RESULTS

The main objective of the present studies is to produce
& virus-free potato plants by using tiésue culture technique
alone or combired with other treatments., These studies were
started by detection of pctato virus X (PvX) in diseased plants
of different pctato varieties grown from local seed tubers
under natural ccnditions (Fig. 2) of Behera and Menoufia
Governorates, A lot of leaf samples were taken from an indivi-
dual plants of such potato varieties showing different degrees
of mosaic symptoms, Sap cbtained from such leaves and also
from leaf samples showing no symptoms was used for PVX-

detection by rub transmission on Pvx-indicator plants.

Mechanical inoculation tests showed that sap expressed
from potato leaves with mild, clear mosaic or even healthy
looking taken from all the afore mentioned potato varieties

gave brownish local lesions on leaves of Gomphrina globosa

plants (Fig, 3). The lesions began to appear on the 6th
day from inoculation with sap from leaves with clear mosaic
symptoms collected from Alpha, Diamont and Spunta potato
varieties., Development of local lesions was deléyed until

the 9th when sap was obtained from leaves of Cara, Desiree,
Foundal and Jaerla potato varieties either bearing mild, clear
mosaic or even healthy=looking appearance., On the other hand,
sap taken from #ll collected leaf samples induced systemically
" mild mosaic symptoms when mechanically inoculated onto lower

leaves of Dature stramonium and Nicotiana tabacum var. white

Burley (Fig. 4). Mosaic symptoms developed 15 and 20

days from inoculation of the two indicator hosts, respectively.




Fig. (3): Lccal lesions formed on leaves of

G, globosa.

Fig. (2): S:vere mosaic symptom on potato plants

(natural infection).
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Back inoculaticn from the letter two infected systemic hosts

to G. globosa resulted also in local lesions formation,

Generaly, as local lesions and systemic mosaic symptoms
appeared on specific PvX~indicator plants, we can say that
potato virus X could be detected in all leaf samples taken from
labeled plants of different examined potato varieties grown
under field corditions. On other means, all selected potato
plants proved to be 100% infected with PVX, The different

patterns cf disease symptoms might be due to more than one of

PVX-strain,

Effect of size of explant:

Two different lengths of meristem tip i.e. 0.2 and 0.4 mm
lcng were excised, as mentioned in Materials and Methods, from
pctato plants of different varieties which completely infected
with PVX, The =sxcised meristem tips were cultured on solid
nutrient medium corntaining basic MS-salts erd vitemins
(Murashige and cskoog, 1962) and incubated for 5 weeks zs
mentiorec befcr2, The different effects of size of explant

could be summarized as fcllcws:

&, Effect or su-vivals and relative growth:

The number of survived meristem tip cultures and their

relative growth rates as affected by size of excised meristem

tips for each tested potato varieties are summarized in Table(2).

Regardless potato varieties the larger excised meristenm
tips i.e. 0.4 mn gives the higher percentage of survivals

{49.4%) when conpared with those survived from the smaller




57

Table (2): Effect of size of explant (mm) on survivals and

rate of growth of cultured meristem tips taken

frcm different potato varieties,

T

; Relative L.S.D.

Size of explant (mm) growth scores

0.2 0.4 for tip with
variety ___ ___ . _ _ o ___ length of:___ @Ff o

(a) 0.2 0.4 0.05°)
S/T % S/T % mm mm

Alpha 20748 41.7 21448 43.8 2.8 4.5 0.72
Cara - 18/4¢ 37.5 21,48 43.8 3.4 3.9 n.s.
Diamont 24/4¢ 50.0 28/48 58.3 3.3 3.9 n.s,
Desiree 15/4¢ 31.3 23/48 47.9 4.4 4.7 n.s,
Foundal 14/4& 29,2 19/48 39.5 2.7 4.3 0,6l
Jaerla 16/4¢ 33.3 24,48 50,0 4.0 4.8 (.53
Spunta 21,48 43,8 30/48 62.5 3.0 4.0 0.5l
Total 128/336 - l66/336 - - - -
Mean - 38.1 - 49,4 3.4 4.3 -

(a) s/T 1is the survivals/total cultured tips,

(b) A one way AOV analysis was performed on each variety and

L.S.D was applied to compare between rate of growth of

the two meristem tip lengths when justified by a signi-
ficant F value in the AOvV.
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meristem tips, 0.2 mm long (38.1%) . The percentages of
survivors clearly depended on both potato variety and

size of meristem-tip  Wwhen meristem tips 0.2 mm long were
cultured, the righest survival percentage (50%) was associated
with Diamont variety , In contrast, the best survivals (62.5%)
were in meristem tips 0. 4 mm long excised from Spunta variety.
However, potatc variety Foundal gives the lowest survivals

i.e 29.2% and 39.6% in case of 0.2 and 0.4 mm long meristem,

respectively.

Regardless the size of meristem tips, potato varieties
could be arrangsd descendingly at the base of survived
cultures as follows, Diamont, Spunta. Alpha, Jaerla, cara,

Desiree and Foundal,

Comparisons of growth ratings for the two lengths of
meristem tips indicated that development and relative growth
was significantly delayed in mcst pctato varieties when small
meristem tips were used. The highest reduction in growth was
observed with the small meristem-tips G.2 mrm long of potato
varieties Alpha (Fig. 5) and Foundal ( Table 2).In case of Cara
and Diamont, the rate of growth wds clearly delayed especially
with the large (.4 mm long meristem tips when compared with

the other varie:ies,

‘b. Effect on development of plantlets:

Data in Talbile (3) clearly . ghow - that the number of

developed plantlets and their vegetative characters were
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Table (3): Effect of size of explant (mm) taken from
different potato varieties on the number of

deve loped plantlets and its vegetative characters.

