2 3 7 3 4

Bands present = (+) Bands absent = (-)
(1) = Healthy , (2) = Infected.

The results obtained from SDS-PAGE analysis for potato cvs. Spunta and
Diamont were shown in Table (30)and Figs. (18 & 19). From these results it

could be noticed that the healthy (virus-free) plantlets of Spunta cv. produced the
highest number (7) of protein bands with molecular weight of 41, 38, 36, 34, 27,
23, and 14 Kda, respectively. It is clear also that the band with molecular weight

of 41 Kda was ‘completely disappeared from virus-infected (control) piantlets
either non-irradiated or exposed to different doses of gamma irradiation. The
band with molecular weight of 23 Kda was disappeared only from all plantlets of

different doses of irradiation. However, the bands with 27, 34, 36, and 38 Kda
seemed fo be common bands for Spunta cv., and bands with 27 and 23 Kda
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Fig. (18):

SDS- PAGE for protein patterns in non-irradiated healthy and virus-
infected plantlets of Spunta cultivar compared with those exposed to
different doses of irradiation. (Molecular weight stand is indicated in
KD at left side).

Lain M = protein Marker.

1 = Healthy Spunta cultivar.

2 = Infected Spunta cultivar.

3 = irradiated piantiets at 15 GY.
4 = iradiaked plantiets at 30 GY.
5 = rradiated plantiets at 45 GY.
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& 7 8 9 10 M m Kba

Fig. (19): SDS- PAGE for protein patterns in non-irradiated healthy and virus-
infected plantlets of Diamont potato cv. compared with those exposed
to different doses of irradiation.

Lain M = protein Marker.

Lain 6 = healthy Diamont cultivar.
7 = Infected Diamont cullivar.

8 = Iradiated plantiets at 15 GY.
9 = lrradiated plantiets at 30 GY.
10 = Imadiated plantiets at 45 GY.
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only for Diamont cv. as they were detected in all healthy or virus-infected
plantlets either, iradiated or non-iradiated. in Diamont cv., the SDS-PAGE
analysis for the protein indicated that exposing to gamma irradiation at dose of
15 Gray produced the highest number of bands i.e. 7 bands. The band with
molecular weight of 38 Kda seems to be common in all tested doses of gamma
irradiation. In general, the bands with 41, 38 and 14 Kda were absent in plantlets
exposed to 30 and 45 Gray compared with those of 15 Gray treatment. The
band with 34 Kda was detected only in Diamont plantlets exposed to 15 or 45
Gray treatments. Finally, the number of detected protein bands were 2 and 3 for
healthy and virus<infected plantlets of control treatments and 7, 3 and 4 for

plantlets exposed to 15, 30 and 45 Gray, respectively.
From the above-mentioned results, irradiation exhibited unbalance in the

protein profile of potato cultivars used at this study. This behavior differs
according to the dosage of radiation, the type of plantand the stage of viral
infection.

7 -Minitubers productivity of different virus-free plants under greenhouse
conditions as affected by different pre-treatments:

In this experiment the in vitro microtubers of virus-free plantiets of potato
cvs. Spunta and Diamont resulted after exposing to different treatments i.e.
Virazole or Salicylic acid or gamma irradiation were planted under greenhouse to
evaluate their minitubers production and vegetative growth. Microtubers
produced from virus-free plants developed from 0.5 mm long explants only were
used in these studies. Five microtubers (replications) were used for each virus-
free plantlet. It is interested to pointed that, no virus-free plants were obtained in
both 20 ppm of Salicylic acid and 30 Gy of gamma iradiation treatments. The
obtained results are tabulated in Tables (31 and 32).
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7-1. -Minitubers productivity of virus-free plants of Spunta cultivar:
As for a given character in Spunta potato cv., the data in Table (31)

