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ABSTRACT

The experiment was taken up at Horticultural Research station, Orissa University of
Agriculture and Technology, Bhubaneswar, Orissa during Rabi season for the year 2013 &

2014. 500 seeds of variety Utkal Kumari (BT-10) were taken and subjected to single and
combined mutagenic treatment as per the specification. Seedlings of the fifteen treatments
were transplanted following Randomised Block Design (RBD) with three replications.
Leaf area (dm?/plant), Total Dry matter and chlorophyll content were measured 30, 60 and
75 days of transplanting. NAR (net assimilation rate) and CGR (Crop growth rate) was
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also calculated at 30-40 days and 50-60 days. All the treatments showed increase in yield

Avrticle Info over control and buffer except in treatment SA 0.06% which indicates that the mutagens

had positive effect on the plant for increasing yield. The increase in yield depends on leaf
area or photosynthesizing tissues, total respiring tissues or total biomass, photosynthetic
efficiency as reflected by chlorophyll content, Net assimilation rate (NAR) and crop
growth rate (CGR). EMS at 0.6% concentration had shown maximum increase in yield,
was due to maximum leaf area (55.19dm?plant), maximum total dry matter (19.44g/plant)
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maximum crop growth rate (0.347g.g™.wk™). The chlorophyll content and NAR (Net
assimilation rate) were also significantly high for this treatment.

But limitations in cultivation of tomato are
still prevalent. Many breeding programmes

Introduction

Among vegetables it is needless to emphasise
the precious nature of tomato (Lycopersicon
esculentum Mill.) commonly cultivated in our
country. Like potato from Peru, tomato from
America has been thoroughly acclimatized
and domesticated to Indian Agrarian practices
and crop husbandry. Increasing health
conscious population of our country have
found tomato as a chief source of lycopene
and Ascorbic acid (Vitamin-C) thus
necessitates its use as part of the daily diet.

have been taken up for the improvement of the
crop. Genetic manipulation through gene
pyramiding is often met with difficulty and
ultimately when succeeds a new genotype is
born with change in many other characters.
Therefore, an alternative approach is no other
than mutation breeding. The creation of
genetic variability by physical and chemical
mutagens presents the plant breeder a greater
opportunity of selecting beneficial mutants
from mutant population. The discovery of
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chemical mutagens during the Second World
War was another milestone in the history of
induced mutation. Since then, many chemicals
have been screened and found to induce
mutations. Thus the present study was done to
know the effect of chemical mutagens alone
and in combination on the Physio chemical
traits attributing to yield in tomato.

Materials and Methods

The experiment was taken up at Horticultural
Research station, Orissa University of
Agriculture and Technology, Bhubaneswar,
Orissa during Rabi season for the year 2013
and 2014. The variety selected for this
experiment was Utkal Kumari (BT-10). For
each treatment 500 healthy seeds (moisture
content 11.5%) were soaked in distilled water
for 8 hours at room temperature (15° to 28°C).
The soaked seeds wrapped in blotting paper
for complete drying were subjected to single
and combined mutagenic treatment as per the
specifications depicted in the Table 1.

In combined mutagenic treatment, the
materials were treated by the first chemical
followed by thorough washing and again
treated with the second chemical for the
period as specified in the Table 1.

There were two controls, one treated with
Phosphate Buffer Solution at pH-3 and the
other with distilled water. The mutagenic
treatments were given in closed Petri dishes
with 50 ml. solution in each. The treatments
were carried out under controlled temperature
(20+1°C) in B.O.D. incubator. The seed
samples after treatments were thoroughly
washed in running tap water for 1-2 minutes
and seeded in the nursery bed.

Seedlings of the fifteen treatments were
transplanted following Randomised Block
Design (RBD) with three replications of plot
size of 36.5 Sg.m. A spacing of 60 cm plant to

plant and 75cm row to row was given which
accommodated 50 plants in total in a plot. The
fertilizer dose was 100 kg N, 60 kg P and 60 K
kg/ha followed by scheduled cultural
management practices and plant protection
measures taken.

Leaf area (dm?plant) was measured in
Systronics leaf area meter at 30, 60 and 75
days of transplanting. NAR (net assimilation
rate) and CGR (Crop growth rate) was also
calculated as per this formula:

NAR= (WzP -W,P / Ts- Tl) X (In A, — In A1/
Az- Ar) g.cmZwk?

Where, W = dry weight, P= plant, T= time and
A=area

In WP - |nW1P
(0]¢] 2 N ———— 9.9 .wk*
To-Ts

Where w=dry weight, P=Plant and T=time
(Dash et al., 1997)

NAR and CGR were calculated at 30, 45 and
60 days of transplanting. Total dry matter of
the whole plant was measured after oven
drying at 60 °C for 48 hours at 30, 60 and 75
days of transplanting. Total chlorophyll
content of leaf was estimated by acetone
extraction method (Arnon, 1949) at 30, 60 and
75 days of transplanting. Total yield of the
plant was also recorded. The data was
collected and pooled over for two seasons and
put to statistical analysis as per SPSS software
packages.

