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RESULTS

Surface sterilization of the explants

0.5-1 cm long sprout tips were collected for the initial establishment of i vitro
potato shoots. They were rinsed with detergent (1%, Teepol-20) for 2-3 min and were
then washed thoroughly with tap water, followed by distilled water. These tips were
subsequently surface sterilized with varying concentration of HgCl, (Table:3, 4).
Shoot apices (0.2-0.4 cm) were dissected and inoculated onto MS basal medium.
Lowest percentage of contamination was observed when the explants were exposed to
0.08% HgCl; in case of both the varieties. However, the duration of exposure to HgCly
varied between the varieties. In case of var DR, it required only 4 min of exposure to
HgCl, while var HR showed a requirement of 6 min exposures, for achieving the
lowest percentage of contamination. When the concentration of HgCl, was raised from
0.08% to 0.1 and 0.2%, browning and subsequent death of explants was observed
(Table : 3 and 4).

In order to minimize the contamination further the explants were given a pre-
treatment with a combination of fungicides, antibiotic and activated charcoal for a
period of 4-6 hours prior to their sterilization with 0.08% HgCl, (Table:5 and Table:6).
This pre-treatment reduced the percentage of contamination markedly and significantly

improved the percentage survival of explants.

Establishment of shoot tip culture

Pretreated and surface sterilized shoot tips (0.2-0.4 cm long), when cultured on
MS basal medium, exhibited elongation and attained a length of 4-5 cm within a period
of 21 days (Plate:2 and 3).

Establishment of shoots from nodal segments
The shoots obtained from above culture were cut into single nodal segments

and were utilized for establishing shoot cultures.



Table-3: Effect of surface sterilization with HgCl, on the Survival Percentage of

explants of var. DR.

Concentration Duration % of % of Browning | % of Survival
of HegCl, (%) (min) Contamination
Mean =+ S.E. Mean + S.E. Mean + S.E.
0.05 2 @100 00 =+ 0.00 - -
0.05 4 8700+000 - 1300+0.0
0.08 2 80 00+ 0.00 - 2000+0.0
0.08 4 56 66+ 3.30 - 4333+33
0.1 2 56.66+3.30 |23.33+3.30 2000+0.0
0.1 4 47.00£0.00 |3630+330 16.66 +3.3
0.2 2 43.33+3.30 |4333+330 13.33+3.3
02 4 40.00+0.00 | 6000 +0.00 -

@ Values indicate + S.E. of 3 separate results

Table - 4: Effect of surface sterilization with HgCl, on the Survival Percentage of

explants of var. HR.

Concentration Duration % of % of Browning | % of Survival
of HgCl, (%) (min) Contamination
0.05 2 @ 10000000 - -
005 4 96.66 +3.30 - -
0.05 6 90 00+ 0.00 - 10.00 + 00
008 2 7333+£330 - 2666 +3 30
0.08 4 60.00 + 0.00 - 40 00+ 0.00
008 6 46 66 +3.30 - 5333+3.30
0.1 2 60.00+000 1333 +3.30 26.66 +3.30
0.1 4 50.00 £ 000 26.66 +3 30 2333+330
0.1 6 46.66 % 3 30 5000+000 1333 +3.30
0.2 2 16.66 +3.30 6333 +330 2000+000
02 4 3.66 %330 96.33 +3.30 -
0.2 6 - 100.00 +0.00 -

@ Values indicate + S.E. of 3 separate results
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Table-5: Survival response of explants to pre-treatment with various agents. var. DR
Treatment Duration % of % of % of Survival
(hours) Contamination Browning
Mean £ S.E. Mean * S.E. Mean = S.E.
Control 0 @58 33 £ 0.00 - 41.66 +0 00
0.2% Rifampicin + 2 5233+0.00 - 4744 +2.70
0 2% Bavistin + 4 44,44 +2.70 - 5555+270
0.1% Activated Charcoal 6 3444+£270 | 28.88+2.70 | 36664000
8 2133270 7866 +270 -
0.1% Rifampicin+ 2 50 00 % 0.00 - 5000+000
0.1% Chioramphenicol+ 4 45.00% 000 - 55.00 +0.00
02% Bavistin+ 6 3444270 | 26.10+2.70 | 39.40+270
0.1% Activated Charcoal 8 11.70 + 0.00 88.30 + 0 00 .
0.2% Chloramphenicol+ 2 " 37.00+0.00 - 62.77+2.70
0.2% Bavistin+ 4 13 88+2.70 - 86.10+2.70
0 1% Activated Charcoal 6 20.00% 000 20.55+2.70 59.55+270
8 14,55+ 0.00 85.55 +2.70 -

*( Pre-treated explants were surface sterilized with 0 08% HgCI2 before inoculation).

@ Values indicate + S.E of 3 separate results




Table - 6: Survival response of explants to pre-treatment with various agents. var. HR

Treatment Duration % of % of Browning | % of Survival
(Hours) Contamination

Mean£S.E. | Mean+SE. | Mean+SE.

Control 0 @ 46.66 £3.30 - 53334330
0.2% Rifampicin+ 2 38.33+£2.70 - 6166+ 000
0.2%Bavistin+ 4 35.66+0.00 - 6444 £2.70
0.1%Activated Charcoal 6 1433+ 4.80 13.33 +0.00 72214550
8 1222+£2.70 65.66 +0 00 2221+£5.50

0.1% Rifampicin+ 2 40.00 + 0.00 - 60 00+ 0.00
0.1% Chloramphenicol+ 4 37.77+£2.70 - 62214550
0.2% Bavistin+ 6 9.33+2.70 25.00 +0.00 66 66 =0 00
0.1% Activated Charcoal 8 - 52.00 + 0.00 4722+2.70
0.2% Chloramphenicol+ 2 32.66 +4.80 - 6722270
0 2% Bavistin+ 4 24.66+270 - 7555+£2.70
0 1% Activated Charcoal 6 - 6 66 40 00 93.33x 000
8 - 4722+2.70 52,77+270

*( Pre-treated explants were surface sterilized with 0.08% HgCl2 before moculation).

@ Values indicate + S.E. of 3 separate results

Table — 7: Growth response of sheots to LS and MS basal media. var. DR and var. HR
(Data recorded after 21 days)

Length of the No. of nodes / Shoots
Variety Media used shoots (cm) Mean + S.E.
Mean = S.E.
LS Medium 135+ 0.19 228+ 0.28
DR
MS Medium 4,16 + (.56 311+ 0.26
LS Medium 150+ 0.22 225+ 025
HR
MS Medium 4.80+ 0.43 300 042




Plate 2. Establishment of dissected shoot tips of var DR in MS basal medium
after surface sterilization:

a. Initial explants (0.2 — 0.4 cm long)
b. Started rooting (within 3-4 days)
c. Establishment of 1n vitro shoot

In all figures, the bar=1 Cm



Plate 2. Establishment of dissected shoot tips of var DR in MS basal medium
after surface sterilization:

a. Initial explants (0.2 — 0.4 cm long)
b. Started rooting (within 3-4 days)
c. Establishment of in vitro shoot

Bar =1 cm in all the plates






Plate 3. Establishment of dissected shoot tips of var HR in MS basal medium
after surface sterilization:

a. Initial explants (0.2 — 0.4 cm long)
b. Started rooting (within 3-4 days)
c. Establishment of in vitro shoot.

In all figures, the bar =1 Cm






LS and MS media were tried for establishing shoot cultures from nodal
explants. Best response in the form of shoot elongation and number of nodes per shoot
was observed when nodal explants were cultured on full strength MS medium
(Table:7).

The effect of NAA (0.05-1.0 mg/l) and BAP (0.05-2.0 mg/1) individually and in
combination on shoot elongation from nodal explants was examined. NAA alone at 0.1
mg/l significantly increased the length of shoot and number of nodes per shoot
compared to the control. However, BAP individually or in combination with NAA
failed to bring about any significant increase in shoot length or number of nodes per
shoot. An increase in the concentration of NAA from 0.1 to 0.5 mg/l led to the
production of more number of roots in both the varieties. Combinations of NAA and
BAP did not show any significant effect on production of healthy shoots and leaves
(Table 8 and 9).

Effect of GA3 (0.05-0.25 mg/l), NAA (0.01-0.1 mg/l) and Ca-Pantothenate
(1.0-4.0 mg/1) on growth and production of shoot from nodal explants was sfudied It
was observed that GA; alone did not bring about any significant effect on length of the
shoot or number of nodes per shoot, compared to the control, but a combination of
GA;, NAA and Ca-pantothenate could increase the length of the shoots significantly.
In var DR, 0.05 mg/l GA3 in combination with 0.01 mg/l NAA and 2.0 mg/l Ca-
pantothenate showed significant results with respect to length of the shoots (4.0 cm), as
well as mean number of nodes per shoot (3.40) compared to that of control (Table:10).
Increase in concentration of GA3 from 0.05 mg/l to 0.1 mg/l along with 0.01 mg/l NAA
and 2 0 mg/l Ca-pantothenate did not have further significant effect on the mean shoot
length (4.4 cm) or the mean number of nodes per shoot (3.80), but produced healthy
shoots with larger green leaves. Further increase in GAj levels showed decrease in both
the parameters in var DR

In var HR, low concentration of GA3 (0.05 mg/l) and NAA (0.01 mg/l) along
with 2.0 mg/l Ca-pantothenate, significantly improved the shoot length (3.60 cm), but
had no effect on the mean number of nodes per shoot (2.20). However, an

increase 1n the
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Table - 8: Influence of BA and NAA on shoot growth from nodal explants of var.
(?)i{ta recorded after 21 days)
Growth Length of the No. of No. of Size and
Regulator Shoots(cm) Nodes/Shoot | Roots/Shoot greening of
(mg/l) Mean £S.E.* | Meant S.E. | Mean + S.E. Leaves
NAA | BAP
0 0 1.68 £ 0.36 peae 261+0.52 |3.33 £1.56 Small, pale green
0.05 0 293+£033 4 3.77+0.55 | 16.40+2.94 | Small, pale green
0.1 0 3.00+0.46 4 3.47+0.50 |28.00+5.17 | Small, pale green
0.5 0 2.70 £ 0.28 4 2.33+£0.21 |41.00£3.00 | Small, pale green
1.0 0 1.96 + 0.32 apede 4.81 £ 045 |34.60+9.61 | Small, pale green
0 0.05 1.68 £ 0.28 pege 3.12+0.63 | 0.00 £0.00 Small green
0 0.1 1.91 £ 0.30 apege | 3.26%+ 0.49 | 5.33+2.60 Small green
0 0.5 1.52 4 0.26 4 264+034 |1.33+0.33 Medium green
0 1.0 1.46 £0.35 g 3.07£0.59 | 0.00£0.00 Small green
0 2.0 1.57+£0.21 4 247 +0.19 |0.00+0.00 Small green
0.05 0.05 1.52 £0.30 g 2.83+0.60 |8.60+3.02 Small green
0.05 0.1 2.02 + 0.28 apede 200+0.22 |520+1.46 Small green
0.05 0.5 1.88 £0.23 peae 1.93+0.30 |4.66+0.88 Very small green
0.05 1.0 1.40 £ 0.33 4 2.00+0.36 |0.00+0.00 Very small pale
green
0.05 2.0 1.52 £ 0.24 4 231+£0.33 | 0.00+0.00 Small pale green
0.1 0.05 | 0.71£021. 1.66 +£0.33 |10.25+£225 | Very small pale
green
0.1 0.1 | 0.87+0.16 4 2.16+030 |9.50+3.77 Very small pale
green
0.1 0.5 1.60 £ 0.37 oge 2601042 |2.66+033 | Verysmall pale
green
0.1 1.0 297 £0.46 2.87+040 [633+1.85 Small green
0.1 2.0 2.15 £ 0.56 apege 2.75+045 | 12.50+£8.56 Small green

*Values with the same superscript letter are not significantly different at P>0.05 (Duncan's Multiple

range test)




Table-9: Influence of BAP and NAA on shoot growth from nodal explants of
Var HR.
(Data recorded after 21 days)

Growth Length of the No. of No. of Size and greening of
Regulator Shoots(cm) Nodes/Shoot | Roots/Shoot Leaves
NAA | BAP | Mean*S.E.* | Mean £S.E. | Mean +S.E.
(mg/l) | (mg/l)