Plantlets/total vegetative characters

Size of cultured tips of plantlets developed
explant Vvarietv (average)
(mm) T T T T T e e e e e e m e
T B o O T
g v roots
D/T" (mm)  (mean) (mean)
Alpha 7 /48 la.6 26 4.4 3.4
Cara 3/48 6.3 16 4,0 2.7
Diamont 7/48 14.6 32 5.1 4.6
0.2 Desiree lasa8 29,2 35 5.3 3.6
Foundal 8/48 1l6.7 12 3.6 2.6
Jaerla 1C/48 20.8 22 5.8 2.1
Spunta 8/48 16.7 21 4.5 3.0
Total 57/336 - - - -
Mean - 17.0 23.4 4,7 3.1
Alpha 16/48 33.3 48 5.9 3.6
Cara 14/48 29,2 25 5.6 3.0
Diamont 18/48 37.5 62 8.9 . 6,0
C.4 Desiree 21/48 43.8 48 7.6 3.7
Foundal 17748 35.4 53 6.4 4.0
Jaerla 23/48 47.9 34 6.3 2.8
Spunta 23/48 47.9 21 5.2 3.6
Total 132/336 - -~ - -
Mean - 39.3 41 .6 6.6 3.8

% Number of developed plantlets/total cultured tips.
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greatly affected with the length of the cultured meristem
tips., Generally, all potato varieties'exhibited higher
reduction in thz number of developed plantléts, means of stem
length, leaves and root number per plantlets when the small
meristem tips wz2re cultured than the large one, These vegeta-
tive measuremer:s as well as number of developed plantlets
were differed greatly among potato varieties as well as
between the two sizes of meristem tips, But there is no clear
relation between such measurements and number of developed
plantlets, Regardless varieties, 57 and 132 plantlets were
obtained from tips with 0.2 ard 0.4 mm long ,respectively, The
variety Cara shcwed the lowest number of plantlets developed
either from the small and large meristem i.e 2 (6.3%) and 14
(29.2%) plantlets respectively. The rkighest figure was in
Desiree developed from the small meristem tips i.e 14 plant-
lets (29.2%) and Jaerla and Spunta developed from the large

meristem i.e 23 plantlets in both (47.9%) were developed,

c. Effect on inviability and contamination with microorganisms :

Effect of size of meristem tips on culture inviability
and occurrence of contamination with microorganisms was shown
in Table (4). Data clearly indicated that using meristem tips
either 0.2 mm or 0.4 mm long resulted in great increase in
cultures lost du: physiological death or bacterial and fungal
~¢ontamination, but losses due to the first reason were higher
i.e. (154/336) and (123/336) than those arised from the later
one i.e, (54/336, and (47.336) in case of small and large

explant, respectively. The growth of the most lost cultures
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was early stopled then turned brown and quickly diet. 1In case
of contamina:ion with fungi and bacteria,the cultured
meristem tips nay grow and developed into plantlets,
thereby, they iare finally excluded. However, potato varieties
differed in the rate of inviability. Potato wvarieties
Diamont and Jaz:rla showing the lowest and highest losses due
to inviability of meristem tips of both sizes, respectively.
The reverse pa:tern of losses occurred due to contamina-
tion. On the other hand,Jaerla and Alpha varieties resulted
in the lowest numbers of cultures lost due to contamination

for both sizes of meristem tips.

d. Effect on p-oduction of virus-free plantlets:

Plantlets which developed from culturing meristem tips
with lengths o° 0.2 and 0,4 mm, were indexed for the presence of
PVX three times using the rub transmission test onto leaves

of Gomphrina g..obosa plants, The first indexing was carried

out using in v:..tro plantlet's shoot partions that remained
after subculturing of plantlets. The 2nd and 3rd indexings
were after 5 and 10 weeks from transplanting of plantlets

regenerated from subcultures(Fig, 6) (Materials and Methods),

Data abou® the 1st and last indexings were tabulated
in Table (5). Data clearly indicated ‘that out of 166
and 128 survivals 132 and 57 were successively developed into
" plantlets when the large and small meristem tips were used,
respectively, However, the numbers of plantlets indexed free

from PVX were zapproximately unchanged in both lengths of
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meristem tips, these were 27 out of 57 and 28 out of 132 for
the small and _.arge meristem tips, resbectively. But it
could be observed clearly that the percentages of such PvX
free plantlets were higher in the small than the large
meristem tips, they were 47.4% (27/57) and 21.2%. (28/132),

respectively,

As regards potato varieties, data in Table (5) showed
that the number of plantlets developed ranged be tween
3-23 for the different varieties, Potato variety Cara
resulted in the lowest numbers of developing plantlets for
both lengths of meristem tips as they were 3 and 14 plantlets
for the small znd large ones, respectively, however the same
variety gave tte highest percentages of PvX-free plants i.,e,.
66.7% and 28.6% for the small and large meristem, respectively.
On the other hend, variety Spunta resulted in the highest
developing plartlets, however it gave the lowest percentages
of PVX-free plentlets i.e 25.0% and 13.0% for the small and
large meristem tips,respectively, In general, PVX could be
eliminated from potato varieties Cara, Foundal, Desiree and
Jaerla at relatively high rate of 66.7%, 62.5%., 57.1% and 50.0%'
respectively when meristem tips 0.2 mm long were used. With
meristem tips C.4 mm long, the corresponding figures for the
_same above varieties were decreased to 28.6%., 23.5%. 28.6% and

21.7%. respectively,

Data showed also that the most plantlets infected with

PVX could be detected through the first indexing test. In some
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potato varieties few infected plantlets céuld be escaped
from the first indexing as the virus detecting was delayed
few weeks later, Generally, all infected plantlets were
successfully detected on the second indexing test, All PVX
free ones gave negative results on the third indexing test,

which carried out 10 weeks from transplanting in pots.