shows significant variations between different treatments. Statistical analysis of
variance revealed that the virus-free plants developed after pretreatment with 40
ppm of Virazole produced the highest fresh weight of vegetative growth per plant
(11.99 g) followed by those developed from control treatment (10.58 g) without
significant differences between them. However, virus-free plants in treatments of
10 ppm of Salicylic acid (4.16 g/plant), Virazole (4.92 g) or 45 Gy irradiation (4.45
g) produced the lowest fresh weight of vegetative growth without significant
differences in between. On the other hand, the highest significant increase in dry
weight, compared with piants of control treatment, was produced by plants

developed after 40 ppm of Virazole treatment (0.98 g/plant) and 40 ppm Salicylic
acid treatment (0.81 g/plant), while plants developed after pre-irradiation with 15
Gy (0.28 g/plant) or 45 Gy (0.36 g/plant) gave the lowest values with clear

significant differences in between

The same data showed also that, the average number of minitubers per

plant produced by virus-free plants from all tested pre-reatments was
significantly lower (2.25 -4.5 minituber / plant) than that produced by virus-free
plant from control treatment (7.5 minituber / plant). In this respect, the lowest
numbers of minitubers were produced by pretreatment with 45 Gy of gamma
irradiation (2.25 minituber/piant) 10 ppm of Virazole, 40 ppm of Salicylic acid (3

minituber/plant each) without significant variation in between.
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Table (31): Minitubers productivity under greenhouse conditions using in vitro micotubers of virus-free plantlets of Spunta cv

developed from different treatments.

Vegetative growth (in gm) Total for minitubers/plant ?33%12 minituber

Fresh We. - Dry We. Weight (gm) | Volume (mi) Number { Weight (gm) | Volume (mi)
10.58 0.63 26.77 15.00 7.50 3.57 2.00
492 0.62 30.09 30.38 3.00 10.03 10.13
8.61 0.64 14.74 13.78 3.50 L¥4 3.93
11.99 0.98 29.86 25.25 4,00 747 6.31
416 0.66 16.51 15.38 4.25 3.88 3.62
6.82 0.81 20.63 19.13 3.00 6.88 6.38
793 0.28 35.92 25.50 4.50 7.98 5.67
445 0.36 18.43 16.00 2.25 8.19 7.41
1.7 0.01 0.45 1.29 0.73 1.39 1.44
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As for total fresh weight of minitubers per virus-free plant, the same data
proved that, the highest significant increases were produced by the virus-free
plants developed from treatments of 15 Gy irradiation (35.92 g/piant), 10 ppm

Virazole (30.09 g/ptant), and 40 ppm Virazole (29.86 g/plant) compared with
those of control treatment (26.77 g/plant). All other tested treatments affected

fresh weight of minitubers of virus-free plants negatively and significantly
compared with control treatrﬁent . In this regard, the greatest decreases however,
were associated with virus-free plants developed after 10 ppm of Virazole (14.74
g), 10 ppm of Salicylic acid (16.51 g), and 45 Gy irradiation treatment {(18.43 g)
but with clear significant differences between them.

Respecting with total volume of minitubers produced by a virus-free
plant, it is clear that, treatment with Virazole at 10 ppm concentration produces
the highest significant increase in this respect (30.38 ml) followed by treatments
of 15 Gy irradiation (25.50 mi), 40 ppm of Virazole (25.25 mi) without significant

differences between the last two treatments and 40 ppm of Salicylic acid (19.13
ml). However, thelowest values of total volume of minituber/plant were given by
virus-free plants of 20 ppm of Virazole (13.78 mi) and contro! treatment (15.0 mi)

without significant variation in between.

It is worthy to state that, the average size of an individual minituber was
significantly higher in all tested virus-free plants (5.67-10.13 mi/minituber) than
that of control treatment (2.0 mi/minituber). The highest vaiues in this regard,
were associated with treatments of 10 ppm of Virazole (10.13 ml) and 45 Gy
irradiation (7.11.mi). It could be noticed also that, the average weight of the
individual minitubers produced by treatment of 10 ppm of Virazole (10.03 g), 15
Gy irradiation ((7.98 g), 40 ppm of Virazole (7.47 g), and 40 ppm of Salicylic acid
(6.88 g) was significantly higher than that of control treatment {(3.57 g). The
average weight of an individual minituber of the later treatment (control) was ot
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significantly varied with its correspondihg values in treatments of 20 ppm of
Virazole (4.21 g) and 10 ppm of Salicylic acid (3.88 g).