0 0 1.59+024 54 | 1631024 12.80 £2.26 | Small pale green
0.05 0 2.09+033, 2.07+£0.26 11.40£2.01 | Small pale green
0.1 0 321+ 0.39, 2.15+0.31 11.00+1.16 | Small pale green
0.5 0 3.02+0.41, 223+0.26 29.00+3.6 | Small pale green
1.0 0 1.88 £0.25 4 1.92+0.19 31.20+£3.24 | Small pale green
0 0.05 | 1.28+0.21 peq | 1.44%0.17 2.00+ 0.40 | Small pale green
0 0.1 1.56 £ 0.17 pea 1.50+£0.15 2.00 +0.40 | Small pale green
0 0.5 1.22 0.20 peq 1.44 0.17 2.00£0.00 | Small pale green
0 1.0 1294022 4q | 1.37£0.18 1.00 £0.00 | Small pale green
0 2.0 1.45 +0.26 peg 1.54+0.20 00 +0.00 Small pale green
0.05 | 005 | 1.60+033pg | 1754025 | 8.80+0.80 | Verysmall pale green
0.05 0.1 131 +0.18 pea 1.66 +£0.14 7.80 +£2.53 | Very small pale green
0.05 0.5 146 +0.25pcq | 1.661+0.23 9.00 £2.85 | Very small pale green
0.05 1.0 147%£0.19pa | 1.85+0.20 6.80 £1.98 | Very small pale green
0.05 2.0 140+£0.18 peq | 1.22+0.14 7.20 +£1.52 | Very small pale green
0.1 0.05 | 1.16 £0.22 peq 1.60£0.24 13.25 +3.42 | Very small pale green
0.1 0.1 | 12240294, | 128+ 0.18 | 11.2 +1.93 | Very small pale green
0.1 0.5 104+ 021 pea | 1.28%0.18 12.75 +£2.68 | Very small pale green
0.1 1.0 2.12+£0.36, 2.07+0.26 6.75 1.93 | Very small pale green
0.1 20 | 170+ 034 peq | 1.80£024 | 7.60%1.56 | Verysmall pale green

*Values with the same superscript letter are not significantly different at P>0.05 (Duncan's Multiple

range test)
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Table - 10: Effect of GA3, NAA and Ca-pantothanate on shoot growth of Potato.

Var. DR.

(Data recorded after 21 days of inoculation)

Growth Regulator Length of the No. of Size and
GA; NAA Ca- Shoot(cm) Nodes/Shoot | greening of
{mg/l) (mg/l) pantothanate | Mean + S.E. | Mean + S.E.* Leaves
(mg/)
0 0 0 1.2 £0.20 1.4£0.40 5, | Small pale
0.05 0 0 1.7+£0.20 2.0+ 0.31 4 | Small pale
0.1 0 0 24 £0.24 2.2+ 0.20 5 | Small pale
0.25 0 0 1.2 £0.37 1.4 +0.60 5, | Small pale
0 0.01 0 2.2+0.58 2.0£0.44 5. | Small pale
0 0.05 0 2.240.20 1.6+£0.24 ,, | Small pale
0 0.1 0 2.0£0.63 1.440.67 5 | Small pale
0.05 0.01 0 1.8+0.48 1.6+0.50,, | Small pale
0.05 0.05 0 3.240.37 2.440.50 5 | Small pale
0.05 0.1 0 3.0£0.31 2.240.37 s | Small pale
0.1 0.01 0 3.4£0.50 2.620.50 peg | Small pale
0.1 0.05 0 2.61£0.24 1.6+0.24 5, | Small pale
0.1 0.1 0 3.8+0.37 2.0+0.44 4. | Small pale
0.25 0.01 0 1.6£0.50 1.6+0.24 5, | Small pale
0.25 0.05 0 2.8+0.37 1.840.20 5 | Small pale
0.25 0.1 0 3.0x0.77 1.840.37 5 | Small pale
0.05 0.01 1 2.440.50 2.6+0.67 ,.q | Large Green
0.05 0.01 2 4.0+0.83 3.4+0.74 4 | Large Green
0.05 0.01 4 2.610.67 2.0£0.31 4 | Large Green
0.05 0.05 1 2.4+0.60 2.2+0.37,. | Large Green
0.05 0.05 2 3.61£0.74 2.0+0.63 . | Large Green
0.05 0.05 4 2.8+0.96 1.840.37 5 | Large Green
0.05 0.1 . 1 2.240.48 1.4+0.24 ,, | Large Green
0.05 0.1 2 3.6+0.81 2.4+0.24 .. | Large Green




Table 10 Contd.....

Growth Regulator Length of the No. of Size and
GA; NAA Ca- Shoot(cm) Nodes/Shoot | greening of
(mg/l) (mg/l) | pantothanate | Mean +S.E. | Mean + S.E.* Leaves
(mg/l)
0.05 0.1 4 2.240.58 1.6+0.40 ,, | Large Green
0.1 0.01 1 3.240.73 1.6+0.40 5, | Large Green
0.1 0.01 2 4.4+1.02 3.840.96 4 | Large Green
0.1 0.01 4 2.240.37 1.8+0.37 » | Large Green
0.1 0.05 1 2.6+0.50 1.6+0.40, | Large Green
0.1 0.05 2 3.6+1.02 2.240.20 4 | Large Green
0.1 0.05 4 2.6+0.85 1.8+0.48 , | Large Green
0.1 0.1 1 3.410.91 2.440.50 5, | Large Green
0.1 0.1 2 3.9+0.84 1.8+0.37 & | Large Green
0.1 0.1 4 2.5£0.47 1.6+0.40 5, | Large Green
0.25 0.01 1 2.910.64 1.840.37 5 | Large Green
0.25 0.01 2 3.4£0.50 2.2+0.37 s | Large Green
0.25 0.01 4 2.84+0.25 1.6+£0.24 5, | Large Green
0.25 0.05 1 2.840.12 164024 ;, | Large Green
0.25 0.05 2 3.1+0.33 2.6+0.24 ¢ | Large Green
0.25 0.05 4 2.1+0.29 1.6+0.24 5 | Large Green
0.25 0.1 1 1.6+0.33 1.0£0.31, | Large Green
0.25 0.1 2 2.8+0.25 1.84+0.20 5, | Large Green
0.25 0.1 4 1.5+0.22 1.2+0.20 5, | Large Green

*Values with the same superscript letter are not sigmificantly different at P>0.05 (Duncan's Multiple

range test)
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concentration of GA3 from 0.05 to 0.25 mg/l along with 0.01 mg/l NAA and 2.0 mg/l
Ca-pantothenate showed significant improvement in both mean length of the shoot (5.1
cm) and mean number of nodes per shoot (3.40), compared to the control (Table:11).
The size and colour of leaves did not show any improvement in var HR under the

influence of above medium (Plate : 4).

Growth of in vitro shoots of potato on liquid stationary culture

Nodal explants were cultured on MS liquid stationary culture medium
containing IBA (0.1-2.0 mg/l), ADS (0.1-2.0 mg/l) and BAP (1,1.5 mg/l), individually
and in combinations. In var DR, IBA alone did not show any significant increase in the
length of the shoots or in number of nodes per shoot, but vigorous rooting was
observed in all the concentrations tried. ADS alone could produce larger and greener
leaves than the control, but did not show any increase in other parameters. 0.5 mg/l
IBA and 0.5 mg/l ADS, in combination with 1.5 mg/l BAP showed sigmificant increase
in the mean length of the shoots (8.0 cm) as well as 1n the mean number of nodes per
shoot (6.00) than that of control (Table:12). However, shoots were thin and unhealthy.
Basal callusing was observed at higher concentration of BAP (Plate: 5 and 6).

Similar results were observed in var HR, where maximum shoot length (6.6
cm) was seen when the medium was supplemented with 1.5 mg/l BAP and 0.5 mg/l
IBA (Table:13). Shoots produced in this medium were very thin and basal callusing
was also observed (Plate: 7 and 8).

Growth of irn vitro shoot as affected by a combination of GA3 (0.05-0.25 mg/l),
NAA (0.01, 0.05 mg/l), Ca-pantothenate (2.0 mg/l), Thiamine-HCl] (1.0 mg/l) and
Pyridoxine-HCI (1.0 mg/l) was also examined on MS liquid stationary medium. It was
observed that, 1.0 mg/l Thiamine-HCl, along with 0.1 mg/l GA3, 0.01 mg/l NAA and 2
mg/l Ca-pantothenate showed significant effect on mean shoot length (7.1 cm) as well
as on mean number of nodes per shoot (5.4), than the control, in var DR (Table:14;
Plate: 9).



Table - 11: Effect of GA3;,NAA and Ca-pantothanate on shoot growth of Potato.

var HR.
(Data recorded after 21 days)

Rrowth Regulator Length of No. of Nature of
GA; NAA Ca- the Shoot | Nodes/Shoot Leaves
(mg/l) | (mg/l) | pantothanate (cm) Meant S.E.
(mg/l) Meant S.E.

0 0 0 1.240.12 1.240.37 | Pale leaves
0.05 0 0 2.0+0.22 1.8+0.20 | Pale leaves
0.1 0 0 1.5+0.27 1.240.37 | Pale leaves
0.25 0 0 2.240.20 1.4+0.24 | Pale leaves
0 0.01 0 1.3£0.20 .8+0.37 Pale leaves
0 0.05 0 1.5+0.27 610.40 Pale leaves
0 0.1 0 1.6£0.29 1.0+0.31 | Pale leaves
0.05 0.01 0 2.240.12 1.6£0.24 | Pale leaves
0.05 0.05 0 2.2+0.25 1.6+0.24 | Pale leaves
0.05 0.1 0 2.5+0.41 2.240.37 | Pale leaves
0.1 0.01 0 2.240.46 1.4+0.24 | Pale leaves
0.1 0.05 0 2.8+0.64 2.4+0.50 | Pale leaves
0.1 0.1 0 2.8+0.40 2.2+0.37 | Paleleaves
0.25 0.01 0 3.7+0.84 2.4+0.50 | Pale leaves
0.25 0.05 0 3.0£0.35 2.0+0.31 Pale leaves
0.25 0.1 0 2.8+0.46 2.0+0.44 | Pale leaves
0.05 0.01 1 1.940.24 1.4+0.40 | Large Green
0.05 0.01 2 3.640.91 2.2+0.80 | Large Green
0.05 0.01 4 2.5+0.74 1.0+0.44 | Large Green
0.05 0.05 1 2.8+0.20 2.0+£0.00 | Large Green
0.05 0.05 2 3.740.51 2.4+0.50 | Large Green
0.05 0.05 4 2.740.33 2.2+0.37 | Large Green
0.05 0.1 1 2.6+0.10 2.240.20 Large Green
0.05 0.1 2 3.5+£1.08 2.410.67 Large Green
0.05 0.1 4 3.04+0.35 2.0%0.44 Large Green
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Table 11 Contd...