Effect of heat treatment:

Preliminary study was carried out to investigate
heat therapy on eradication of potato virus X (PvX) from
meristem tips with 0.4 mm long, isolated from potato plants
infected with this wvirus, The excised meristem tips were
cultured on solid medium containing MS-salts and vitamins of
Murachiage and Skoog's medium, supplemented with 0.1
mg/1l GA3 and 2.0 mg/l calcium pantothenate then incubated
at temperature of 37:1°C, After more than 5 weeks from
incubation, no plantlets rather that any growth expressions
were observabls. All cultured meristem tips  turned
brownish and died after 3-5 days from incubation at the

temperature usad,

This result concluded that combination between heat-
therapy and meristem tip culture at both temperature and
length of meristem tip used herein was practically impossible

procedure.

In a separate experiment, effect of heat therapy on

elimination of PVX was carried out in different procedure,

in which meris:em tips were replaced by nodal stem segments,
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The later were taken from in vitro plantlets 5 weeks-old

and cultured or media like that above mentioned (see Materials
and Methods), After pre-heat conditioning period, the

cultured nodal segments were left for 2, 4 and 6 weeks at
37+1°C in an incubator (Percival-mMFG Co, Boone. Iowa Model

1-35 LLVL) under 16 h and 8 h of light and darkness respectively,
It was hoped that this procedure might increase the rate of
growth of nédal segments as well as the apical portion of
meristematic tissues that become free from PVX, so as to enable
us to excise a longer pieces of meristems., Meristem tips of
1.0 mm long wer: used, such tips were excised from shoots which
developed duringj the prolonged heat therapy or during the heat-
conditioning as for control treatment, Results obtained and
presented in Figure (8) and Tables 6, 7, 8, 9 and 10 could be

summarized as follows:

a, Effect of heat treatment on relative growth:

Data presented in Table (6) and Fig. (7) illustrated that
the average of relative growth of potato nodal segments was
clearly decreased with increasing period of heat treatment
from 2 to 6 weeks when compared with that of control treatment,
The different pctato varieties were differed in their values
of relative growth and sensitivity to heat therapy., In case
of potato varieties Desiree, Foundal and Jaerla, could be
"considered the most sugceptible to heat therapy as no growth
had occurred at all when their nodal segments were incubated
at 37:1°C for 6 weeks., The variety Foundal has the lowest

values of relative growth when compared with the other
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Effect of prolongation of heat therapy (37°Cs+l)

on :he relative growth of nodal stem segments of
different potato varieties,

Relative growth scores (1-5) L.S.D
e at periods of heat therapy o
Varieties "in weeks" Mean at
0 2 4 6 0.5
Alpha ¢£,61 4.40 4,00 3.75 4.19 0,31
Cara £,79 4,76 4,62 4.44 4.65 N.S.
Diamont 4,50 4,38 4,20 4,00 4.27 "
*
Desiree 4,91 4,55 4,18 - 4,55 "
Foundal 3.91 3.73 3.56 - 3.73 '
Jaerla 4,80 4.50 4,37 - 4.56 "
Spunta 4,70 4,71 4.60 3.64 4,41 0.28
Mean 4,60 4,43 4,22 3.96 - -

(=) All shoots thet developed during heat treatment were
dead, These varieties seems to be intolerant to prolonga-
tion of heat upto 6 weeks.
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Fig. () : Heat therapy treatment.
(Continued).
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Fig. (7): Effect of prolongation of heattherapy
on the rate cf growth of nodal segments.’
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different testa2d varieties, On the other hand, relative
growth of varisties Alpha and Spunta was significantly
decreased with increasing heat-therapy up to 4 and 6 weeks
respectively, Fig, (7) shows also, the reduction in growth
rate of nodal segments of different potato varieties as a

result of heat therapy prolongation,

b. Effect on culture inviability:

After plonged periods of heat therapy, meristem tips of
1,0 mm long were excised from the new shoot(s) developed on
nodal segments during heat treatment, cultured and placed in
an incubator t> grow into plantlets. To find any relation(s)
between duratiosn of heat therapy and cultures viability, the
number and per:entages of inviable cultures were counted
after 5 weeks from excision, The data tabulated in Table (7)
show = that ma1y cultured meristem tips failed to grow, Out
of total 1200 :ultures for all varieties 271 were inviable
(22.6%) . The jercentages of inviability increased from 18,5%
to (32.3)by in:reasing heat therapy from 2 to 6 weeks respec-
tively, these were more than those of control treatment
(15,5%). The lost in cultures due to inviability seems to be
also, depended on potato varieties, 1In this respect, they
could be arranjed descendingly as Spunta, Cara, Diamont,
Alpha, Foundal Jaerlea and Desiree., For the last 3 varieties
- all cultures used after 6 weeks heat therapy were lost due to
inviability. Jn the other hand, the varieties Spunta and
Cara seems t> be more resistant against heat therapy

prolongation, Howevei. inviability of Alpha variety exhibited
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Effect of prolongation of heat therapy on the

Table (7):
inviability of cultured shoot tips 1.0 mm long,
excised from shoots developed during heat
treatment, ;
No. of No. of inviable cultures
- s cul turad after different periods of
Varieties tips for heat therapy '"in weeks", Total 7
each period °
0 2 4 6
' Fde
Alpha 48 9 3 15 12 39/192 20.3
Cara 48 7 9 9 19 44/192 22.9
Diamont 48 6 11 12 11 40/192 20.8
Desiree 48 8 9 12 Fo29/144 20,1
Foundal 48 6 12 21 397144 271
Jaeila 48 711 14 Fosa144 0 222
Spunta 48 9 7 12 20 487192 25.0
Total 336 52 62 95 62 27171200 -

15,2 18.5 28.3 32.3

* All excised shoot tips for such three varieties were unable

to differentiated.even up to more than 5 weeks after excissing,

so it considered not present.

