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An experiment was arranged in a factorial completely randomized design with an aim to
investigate the effect of short term waterlogging on four popular Khariftomato cultivars of
Odisha (Utkal Pallavi, Utkal Dipti, Utkal Kumari and Utkal Pragyan). 45 days old tomato
plants were subjected to 15 cm of stagnant water for a period of 0,1,2 and 3 days. High
survivability under 1 and 2 days of waterlogging were recorded in U.Kumari of about
80%and 60% respectively because of high adventitious root formation, whereas all the
plants died under 3 days of waterlogging due to root hypoxia. Under short term
waterlogging for 2days U.Pragyan was highly affected showing a maximum decrease in

Article Info plant height, leaf area and other morphological character with respect to control and other

cultivars. Leaf Chlorophyll and carotenoid content were evaluated in each seven days
Accepted: interval after de- waterlogging. There was recorded a significant decrease in total
L s 20200 chlorophyll and carotenoid content under water logging. A least about 8.9% and 5.7%
?gajhﬁslgoozglme' decrease in chlorophyll and carotenoid respectively was observed in U.Kumari after 1 day

of waterlogging. The shoot, root dry weight as well as total biomass of the plants were
tremendously decreased under waterlogging.

Introduction

field capacity of soil (Aggarwal et al., 2006).
It is estimated that about 13% of the global

Waterlogging is one of the major abiotic
stress and major constraint on crop growth
and productivity ultimately results into plant
death (Jackson and Colmer 2005, VVoesenek et
al., 2006). Adverse impact of climate change
is likely to increase the incidence of flooding
and  waterlogging  (Bailey-Serres  and
Voesenek, 2008). Soil is considered as
waterlogged if the standing water layer on the
soil surface is at least 20% higher than the
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land area and 16% of the tomato areas in
production worldwide are prone to the risk of
flooding and water logging (Ahsana et al.,
2007).

Tomato is a moderate nutritional crop and is
considered as important source of and vitamin
¢ and minerals. The tomato fruit contains
significant amount of lycopene, beta carotene,
Magnesium, Potassium, niacin and riboflavin.
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It has antioxidant properties and potential
beneficial health effects (Zheng et al., 2010).
About 150 million tons of tomatoes were
produced in the world and India is the 2nd
largest producer of tomatoes, producing
nearly 17.5 million tons and the area under
cultivation was 5.4 million ha with average
production of 15.68 gha-1 (Department of
Agriculture and Co-operation 2016-17).

In many Asian countries, especially in India
the typhoon-caused heavy rains often cause
tomato production (Lin et al., 2004).Some
species of crops, such as rice, are particularly
tolerant to submergence, whereas others, such
as tomato (Solanum lycopersicon L.), are
highly intolerant (Ahsan et al., 2007). Tomato
is highly sensitive to waterlogging, with in a
period of 48 hours the plants start showing
epinasty curvature in middle leaves.

As a consequence of disturbed physiological
functioning, vegetative and reproductive
growth of tomato plant is negatively affected
by water logging (Kozlowski, 1997; Gibbs
and Greenway, 2003). Water logging cause
yellowing and death of the leaves from the
lower ones to the stem, epinasty in tomato
leaves (Kramer, 1951), decrease in the
nitrogen concentration in shoots of plant.
Seedlings can occur rapidly after the onset of
water logging and precede leaf chlorosis
(Drew and Sisworo, 1977; Wang et al., 1996)
and consequently reduces shoot and root
growth, dry matter accumulation, and final
yield (Kozlowski, 1997; Drew, 1992, Huang
et al., 1994a, 1994b; Malik et al., 2002).

Under water logging gas diffusion rate in
water and oxygen availability to plant
decreases up to 10-* fold. The adverse effects
of water logging shows degradation in
chlorophyll content, yellowing of leaves and
detection of electrolytic leakage in tomato
leaves (Yan et al., (2006). Water logging also
causes adventitious root development
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(Jackson, 2002, Voesenek et al., 2006,
Bailey-Serres and Voesenek, 2008). Tolerant
genotypes to waterlogging are associated with
a complex trait linked to many morphological
and physiological adaptations under adverse
condition.