Rrowth Regulator Length of No. of Nature of
GA; | NAA Ca- the Shoot | Nodes/Shoot Leaves
(mg/l) | (mg/l) | pantothanate (cm) Meant S.E.
(mg/l) Meant S.E.
0.1 0.01 1 3.510.35 2.6+0.24 | Large Green
0.1 0.01 2 3.840.25 2.8+0.20 | Large Green
0.1 0.01 4 2.9+0.18 2.240.20 | Large Green
0.1 0.05 1 2.7+0.37 1.8+£0.37 | Large Green
0.1 0.05 2 4.410.82 3.0+0.54 | Large Green
0.1 0.05 4 2.740.75 1.840.58 | Large Green
0.1 0.1 1 2.440.36 1.2+0.37 | Large Green
0.1 0.1 2 2.5+0.15 2.0+0.31 Large Green
0.1 0.1 4 2.0+0.47 1.8+0.58 | Large Green
0.25 0.01 1 5.0£0.89 2.6+0.40 | Large Green
0.25 0.01 2 5.1+1.08 3.4+0.40 | Large Green
0.25 0.01 4 4.2+0.37 3.2+0.20 | Large Green
0.25 0.05 1 3.8+0.62 3.0+0.44 | Large Green
0.25 0.05 2 4.2+0.64 3.0+0.54 | Large Green
0.25 0.05 4 2.240.40 1.6+0.40 | Large Green
0.25 0.1 1 2.7£0.25 1.8+0.20 Large Green
0.25 0.1 2 3.0+0.22 1.640.24 | Large Green
025 | 01 4 2.240.25 .8+0.37 | Large Green
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Table -12: Growth of ir vitro shoots of Potato in liquid stationary culture under
the influence of BA, IBA and ADS var DR
(Data recorded after 21 days of inoculation)

Growth Regulator Length of No. of No. of Remarks
(mg/l) shoots(cm) nodes/shoot Roots/shoot
BA | IBA | ADS | Mean £ S.E.* | Mean £S.E.* | Mean +S.E.*

0 0 0 4.7 £0.51 pege 2.8 £0.20 ¢ 44 £1.16 -

0 0.1 0 412067 cte | 2.840.37 ¢ 13.4+3.31 | Vigorous
rooting

0 0.5 0 7.8+£0.94 s | 3.5%0.50 gt 14.8 +4.87 | Vigorous
rooting

0 1.0 0 5.0 £ 1.03 pege 2.4 +0.50¢ 11.0+6.18 | Vigorous
rooting

0 2.0 0 3.6 +£0.99, 23+047¢ 10.5+£4.94 | Vigorous
rooting

0 0 0.1 3.8 +0.81 4 2.5%+0.64 9.0+2.19 Large green
leaves

0 0 05 | 491122 heee | 301054 8.6 £1.07 Large green
leaves

0 0 1.0 3.8+0.20 g 2.8 +0.20 9.6+1.36 Large green
leaves

0 0 20 | 494084 pqe | 3.0£0.54 7.6 £0.92 | Large green
leaves

1 0.5 0 7.5 £ 0.86 peq 6.5 £0.86 , - Basal
callusing

1 0.5 0.5 | 6.1 1142 ypeqe | 3.0£0.57 gt - Basal
callusing

1 0.5 20 | 6.6+2.33 pege | 4.0% 1.0 peger 3.0+£0.00 Basal
callusing
thin shoot

1 1.0 0 574 1.67 pege | 3.5+ 0.86 ger - Basal
callusing
thin shoot

1 1.0 0.5 | 712147 apede | 5.5 £1.25 4 10.5+1.65 | Basal
callusing
thin shoot

1 1.0 | 2.0 | 7.1 £0.82 apede | 3.75 £ 0.47 ger 73%£2.05 Basal
callusing
thin shoot
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Table - 12 Contd...

Growth Regulator Length of No. of No. of Remarks
(mg/l) shoots(cm) nodes/shoot Roots/shoot

BA | IBA | ADS | Mean = S.E.* | Mean £S.E.* | Mean £S.E.*

1.5 1 05 0 7.5 £1.51 apc 3.2 £ 0.37 ger - Basal
callusing
thin shoot

1.5 0.5 0.5 8.0 +1.08 5 6.0 +0.70 » - Basal
callusing
thin shoot

1.5 | 05 20 | 6.7+1.49 apege | 4.5 £0.28 pece - Basal
callusing
thin shoot

1.5 ] 1.0 0 702 1.0 gpede | 3.33 £0.33 ger - Basal
callusing
thin shoot

1.5 1.0 { 05 9.8+0.96, 5.0+ 0.40 » 8.8 £2.42 | Basal
callusing
thin shoot

1.5 1.0 2.0 | 7.1 +1.08 apege | 4.25 £ 0.47 peder 4.5+2.17 Basal
callusing
thin shoot

*Values with the same superscript letter are not significantly different at P>0.05
(Duncan's Multiple range test)
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Table -13: Growth of in vitro shoots of Potato in liquid stationary culture under
the influence of BA, IBA and ADS var HR
(Data recorded after 21 days of inoculation)

Growth Regulator Length of No. of No. of Remarks
(mg/l) shoots(cm) nodes/shoot Roots/shoot
BA | IBA | ADS | Mean £+ S8.E.* | Mean £ S.E.* | Mean = S.E.*
0 0 0 1.8 £0.25. 1.4 £0.24¢ 240 20675 |-
0 0.1 0 3.3 $0.25 .4 | 2.4 +0.24 peger | 4.80 +£1.15,. | Vigorous
rooting
0 0.5 0 4.1 2024 speq | 3.0 200 apeger | 9.00 £1.22 4o | Vigorous
rooting
0 1.0 0 3.8 £0.60pca | 2.2 £0.37 cger | 9.60 £1.24 4. | Vigorous
rooting
0 2.0 0 3.0 £0.75 4 4.0 +1.08, |20.6 +2.85¢ | Vigorous
rooting
0 0 0.1 3.9 2040 bq | 2.0 £0.31 4r | 7.00 £1.34 4 | Large green
leaves
0 0 0.5 | 3.8 025 ¢ | 2.6 £0.50 apeger | 7.60 £0.97 4o | Large green
leaves
0 0 1.0 | 3.6 £0.29 bed | 2.6 £0.24 apeger | 10.2 £1.31 4 | Large green
leaves
0 0 20 | 43 £0.94 ;g | 2.6 £0.60 5 | 8.80 +0.86 4. | Large green
leaves
1 0.5 0 5.0 £0.65 apeq | 3.6 £0.24 ¢ 00.0 £00, | Basal
callusing
1 0.5 05 | 35 £027 pea | 1.8 £0.20 apeger | 00.0 00, | Basal
callusing
1 0.5 2.0 3.7 £1.86 peq 3.0 £1.0 peger 00.0 00 , Basal
callusing
thin shoot
i 1.0 0 4.0 +0.83 pea | 2.4 +0.50 apege | 2.80 +0.58 5 | Basal
- callusing
thin shoot
1 1.0 | 05 6.1 £1.07 5 | 3.0 £0.54 apcge | 9.80 £1.46 4. | Basal
callusing
thin shoot
1 1.0 | 2.0 | 4.5 £0.61 speg | 3.2 £0.37 5 10.8 +1.59, | Basal
callusing
thin shoot
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Table 13 Contd....

Growth Regulator Length of No. of No. of Remarks
(mg/l) shoots(cm) nodes/shoot Roots/shoot

BA | IBA | ADS | Mean+S.E.* | Mean+S.E.* | Mean £S.E.*

1.5 | 05 0 6.6 £1.06 , 3.8 £0.48 5, | 00.0 £00, Basal
callusing
thin shoot

1.5 1 05 | 05 | 5.8 +0.80 e 3.8 2037 5 | 00.0 00, Basal
callusing
thin shoot

15 1 05 | 2.0 | 3.9 20.65pca | 2.6 £0.24 speger | 00.0 00, Basal
callusing
thin shoot

1.5 | 1.0 0 4.3 +0.83 apea | 33 £0.33 apede | 00.0 200, Basal
callusing
thin shoot

1.5 | 1.0 | 05 | 3.5 20.54 peq | 2.7 £0.25 apeger | 00.0 £00 , Basal
callusing
thin shoot

15 | 1.0 | 2.0 | 4.8 £0.90 speq | 3.4 £0.60 zpeq | 00.0 £00 , Basal
callusing
thin shoot

*Values with the same superscript letter are not significantly different at P>0.05
(Duncan's Multiple range test)
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Plate 4.

(@) Healthy shoot growth of var DR in MS semisolid medium
supplemented with GA; (0.1 mg/l), NAA (0.01 mg/l) and Ca-
pantothanate (2 mg/l).

(b)  Healthy shoot growth from single node cuttings of potato var
DR showing rooting and larger green leaves, established in MS semi
solid medium supplemented with GA3 (0.1 mg/l), NAA (0.01 mg/L)
and Ca-pantothenate (2 mg/l).

(c) Shoot growth of potato var HR showing rooting and maximum
number of nodes produced in MS semisolid medium supplemented
with GAj (0.25 mg/l), NAA (0.01 mg/l) and Ca-pantothenate (2 mg/l).

In all figures, the bar =1 Cm






Plate 5.

(@)  Growth of in vitro shoots of potato var DR in liquid stationary
culture in MS medium supplemented with various levels IBA, showing
thin shoot growth and vigorous rooting.

(b)  Growth of in vitro shoots of potato var DR in liquid stationary
culture on MS medium supplemented with various levels ADS and

BAP, showing larger green leaves.

In all figures, the bar =1 Cm






Plate 6. (a), (b) and (c) : Growth of n vitro shoots of potato var DR in liquid
stationary culture on MS medium supplemented with combination of
BAP, IBA and ADS showing thin shoots and basal callusing

In all figures, the bar =1 Cm






Plate 7.

(@)  Growth of in vitro shoots of potato var HR in liquid stationary
culture on MS medium supplemented with various levels of IBA,
showing thin shoots and vigorous rooting.

(b)  Growth of in vitro shoots of potato var HR in liquid stationary
culture on MS medium supplemented with various levels of ADS
showing large green leaves, but less number of nodes.

In all figures, the bar =1 Cm






Plate 8. (a)and (b)  Growth of in vitro shoots of potato var HR in liquid
stationary culture on MS medium supplemented with combination of
BAP, IBA and ADS showing thin shoots and basal callusing.

In all figures, the bar=1 Cm






Plate 9.

Growth of i1 vitro shoots of potato var DR in liquid stationary culture
on MS medium supplemented with:

0.05 mg/l GAs, 0.01 mg/l NAA, 2 mg/l Ca-pantothenate and 1.0 mg/I
Thiamine-HCI.

0.1 mg/l GA;, 0.01 mg/l NAA, 2 mg/l Ca-pantothenate and 1.0 mg/l
Thiamine-HCI showing healthy shoots growth with large green leaves.

In all figures, the bar =1 Cm






Healthy shoots with larger, green leaves were observed in this medium. Addition of
Pyridoxine-HCI did not show any further increase in shoot length or number of nodes
per shoot.

In var HR, maximum mean shoot length (7.2 ¢m) and mean number of nodes
per shoot (5.6) were observed when the medium was supplemented with 1.0 mg/l
Thiamine-HCI, 0.25 mg/l GAj;, 0.01 mg/l NAA and 2.0 mg/l Ca-pantothenate
(Table:15). Addition of Pyridoxine-HCI did not show any further effect in this respect
(Plate: 10).

Liquid medium showed better response in all aspects than the solid medium.
After 21 days of inoculation, shoots reached to a height of 7.1 cm in liquid medium
while on semisolid medium after 21 days it was only 4.3 cm in var DR (Table: 16) The
mean number of nodes per shoot in liquid medium was 5.4 while on semisolid
medium it was only 3.6 (Table'16).

Similar results were observed m var HR, where length of the shoot was 7.2 cm
and 5.1 cm in liquid and semi-solid medium respectively and the mean number of
nodes per shoot was 5.6 and 3.6 in liquid and semi-solid medium respectively

(Table:17). Leaves were bigger, green and shoots were healthy in liquid medium.

Shoot production of potato in liquid agitated culture

Highest mean number of shoots (10.6) was obtained when pieces of cultured
shoots with three nodes were grown in agitated MS liquid medium containing 0.25
mg/l GAs, 0.01 mg/l NAA, 2.0 mg/l Ca-pantothenate and 1.0 mg/l Thiamine-HCI
var DR, where mean length of the shoots (4.48cm) and mean number of nodes per
shoot (3.11) were also significantly higher, compared to the control (Table:18; Plate:
11).

In var HR, maximum mean number of shoots (8.6) with a significantly higher
mean length of shoot (3.38cm) were observed when shoot segments were cultured in
the medium supplemented with 0.25 mg/l GAj;, 0.05 mg/l NAA, 2.0 mg/l Ca-
pantothenate and 1.0 mg/l Thiamine-HC! (Table:19). This method yielded healthy
shoots with rapid growth (Plate: 12).
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Table:16. Comparison of shoot growth on solid and liquid medium. var HR
(Data recorded after 21 days)

Characters observed / Solid medium . Liquid medium
parameters Mean + S.E. Mean = S.E.
Length of the shoots 4.3+0.96 7.1£0.48
Number of nodes per shoot 3.6 +£0.46 54 +0.67
Quality of the shoot ++ +++
Leaves Small, pale Large, green

Table:17. Comparison between solid and liquid medium for shoot multiplication
of potato. var HR
(Data recorded after 21 days)

Characters observed / Solid medium Liquid medium
parameters Mean * S.E. Mean * S.E.
Length of the shoots 5.1+098 7.8 +0.66
Number of nodes per shoot 341040 5.6 £0.40
Quality of the shoot ++ +++
Leaves Small, pale Large, green
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Plate 10.