**  Number of inviables/number of total tips cultured.
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different reaction with different periods of heat treatment,
as it was clearly decreased then sharply increased with 2 and
4 weeks heat tterapy, respectively, compared with control

treatment,

C. Effect on survivals and plantlet development:

Data. in Table (8) wgclearly show " that culture
survivals were highly affected by heat therapy and by potato
varieties. Out of 1344 cultures for different varieties 801
only héve survived (59,6%). The short heat therapy i.,e 2 weeks
has“little effect on survivals when compared with the control
treatment. The survivors were 241 and 248 out of 336 cultures
for these two treatments, respectively, However, increasing
heat therapy up to 4 and 6 weeks decreased survivors to 201/336
and 111/336, respectively, With respect to potato varieties, |
there was no obnervable.differences'between them either in
number or perceatages of survivals, however, theyrreacted
differently wit1 prolonged periods of heat treatment, Generally,
survivals of most varieties were decreased with heat therapy of
2 weeks and mor: except Alpha and Spunta varieties as their
survivals were _.ncreased with 2 weeks of heat therapy if
compared with control treatment, On the other hand Foundal,
Desiree and Jaerla varieties resulted in the lowest survivals

because inviability of their cultures of & weeks heat therapy,

Regarding ceveloped plantlets, data also show
that the number of plamtlets developed after heat therapy

treatments has ctharply decreased compared with that of




Table (8):

Effect of heat treatments on. the number of developed

plantlets in proportion to survival cultures

originated from shoot tips 1.0 mm long, excised after

different periods from heat treatment.

Varieties

No, cf

No. of plantlets/survivals

cultured after different periods of
tips for heat therapy "in weeks"

each ------------------------------- TOtal %
period 0 2 4 6
Alpha 48 29/33 27/40 17/28 10/27 83/128 64.8
Cara 48 31/36  28/35 24/32 21/26 104/129 80.6
Diamont 48 20/37 18/33 18/27 22/32 78/129 60.5
*
Desiree 48 33/37 24/31 20/30 /0 77/98 78 .6
*
Foundal 48 20/37 12/31 11/23 0/0 43 /91 47.3
*
Jaerla 48 32/36 22/33 22/30 0/0 78/99 78.8
Spunta 48 26/32 15/38 23/31 20/26 84/127 66.1
Total 336 191/248 146/241 135/201 73/111 547/801 -
% 100 77.0 60.6 67.2 65.8 .68.3

% At treatment oi

6 weeks heat therapy, all processes were not
carried out for such three varieties.
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control, After 0, 2, 4 and 6 weeks heat treatment, plantlets
developed/survivors were 191,/248, 146/241, 135/20l, and 73/
111, respectiva2ly, With contrast to survivals, the number

and percentages of developed plantlets "clearly varied
between potato varieties, Among different varieties, Cara one
gave the highest figures, in it, out of 129 survivals 104
plantlets (80,5%) were obtained. The reverse was recorded in
Foundal variety as 43 plantlets out of 91 survivals (47.3%)

were developed .

d. Effect on e..imination of PVX:

Results tobulated in Table (9) show that out of 545
developed plan:lets 241 were PvXx-free, of which 34.1% (186)
were from different treatments of heat therapy compared with
only 10.1% (55 resulted from control treatment, The average
percentages of PvX-free plantlets were increased successfuly
with increasing periods of heat treatment, these were 43,2Y%
(63/146), 56.3%; (76/135), and 64,4 (47/73) for periods of 2, 4

and 6 weeks hect therapy, respectively,

With regarding potato varieties, Foundal and Alpha gave
the highest anc lowest percentages of PvX-free plantlets,
these were 74.¢% and 25.3% for both varieties . respectively,
Although Cara variety gives only 44,2% healthy plantlets, but
" the corresponding number was the highest i.e 46 out of 104
plantlets were free from the virus, On the other hand, it
could be noted that as the periods of heat therapy were

prolonges, percentages of plantlets free from the concerned
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virus to be increased, but the numbers of such healthy
plantlets were not reacted in thg same’ manner, In other
means, the numter of healthy plantlets, in some instances
were unchanged or not improved in some tested varieties, For
example, in Alpha variety, 6 PVX-free plantlets were
obtained in each of the three periods of heat treatment,
however, this was twice that of control treatment. 1In the
Foundal variety, the numbers of total as well as PVX-free
plantlets were greatly decreased with heat therapy, in this
variety out of 22 plantlets resulted in all treatments of
heat therapy ornly 18 were PvX-free, while 14 out of 20 were
healthy in the control treatment alone, 1In this respect,
Foundal in addition to Desiree and Jaerla varieties seemed to
be the most sensitive and indurable to heat therapy if compared

with other tested wvarieties,

In general, tested potato varieties could be arranged
descendingly according to success in eradication of
PVX by using tre previously described technique for heat
therapy in comparison with their controls as follows: Spunta,

Jaerla, Desiree, Alpha , Diamont, Cara and Foundal.