In order to increase the productivity under
adverse circumstances tolerant genotypes are
required with desired traits like hypertrophied
lenticels, aerenchyma tissue, and adventitious
roots (Kozlowski, 1997).

Keeping that in mind the objective of the
study was to understand the morphological
and some physiological behaviour of four
tomato genotypes in waterlogging to may lead
to identify tolerating genotype in vegetative
stage.

Materials and Methods

4 sets of pots were used to grow tomato
seedlings having 4 popular kharif varieties of
Odisha (1.Utkal Pallavi, 2. Utkal Dipti 3.
Utkal Kumari 4. Utkal Pragyan). The potsof
25 cm depth, 20 cm diameter were used with
one seedling per pot. The dose of fertilizer
(120:60:50 NPK kg/ha) was applied taking
soil weight into consideration (1 ha of land
soil = 2.24 x 106 kg of soil) of each pot.Out
of 4 sets, one set with all the four tomato
varieties kept as such under normal condition
and other three were imposed to stress
underl5 cm of water level at 45 DAT for O
days (S0), 1 day (S1), 2days (S2) and 3 days
(S3).

After removal of water logging condition the
recovery % was taken and other observations
were taken after 2 days of water logging in
each 7days interval up to 3 successive weeks.
Individual plants were scored by using a
modified scale of 0-5 by Yeboha et al., 2008
for effect of wilting, where 0 is a dead plant, 1
is for 100- 75% of wilt from tip to the base, 2
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scores for 74-50% wilting of leaves from tip
to the middle, 3 for leaves between base and
middle undulating, 4is for recurved leaves
margins and 5 is for green plant with no sign
of stress.

0-3 scale score for adventitious root formation
(ARF) under waterlogging was done visually
(Yeboha et al., 2008 ) 0 = no ARF, 1= low,
2=medium, 3= high and yellow leaf
percentage was determined by using by using
a scale of 1-6 score (modified from Mohanty
and Ong 2003) where 1 scores for no yellow
leaves, 2 is for 10-30% of leaves were yellow,
3 is for 30-50% of leaves were yellow, 4 is for
50-70% were yellow, 5 is for when most
leaves were yellow, 6 is for when all leaves
were yellow.

Plant height (cm), number of leaves per plant
and leaf area (cm® of 2nd top leaf was
recorded after withdrawal of stress .The dry
weight of the shoot and root were recorded
separately from each treatment after
harvesting and expressed in gram dry weight
per plant.

The total biomass of the plant parts such as
stem, leaves, branches, roots along with the
weight of the fruits were recorded from each
treatment after harvesting and expressed as
gram wt. per plant. Estimation of chlorophyll
by non-destructive SPAD (Hansatech, Model
CL-01) and destructive (Arnon 1949) method
was done.

In destructive method the third leaf was taken
and immediately kept in moist polythene bags
to keep them fresh. 100 grams of fresh leaf
was taken from the middle portion of the leaf
and were cut into small pieces. The leaf discs
were then put in 80% v/v acetone solution and
kept in dark for 24 hours. The absorbance
(OD) at 645 nm and 663 nm was recorded for
both chlorophyll and carotenoid content of
leaves.
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Results and Discussion
Survival percentage

Survivability is a critical criterion to
differentiate between tolerant and susceptible.
Two days after removal of waterlogging the
survival percentage of the plants were
recorded after recovery. All the plants of all
cultivars under 3 days of waterlogging stress
were died whereas, under 2 days of
waterlogging highest survival percentage of
about 60% and 80% were recorded in
U.Kumari under 2days and 1 day of
waterlogging, whereas in U.Pragyan it was
less than 33% and 42% under 2 and 1day of
stress represented in figure number 1.