(2)

(b)

Growth of in vifro shoots of potato var HR in liquid stationary culture
on MS medium supplemented with :

0.1 mg/l GA3, 0.01 mg/l NAA, 2 mg/l Ca-pantothenate and 1 mg/l
Thiamine-HCl

0.25 mg/l GA3, 0.01 mg/l NAA, 2 mg/l Ca-pantothenate and 1 mg/l
Thiamine-HCl.

showing healthy shoot growth with large green leaves.

In all figures, the bar=1 Cm






Plate 11. Shoot production of potato var DR in liquid agitated culture in MS
medium supplemented with :

(a) Control — no growth regulator

(b) 0.25 mg/l GAs, 0.01 mg/l NAA, 2 Ca-pantothenate and 1 mg/l
Thiamine HCI - showing maximum number of shoots/flask.

In all figures, the bar=1Cm






Plate 12. Shoot production of potato var HR in liquid agitated culture in MS
medium supplemented with :

(a) Control — no growth regulator.

(b)  0.25 mg/l GA;, 0.05 mg/l NAA, 2 mg/l Ca-pantothenate and 1 mg/l
Thiamine-HCI — showing maximum number of shoots / flask.

In all figures, the bar=1 Cm






Shoot production of potato, under various levels of AgNO; (0.5-20.0 mg/l)
when studied, it was observed that in var DR, high concentration of AgNOs (15 mg/l
and above) inhibited the shoot length. Low concentration of AgNO; (0.5 mg/l) did not
bring about any increase in the number of shoots, length of shoots or number of nodes
per shoot compared to control. However, the quality of the shoots was better under the
influence of AgNO; as compared to that of control (Table:20). AgNO; also helped in
the production of dark green leaves with increased width of leaf lamina (Plate: 13, 14
and 15).

In var HR, AgNO; at 0.5 mg/] concentration showed significant increase in the
mean number of shoots per flask (10.6) as well as produced healthy green shoots with
dark green and larger leaves (Table:21). Higher concentration of AgNOj; decreased the
length of the shoots as compared to the control.

Since the effect of high concentration of AgNO; on growth of shoots was
similar to that of an anti-gibberellin (inhibitor of gibberellin biosynthesis i.e. dwarfing
the potential of GA3), GA; was incorporated at higher levels in the medium to reverse
this effect (Table:20,21). It was interesting to note that GAjz at 10 mg/l could subjugate
the inhibitory effect of AgNO;. However, in later experiments, these shoots exposed to
AgNO; (10 mg/l) and GA3 (10 mg/l) failed to produce tubers in the tuberization

medium.

Microtuber Production

To optimize the sucrose concentration for tuberization, various levels of sucrose
(3-12%) were tried along with BAP and CCC. In var DR 3% sucrose could not produce
any tuber. An increase in the sucrose concentration from 3-8% showed positive effect
on tuberization. Sucrose at 8% (w/v) level produced maximum mean number of tubers
(10.66) per flask (Table: 22). The average diameter and fresh weight of tubers was 0.85
cm and 0.313 gm, respectively. Further increase in sucrose concentration did not
improve the number or size of the tubers. Var HR also showed a response similar to
var DR at 8% (w/v) sucrose concentration (Table:23). Hence, in all subsequent

experiments on tuberization sucrose was employed at a concentration of 8% (w/v).
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Plate 13.

(@)

(b)

Shoot production of potato var DR in liqud agitated culture in MS
medium supplemented with —

Control - 0.25 mg/l GA3, 0.01 mg/l NAA, 2 mg/l Ca-pantothenate and
1 mg/l Thiamine-HCI.

0.25 mg/l GA;, 0.01 mg/l NAA, 2 mg/l Ca-pantothenate, 1 mg/l
Thiamine-HCI and 0.5 mg/l. AgNO; — showing healthy shoot growth
with larger green leaves.

In all figures, the bar=1 Cm






Plate 14. Shoot production of potato var DR in liquid agitated culture in MS
medium supplemented with —

(a) 0.25 mg/l GA;, 0.01 mg/l NAA, 2 mg/l Ca-pantothenate, 1 mg/l
Thiamine HCI and 1.0 mg/l AgNOs.

(b) 0.25 mg/l GAsz, 0.01 mg/l NAA, 2 mg/l Ca-pantothenate, 1 mg/l
Thiamine HCI and 2.5 mg/l AgNOs;.

In all figures, the bar =1 Cm






Plate 15. Shoot production of potato var DR in liquid agitated culture in MS
medium supplemented with —

(&  0.25 mg/l GA;, 0.01 mg/l NAA, 2 mg/l Ca-pantothenate and 1 mg/l
Thiamine-HCl. and 10 mg/l AgNOs.

(b) 025 mg/l GA; 0.01 mg/!l NAA, 2 mg/l Ca-pantothenate, 1 mg/l
Thiamine-HCI and 20 mg/L AgNO;

In all figures, the bar =1 Cm






Plate 16. Shoot production of potato var HR in liquid agitated culture in MS
medium supplemented with —

(a) Control — 0.25 mg/l GA3, 0.05 mg/l NAA, 2 mg/l Ca-pantothenate and
1 mg/l Thiamine-HCL

(b) 0.25 mg/l GAj;, 0.05 mg/l NAA, 2 mg/l Ca-pantothenate, 1 mg/l
Thiamine-HCI and 0.5 mg/l AgNO;

In all figures, the bar =1 Cm






Plate 17. Shoot production of potato var HR in liquid agitated culture in MS
medium supplemented with —

(a) 0.25 mg/l GA3, 0.05 mg/l NAA, 2 mg/l Ca-pantothenate and 1 mg/l
Thiamine-HCl and 1.0 mg/l AgNOs.

()  0.25 mg/l GA;, 0.05 mg/l NAA, 2 mg/l Ca-pantothenate, 1 mg/l
Thiamine-HCl and 2.5 mg/l AgNO;

In all figures, the bar=1Cm






Plate 18. Shoot production of potato var HR in liquid agitated culture in MS
medium supplemented with —

(@  0.25 mg/l GAs, 0.05 mg/l NAA, 2 mg/l Ca-pantothenate and 1 mg/l
Thiamine-HCI and 10 mg/l AgNO;

(b) 0.25 mg/l GA;, 0.05 mg/l NAA, 2 mg/l Ca-pantothenate, 1 mg/l
Thiamine-HCl and 20 mg/L AgNOs.

In all figures, the bar =1 Cm






Effect of temperature and light on microtuber production was studied. When
cultures of var DR were kept at 23° & 2° C and 16 hour photo period for tuberization,
greenish coloured microtubers were formed. The mean total number of tubers per flask
was very less (3.8) and average diameter and fresh weight of tubers was 0.73 cm and
0.43 gm respectively. (Table:24). Total number of tubers increased (7.6) when cultures
were kept under continuous dark condition at 23° + 2° C, but average diameter (0.76
cm) and average fresh weight (0.34 gm) did not show any improvement. However, in
BOD incubator at 15 * 2°C under continuous dark condition, tuber number
significantly increased (13.60). The average tuber diameter (0.83 cm) and fresh weight
(0.449 gm) were also higher, compared to those produced at 23 £ 2° under continuous
dark condition (Table:24). Microtubers produced under continuous dark condition were
whitish in colour (Plate: 19).

In var HR, total number of tubers per flask (5.00) were induced at 23 + 2°C
under 16 hour photo-period. The average diameter and fresh weight of tubers was 0.70
cm and 0.229 gm respectively (Table:25). Total number of tubers did not increase
when cultures were kept at 23 + 2°C under continuous dark condition. Whereas, at 15 +
2°C, under continuous dark condition there was a significant increase in all the aspects.
The total number of tubers was 11.0 per flask with average diameter of 0.86 cm and
average fresh weight of 0.409 gm (Table:25; Plate: 20 and 21).

Types of tuberization media on microtuber production
1. Single node culture on solid tuberization medium

Single nodes of var DR, when cultured on solid tuberization medium with
8%(w/v) sucrose, produced only one tuber from each nodal explants (Plate: 22). These
tubers were small in size and their average diameter and average fresh weight were
0.64 cm and 0.336 gm respectively (Table:26). When the concentration of sucrose was
raised to 10% (w/v), both the total diameter and total fresh weight of tubers got
reduced markedly. In var HR, average diameter of tubers produced in solid
tuberization medium supplemented with 8% (w/v) sucrose was 0.60 cm and average
fresh weight 0.178 gm (Table:27; Plate: 24).

49



0s

(1591 a8uea s1dyIniy suvduUn() SO 0<d 18 TIRIp Apuesyrudis j0u oxe 1o19] 1duosiodns SIS oI} YIIM SATBA 4

aym ‘a81eT | 61°0 F06EY | *€00F98°6 | €00F 6000 YZ00F980| *OTFO1L g ol
ayym ‘qrewss A1sA | OO FHITT | LT 0FESY | "000F 8220 | *100FL90| "60°TF 09 Jreq (4aX
u02I3 ‘Trews A19A | *S0'0F 6671 | ° 800+ 9¢’¢ woo.p.w” 6220 | €O0FOLO| ®680F 0°S W31 CFee

#A'S + UBIIA | 5 H'SF WEAAT | » " S+ UBIA[ * +"d'SF UBIIN
(m3) (uxd) (m3) 'S ¥ UBIIA] | Yseg/sidqny | uonipuod Do
SyaEway "MATEI0L | eIpeIoL "MAAY | (u) eIp Ay | JO ou [B)0], | Hae( AYSrT "dura g,
(sAep g9 19318 papr0daa vI(Q)
“4H “1eA ‘uononpold 1aqnjogdiw uo 3y pue aanjesddmd) Jo 0o :SZ-9IqEL
(1591 23uer oydupnyy sueoUn(Y) $0"0<d 18 JWBIPIP ApueoyiuSis jou are 1519] Jduosiodns SUTES oY} [HIM SON[BA 4
ysumgm ‘98reT | °60°F950°9 | °EFFIT LI 10 F6iy POFSTS | °L9TFOE] yeq (43!
uspigm ‘rewg | * yOF6TST | Y 9E€F08'S 10 F8YE 10" FS9L 105 F9°L Srecq TF€T
ystusaig ‘[rewrg | P OI'FLION PLUTPLT 1 €0'FIEY £0FCEL FLEFSE W31y (42 X4
#»"H'S UBIAL | »"H'S UBIIN 'S WBIN
(w3) (uo) »"0'S UESA] (urd) *'H'S U]
1qsSem Jajowelp (w3) jq8rom Jajourerp sIaqnj uonIpuod Do
SHIBUaY qsaaj [ejo], [®30], gsoay o8erdAy | 98eIoAy | Jorouejol, | yiepaysiy | samersdumd],

WA “xea oyezod yo uoyonpoxd seqniorarm uo 331 pue danjeradud) Jo 3091 p7 -3IqeL




IS

(3591 25ues a[dyInIA s,uedun(y) §0"0<d I WaIalIp Apuesyugis jou aie 2019 1diros1adns swes syl YHm SIN[BA ,