From explenation of our results, it could be concluded
that: |

1, Heat treatment at 37°C + 1 was harmful to survivals
when directly cpplied with meristem tip cultures, All

cultured meristem tips quickly die when exposed to such

temperature,
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2. In vitr) plantlet-nodal segment cultures combined
with heat fherapy, in most varieties resulted in highest
number and percentages of PVX-free plantlets, with an exception
of Foundal variety, in which exposing nodal segment cultures
of 2 weeks old :o heat-conditioning period of additional 2
weeks was highlv beneficial in increasing number of virus-free

plantlets of wvariety,

Chemotherapy: ( Thiouracil treatment)

a, On relative (rowth:

In these siudies, nodal stem segments taken from an
in vitro plantlets of different potato varieties were cultured
onto nutrient MS medium, into which, the thiouracil was
incorpofated at rates of 10, 20, 30,50, 100 and 150 ppm. After
incubation pericd of 5 weeks, individual nodal segment cultures

were rated on mcdified relative growth scale as described early,

At first, €11 nodal segment cultures treated with either
concentrations cf 50, 100 or 150 ppm of thiocuracil failed to
survived and unable to develop into growing plantlets, thus,
their corresponding zero values were canceled. The averages of
relative growth for different potato varieties as affected by
thiouracil at 1C, 20 and 30 ppm are presented in Table (10) and
Fig. (8). Regardless potato varieties, data in Table (10)
indicated that thiouracil treatment clearly reduced growth even

‘at the lowest concentration when compared with the non-treated
control, Reduction in relative growth was increased propor-

tionally with in:zreasimng concentrations of thiouracil, As for
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Table (10): Effiect of different concentrations of thiouracil
| (in ppm) on average relative growth of nodal
seginent cultures of different potato varieties
after 5 weeks from culture,
Scores of relative growth at L.S.D
different $onﬁgntrati%ns(ln ppm) - "V
Varieties —----ece-- E_ﬂE_EEEEQEE ———————————— Mean at
c 10 20 30 0.05
Alpha 4.25 2.88 2.70 2,93 3.19 0.63
Cara 4.4]1 3.94 3.50 3.00 3.71 0.50
Diamont 4.60 3,93 3.20 2.63 3.59 0.67
Desiree 4.65 3.94 3.25 2.60 3.61 0.62
Foundal 4,25 3.50 2.94 2.44 3.28 0.58
Jaerla 4,33 4,20 3.27 3.13 3.73 0.53
Spunta 4.47 3,47 3.24 3.00 3.55 0.55
Mean 4,42 3.69 3.16 2.82 - -




Thicuracil
at 10 ppm

"Untreated

Different varieties

Fig. (8): Effect of different concentrations of
thiourscil on the growth of nodal
segments of different potato varieties.
(F = Foundal: A = Alpha, C = Cara;

Y - Jaerla; DA = diamont: D = Desiree
and S = Spunta).




Thiouracil
at 30 ppm

c Y SP DA D A F

Thiouracil
at 20 ggm

Different varieties

Fig. (8): Effect of treatment with thiouracil
{continwed).
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individual varieties, all exhibited thiouracil effect on

their growth values which-significantly decreased than their
untreated controls, From Table (10) and Fig.(é) could be
observed that 1odal segment cultures of Foundal, Desiree and
Diamont varieties appeared to be slightly more sensitive to
thiouracil-treatment'especially at 30 ppm concentration., How-
ever, Alpha variety shows the lowest values of relative growth

at all tested zoncentrations.

b. On inviability:

Apical me-istem tips 1.00 mm long were excised from shoots
developed on no>dal segments during chemotherapy treatment. The
excised tips were cultured on thiouracil-free nutrient MS medium
and incubated “or 5 weeks as usual, Then the numbers of inviable

cultures as a i1result of thiouracil treatment were obtained,

Data summérized in Table (11) showed that the number of
inviable cultures originated from thiocuracil-treated ones,
regardless potato varieties, was higher than those taken from
untreated control, The latter gives 25,6% mortality, however,
the correspondings were 40,8%, 44.9% and 49,7% for thiouracil-
treatment at tte rates of 10, 20 and 30 ppm, respectively, with
pointing to varieties, the same trend was also noted. 1In
general, the higher thiouracil concentrations resulted in
. greater mortality of apical meristem tip cultures, especially
with varieties Alpha, Diamont and Foundal, which were the most
sensitive to triouracil treatment than the other varieties. In

this respect, we must remember that the phytotoxicity was also
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Table (11): Effect of thiouracil- -treatments on the numbers
of inviable shoot tip(1,0 mm lang) cultured for

diiferent potato varieties.

Number of inviables at

No. of different thiouracil
variettes R L Y el 4

ccnc, o 1¢ 20 30

*
Alpha 48 le 20 23 26 85/192 44,3
Caro 48 10 22 22 24 78/192 40.6
Diamont 18 13 22 24 24 83/192 43.2
Desiree 48 9 18 18 21 66/192 34,4
Foundal A8 13 21 21 24 79/192 41 .1
Jaerla «+8 12 17 22 26 77/192 40C.1
Spunta <8 13 17 21 22 73/192 8.0
Total 306 86 137 151 l67 541/1344 -
% 25.6 40.8 44 .9 49,7  40.3

% Total inviable cultures which died without contamination

symptoms/total. shoot tips cultured.
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observed earlier (Fig. 9) in nodal segment cultures treated

with 30 ppm of thiouracil, in addition death of all cultures

treated with £C ppm or more,

c. On survivals and plantlets development:

Data in Table (12) showed that survivéls were greatly
reduced with thiouracil-treatment, The reduction was success-
fuly increased with increasing thiouracil concentrations, Of
total 1344 apical meristem-tip cultures, only 678 were survived
(50.4%). WitFk regarding thiouracil levels, out of 336 cultures
for each, 228 (67.9%). 169 (50.3%). 145 (42.2%) and 136 (40.5%)
were survived for O (untreated), 10, 20 and 30 ppm, respectively,
As for potato varieties, regardless thiouracil concentrations,
the number of survivals were slightly differed, it was ranged
between 90-10f out of 192 apical meristem tip cultures for each
variety. Desiree and Spunta varieties were the best in this
respect, For individual varieties, survivals were clearly

decreased witl increasing thiouracil-concentrations,

with regzrding thiouracil-effect on the growth and
developing into plantlets the same trend of the above results
was observed, Out of 228, 169, 145 and 136 culturés survived
at O (untreated), 10, 20 and 30 ppm of thiouracil, 151 (66.2%),
93 (55.0%), 82 (57.,2) and 75 (55.1%) developed into plant-
lets, respectively, With varietal comparisons, the varieties
'Desiree and Fcundal resulted in the highest and lowest numbers
of plantlets, respectively, but Cara variety gives the highest

percentage (7:.6%) iﬁ this respect., The plantlet-growth in
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Cara and Jaerla varieties was the best. of all tested varieties
treated with tiiouracil, The in vitro growth of such two
varieties was 2nhanced on media containing 30 ppm of thiouracil,
while the growth of other varieties were greatly supressed

(Fig. 8) and Table (10).

d. On production of PvX-free plantlets:

Data summirized in Table (13) showed that any of the
different levels of thiouracil treatment resulted in increasing
number and per:entage of PvX-free plantlets, These were
successfuly in:reased with increasing of thiouracil concentra-
tions. Of total of 176 virus-free plantlets obtained 36, 43,

48 and 49 of them were arised on media containing thiouracil

at 0, 10, 20 aad 30 ppm, respectively, The corresponding
percentages of such numbers of virus-free plantlets were 23.8%,
46 .2%, 57.8% and 65.3%, such wide range could be attributed to
the above mentioned reduction in plantlets number which occurred

as a result of thiouracil treatment,

As regards potato varieties, they could be arranged in
descending ordzr according to number of virus-free plantlets as
pDesiree, Cara, Jaerla, Diamont, Spunta, Foundal and Alpha, The
number of virus-free plantlets was ranged between 16 to 40 for
such different varieties, with the different concentrations of
* thiouracil, su:zh varieties were also reacted differently. The
highest numbers of virus-free plantlets were obtained at 10 ppm
of thiouracil for Diamont (7/12) and Jaerla (8/22); at 20 ppm

for Cara {(13/20) and at 30 ppm for Desiree (13/16) and Spunta
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(6/12), However, in Alpha and Foundal varieties, the numbers
of PvX-free plantlets seemed to be unchanged, if not decreased
with the thiou-acil treatment, In such two latter varieties,
as well as in other ones, the highest percentages of obtained
healthy plantl:ts were associated with thiouracil-treatment at
the highest co1icentrations 1i.e 30 ppm. In Foundal variety only
4 plantlets were obtained at such concentration, all of them

were free from the virus.

From the above explanations of our results we can conclude
that, using of thiouracil through in vitro culturing as antiviral
agent for elimination of PvX from apical meristem tip cultures
was effective when used at concentrations ranging from 10 to 30

ppm, However, at 50 ppm or more, it was harmfull and phytotoxic
as all treated cultures were quickly dead., successful elimina-
tion of the ccncerned virus was largely depending on potato

variety and ttiouracil concentrations used.

Effect of eticlation-treatment :

This experiment was conducted to estimate the in vitro

growth which nay be resulted in longest apical portions free
from potato v.rus X, For this aim, igl!igzg_plantlets were
divided into nodal segments, as previously described (Material
and Methods), cultured on nitrient MS medium with or without
additional GA; at rate of 1.0 mg/1, then incubated for 2 weeks
under complet: darkness, The different effects of such treat-
ments compared with control one (incubation was carried under

continuous lijht) coumld be dealt as follows:
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a. On length of shoot and number of roots:

Data in Teble (14) showed that nodal segment cultures
incubated under complete darkness either in the presence or
absence of GA; resulted in the longest growing shoots and
mostly the largest number of developed roots, In this respect,

cultures incubated under continuous light showed the reverse
order, in which both shoot elongation and root formation were

slightly suppressed.

As for porato varieties incubation under complete darkness

combined with addition of GA3 to the culture media resulted in
the longest etioclated shoots and largest numbers of developed
roots in most varieties (Fig. 9 ). However .1in variety Jaerla,
root formation was completely inhibited. but in varieties Spunta
and Desiree was the reverse, Addition of GA, seems to be not

3
affected on root formation in variety Foundal,

b, On inviability:

.Apical meristem portions 1,0 mm long were taken from shoots
grown onto the above mentioned treatments, cultured and incubated
as usual for 5 weeks the number of inviable cultures were
counted and calculated, Results were illustrated in Table (15).
From data in such Table it could be noted that GA3 associated
with complete darkness greatly reduced number of inviable
cultures {13.<%). 1In this respect, incubation in darkness with-
'out GA4 addition was the next (19.9%). The most inviability was
in cultures ircubated under continuous light (23.2%). As for

potato varieties, the same trend of results was observed, The




90

- v'e  L°S 6°v - 0" €< £°18 6°99 uesk
9°*G g'¢ 8'8g 1= 4 ¢°09 ov 68 c5 eiunds
8'1 8°'1 0°0 9'¢ L* 9% ey 89 6s eTJeecr
Sy 9'¢ ¥°S AR" 0° 8% G¢, LL [4°] Tepunod
€S 8¢ 0L 1'% £ VL 19 06 ZL seJd 1880
G'G o'v S°9 0°9 0°¥L L9 ¢8 2L luoweTq
LV = A 2’9 0°6 0° 89 ag LL 1. gJe)
v*S 2's 2'9 8 v 0'6L 69 88 08 eydiv