Leaf chlorosis, adventitious root formation
(ARF) and wilting percent

The individual plants was scored for tolerance
after de-water logging (15 cm stagnant water
forl day and 2 days) using a modified scale of
0-5 for wilting, 0-3 for adventitious root
formation and 1-6 in terms of yellow leaf
percentage and represented in Figure number
2,3 and 4 respectively.

Walter et al., 2004 and Mano and Omori 2005
reported that Tomato had adventitious root
growth under water logging condition and
helps the root system to obtain oxygen
directly from the air and allows the plant to
absorb nutrients from the soil, which
supported the data recorded on 2 days after
recovery from water logging and on above
score revealed that U.Kumari had maximum
number of adventitious roots followed by
U.Dipti and U.Pallavi than control with a
range of high to medium. This characteristics
plays an important role in adaptation to
flooding condition. U. Kumari had
waterlogged tolerance ability in a way of
producing more adventitious roots that might
compensate for seminal root dysfunction in
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hypoxia condition for Dbetter water and
mineral uptake The cultivar showing highest
percent of yellow leaves was observed in both
U.Pragyan and U.Pallavi followed by U.Dipti
but U.Kumari had less percent of yellow leaf
than the above cultivars. The same finding
was supported by Vincent et al., 2010.
Dawood T. 2005 et al., and Kramer 1951 that
the yellowing and death of the lower leaves of
the tomato plants is associated with by
desiccation because of anaerobic conditions
and production of toxic compounds.

This was hypothesized that the dried and dead
cells of roots might have produce toxic and
reduced substances like nitrates and sulphates
and might have infected with microbes. Thus
it can be concluded that with lower
percentage of yellow leaves U.Kumari
showed better adaptation to waterlogging.
Moreover, in U.Kumari curled leaves
appeared in between 2 days of waterlogging,
whereas there was 50-100% damage recorded
in wilting percentage scoring. The present
finding was also in line of the previous work
and more significantly the cultivar.

Plant height

Plant height was measured after 2 days, 9
days, 16 days and 23 days of de-water logging
revealed that all the tomato cultivars were
having less plant height than control condition
and depicted in Table number 1. Maximum
decrease in the plant height was recorded in
cultivar U.Pragyan up to 9 days after de-water
logging followed by U.Kumari up to 16 days.
Significant decrease in plant height was
recorded in all the treatments among the
varieties and water stress as well as their
interaction. The maximum decrease in plant
height was with a tune of 23.1% and 22% in
U.Dipti under 2 days and 1 day of water
logging respectively. A minimum percent
decrease in height was observed in U. Kumari
of 15.3% and 18.9% under 1 day and 2 days
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of water logging over control. Though the
variation in plant height is depending up on
their genetic potentiality to the environmental
factors but reduction in plant height under
stagnant water conditions is a stress factor and
the results also corroborates with the work of
Walter, 2004 and Vincent E. et al., 2010.
Reduced plant growth due to flooding was
also observed in Annona species (Nunex-
Elisea, 1999), Panicum antidotale (Ashraf,
2003), Paspalum dilatatum (Vasellati, 2001)
and Genipa americana seedlings (Mielke,
2003), tomato (Walter, 2004); all of these
plant species showed growth reduction to
varying extents in waterlogged conditions