(%8) erpowt
3 fpn T e T g Q210 T 7o tornTaccl terrn T oo uoljezLaqmy
60°0+02S0| v00+¥L0 6v'0+79°¢ CIo+9¢e6y "EL0F TL 01 b
-ade pmnb1| ppy
ys pue 9zIs
<« pajued(]
poo3 1nq SSI S1 4 a
Iaqunu y3noy j, (%) Bipow
2 n . q on T . p N . q n T . q T T N (/] .
900+ 0¥S°0 00+ 8L°0 €00+2LS 90'0+99'8 | "8I'1+0'11 8 uoneSedoxd
pmbry
(%8) e1pswt
. “100F9SI0| °TO0OFES0O| ®600FCIT| 9€TOFOSL| YO IFOVI|  OI vonezisqm
[rews pinbrj
K124 19215 Inq + +
a10W ST JaqUINN _ _ _ (%¢€) eipawt
¥Z00+0TT0| *100+190| *6€0+81v| POTI+LI1| P980F061 8 uones1dynw
PI[o§
*9ZIS Ul [[ewS
‘doy ay3 uo jooys Y€00+12€0| °TO0+YSO| °LIO+SHT| "0TO+ETY| °990F8L 01
yoes Ul 1aqny ++ BIpoW
auo ‘pajIquyul LranTocen | ®ean T ba 5 T - srrnTrs | 20007 uonezuaqn)
1yS1ay 1uelg 100+ 9¢¢°0 00+ 990 610+9LY I1°0+26 "990+T¥I 8 DIOS
'S+ UBRA | "H'S + UBA | "H'S + UBA (%)
s1aqny Jo | 'S F UBIA “A'S + UBdA (w3) (ud) s.1aqn) *U0d
SHJIeWY LAend) | (ws) ‘ap AV | (wd) eIp Ay ‘M8 BIp [®)O, Jo "oN 3504oNG | PaIsn BIPIJA

(sAep (9 13)J€ papa0d31 vIe(])
“Ud deA ‘wnipaw a1nynd Jo sad4£y yudaagyip Sursn uondnpoad I9qnIosdIA] :97-3|qe ],




¢s

(1503 98ues ojdpnpy s,ueoun() $0"0<d 18 JussagIp Apuesyusis Jou a1e Joyuo| dirosiodns SWes oY) YIM SONJBA «

(%8) zrpow
uonezuIaqn)
1100F68CT0| *TOOFSHO| ISOOFTIT| °SO0FECE| *ITOF99°L 01 mbr
-adeys pue 9zis PIH PPV
s p ! <« poyuesaq
poo3 Inq ssa 1 et «
Isqumnu ydnoyJ, (0%6) Bipe
TOOFLYEO| °SO0F680| °LOOFISE| PSOOFI0I| %19°0F €01 8 uoneSedord
pmbry
(%8) erpauwt
"000F161°0| 900FL90| ®LOOF99T| YTECOFEY'S| %9I'0F€86| Ol voneziiaqm
‘frews pmbry
K124 S19218 Inq + - +
10T SY ISQUINN] (%¢) erpaw
T10°0F00T0| Y200F 790 ’€000F9Z¢€| POTOFO00! | PpLOF9T'SI 8 uoneoydnnw
PIIOS
*9ZIS Ul [[ews
‘doy 2y} 1o jJ00Ys 1000 F €610 9S00F090| ®900F¥S'1 WTOFESY| “Or0F €88 01
[oes uj Joquy ++ BIpOW
auo ‘panqruy 000FSLI0| WOOFO090| 9TOOFLET| CIUOFIL| °CTOFOSHL| 8 vorZIaan
Wa1ey Jueld PIOS
*»A'S +"H'S + UB | +'A'S + WSS | ‘'S +uedN | (%)
SIAQN} JO | . A'S F UBIA] F U (wi3) (um) sIoqny 2U0d
Sy Anend) | () pAq AV | (WD) vIP AV | AT [BIOL BIP [¥IOL Jo "oN 3S0.10Ng | pasn BIPIIA

(sAep (9 19338 papaodad vye(])
“UH J1eA ‘wnipow aanyna yo sad4} juasapyp Sursn wononposd IO *L7-IqBL




Plate 19. Induction of Microtubers of var DR under —
(a) Light condition at 23 * 2°C.
) Continuous dark condition at 15 + 2°C.

In all figures, the bar=1 Cm






Plate 20. Induction of microtubers of var HR under —
(a) Light condition at 23 £ 2°C.
(b) Continuous dark condition at 15 £2°C

In all figures, the bar=1 Cm






Plate 21. (a) and (b) Cultures kept under continuous dark condition at 15 &+ 2°C.
in BOD incubator for microtuber induction.






2. Shoot production from single nodes on solid propagation medium and the
induction of microtubers by over layering with liquid tuberization medium
(bi-layer method)

Single nodes, when cultured on solid propagation medium supplemented with

3% (w/v) sucrose, produced shoots within a period of 21 days. These shoots when

supplied with liquid tuberization medium containing 8% (w/v) sucrose started

producing microtubers within a period of another 45 days. Though the number of
tubers produced per flask was more than that in solid tuberization medium, average
diameter and fresh weight did not show any significant increase (Plate: 23a and 25a).

In var DR, the average diameter of the tubers was 0.61 cm and average fresh weight

0.22 gm while in var HR average diameter and average fresh weight was 0.62 cm and

0.200 gm respectively (Table: 26 and 27).

3. Shoot production from stem segments on liquid agitated culture and the
induction of microtubers by replacing with liquid tuberization medium

Shoot segments with 3 nodes on culturing in liquid medium with 3% (w/v)
sucrose, produced healthy shoots within 14 days. when the shoot multiplication
medium was decanted and liquid tuberization medium with 8% (w/v) sucrose was
added to these shoots produced larger tubers (Plate: 23b and 25b). These tubers had an
average diameter of 0.78 cm and average fresh weight of 0.54 gm in var DR (Table -
26). Var HR produced tubers with an average diameter and average fresh weight of
0.89 cm and 0.347 gm respectively (Table:27).

Microtuber production under the influence of varying concentration of BAP
and CCC individually and in combination was examined (Plate: 26 and 27). All the
levels of BAP (0.1-10.0 mg/l) and CCC (100 mg/l-1000 mg/l) tried alone and in
combinations, showed significant variations in their results. BAP alone did not produce
any 'A' grade (>0.70 gm) tuber in DR and HR varieties. Maximum mean number of
tubers (11.66) with a total diameter of 12.47 cm and total fresh weight of 5.04 gm was
produced in a medium supplemented with 5 mg/l BAP and 500 mg/l CCC, in var DR,
(Table:28). Further increase in the levels of BAP or CCC did not show any significant
increase in all the parameters observed.
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Plate 22. Microtuber production in solid tuberization medium from single node
cuttings of var DR.

(a) 8% sucrose

(b) 10% sucrose.

In all figures, the bar=1 Cm






Plate 23 (@) Microtuber production in bilayer medium (solid propagation
medium and liquid tuberization medium) var DR

(b)  Microtuber production in liquid tuberization medium of var
DR.

In all figures, the bar =1 Cm






Plate 24. Microtuber production in solid tuberization medium from single node
cuttings of var HR —

(a) 8% sucrose
(b) 10% sucrose.

In all figures, the bar =1 Cm






Plate 25. (a) Microtuber production 1 bilayer medium (solid propagation
medium and liquid tuberization medium) var HR.

(b)  Microtuber production in liquid tuberization medium. var HR.

In all figures, the bar=1 Cm






Plate 26. (@)  Induction of microtubers in MS liquid medium supplemented
with 8% sucrose, 5 mg/l BAP and 500 mg/l CCC var DR.

(b)  Harvested microtubers kept on a petridish var DR.

In all figures, the bar =1 Cm






Plate 27. (a)  Induction of microtubers in MS liquid medium supplemented
with 8% sucrose, 7.5 mg/l BAP and 750 mg/l CCC. var HR.

(b)  Harvested microtubers kept on a petridish. var HR.

In all figures, the bar =1 Cm






In var HR, increase in concentration of BAP up to 7.5 mg/l and CCC up to 750
mg/1 showed a positive effect on the mean total number (15.33), total diameter (11.9)
and total fresh weight (4.97 gm) of the tubers (Table:29).

Effect of Silver nitrate (AgNOs) on microtuber production
Various concentrations of AgNO; (0.5-20.0 mg/l) were incorporated in the
propagation and tuberization medium in order to study its effect on tuberization (as per

the flow chart in the following page).

Shoots used for tuberization, derived from liquid propagation medium without
AgNO;

When shoots derived from liquid propagation medium (without AgNQO;) were
exposed to tuberization medium containing 10 and 15 mg/l AgNOs, they produced
large number of tubers in var DR (Plate: 28 and 29). The total diameter and total fresh
weight also exhibited a significant increase at 10 and 15 mg/l AgNO3; compared to the
control (Table:30). Var HR also exhibited a similar response (Plate: 30 and 31) to
various concentrations of AgNO; (Table:31; Chart: 1 and 2).

Shoots wused for tuberization, derived from liquid propagation medium
supplemented with 0.5 mg/l AgNO;

Incorporation of AgNO; at 0.5 mg/l in the propagation medium resulted in the
production of green healthy shoots. These shoots on exposure to the tuberization
medium containing varying concentrations of AgNO; produced large sized micro
tubers. The number of tubers, total diameter and total fresh-weight of the tubers per
flask increased steadily with increase in the concentration of AgNO; up to 15 mg/l.
Maximum total number (14.0) and more higher grades (A and B) of tubers (total 10.0)
were obtained under the influence of 15 mg/l AgNO; in var DR (Plate: 32 and 33).
Total diameter (14.35 cm) and total fresh weight (9.37 gm) of tubers have also been
significantly increased by 15 mg/l AgNO3 as compa;ed to those of control (Table:32).
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AgNQO; on microtuberization of potato

Shoots from Liquid propagation medium

Tuber
induction
medium
with
various
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AgNO3
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mg/l AgNO; +
GA3(0,0.1,2, 4,
8, 10 mg/l)

Liquid Liquid
propagation propagation
medium with medium with
0.5 mg/l 5 mg/l
AgNO; AgNO;
Tuber Tuber
induction induction
medium medium
with with
various various
levels of levels of
AgNO; AgNO;

Tuber
induction
medium
with
various
levels of
AgNO3




8¢

8€0+ 661 660+ 68°S | €T+ 99L ST'T+ 009 | 990+ 99'1 00 0001 10
900+ €L'1 LEOF E1'S | 990+ €£9 88°0+ 99 | €€0F 991 00 0SL 10
IT0F 881 190+ 00°S | 990+ 99°S €E0+ 99T | LSO+ 00°€ 00 00S 1'0
900+ S¥'1 0+ 0Ey | LSOF 00°S 88°0F ££€ | €0+ 991 00 0S¢ 10
00+ 8L'1 SSO+ 9I'v | LSO+ 00°S LSO+ 00€ | 000+ 00T 00 001 10
00F $9'1 SL'OF 09F | 880+ 99°¢ 880+ 99°€ | LSO+ 00T 00 0 001
€00+ S9°1 €0+ €LV | €€0F 996 EE0F €E€ | CE0F €£CT 00 0 S'L
1o+ ¥l WO+ €¥v | 990+ 99% 99°0F €€€ | €€0F 99'1 00 0 0¢
800+ L8O SE0+ 0L'T | €€0+ €£°€ €E0+ €€T | 000+ 001 00 0 ST
ET0F 2V 0 €0+ 9T | LSO+ 00T LSOF 00T 000 00 0 I
TI0F 6¥°0 LEOF €1 | LSO+ 00T LSOF 00T 000 00 0 10
000 000 000 00°0 000 00 0 0
TS T UG “A'S F Uy (/3w) | (/5w)
(w3) sxaqmy (o) “A'S F uedp\ o) q A4 200 | avd
2y} Jo 1y Som s1aqn) a3 Jo Hsepy/sroqny I10je[naayg
Ysatjy [ero], JdjomIBIp €10, Jooujelofy, (aprad)sroqny Jo "oN YIMO0XD)

( sAep (9 13338 Pap10d3l vIE(])

“UH “TeA "uopdnpoad 1aqniodiw uo 350Iong %8 pus D)D) ‘v JO UOHBIIUNIUOD SNOLIEA JO 30YH :67-IIqEL