7-2. -Minitubers productivity of virus-free plants of Diamont cultivar:
In case of potato cv. Diamont, the data in Table (32) declared that, the

highest significant increases in weight of vegetative growth for a virus-free plant
was associated with treatments of 45 Gy irradiation (8.66 g) and 40 ppm of
Virazole (8.33 g) followed by 40 ppm of Salicylic acid (7.05 g), while no
significant differences were detected between control treatment (5.33 g) and
treatments of 15 Gy irradiation (5.61 g), 30 Gy irradiation (6.64 g), 10 ppm of
Virazole (6.42) and 20 ppm of Virazole (5.64 g). On the other hand, dry weight in
treatments of 20 and 40 ppm of Salicylic acid (0.56-0.58 g) and 15 Gy irradiation
(0.59 g) only was significant lower than in control treatment (0.63 g).

Virus-free plants produced through all tested treatments included control
showed no significant variations in number of minitubers per plant ( 4.00-5.75),
average weight of a single minituber (5.04-7.73 g) and volume of a single
minituber (4.54-6.74 mi).

in Diamont cv., no one of different tested treatments could be abie to
increase fotal frésh weight of minituber per plant compared with control
treatment. However, total fresh weight of minitubers per plant was significantly
lower in treatments of 10 ppm of Virazole (27.7 g), 20 ppm of Virazole (27.24 g),
and 40 ppm of Salicylic acid (27.85 g) than control treatment (33.7g).

The same data proved that, treatments of 40 ppm of Virazole (33.37 ml)
and 45 Gy irradiation (32.97 ml) only increased the total volume of minitubers

per plant significanty. While treatments of 30 Gy iradiation (22.72 ml) and 20
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developed from different treatments.

112

Vegetative growth (in gm) Total for minitubers/plant Average of minituber

Fresh We. Dry We. é%Emé Volume (ml) | Number Weight B..a Volume (mi)
533 0.63 337 29.80 5.25 6.42 5.68
6.42 0.66 217 31.94 5.50 5.04 5.81
5.64 0.61 21.24 24.07 4.25 6.41 5.66
8.03 0.63 30.10 33.37 5.75 5.23 5.80
8.33 0.62 30.92 26.97 4.00 7.13 6.74
5.88 0.56 32.38 29.99 475 6.81 6.31
7.05 0.58 21.85 28.20 4.75 5.86 5.94
561 0.59 31.68 30.25 5.50 5.76 5.50
6.46 0.60 30.95 22.72 5.00 6.19 4.54
8.66 0.60 3147 32.97 5.00 7.03 6.59
1.51 0.04 4.29 312 N.S. N.S. N.S.
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ppm of Virazole (24.07 ml) decreased it significantly if compared with control
treatment (29.8 mi).

From the above mentioned results it could be concluded that,
combination between tissue culture technique and chemotherapy or irradiation
ireatments was more beneficial with Spunta than Diamont potato cultivar. As for

Spunta cv., the virus-free plants developed through tissue culture technique

combined with pre-treatment with 15 Gy irradiation, 10 ppm or 40 ppm of Virazole
produced the high significant increases in total fresh weight of minitubers per

plant , average weight and volume of a single minituber compared with virus-free
plants developed through tissue culture technique alone. In contrast, number of
minituber per plant in control treatment (Fig. 20) was significantly larger than in
the above mentioned treatments.

/
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1cme

Fig. (20): Minitubers produced under greenhouse from virus-free piants of potato
culivars Spunta and Diamont developed through tissue culture
technique alone (control).
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