Results and Discussion

A careful analysis of the yield data revealed
that all the treatments showed increase in yield
over the buffer and control except in treatment
SA 0.06% (Average percentage increase in
yield over control= -24.57). The percentage
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increase in yield of treatments over control
and buffer is represented in Table 2.
Treatment EMS 0.6% has recorded the
maximum average percentage of increase in
yield over control and buffer (105.45)
followed by EMS 0.2% (60.51) and EMS
0.4% (65.32).

The increase in yield depends on leaf area or
photosynthesizing tissues, total respiring
tissues or total biomass, photosynthetic
efficiency as reflected by chlorophyll content,
Net assimilation rate (NAR) and crop growth
rate (CGR) as presented in Table 3. All the
characters exhibited significant difference
among themselves (Fig. 1).

It was observed that EMS at 0.6%
concentration had shown maximum increase
in yield, was due to maximum leaf area
(55.19dm?%/plant), maximum total dry matter
(19.44g/plant) maximum crop growth rate

(0.347g.g™1.wk™). The chlorophyll content and
NAR (Net assimilation rate) were also
significantly high for this treatment.

Treatments, which exhibited minimum, yield
SA 0.06%. This treatment also recorded
minimum  Net assimilation rate NAR
(0.038g.cm™2.wk™). These two observations
suggest that all these contribute to increase in
yield, which corroborates the finding of
Augustine et al., (1975), Bhatt et al., (1988)
and Akita et al., (1990).

It was also observed that the mutagenic
treatments have influenced the leaf area. EMS
has influenced the leaf area considerably in all
the concentration (0.2%, 0.4% & 0.6%) alone
or in combination at 0.4% EMS + 0.04% MH.
The results were found to be at par as a rule at
different time interval, leaf area has shown its
growth  indicating the increase  of
photosynthesizing tissue.

Fig.1 Diagram depicting the % increase in yield of tomato pooled over
Two years over buffer and control
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Buffer=0.59Kg/Plant; Control=0.66Kg/Plant
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Table.1 Details of mutagenic treatments (mutagens, concentration and duration of treatment)

8
8
8
8
8
8
8
8
8
e :
+ SA (0.04%) 4 (1)

VS (0456) :
+ EMS (0.4%) 4 (1)

i (00i0) :
+ MH (0.04%) 4 (1)

+ EMS (0.4% 4 1

8
| Tis= Control (Distilledwater) {8 _ [(])

Table.2 Total yield of the tomato pooled over two years when treated with chemical mutagens
and its percentage increase over buffer and control

Treatments Yield per
plant yield over control C)
() Buffer Control
EMS 0.2% 1.00 69.49 51.52
EMS 0.4% 1.03 74.58 56.06
EMS 0.6% 1.28 116.95 93.94
MH 0.02% 0.93 57.63 40.91
MH 0.04% 0.97 64.41 46.97
T MH 0.06% 0.92 55.93 39.39
SA 0.02% 0.82 38.98 24.24
1 SA0.04% 0.73 23.73 10.61
" SA0.06% 0.47 -20.34 -28.79
EMS 0.4%+SA 0.04% 0.64 8.47 -3.03
SA 0.04%+EMS 0.4% 0.65 10.17 -1.52
EMS 0.4% +MH 0.04% 0.90 52.54 36.36

MH 0.04% +EMS 0.4% 44.07 28.79 36.43

Buffer=0.59Kg/Plant; Control=0.66Kg/Plant
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Table.3 Depicting the physiochemical traits pooled over two years after treatment with chemical mutagens

/plant) | Total dry matter (g/plant)

Chlorophyll content

NAR (g.cm™.wk™)

CGR (g.g7.wk™)

EMS 0.2%
EMS 0.4%
EMS 0.6%
MH 0.02%
MH 0.04%
MH 0.06%
SA 0.02%
SA 0.04%
SA 0.06%

EMS 0.4%+SA
0.04%

SA 0.04%+EMS
0.4%

EMS 0.4% +MH
0.04%

MH 0.04%+EMS
0.4%

SE(M)