6S

¥9'0+ 66'€ 9€' 1+ 9901 9L’ 1+ 99°C1 TS 1+ 008 LSO+ 00V €E0+ 99°0| 0001 0's
LSO+ I8P LOTFSTI 0T 1+ €C¥1 88°0+ 998 €EC0+ 09F | LSO+ 00°'T| OSL 0¢
EC0F TLE €9°0+ €56 88°0+ 9911 88°0+€€°L LSO+ 00F €EC0+ €€0| 005 oS
8€0+ 08¢ SE0+99°L €E0+99°6 LSO+ 00°L LSO+ 00T €C0+ 99°0| 0ST 0's
8E0+ 6V VL 0+ 9L9 880+ £€'8 ST'I+009 990+ 99°1 €€0+ 99°0| 001 0'¢
600+ 601 0+ 01°€ LSO+ 00'% LSO+ 00°€E 000+ 001 00 0001 St
SIo+ el 0S0+ €6°¢ LSO+ 00°S EC0+ 99°€ EC0F €€°1 00 0SL ¢
SO0+ ¥6'1 €0+ 08°S 990+ €€°L 0TI+ €€¢ LSO+ 00T 00 008 ¢C
800+ 081 vro+ €1 €€°0+ €€9 €EE0+ 99F €C0+ 991 00 05T ¢t
I€0+ 0Pl €€0+ 9T€ €E0+ 99°€ EE0+ €£C €C0+ €€'1 00 001 $C
€00+ S8'1 8T0+ €T 99'0+ 999 CE0+ €€ €E0+ €1 00 0001 01
910+ 851 89°0+ €S 0T'1+ 996 0T'1+ 99+ 000+ 001 00 0sL 01
TIo+ 991 Y0+ €€S EE0+ 999 €0+ €€¢ €E0+ €€°1 00 00§ 01
SO0+ 881 L90+ 9LV 99'0 + €££°9 880+ 99°¢ €E0+ 99T 00 0s¢ 01
PO+ 781 9L0+ €6F 0T1+ €£9 €T+ 99 £C0+ 991 00 001 0’1
"H'S F UEdN "A'S F UBIN (Bw) | (718w)
(wi3) sxoqmy (urd) oS Fuvaly o) g A4 202| dvd
3y} Jo 3ySrom s1aqn3 93 jo ysep/siaqny Joye[ndoy
qSd.1j [€10], JayoureIp 10, Jo 'ou [B)JOL (opeid)sraqny Jo ‘oN )05

(poD) 67 3198



09

(3593 95ues sdumA s,ueoun(y) 50 0<d 18 waalIp Apueoyradis jou s1e Janse] idiosiadns swres oy YIm SanjeA

8¥'0+ 991 STI+O0LY S’ 1+ 999 0T’ 1+99°¢ LSO+ 0T 000 0001 0°01
650+ V¥ 10’1+ 09°6 0T’ 1+ 99°01 990+ £€°S LSO+ 00F | €C0+ €€°1 0SL 001
870+ SL'E Iv"0+ €08 LS00+ 00°6 LS 0+ 00 990+ 99°€ | €€0+ €1 00¢ 001
8V'0+ 8T¢€ 170+ 0L'L LS 0+ 00'6 EE0+99°C €C€0+ €€C | LSO+ 001 05T 0'01
LEO+ L8T 880+ 06'L 0T 1+ €£°6 99°'1+99°¢ 01+ 99°€ | 00°0+0000 | 001 0°01
LTO+ T 10°1+ 989 880+ £€'8 LS0+ 009 880+ €€C 00°00 0001 S'L
LYOF L6V 060+ 611 990+ €££°G1 €€°0+99°6 LSO+ 007 | LSO+ 00'T | 0SL S'L
0E0+ 68 ¥ £5°0+ €9°11 99°0+ €€°€1 LS0+008 LSO+ 00% €0+ €71 00s S'L
670+ SET 0L°0+ 08'9 00’1+ 00°6 880+ €€°L €E0+ 99'1 00 0scT 'L
vEO+ L1'T 06'0+ 09'9 001+ 008 880+ €€9 €E0+ 991 000 001 'L
IS F UG ECERT (/A | (s
(wiB) s13qm (uxd) “A'S F wedp o q v 200 | dvd
ay) Jo 1ySroa sIaqn3 Y3 Jo ysepy/sroqny 038Ny
qsaJ] [v10], JOjomRIp [B10], Jo rou [B30], (apuad)siaqm) jo "oy §1M0a0)

("pIuo)) 67 91981



19

(3593 a8uel apdnnA s,ueouncy) $0'0<d 12 JWOIIJIP ApueoIuds jou s1e 1a139] 1dirosiadns owIes oy} YIIM SON[BA 4

EONBYV JO S[3A9] SnoueA + 00D 1/3W 00§ + dVe [/3UW § + 9S0Io0S %8 -+ WNIPIJA S| }PIST WNIPAW UOHEZIIAqNE, —

[OH-suTwen L, [/Bw '] +

sfeuBRyIOIURJ-R]) [/BW T + VYN I/8WI [0°0 + EVD [/SW G7°0 + 950I01S 04¢ + WIpajy SN ‘umipew uoneSedoid woxg peausp sjue[dxy —

" €0 FLYT $ 90" F¥'T P10 F9¢€6 Y€0°FITT| "00F00T 007000 | 00F000| °00F00CT| 00T
11" F01°9 eI T el 10 FIY Y10°FI6°0 | OSTFSLYL | PLYFSL'S | SLYFSL'S | PSTFSTE| 061
P6T FII'Y PLETFLLG M Z0 FLYE Y10°F16°0 | TLYFSLOL | PTOFSL'S | P8TFOSE | *98TFOST| 001
P e F69'¢g P 8S FLI'6 ® 20 F8YE ¥TOFL8O| YY9FOSOT| *OLF009 | *8TFOSE| TOVFOO0'l L
ET FoPE P490" ¥28'8 T F6EE | TI0FO80| ISTFSTOV| ®TOFSTY | *STFSTE | TST FSLO 0¢
28T FLTE Iy FSH'8 F10° F9CE 00" FP80| YOVTF0001 | PSTFSTO | ®STFSTE| °8TFOS0 A
91 FLOE IV FL6'L T 10" Free ¥10°¥980| TOFST6 | °98F0SS | ®STFSTE| "8TFOSO 0’1
YYITF6LT Ty FSLL ® 10" F€0¢ F10°FP80 | OSTFST6 | PLYFSLS| PSTFSTE| ®STFSTO S0
197 F68'C RSN AR] * 10" ¥96T “10°F€8°0 | YSLFSL6 | "H9FO0S9 | BOOTFO0'E *CTFSTO 0
» H'S FUBIAL | »"H'S FUBIA o) . «V (1/3u)
ASFUBN | »"T'S FUBIN (w3) (1) + A" STUBdN tON3Y
(w3) 3ysom (o) ISP qsaag JajomeIp sroqn) Jo uop
qsaay [ej0], | Jojomuelp [vl0], 98eIoAY 98BIAY Jooujejo], sa3qun} Jo "ON

(s£ep @9 19338 POPI0IA BIE(])
A “1ea royejod yo wopgonpoxd Jognyoxdrur wo EQNSY JO S[PAS] SNOLIEBA JO 1033 :0€ dIqBL




79

(1591 93uei sjdnynpy s,ueoungy) S0 O<d I8 JuaIagyp Apueolyiudss jou ate 1o19] 1dudsiadns Swes 3Y) YiIm SANBA ,

£ONBY JO S[2A3] SnOLIRA + D)) 1/8W 05/, + IV /W ¢/ + 950100 948 + WNIPAA SIAl :PISh UMIPSW UonezIaqn], —

[OH-sutue [, /8w o' +

sjeuRIOIuR-€)) [/3W 7 + VYN 1/8W 070 + EyD [/8W G7°0 + 9S0IONS 9, + WNIPSJA SN -wunipawr uorjededod woly paanap syuejdxyg —

® 9T FSS'] Yy FChE *p0FCES P0F86" | "0STFOS'E | COFFO0T| 00F00 | UYFSLT| 00T
I6TFLTO PTHFLOTL PIO'FC8Y “00FE6 | JOVFO0'EL | *BTTFOSY | ISTFSL'S| PSTFSLT| 0°SI
P 61IFY'S P FLE ] POO'FOHY" ¥00FE6 | PLYFSTTL | %00°F00°S | 90 F00°S | P°STFSTT| 0701
P EIT86Y YTFOL01 P00 FEEY FZOF8Y |  PRTFOSIL| 9STFSL'Y | ASTFSL'Y | P00 F0'C SL
P9I F8S P *YTFLE'6 PO FLOY FOOF8S | PSTFSTIN| ISTFESTS| STFSTY | “8TFOST| 0
SYI'F80Y 117096 EIOFILE TI0FL8 | POOFOOTT| *98TFOS'S | BSTFST Y | STFSTI| 6T
2SI'F0Y SC1FSS6 PI0FSOE ®I0F98" | POOFOO'TT | *98TFOS'S | ®STFSTY | STFSTI| 071
181FLO'E 9L1°F0€E'8 "10°FLOEC PIOFES | "007F00°01 | °LPFSTO | BSTFOSE| USTFST 0
197FL8T 9EFSS'L ROEALS *00F€8" | 0OFTF006 | ISTFSTS| ®FOSE| STFST 0
'S FURN | »'A'S FUBIN
* 1S FULdA[ «"A’S FUBN (w3) (wo) » A SFUBIIN e " *V (/8w)
(w3) 39350 (o) SR Ysaay | J9jeuelp sraquy EONSY
ysaay je10L JaPwelp w10l agderaay ageraay Jo rou je3o L sIoqn} Jo "ON Jo “due)

(sAep ()9 X33J8 PIpI0d3a vIE()

UH “tea -ojeyod yo uoyonpoad daqnijoxdrmn wo EQNSY JO S[PAI] SNOLIBA JO JOIJH 1€ IIqEL




£9

(359 9Buer spdnmyN s,ueoun(y) §0°0<d I8 WatYIp Apueoyrudis jou are anef Jdirosiodns owies Syl Y SanjeA .

EONBYV JO S[9AS] SNOLIBA + D)D) 1/3W (S + JVE [/SW G + 9SOIINS 048 + WNIPAJA] SIA :PISn WNIPIW UONEZLIdGN], —

EONSBY /8w ¢°( + [DH-PuIWey ], [/8W ('] +
speuRyIOjuRd-8) [/BW 7 + VYN 1/8W 500 + EVD [/8W ¢7'() + 9501008 94¢ + WNIPIA SN wmipawr uoneSedod woxy paausp sjue(dxsy —

65 FOIE ® 62 1F0S ¥ POI'FCLY *90FLI'T *C1F0Y "0L'F00'T | "0SFOS | P8TFOST | 00T
*YTFLEG I 6TFSEY] ? TO'F669° 00F20'1 0VF00YT | MISTFSLE | UYTFSTS | 0¥ TF00°S 0'ST
P61FLYS ? 8TFC801 0TS *®10°796° PLYFSTIT | *M6'F00Y | “8TFOSY | °STFSLT | 001
*0TFIOS P IEFLOOT ® 00" FSSH ®10FI6° POYFO0'TT | °STFOSY | UVFSLY | PSTFSLT S'L
M RTFOV'Y P $9°F20'6 ®Z0FEHY * 10'F06° PI8F00°01 | UYFSTY | WOFSTY | *8TFOS'T 0°S
TSTFLOY P ZHT08'8 ¥ 10F6TH * 10°F6" PIGTFOS6 | “ISTFSTE | STFSLY | *8TFOS'] ST
VLTFWOY P9 1$°F08'8 *® Z0F9TY’ ® 10°FE6 PUp9F0S'6 | 0P TF00E | W0PF00S | 98T FO0ST 0’1
IS8T *49¢'F00'8 ® T0FOPE *® SOFLE' MCTFST'S WCTFSL'T | UYFSLY | TSTFSL S0
*YTFIST TECTFIIL ® €0'FITE ® 20F¢6’ UYFSLL | 8TFOSE | OYTFO0Y | “8TFOS 0
'S FUBN

»A'SFUN | »"T'S FUBN (w3) +A'S FUBIN | «"H'S FULdN e o *V (/3ur)

(w3) 3ySom (u) 3P gsaay | (o) 130melp s1aqm) fON3Y

saxy Jelo], Jajowielp fejoy, aderoAy aderoay Jorouelo], SI3(N} JO *ON Jo uo)

(sAep (9 J333e paproddl vye(])
U( “rea ojerod yo wononpoad Jagnioxdrw uo EQNIY JO S[PAI] SNOLIBA JO 393JJH 7€ d[qe L




Total Dia (cm) and Total Fresh Wt (gm)

Chart-1: Effect of various levels of AgNO, on microtuber
production of potato. var DR
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Total Dia (cm) and Total Fresh Wt.{gm)

Chart-2: Effect of various levels of AgNO; on microtuber
production of potato. var HR
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Plate 28. Potato microtuber production :

(a) to (d) Shoots derived from propagation medium without any
AgNOs; used for tuberization and tuberization medium was
supplemented with vaiious levels of AgNO; (2.5, 5, 10, 15
mg/l) var DR.