Leaf number and leaf area

Number of leaves was counted at each 7 days
intervals after water logging treatment and
was depicted in Table no 2, which showed
that leaf number were decreased significantly
in stressed plants than control as the duration
of stress proceeds. Maximum number of leaf
number was decreased in U.Pragyan followed
by U.Pallavi at the rate of 26.4 % and 17.2%
respectively. The higher number of leaves
was found in U.Kumari (69.6 leaves per plant
and 64.7 leaves per plant) under 1 and 2 days
stress condition respectively. However, the
interaction was not found significant among
the treatments and cultivars. Reduction in
aerobic leaf area recorded at each 7 days
interval after water logging was presented in
Table no -1, showing the remarkable
difference over control plants and was
significant among the treatment and variety
but individually under root hypoxia
(Kreuzwieser et al., 2001). However there
were variation within the four varieties but the
U.Kumari was maximum leaf area of 9.5and
8.2 cm2 (under 1 day and 2 days of water
logging respectively) after 23 days of its
water logging, whereas U.Pragyan was
minimum with 4.4 and 2.9 cm2 under 1 day
and 2 days of water logging after 23 days.
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The cultivar U.Kumari was least leaf area
decrease percent of 34.62%, 33.45%, 33.5%,
33.55% under 2,9,16 and 23 days of water
logging respectively. The maximum reduction
in leaf area was recorded in U.Pragyan
(59.96%) followed by U.Dipti (50.39 %)
under two days of stagnant water. The
changes in leaf number leaf size and leaf area
indicated the short term water logging effect
on the growth of plant parts than any other
environmental factor (Walter 2004, Horchani
F. etal., 2008).

Shoot and root dry weight (g)

Shoot dry weight was decreased in water
logging condition than control in all the
treatments and was presented in Table no 7.
Highest shoot dry weight was recorded in
U.Kumari (10.39,8.99,7.0 g) followed by
U.Pallavi (9.4qg, 7.4g, 6.29) at a tune of 13.5%
and 32% decrease over control in U.Kumari
where as 21.2 % and 34% decrease in
U.Pallavi under both 1 and 2 days of water
logging respectively. Similar trend was also
recorded in root dry weight presented in Table
no -11 with a decrease rate of 3.9and 7.8% in
1 and 2 days of stagnant water over control in
U.Kumari. Whereas the maximum reduction
in root dry weight was observed in U. Dipti at
a tune of 12.2%under 2 days of water logging.
Whereas U.Kumari was minimum reduction
in root dry weight of 3.9 and 7.8% under 1
and 2 days of water logging respectively. The
drastic impact of hypoxia not only affect the
roots but also limits the aerobic respiration
and dramatically decrease the metabolism in
aerial parts (Mommer et al., 2004).

Total biomass(g)

The total biomass of the experimental
treatment wise data depicted in Table no-7
indicated that maximum biomass obtained in
U.Kumari followed by U.Pallavi and U.Dipti
and was decreased in treated plants than the
control with a range of 26.7 to 59.3 % in
U.Kumari and U.Pallavi respectively. U.
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Pragyan was very low total bio mass the
significant responses within the variety
treatment and their interaction was recorded
among the treatments. The decrease in dry
matter accumulation in response to low
oxygen is a common response found in many
plant species (Henshaw et al., 2007) and was
suggested to be directly related to changes in
net carbon assimilation that are attributed to
limitation of photosynthesis(Pazeshki 2001).

Chlorophyll and carotenoid content

The pigments like chlorophyll, carotenoid
content in leaves analyzed during the
experimentation was presented in Table- 5
and 6 respectively indicated that the pigments
synthesized  during  vegetative  stage
(chlorophyll and carotenoid) was decreased in
the treated plants than the control from the
days of withdrawal of stress up to 23 days at a
tune of 85 to 27.4% in case of total
chlorophyll and for carotenoid 3.6 to 17.5 % .
The chlorophyll a was higher than chlorophyll
b but the percentage decrease of chlorophyll b
is more than the chlorophyll a (Horchani F. et
al., 2008). U.Kumari was recorded with a
less percentage decrease in both chlorophyll
and carotenoid content of 8.5% and 3.6%
under 1 day of stagnant water respectively.