30

days
17.30
15.60
36.20
32.90
24.30
30.15
24.67
26.60
30.20
22.60

24.50

48.90

37.90

11.60

10.89

26.29
0.364

45

days
68.49
71.28
59.43
56.54
58.61
47.52
51.13
47.22
45.71
55.26

34.09

55.84

48.07

29.38

29.30

50.53
0.277

60

days
76.39
76.95
69.94
58.99
61.18
59.80
57.07
52.10
49.57
59.23

43.35

57.86

54.22

34.98

35.01

56.44
0.407

Aver
age
54.06
54.61
55.19
49.48
48.03
45.82
44.40
41.97
41.82
45.70

33.98

54.20

46.66

25.32

25.07

44.42
0.376

30 45 60 Averag
days days days e
8.45 16.68 20.05 15.72
12.45 18.72 21.46 17.54
14.24 21.52 22.66 19.47
6.78 13.02 18.80 12.87
9.37 14.52 16.73 13.54
8.74 14.52 16.43 13.23
8.34 13.40 16.93 12.89
7.22 11.12 15.73 11.36
8.11 12.32 14.68 11.70
8.35 13.36 15.62 12.44
7.20 12.60 18.96 12.92
8.61 13.18 20.04 13.94
9.48 16.10 17.78 14.45
10.05 14.52 19.84 14.80
10.00 14.22 19.80 14.67
9.16 14.65 18.37 14.06
0.022 0.015 0.019 0.025

30
days

1.79
1.89
2.80
0.47
1.60
1.84
1.54
1.89
1.91
1.84

1.81

1.89

2.06

1.97

1.90

1.81
0.035

(mg/g)
45 days 60
days
1.34 1.33
242 2.94
2.01 1.96
2.67 1.86
2.79 2.85
1.72 1.77
1.43 1.44
0.24 1.68
0.75 1.54
0.99 1.07
0.52 1.09
2.84 2.97
1.10 1.99
151 1.82
1.53 1.92
1.59 1.88
0.117 0.033

Averag  30-40 50-60
e days days
1.48 0.063 0.160
242 0.088 0.078
2.26 0.073 0.106
1.67 0.081 0.072
241 0.137 0.023
1.78 0.106 0.026
1.47 0.064 0.057
1.27 0.047 0.064
1.40 0.049 0.027
1.30 0.069 0.045
114 0.064 0.042
2.57 0.086 0.099
1.72 0.066 0.108
1.77 0.079 0.016
1.78 0.035 0.080
1.76 0.074 0.067
0.029 0.002 0.002

Average

0.089
0.083
0.090
0.077
0.080
0.066
0.061
0.056
0.038
0.057

0.053

0.093

0.087

0.057

0.058

0.070
0.001

30-40

days
0.275
0.269
0.326
0.265
0.253
0.254
0.213
0.216
0.286
0.234

0.219

0.280

0.204

0.184

0.237

0.235
0.004

50-60
days

0.156
0.175
0.367
0.094
0.079
0.124
0.137
0.347 L2

0.184 0.209

0.142 181

0.419 0.350
b

0.312 0.248
0.233 0.235
0.215 0.225
0.002 0.002

1.052 | 0801 | 1.175 | 1.087 | 0.062 0.043 0.054 0.073 0.102 | 0.338 0.097 0.083 0.007 0.006 0.004 0.006 0.005
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Total dry matter was also found to have
increased over time and only EMS of
0.2%,0.4% and 0.6% alone have shown increase
as against buffer and control except MH 0.04%
+ EMS 0.4%.

The chlorophyll content has shown different
trends for different treatments. EMS 0.2%, MH
0.06%, SA 0.04%, SA 0.06%, EMS 0.4%+ SA
0.04%, SA 0.04% + EMS 0.4% and MH 0.04%
+ EMS 0.4% initially had higher chlorophyll
content but later it has decreased. On an average
it is observed that EMS 0.4%, EMS 0.6%, MH
0.04% and EMS 0.4% + MH 0.04% has shown
highest chlorophyll content and are at par with
each other.

NAR showed decreasing trend over time for
treatments EMS 0.4%,MH 0.02%, MH 0.06%,
SA 0.02%, SA 0.06%, EMS 0.4% + SA 0.04%
and SA 0.04 % + EMS 0.4%. But on an average
NAR has increased as over control And Buffer.
The maximum NAR was seen in combined
treatment of EMS 0.4% + MH 0.04%.

The CGR was recorded to have decreased over
time for all the treatments which may be due to
the fact that during and after fruiting the crop
growth rate decreases as the photosynthates
have diverted for fruiting. Maximum CGR was
recorded in EMS 0.6% which is also the highest
yielder and is at par with EMS 0.4% + MH
0.04% with respect to Crop growth rate.All the
treatments showed increase in yield over control
and buffer except in treatment SA 0.06% which
indicates that the mutagens had positive effect
on the plant for increasing yield. The increase in
yield depends on leaf area or photosynthesizing
tissues, total respiring tissues or total biomass,
photosynthetic efficiency as reflected by
chlorophyll content, Net assimilation rate
(NAR) and crop growth rate (CGR). EMS at
0.6% concentration had shown maximum

increase in yield, was due to maximum leaf area
(55.19dm?/plant), maximum total dry matter
(19.44 g/plant) maximum crop growth rate
(0.347 g.g.wk™). The chlorophyll content and
NAR (Net assimilation rate) were also
significantly high for this treatment.
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