In all figures, the bar=1 Cm






Plate 29. (a) to (d):Harvested microtubers produced from tuberization medium
supplemented with AgNOs; var DR.

In all figures, the bar=1 Cm






Plate 30 Potato microtuber production:

(a) to (d): Shoots derived from propagation medium without any
AgNOs; and used for tuberization and tuberization medium was
supplemented with various levels of AgNO; (5, 10, 15, 20
mg/l). var HR.

In all figures, the bar=1 Cm






Plate 31. (a) to (c): Harvested microtubers produced from tuberization
medium supplemented with AgNO; after graded them to A
(>0.700 gms), B (>0.400) and C (< 400 gms) categories. var
HR.






Plate 32. (a) to (d) Shoots derived from propagation medium supplemented
with 0.5 mg/l AgNO; used for tuberization and tuberization
medium was supplemented with various levels of AgNO; mg/l
(5, 10, 15, 20) var DR.

In all figures, the bar =1 Cm






Plate 33. Harvested microtubers produced from tuberization medium
supplemented with AgNO; using shoots derived from propagation
medium supplemented with 0.5 mg/l AgNO;. var DR.

(a) 'A' grade tuber.
(b) 'B' grade tuber

(c) 'C' grade tuber.






These tubers are white, and with 3-5 eyes. Var HR also showed a response to AgNO;
similar to that of var DR with respect to all the parameters examined (Table:33; Plate:
34 and 35; Chart: 3 and 4).

Shoots used for tuberization, derived from liquid propagation medium
supplemented with 5.0 mg/l AgNO;

When the concentration of AgNO; in the propagation medium was raised to 5.0
mg/l, production of healthy shoots with green leaves, having wider leaf lamina was
observed. However, the number of nodes per shoot got significantly reduced (Table:20
and 21). When these shoots were subjected to tuberization medium having increasing
concentration of AgNOs, the number of tubers and their size did not show any marked
difference as compared to control (Table: 34 and 35; Plate: 36, 37 and 38; Chart : 5 and
6).

Shoots used for tuberization, derived from liquid propagation medium
supplemented with 10 mg/l AgNOj; and varying levels of GA3

Shoots derived from propagation medium supplemented with 10 mg/l AgNOs
and varying levels of GA; were used for tuberization. When the concentration of GA3
was increased from 0.25 mg/l to 10.0 mg/l in the propagation medium it adversely
affected the microtuber production in the tuberization medium. Concentration of GA;
above 4.0 mg/l in the propagation medium completely inhibited tuberization in both the
varieties (Plate: 39 and 40). Shoots derived from propagation medium containing 0.25
mg/l GAz and 10 mg/l AgNO; when cultured in tuberization medium supplemented
with AgNO3 (10 mg/l) produced the maximum number of tubers in var DR and HR
(Table:36 and 37).

Storage and shelf life of potato microtubers

Microtubers of var DR and var HR produced on liquid medium were graded
into A (>0.700 gm), B (>0.400 gm) and C (< 0.400 gm) categories (Plate: 41 and 42)
and stored at 4° C for 30, 60, 90 120, 150 and 180 days in petridishes sealed with
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Total Dia {cm) and Total Fresh Wt. (gm)

Chart-3: Effects of various levels of AgNO; on microtuber
production of potato. var DR
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Chart-4: Effect of various levels of AgQN0O3 on microtuber
production of potato, var HR
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Chart-5: Effect of various levels of AgNO,; on microtuber
production of potato. var DR
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Chart-6: Effect of various levels of AgNO,; on microtuber
production of potato. var HR
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Plate 34. (a) to (d): Shoots derived from propagation medium supplemented
with 0.5 mg/l AgNO; used for tuberization and tuberization
medium was supplemented with various levels of AgNO; mg/l
(5, 10, 15, 20) var HR.

In all figures, the bar =1 Cm






Plate 35. Harvested microtubers produced from tuberization medium
supplemented with AgNO; using shoots derived from propagation
medium supplemented with 0.5 mg/l AgNO3 var HR.

(a) 'A’ grade tuber.
(b) 'B' grade tuber

(c) 'C' grade tuber.






Plate 36. (@) to (d): Stunt shoots derived from propagation medium
supplemented with 5 mg/l AgNO; used for tuberization
medium and tuberization medium was supplemented with
various levels of AgNO; mg/l (5, 10, 15, 20) var DR.

In all figures, the bar =1 Cm






Plate 37. (@ to (d): Stunt shoots derived from propagation medum
supplemented with 5 mg/l AgNO; used for tuberization
medum and tuberization medium was supplemented with
various levels of AgNO; mg/l (5, 10, 15, 20) var HR.

In all figures, the bar=1 Cm






Plate 38. Harvested microtubers derived from high concentration of AgNO; (20
mg/1) using shoots derived from propagation medium containing high
concentration of AgNO; (5 mg/l).

(@ var HR

(b) varDR






Plate 39.

Potato microtuber production:

(a)

(®)

Shoots derived from propagation medium containing 0.25 mg/l
GA; and 10 mg/l AgNO; and tuberization medium was
supplemented with 10 mg/l AgNOs.

Shoots derived from propagation medium containing 8 mg/l
GA3 and 10 mg/l AgNO; and tuberization medium was
supplemented with 10 mg/l AgNOs.

— var DR






Plate 40.

Potato microtuber production

(@

®

Shoots derived from propagation medium containing 0.25 mg/l
GA; and 10 mg/l AgNO; and tuberization medium was
supplemented with 10 mg/l AgNQOs.

Shoots derived from propagation medium containing 8 mg/l
GA; and 10 mg/l AgNO; and tuberization medium was
supplemented with 10 mg/l AgNO;.

— var HR

In all figures, the bar=1 Cm






Plate 41. Different grades of microtubers of var DR showing their size.
(a) Grade A
(b) GradeB

(c and d)Grade C






Plate 42. Different grades of microtubers of var HR showing their size.
(a) Grade A
(b) GradeB

(c) Grade C






parafilm (Plate: 43). Storability and germinability of these microtubers were tested.
Percentage germination of microtubers of A and B grades of var DR increased with the
duration of storage and it was highest at the end of 4 months storage (120 days)
(Table:38). In case of var HR, A grade tubers gave 100% germination after 120 days
while B grade tubers gave cent percent germination after 90 days of storage (Table:39).
Both the varieties showed decrease in percentage of germination from 5% month
onwards. Microtubers of C grade belonging to both varieties did not exhibit much
dormancy. These tubers during their storage sprouted resulting in their shrinkage and
failed to estabiish when planted in the soil (Plate: 44). Tubers of C grades belonging to
both the varieties exhibited highest percentage of germination at the end of 2™ and 31
month of storage respectively (Table: 38 and 39).

Field performance of microtubers

One week before planting microtubers were removed from the refrigerator to
diffuse light at room temperature to harden the sprouts. Sixteen tubers (16) each
belonging to A, B and C grades of var DR have been employed in the field trials.
Tubers belonging to A and B grades germinated within 8-10 days from the date of
planting. However, 93% C grade tubers germinated within 5-6 days and showed 87.5%
survival rate. In the case of A and B grades of tubers, 100% germination as well as
100% survival rate have been recorded (Table:40). All the three grades of microtubers
of var HR also exhibited a performance similar to that of var DR under field conditions
(Table:40). Plants emerged from A, B and C grade microtubers had only a single shoot.
Among the three grades of microtubers, only A and B grade tubers gave rise to plants
with healthy stem and large green leaves (Plate: 45, 46 and 47).

Conversion of microtubers into minitubers

Plants raised from all three grades of microtubers of both varieties produced
minitubers within a period of 100 days. Among the three grades tried, best results were
obtained with A and B grades in case of both varieties (Table:41). But the total yield
per plant emerged from B grade tubers were only about 50 % of A grade. Thus the
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Table -38: Storage and germination capacity of different grades (A, B, C) of

microtubers. var DR
(Harvested in August 2000)
Month of Germination % / Dormancy Break
Observation Grade- A Grade - B Grade- C

September 2000 58.00+1.88 66.00 +2.44 90.00 +3.16
October 2000 78.00 +2.00 82.00 +2.00 93.00 +2.44
November 2000 88.00+3.74 88.00 +3.74 93.00 +2.44*
December 2000 100.0 +0.00 100.0 + 0.00* 93.00 +2.44%e
January 2001 98.00 + 2.00* 80.00 + 0.00* 60.00 + 3.16*e
February 2001 76.00 + 4.00* 68.00 + 2.00* 58.00 + 3.74*e

* Germinated in the storage condition

e Shrinkage of the tuber in storage condition.

Table - 39: Storage and germination capacity of different grades (A, B, C) of

microtubers. var HR

(Harvested in August 2000)
Month of Germination % / Dormancy Break
Observation Grade - A Grade - B Grade - C
September 2000 50.00 +5.70 70.00 +5.70 93.33 +3.30
October 2000 80.00 +5.70 90.00 +5.70 93.33 +3.30
November 2000 96.33 +3.30 100.0 +0.00 100.0 + 0.00*
December 2000 100.0 + 0.00 100.0 + 0.00* 83.33 +3.30*
January 2001 86.66 + 3.30* 76.66 + 3.30* 60.00 + 0.00*e
February 2001 60.00 + 0.00* 56.66 +3.30% 40.00 +5.70*e

* Germinated in the storage condition

« Shrinkage of the tuber in storage condition.
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Table-41: Production of plants raised from microtubers in nursery beds. var DR
and var HR
(Data recorded after 100 days)

Variety | Grade | Total no. of Average Average fresh | Total yield per
of the | minitubers diameter of | weight of the plant (gms)
tubers | Meanx S.E. minitubers minitubers Mean + SE

Mean£ S.E. | Mean+S.E.
A 5.66+ 0.63 1.58+ 0.05 2.05+ 0.13 11.63 £0.08
DR B 3.80+ 0.26 1.17+ 0.04 1.80+ 0.09 6.84 + 0.00
C 1.76+ 0.20 1.13+ 0.02 091+ 0.05 1.64 + 0.05
A | 358£031 | 129%#002 | 197005 | 7.10 + 0.03
HR B 2.75+ 0.27 1.17+ 0.04 1.33+ 0.07 3.67 £ 0.07
C 1.58+ 0.14 1.04+ 0.03 0.96+ 0.07 1.53 + 0.05

Table - 42: Storage and germination studies of encapsulated potato nodal
segments. var. DR

Days after Storage | MS Medium with 3% sucrose Soil : Peat - 1:1
0 Day 73.33 50.00
10 Days 60.00 40.00
20 Days 56.66 36.00
30 Days 50.00 10.00

Table - 43: Storage and germination studies of encapsulated potato nodal
segments. var. HR

Days after Storage | MS Medium with 3% sucrose Soil : Peat - 1:1
0 Day 66.66 13.33

10 Days 41.66 16.66

20 Days 41.66 -

30 Days 33.33 -
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Plate 43. Different grades of microtubers after one month of storage —

(a GradeA
() Grade B
(c) Grade C

In all figures, the bar =1 Cm






Plate 44. Different grades of microtubers in storage condition at 4°C showing
germination.

(a) A grade microtubers after 6 months of storage
(b) B grade microtubers after 6 months of storage
(c) B grade microtubers after 5 months of storage
(d)  C grade microtubers after 5 months of storage

In all figures, the bar=1 Cm






Plate 45. Plants of potato var DR raised from —
(a) B Grade microtubers

(b) A Grade microtubers






Plate 46. Plants of potato var HR raised from —
(@ A Grade microtubers

(b) B Grade microtubers






Plate 47. Plants raised from C grade microtubers.
(a) var HR

(b) var DR






Plate 48.

Minitubers of var DR produced from microtubers of

@)
®
(©)
d

A Grade
B Grade
C Grade

Harvested minitubers






Plate 49.