Chlorophyll in Spad value was also in the
same trend found significant in all treatments
but was not significant in their interactions
and presented in Table-4Conaty et al., (2008)
reported the potentiality of variation in SPAD
reading to differentiate the tolerant cotton
cultivars under waterlogging. In relation to
that carotenoid content also followed the
similar trend of chlorophyll but was less in
concentration (mg/g FW) than the total
chlorophyll and varies from 0.22 to 0.37 mg/g
FW. The variety U.Kumari was the maximum
concentration of concentration of chlorophyll
and carotenoid followed by U.pallavi and
U.dipti in all the date of observations.
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Table.1 Effect of water logging on plant height (cm)

Plant height
(cm) 2 DAYS AFTER WL 9 DAYS AFTER WL
Variety So S S, So S1 S,
U.Pallavi 41.0 374 34.6 472 427 38.2
(8.7) (15.5) 9.7 (19.1)
378 347 33.2 431 412 40.0
U.Dipti (8.2) (12.2) (4.5) (7.2)
405 377 34.5 480 418 37.3
U.Kumari (6.9) (14.8) (12.9) (23.2)
29.1 276 23.7 364 318 26.8
U.Pragyan (5.3) (18.7) (12.6) (26.4)
\% S VxS \% S VxS
SE(m)+ 0.619  0.536 1.072 0.71 0.614 1.229
CD 5% 1.806 1.564 3.28 2.071 1.792 3.587
CV % 7.47 7.40

S0-Control , S1-1day of water logging and S2- 2 days of waterlogging

Data presented as mean value of 3replications

Figure in parentheses indicates % decrease over control
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16 DAYS AFTER WL

So

535

49.6

53.1

42.4

\%
0.66

1.980
8.82

S1

47.7
(10.8)

43.9
(11.6)

46.0
(13.4)

36.0
(15.1)

S
0.750

2.188

Sz

42.9
(19.9)

42.3
(14.7)

40.3
(24.0)

33.9
(19.9)

V XS
1.499

4.375

23 DAYS AFTER WL

So

62.8

60.1

63.2

51.5

\%
0.717

2.093
6.71

S1

53.8
(14.3)

46.9
(22.0)

53.5
(15.3)

42.7
(17.2)

S
0.621

1.812

Sz

50.2
(20.1)

46.2
(23.1)

51.2
(18.9)

40.3
(21.7)

V xS
1.242

3.624



LEAF NO.

Variety

U.Pallavi

U.Dipti

U.Kumari

U.Pragyan

SE(m)+

CD 5%
CV %
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Table.2 Effect of water logging on the number of leaves per plant

2 DAYS AFTER WL

So

34.3

32.6

42.3

29.8

\%
0.940

2.742
9.20

S1

313
(8.7)

27.6
(15.3)

39.3
(7.1)

25.3
(15.0)

S
0.814

2.375

Sz

29.3
(14.6)

26.6
(18.4)

36.8
(13.1)

23.6
(20.6)

V XS
NS

NS

9 DAYS AFTER WL

So

46.0

43.3

54.3

40

\%

0.940
2.742

9.20

S1

41.0
(10.9)

376
(13.1)

48.0
(11.7)

34.3
(14.6)

S

0.814
2.375

SO-Control , S1-1day of water logging and S2- 2 days of waterlogging
Data presented as mean value of 3replications

Figure in parentheses indicates % decrease overcontrol

Sz

35.7
(22.5)

337
(22.3)

42.3
(22.1)

29.0
(27.9)

V XS
NS

NS
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16 DAYS AFTER WL

So

55.0

54.3

64.0

48.3

\%

0.521
1.521

3.88

S1

50.0
(9.1)

48.3
(11.0)

58.3
(8.9)

42.0
(12.5)

S
0.451

1.317

Sz

44.7
(18.8)

49.3
(9.2)

55.3
(13.5)

36.0
(25.0)

V XS
NS

NS

23 DAYS AFTER WL

So

67.6

65.7

77.6

58.6

\%
0.611

1.784
3.63

S1

61.3
(14.3)

57.0
(13.2)

69.6
(10.3)

52.6
(11.9)

S

0.529
1.545

Sz

56.0
(17.2)

55.0
(16.3)

64.7
(16.7)

44.0
(26.4)

V XS
1.058

3.089



Leaf area
(cm?)