*1e8943 wmwwuw - 1e841 "aesdd w@mouu *18043
1yBTT S8aU ssau IybTT ssau sSau
*3u0) -Jdeq -yJ4eq *31U0) -3Jdeqg -34eq
USSE 02— memmommmmmmses ———————— Ugap =-——-—-—wmmmm—msom————= -———— AlaTJeA
1e Jagwnu 3100J JO UE3Y (ww) cumcma.wmocm 10 uegqy

-sa110TJeA o3lerod jusJajsTp J04 Siuswieadd uori1eToTi® Ag peidalie 3uouwbas

Tepou J4ad s3o0Jd jo Jaqunu pue (s)aocoys ButmosBaa jo (wuw ut) yibusl jo sueay :(¥PT) OTqEL




Treatment
with dark-
ness + GA3

Darkness
treat.

Contin.
Light treat.

i
¥
i
3
?

Different varieries
Fig. (9): =ffect of continuous light and darkness with
—=———— 5 withiout additional GA; on in vitro shooting,

shoot length and rcoting of nodal segments of
jifferent potato varieties.
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Table (15): Culture inviability of excised shoot tips as
affected by etiolation treatment compared with
continuous light.

No. of Numbef of inviable
i cultures at etiolation
Variety :;cﬁures/ _treatments_(i.e.)_____._ Total %
‘ Dark - Dark- .
treatmert oog ness Light
+ GA
3
*

Alpha 48 13 8 11 3241447 22 2

Cara 48 8 5 17 30/144 20.8

Diamont 48 10 4 8 22/144 15,3

Desiree 48 10 6 8 24/144 16,7

Foundal 48 8 6 14 28/144 19.4

Jaerla 48 10 9 12 31/144 21.5

Spunta 48 8 7 8 23/144 16,0

Total 236 67 45 78 196 19.4

% 100.0 19.9 13.4 23.2 19.4

% Total number of shoot tips inviable/total excised.
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addition of GA3 was most effective in the varieties Cara and

Foundal, but not in Spunta,

c. On survivals and developed plantlets:

Data in Table (16) indicated that cultures incubated at either
continuous light or darkness + GA3iregardless vdrieties,resulted
in equal numbers of survivals., Out of 336 cultures 208 (61,9%)
were survived for both treatments. But these were increased to

220/336 (65.5%) in case of incubation under darkness without GA.

with regerding growth into plantlets, more plantlets
developed under light condition i.e. g82.2% (171/208) compared
with 57.2% (119/208) and 66.8% (177/220) for incubation under

complete darkress with or without GA3, respectively,

in general, the percentages of developed plantlets
ranged between 60,0-90.9%, 41.2-69.0% and 53.6-78.1% for
incubation under continuous light or complete darkness with or
without GA3. for all tested potato varieties, respectively,
Aamong different varieties, Cara and Foundal produced the highest
(75.0%) and lowest (52.7%) percentages of developed plantlets,

however, varicty Spunta resulted in the largest number i.e. 69

out of 96 survivals were developed into plantlets.

d. On elimination of_PVX:

Data of rTable (17) proved that 22,4% i.e 98 out of 437
'plantlets could be freed from PVX by using this study. Regard-
less potato varieties, relatively equal percentages of virus-

free plantlets i.e 24.4% and 23.8% were obtained from cultures
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Table (16): Effect of preincubation under continuous light or
darkness with or without additional GA; in culture

med:..um on survivals and developed plantlets.

Noi of Etiolation treatment
Variety ggcﬁu €S/ e Total %
creat nent Dark- Dark- Cont.
ness ness light
+ GA3
Alpha 48 15/28% 1es23% 28/31%  s9/82*  72.0
Cara 48 25/32 18/30 20/22 63/84 75.0
Diamont 48 24/32 20/32 25/32 69/96 71.9
Desiree 48 23/33 15/32 29/33 67/98 68 .4
Foundal ag 19/32 14.34 15/25 48/91 52,7
Jaerla 48 19/33 18/30 27/31 64/94 68.1
Spunta A€ 22/30 18/27 27/34 67/91 73.6
Total 33€ 147/220 1197208 171/208 437/636 68.7
66 .8 57.2 82.2 68.7

% Number of plantlets that developed out of the total shoot
tips that sirvived.
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addition of GA3 to culture media, ' In this réspect, cultures
grown under continuous light resulted in lowest Pé€rcentage of
healthy plartiets i.e. 19.9%. on the other hand, addition of
GA3 8Ssociated with complete darkness caused reduction in the
number of virus-free Plantlets . out of 119 plantlets 29 only
were healthy, The corresponding ones were 34/171 and 35/147
for incubation under continuous light or darkness without GA3,

respectively,

respectively, Incubation under darkness without GA3 and
continuous light was Superior for cara and Jaerla varieties,
88 8 plantlets oyt of 25 and 27 could be freed fronm PVX,

réspectively, Fror variety Alpha, the number of healthy plant-

From such results it could be concluded that GA3 added to

culture media ét the rate of 1.g mg/1l combined with incubation

under complete darknesa|nas not an effective method for increasing

number of ejither total plantlets or even those virus-free. on
the other hand, incubation under complete darkness without GA3