Minitubers of var HR produced from microtubers of

(a) A Grade
(b) B Grade
(©) C Grade

(d)  Harvested mmitubers






Plate 50. Minitubers showing their size.






highest yield in case of both varieties was obtained from plants raised from A grade
microtubers (Plate: 48, 49 and 50).

Encapsulation of potato nodal segments

Nodal segments of shoots cultured on MS medium were encapsulated using 3%
(w/v) sodium alginate. These alginate coated nodes were small, shiny and whitish
beads with an average diameter of 4-6 mm (Plate: 51). These beads were stored in
small petridishes sealed with parafilm at 4° C in a desiccator for a period of 30 days.
The ability of encapsulated nodes was tested at the end of various intervals of storage.
Encapsulated nodal segments exhibited 73 % and 66% of sprouting in var DR and var
HR respectively on day one on MS basal medium (Plate: 52). However, with increase
in the duration of storage, the percentage of sprouting by the encapsulated nodes
decreased sharply and reached 50% and 33% in case of var DR and var HR
respectively (Table: 42,43). The performance of these beads in a mixture of soil and
peat (1:1) was poor (Plate: 53) compared to that on the MS medium in case of var DR.
However, on MS medium as well as in soil peat mixture the same trend, i.e. decrease in
percentage of sprouting with increase in the duration of storage was observed. In case

of var HR the performance in the soil-peat mixture was very poor (Table: 43).

Developmental studies of potato microtubers

The development of potato tubers under in vivo condition is controlled by a
number of factors such as photoperiod, nutrition, temperature and moisture. Under n
vitro condition microtubers were formed from the axillary buds of shoots. Here the
microtuberization process was strongly influenced by medium composition as well as
by photoperiod and temperature. In the present study, developmental stages of
microtubers were examined to understand the initial anatomical changes during
tuberization. Cell divisions, cell enlargement and starch deposition have been
considered as the earliest changes that occur in the in vitro shoot bud during
microtuberization.

The in vitro shoots inoculated on control medium (propagation medium) do not

show starch accumulation in any of the axillary buds. But when propagation medium
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Plate 51. ()  Encapsulated potato nodal segments. var DR

(b)  Encapsulated potato nodal segments. var HR






Plate 52. (a) to (c). Germination of Encapsulated nodal segments of potato in
MS semisolid medium.

In all figures, the bar=1 Cm






Plate 53. (a) to (b). Germination of Encapsulated nodal segments of potato in
soil-peat mixture (1:1).

In all figures, the bar =1 Cm






was replaced by liquid tuberization medium, starch deposition began right on the first
day itself in the meristem of axillary bud.

During the study of the ontogeny of the axillary bud meristems into tubers, four
developmental stages have been observed in the present investigation viz. bud

initiation, bud growth, cessation of bud/axillary shoot growth and tuber initiation.

(A) Bud Initiation

The apex of an in vitro potato shoot was convex with a single layer of tunica
enclosing corpus. Anticlinal divisions were predominant in the tunica layer while the
cells of corpus divide in various planes. The meristem of the bud is derived from the
peripheral meristem of the shoot apex (Plate: 54a). It differentiates as a detached
meristem with an axillary position, lying in the axil of the subtending leaf. Hence, the
bud meristem that develops into a tuber was seen to be lateral in position, having
oblique orientation and consisting of 6-7 layers deep densely stained cells (Plate: 54b).

The axillary bud meristem was gradually blocked out from the peripheral
meristem of the shoot apex. Elongation of the peripheral meristem of shoot apex
adjacent to bud meristem cells resulted in an arcuate zone of cells delimiting the bud
from the shoot apex and other surrounding cells. It brought about an axillary position
for the bud. One or two rows of cells adjacent and adaxial to the bud meristem
vacuolated, parenchymatized and divided anticlinally to form the arcuate zone of cells.
These paranchymatized cells which are of a sector of peripheral meristem of shoot
apex ultimately delimit the small mass of densely stained cells, 'the bud meristem' near
the axil of a leaf from the surrounding cells up to the base of the subtending leaf.

The earliest bud meristem was not connected with the vasculature of the axil or
the axillant leaf. Before the first leaf initiation in the early axillary bud, cortical and
pith cells, just below the apical meristemn, showed very early signs of

parenchymatization with the accumulation of starch grains.

(B) Bud Growth
The bud meristem gradually developed a convex bulge protruding it. The bud
tip remained meristematic and was densely stained with conspicuous large nucleus and
prominent nucleolus (Plate: 54 c¢ and d). The bud further protruded because of
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Plate 54. L.S. of shoot apex - initial stage of potato microtuber induction
{(a) The meristem of the bud derived from the peripheral meristem of
shoot apex. (arrow shows apical meristem, arrow head shows
axil of the subtending leaf with 6-7 layers densely stained cells).
285X
(b) Magnified view of (a). 712.5X

(c) Meristematic zone with conspicuous large nucleus and prominent
nucleus. 285 X

(d) Magnified view of (¢) 1140 X






anticlinal and oblique periclinal divisions in the inner cells of the bud meristem.
Sometime the bud showed presence of 2 layers of tunica. Anticlinal divisions were
apparently noticed in the tunica layers (Plate: 55a and b).

The apical or terminal region of the bud still consisted of densely stained
eumeristemetic cells with conspicuous nucleus and nucleolus, and a deeply vacuolated
pith and cortex region with heavy deposition of starch (Plate: 55c and d). The axillary
bud now appeared cylindrical and much elongated. Procambial cells were present
between the outer ground meristem and vacuolated pith cells. The procambial cells
were densely stained, narrow and elongated. They extended to the meristematic zone at
the tip. Files of young pith and ground meristem cells were not highly developed
(Plate: 56 a to d).

With further elongation of the bud an early development of the first leaf
primordia occurred. The pith cells and cortical cells were fully differentiated and

demarcated.

(C)  Cessation of bud / axillary shoot growth

The tuber originated from an axillary bud, which elongated and formed stolons
before any circumferential enlargement occurs. The stolon tip exhibited the general
morphological features of the apical bud of an areial stem having leaf primordia. The

leaf primordia remained suppressed till the entire development of the tuber.

(D)  Tuber Initiation

During the process of stolon elongation, transverse cell divisions were noted in
the apical region and later they elongated. When the subapical region began to swell
transverse cell division in the apical region stopped and the cells of the sub-apical
region enlarged, divided longitudinally and thus the radial growth began. The cells in
the pith and cortex divided longitudinally, enlarged at the sub-apical region, resulting
in the swelling (Plate: 57a). Initially the elongated stolon had more or less the same
diameter, but the heavy deposition of starch indicated it to be the tuber primordium
(Plate: 57b).
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Plate 55.

L.S. of elongated bud destined to form microtuber

(a)

(®
©

(d)

Anticlinal and periclinal division in the inner cells of the bud
meristem. (arrow shows tunica layer of the bud meristem). 285X

Magnified view of (a) 1140 X
Bud meristem showing starch deposition. (arrow shows
procambial cells and arrowhead shows densely stained

eumeristematic cells with conspicuous nucleus and nucleolus).
285X

Magnified view of (c) 1140 X






Plate 56. Microtuber development -
(a) Early development of leaf primordia (arrow head) 285 X
(b) Magnified view of (a). 712.5 X

(¢)and (d). Cessation of bud. 285 X






Plate 57.

Microtuber development -

(@

®
©

(d)

Cells in pith and cortex started dividing longitudinally, resulting
in the initiation of tuber. (arrow shows swelling in the subapical
region, arrowhead shows leaf primordia). 285 X

Heavy deposition of starch (arrow). 285 X

Cell division and cell enlargement in the mid section tissues.
285X

Bulging of the midsection and formation of a microtuber (arrow
shows scale leaf and arrowhead shows leaf primordia). 142.5 X






Both cell division and cell expansion were involved in tuber development. The
tuber underwent pronounced circumferential expansion which was most pronounced at
midsection. Tissues formed in the bud end of a young tuber soon became mid section
tissues. Mid section tissues became relatively closer to stem end tissues as the radial
growth of the tuber increase (Plate: 57 ¢ and d). Cell division was most frequent at the
mid section than at bud end or stem end.

Another important event in tuber development was the heavy deposition of
starch grain in cortical region. The size and number of the starch grains increased with
the increase in size of microtubers (Plate: 58). During the initial stages of the
microtuber development, starch grains were aggregated more in the cortical region than
that of the parenchymatous pith region. The peripheral row of cortical cells adjacent to
the periderm (skin) often showed less number of starch grains than deeper cortical
cells. Formation of xylem elements was observed during the tuber maturation phase.
Xylem elements have been observed mainly in the cortical region (Plate: 59).

Adventitious root formation was observed to arise endogenously from the stem
at extra-axillary position (either side of axillary bud) of tuber primordia as well as most
of the dormant buds (Plate: 60, 61 and 62). The cells forming the root primordium were
mostly derived from interfascicular parenchyma, medullary rays or vascular rays. The
root tip showed densely stained meristematic cells. The tip of root primordium showed

heavy deposition of starch especially in the root cap region (Plate:63).

Skin formation

During the development of a stolon tip into a microtuber, periderm was
gradually formed on the outside of the tuber. Initially it consisted of one layer of
suberized cells till 15 days when visually the —swelling in stolon could be seen
(Plate:64). Initiation of periderm occurred by division was both epidermal and sub-
epidermal cells. When microtubers reached to 0.1 cm in diameter, periderm is clear and
distinct. It consisted of 3-4 files of cells formed by continuous cell divisions. The
epidermal cells underwent anticlinal division, sub-epidermal cells (below the
epidermis) immediately showed periclinal and anticlinal divisions when the tuber was

0.5 cm. This dividing cell layer formed the phellogen. The newly formed cells
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Plate 58.

Microtuber development -

(a) Starch grains of microtubers with a diameter of 0.1 cm
(P - Pith cell, C - Cortex). 712.5X

(b) Starch grains of microtubers (0.2 ¢cm in diameter) 712.5 X
(c) Starch grains of microtubers (0.5 cm in diameter) 712.5 X

(d) Starch grains of microtubers (0.8 cm in diameter) 712.5 X






Plate 59. Microtuber development -

(a)to (d) Xylem elements in the cortical region
(arrow and X - Xylem, C —~ Cortical region) a - 285 X,
b-712.5X,c-285X andd-712.5X






Plate 60. Microtuber development -

(a) to (d). Initiation of adventitious root formation on extra axially
position. a-285X,b-712.5X,¢c~285X,d~-285X






Plate 61. (a) to (b). Magnified view of a adventitious root.
a-285X,b-1140X






Plate 62. (a) to (b). Magnified view of a adventitious root.
a-7125X, b-285X






Plate 63. (a) and (b). Adventitious roots coming out by piercing the tissues
(arrow)a-285X,b-285X

(c) Starch deposition on the root cap. 1140 X

(d) Section of buds with adventitious roots. 142.5 X






Plate 64. Section of 15 days old microtubers

(a) and (b). One layer of tunica cells showing anticlinal and periclinal
division.a~-1140X, b~ 1140 X






(Phellem) became the layers of periderm and later got suberized. At a later stage
periderm reached to a 9-10 files of cells which formed the skin of the microtubers
(Plate: 67a and b). Coinciding with the development of periderm, lenticels were also
formed in the skin. Lenticels were observed as small white dots on the well-developed
epidermis. These lenticels had considerable volume of filling tissue and also had an
opening to the external environment {Plate: 67c). Eyes or buds were formed in the axils
of the small scale leaves of microtubers. They had the same anatomical structure of a
bud on stem (Plate: 67d).
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Plate 65. Section of microtubers -
(a) Periderm files of diameter 0.1 cm (25 days old) 712.5 X

(b) Periderm files of diameter 0.2 cm (30 days old) 712.5 X






Plate 66. Section of microtubers -
(a) Periderm files of diameter 0.5 cm (45 days old) 712.5X

(b) Periderm files of diameter 0.8 cm (60 days old) 712.5X






Plate 67. (a) Initiation of lenticels on the periderm. 2.85%

(b) and (c¢) Lenticels showing an opening 1o the external environment
(arrow) 285x%, 712'5%

(d) Eye formation in the skin of a microtuber. 285 x