Variety So

U.Pallavi 6.9

U.Dipti 8.0

U.Kumari 10.1

U.Pragyan 5.8

v
SE(m)

0.240
CD5%  0.700
CV% | 1207

S0-Control , S1-1day of water logging and S2- 2 days of waterlogging

2 DAYS AFTER WL

S1
5.8
(15.3)

5.8
(27.3)

7.8
(22.6)

3.7
(37.4)

0.208
0.607

Sz
4.5
(34.7)

4.1
(48.5)

6.6
(34.6)

25
(56.5)

V XS

NS
NS

Data presented as mean value of 3replications

Figure in parentheses indicates % decrease overcontrol
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Table.3 Effect of water logging on the leaf area (cm?)

9 DAYS AFTER WL

So

8.1

9.7

12.0

6.8
\%

0.197
0.574

8.47

S1
6.3
(22.9)

6.8
(30.4)

9.2
(23.2)

4.0
(41.1)

0.170
0.497

16 DAYS AFTER WL

S, So
5.1
(37.1) 8.9
4.7
(51.5) 10.3
8.0
(33.4) 12.3
29
(57.2) 7.2
V XS V
NS 0.287
NS 0.837
11.75
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S1
6.5
(26.8)

7.0
(31.5)

9.5
(22.9)

4.4
(39.9)

0.248
0.725

Sz
55
(38.2)

5.1
(50.3)

8.2
(33.5)

2.9
(59.9)

V XS

NS
NS

23 DAYS AFTER WL

So

8.9

10.3

12.3

7.2

0.287
0.837

11.75

S1
6.5
(26.8)

7.0
(31.5)

9.5
(22.9)

4.4
(39.9)

0.248
0.725

Sz
55
(38.2)

5.1
(50.3)

8.2
(33.5)

2.9
(59.9)

V XS

NS
NS



SPAD
Value

Variety

U.Pallavi

U.Dipti

U.Kumari

U.Pragyan

SE(m)

CD 5%
CV %

Table.4 SPAD Values of chlorophyll content in leaves in response to water logging

2 DAYS AFTER WL

So

8.5

8.2

8.9

8.2

\%
NS

NS
17.43

S1
7.3
(14.1)

7.4
(9.8)

8.1
(9.0)

7.1
(13.4)

S
0.375

1.095

Sz
6.2
27.1)

6.4
(22.0)

7.2
(19.1)

6
(26.8)

V XS
NS

NS
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9 DAYS AFTER WL

So

9.2

8.5

9.5

8.6

\%
NS

NS
17.72

SO-Control , S1-1day of water logging and S2- 2 days of waterlogging

Figure in parenthesis indicates % decrease overcontrol

Data presented as mean value of 3replications

S1
75
(18.5)

7.8
(8.2)

8.6
(9.5)

7.4
(14.0)

S
0.404

1.179

Sz
6.6
(28.3)

6.9
(18.8)

7.8
(17.9)

6.4
(25.6)

V xS
NS

NS
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16 DAYS AFTER WL

So

9.5

8.9

9.8

8.8

NS

NS

15.97

S1
1.7
(18.9)

8.1
(9.0)

9
(8.2)

75
(14.8)

S
0.375

1.095

Sz
6.8
(28.4)

s
(21.3)

8.1
(17.3)

6.5
(26.1)

V xS
NS

NS

23 DAYS AFTER WL

So

9.6

9.9

8.9

NS

NS
14.53

S1
7.8
(18.8)

8.2
(8.9)

9.3
(6.1)

7.6
(14.6)

S
0.346

1.011

Sz
6.9
(28.1)

7.1
(21.1)

8.2
(17.2)

6.6
(25.8)

V XS
NS

NS



Tot.
Chlorophyll
(Mg/g FW)