. was beneficial :in this respect,
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Potato propacation through in vitro tuberization and micro-

tuber productivity as affected by PvX-elimination:

An experiment was designed for investigating the available
sSuccess to propagate potato varieties Cara Spunta and Foundal
through in vitro tuberization and also to estimate comparable
productivity of microtubers and their size frequency as affected
by elimination of PVX from plant materials used, Results were

tabulated and photographed in Table (18) and Figs. (10, 11,

and 12). These could be summarized as follows:

Cara variety:

Data presented in Table (18) showed that the number of
Microtubers harvested' as well as weight and diameter
of the indivicual microtubers greatly wvaried between the
different vials (replications) used for either PvX-free
(healthy) or infected cultures. It could be noted that also,
the values represents all of these measurements were higher in
healthy than infected cultures, For healthy cultures, 12,3
Mmicrotubers could be obtained from each vial with an average
weight 189.5 my/microtuber and 5.8 mm diameter., The correspon-
dings were 7,8, 73.8 mg and 2.4 mm for infected cultures,
respectively. On other means elimination of PVX from cultures
used for in vi:ro tuberization resulted in an increase of mean
number of harvested microtuber/vial, means of weight and dia-
meter of single microtubers by 57.7%, 156.8%. and 141 .7% more

than cultures ctill infected with such virus, respectively,
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PVx-free
cultures

PVX-infected
cultures

Foundal Spunta Cara

Different varieties

Fig. (10): In vitro tuberization from PVX-free
and infected porato nodal segment
cultures, one week before harvesting.
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From Cara

variety

From Spunta

variety

From Foundal

variety

PVX-~ PV X~
infected infected

Virus status

Fig. (12): Effect of PvX-elimination on the
number and size of in vitro micro-
tuber for three potato varieties
(Right = PVX-free (healthy) culture)
(Left = PVX-infected culture).
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Spunta variety:

Data in Table (18) showed the same trend as above seen
in Cara variety. However, using cultures free from PVX will
be gained numter of microtubers increased by 6.4% only over
than those from infected ones. On the other side, both means
of weight and diameter/microtuber were increased by 152.8% and

82.9% in healthy than infected cultures, respectively,

Foundal variety:

Results in Table (18) were paralel to those of Cara and
Spunta varietiss, In Foundal variety, using culture free from
PVX for producing microtubers under in vitro conditions will be
increased the mean number of microtubers/vial, mean weight and
diameter of a single microtuber by 97.1%, 80.7% and 28.8%,
respectively when compared with the yields obtained from

cultures infected with this virus.

Effect of Pvx-eliminuation on size frequency of the obtained

microtubers:

Results summarized in Table (19) showed clearly that pyx-
elimination could be improved size of the obtained in vitro
microtubers for all tested potato varieties. In case of
healthy cultures of Cara variety, out of 98 microtubers
obtained 79 were equal to or larger than 5 mm diameter (80.6%) .
~Only 2 microtubers of that 8ize out of 47 were obtained from
infected cultures, As for Spunta varieties 66.7% in opposite
to 17.1% of the microtubers harvested from healthy and pPyx-

infected cultures, réespectively were equal to or larger than



Table (19): Diameter frequency of in vitro microtubers obtained
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from PvX-free (Healthy) and infected potato varieties

Cara, Spunta and Foundal,

Microtuber = Number of microtuber for different potato varieties

diameter eq~ -~---=-o-memmmmm .o l___FYM-Z _Variceties =
ual to or Cara Spunta Foundal
ey ar Tmae Ho In.  H 1m.
1 om | 98 47 81 76 47 17
2 mm 96 31 79 58 42 16
3 mm 93 19 73 4l 38 14
4 mm 90 8 66 25 34 8
5 mm 79 2 54 13 22 4
6 mm 56 - 38 6 11 -
7 mm 32 - 15 - 8 -
8 mm 12 - 3 - 3 -
g mm - - - - - -
10 mm - - - - 1 -
5 mm** % 80.6 4.3 66.7 17.1 46.8 28.5
6 mm** X 57.1 0.0 46 .9 7.9 23.4 0.0
; H = Healthy
In = Infected

*% Equal to or larger than,
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5 mm diameter with regarding PvX-free and infected cultures

of Foundal variety, out of 47 and 17 microtubers 22 and 4 of
the above selected size were obtained, respectively, 1In all
cultures infected with PVX for any of the tested varieties,
microtubers equal to or larger than 7 mm diameter could not be
produced at all. However, in healthy cultures, these were

32/98, 15/81 and 8/47 for Cara, Spunta and Foundal varieties,

respectively,

Indexing of microtubers for PvX-infectivity:

Undormant microtubers produced in vitro from either
previously ascertained PVX-free or infected cultures from the
above mentioned three potato varieties (Fig. 12) were germinated
in potted soil mixture, After 10 weeks from planting, rub

transmission test on leaves of Gomphria globosa plants using

sap from growirg plants. emphasized the wvirus freedom

of microtubers produced from healthy cultures, All microtubers
obtained from Pvx-infected cultures resulted in infected
growing plants, (Fig. 13}. Potato plants from both types of
microtubers were left to grow in pots for more than 2 months .
In the healthy plant, no viral disease symptoms were appeared
even plants were agelng Up to more than 4 months, in contrast,
Symptoms of mild mosaic which progressed latter to severe
mosaic began to appear after few weeks from planting of progeny

. tubers of the natural infected plant (Fig. 14).
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