Variety

U.Pallavi

U.Dipti

U.Kumari

U.Pragyan

SE(m)
CD 5%
CV %

2 DAYS AFTER WL

So

1.14

11

1.24

1.14

\%
0.003

0.010
0.94

S1

1.01
(11.4)

0.96
(12.7)

1.21
(2.4)

1.03
(9.6)

S
0.003

0.008

Sz

0.97
(14.9)

0.92
(16.4)

1.13
(8.9)

0.94
(17.5)

VXS
0.006

0.017
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9 DAYS AFTER WL

So

1.34

1.29

1.36

1.2

\%
0.013

0.039
3.55

S1

1.03
(23.5)

0.98
(24.7)

1.22
(9.2)

1.05
(10.1)

S
0.012

0.034

S0-Control , S1-1day of water logging and S2- 2 days of waterlogging

Figure in parenthesis indicates % decrease overcontrol

Data presented as mean value of 3replications

Sa

0.99
(25.5)

0.94
(25.8)

117
(13.3)

0.96
(16.9)

VXS
0.023

0.067

929

Table.5 Total chlorophyll content (mg/g FW) in response to water logging

16 DAYS AFTER WL

So

1.36

1.31

1.39

1.23

\%
0.020

0.058
5.23

S1

1.04
(23.5)

1
(23.7)

1.26
(9.4)

1.07
(13.0)

S
0.017

0.051

Sz

0.98
(27.9)

0.96
(26.7)

1.2
(13.7)

0.97
(21.1)

V XS
NS

NS

23 DAYS AFTER WL

So

1.35

1.31

1.41

1.23

\%
0.014

0.042
3.73

St

1.05
(23.0)

1.01
(23.7)

1.29
(8.5)

1.07
(13.0)

S
0.012

0.036

Sz

0.98
(27.4)

0.96
(26.7)

1.22
(13.5)

0.97
(21.1)

V XS
0.025

0.072



Carotenoid
(mg/g FW)

Variety

U.Pallavi

U.Dipti

U.Kumari

U.Pragyan

SE(m)+
CD 5%

CV %

S0-Control , S1-1day of water logging and S2- 2 days of waterlogging
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Table.6 Effect of water logging on carotenoid content (mg/g FW)

2 DAYS AFTER WL

So

0.52

0.49

0.53

0.5

\%
0.001
0.002

0.62

S1

0.48
(71.7)

0.45
(8.2)

0.51
(3.8)

0.44
(12.0)

S
0.001
0.002

Sz

0.44
(15.4)

0.43
(12.2)

0.5
(5.7)

0.42
(16.0)

V xS
0.001
0.003

9 DAYS AFTER WL

So

0.56

0.51

0.54

0.51

\%
0.001
0.003

1.04

Parenthesis in the table indicates percent decrease over control

Data presented as mean value of 3replications

S1

0.49
(12.5)

0.47
(7.8)

0.52
(3.7)

0.45
(11.8)

S
0.001
0.003

Sz

0.46
(17.9)

0.44
(13.7)

0.51
(5.6)

0.42
(17.6)

VXS
0.002
0.005

930

16 DAYS AFTER WL

So

0.57

0.52

0.55

0.51

\%

0.002
0.005

1.74

S1

0.49
(14.0)

0.48
(7.7)

0.53
(3.6)

0.46
(9.8)

S
0.001
0.004

Sz

0.47
(17.5)

0.46
(11.5)

0.51
(7.3)

0.43
(15.7)

V xS
0.003
0.008

23 DAYS AFTER WL

So

0.57

0.53

0.56

0.53

\%
0.002
0.006

1.83

S1

0.5
(12.3)

0.48
(9.4)

0.54
(3.6)

0.47
(11.3)

S
0.002
0.005

Sz

0.47
(17.5)

0.47
(11.3)

0.52
(7.1)

0.44
(17.0)

V xS
0.003
0.010
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Table.7 Dry weight of roots (g plant™), Dry weight of shoot (g plant™) and Total biomass (g plant™) in response to water logging

Treatment DW root (g) Total biomass (g) DW shoot ()
S0 4.6 44.7 9.4
4.4 30.8 7.4
U.Pallavi S1 (4.3) (31) (21.2)
4.1 17.9 6.2
S2 (10.8) (59.3) (34.0)
S0 4.9 41.1 9.2
4.6 24.0 7.2
U.Dipti S1 (6.1) (41.5) (21.7)
4.3 19.1 6.0
S2 (12.2) (53.5) (34.7)
S0 5.1 53.6 10.3
4.9 39.3 8.9
U.Kumari s1 (3.9) (26.7) (13.5)
47 27.1 7
S2 (7.8) (49.4) (32)
S0 45 21.1 7.7
4.3 13.6 6.1
U.Pragyan S1 (4.4) (35.7) (20.7)
4 9.8 5.2
S2 (11.1) (53.8) (32.4)
\Y; S VxS V S VxS \Y} S VxS
SE(m)+ 0.087 0.075 NS 0.131 = 0.114 0.228 0.141 0.122  0.224
CD 5% 0.253 0.219 NS 0.384  0.332 0.664 0.411 0.356 0.711
CV % 5.75 3.87 5.73

S0-Control , S1-1day of water logging and S2- 2 days of waterlogging

Parentheses in the table indicates percent decrease overcontrol.
Data presented as mean value of 3replications
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Survival Percentage

120

100

80

60

a0

20

V1SOW1S1 W1S2 W250 V251 W252 W350 w351 V352 V450 V451 w452
Treatments

V1 - U. Pallavi, V2 — U. Dipti ,V3 — U. Kumari V4 — U. Pragyan
S0-Control ,S1-1day of water logging ,S2- 2days of water logging
** All plants were died under 3 days of water logging

Fig.1 Effect of water logging on survival percentage of tomato plant (2 days after recovery)

T "= Wilting

V1S0V1S1V1S2V2S0V2S1V252V3S0V3S1V3S2VAS0VAS1VAS2
Treatments

V1 - U. Pallavi, V2 — U. Dipti ,V3 — U. Kumari V4 — U.Pragyan
S0-Control ,S1-1day of water logging ,S2- 2days of water logging
** All plants were died under 3 days of water logging

Fig.2 Effect of water logging on wilting percentage of tomato plant(2 days after recovery)

Adventitious roots formation
3.
5
3
2.
2 IEI H adventitious roots
| E[

4'\5’% & Qx‘;" gﬂ"b il 4'1, &5 g;" yy"’ 4& &"9’
Treatments

V1 - U. Pallavi, V2 — U. Dipti ,V3 — U. Kumari V4 — U.Pragyan
S0-Control ,S1-1day of water logging ,S2- 2days of water logging
** All plants were died under 3 days of water logging

Fig.3 Adventitious root formation in response to water logging (2 days after recovery)
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Yellow leaf%o

6

5

4 " Yellow
leaves %

2 __| __|

1 - L

V4S2

V1S0V1S1V1S2V2S0V2S1V252V3S0V3S1V3S2V4S0V4S1

V1-U. Pallavi, V2 — U. Dipti ,V3 — U. Kumari V4 — U.Pragyan
S0-Control ,S1-1day of water logging ,S2- 2days of water logging
** All plants were died under 3 days of water logging

Fig.4 Yellowing of leaves in response to water logging (2 days after recovery)

The consequences of hypoxia were not only
confined to roots but also extended to aerial
organs. Although all cultivars survived 15 cm
of stagnant water for 2 days (all the plants
died for 3 days of stagnant water in this
experiment). Some symptoms of stress were
observed.  High  survival  percentage,
Adventitious roots and low percentage of
yellowing and wilting are some of the
desirable characters for tolerating
waterlogging as tomato is highly sensitive to
excess water. U.Kumari was less affected
under both one and two days of waterlogging
as compared to other genotypes.
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