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ABSTRACT

Some promising mungbean genotypes were employed to evaluate waterlogging tolerance and molecular characterization using SSR
marker. Waterlogging treatment was applied to 25-d old plants maintaining 2-3 cm waterlogging depth for three days with extended
seven days saturation period. It significantly reduced the growth and yield but the plants remarkably improved their depressed charac-
ters during the recovery period. The early response of waterlogging was the development of adventitious roots which is an important
adaptive mechanism of plants under waterlogged situations. Based on waterlogging tolerance index calculated as the percent ratio
of relative growth rate (RGR) in waterlogged plants and RGR in non-waterlogged plants of all plant components, the genotypes
ACC12890054 and BUmug 4 appeared as the most tolerant to waterlogging. The genotypes ACC12890085 and ACC 12890054 that
showed better tolerance to waterlogging gave the highest relative yield of 46% followed by BUmug 4 and VC 6173-A genotypes. Based
on the correlation coefficient and relative values, the genotypes were grouped into four clusters using K-means cluster analysis. In
SSR analysis, PIC values of the markers were above or almost equal to 0.5 indicating the used primers were effective to differentiate
the genotypes at the molecular level. In analysis 16 pairs of mungbean genotypes showed 41.7% maximum dissimilarity. We grouped
12 genotypes into four clusters using unweighted pair group method with arithmetic mean (UPGMA). These four main clusters are
distinctly dissimilar to each other on the based of genetic characters. Thus, the findings of this research could be used for envisaging

promising mungbean genotypes and developing waterlogged-tolerant mungbean variety(s).
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Introduction Excess water generally causes hypoxia or even an-
oxia around roots due to the rapid consumption and

Mungbean (Vigna radiata L. Wilezek) is rec- slow diffusion of oxygen. As a result, plants suffer

ognized as one of the most promising pulse crops
but its large-scale adoption is constrained by many
biotic and abiotic stresses. Among abiotic stresses,
waterlogging affects more than 1700 Mha of land
worldwide [1]. It is anticipated that both the fre-
quency and severity of floods will be increased in
many places in the world due to climate change [2].
Possibly flooding or waterlogging will largely affect
mungbean cultivation in the future, although some
genotypes are found tolerant to waterlogging and
capable of recovering from flooding injury [3.4].
258

from devoid of energy [5] and eventually, uptake of
water and nutrients is restricted [6]. A greater yield
loss has been reported when the young plants are
subjected to waterlogging [7]. Therefore, climate
change-induced aggravation of waterlogging situa-
tions can further promote decreasing of mungbean
production which is assumed an extraordinary chal-
lenge for its sustainable cultivation [8].

Many researchers conducted studies on the re-
sponses of mungbean genotypes to waterlogging and
reported several morpho-physiological disturbances
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[4, 9-11]. However, such responses are much pro-
nounced in waterlogged-sensitive genotypes because
of a slow recovery in photosynthesis and physiologi-
cal traits, while a high photosynthetic rate and better
physiological function were found in tolerant geno-
types [10]. Therefore, searching waterlogged-toler-
ant genotypes and efforts to develop variety(s) ca-
pable of withstanding waterlogged situations are un-
derway. Several molecular techniques are followed
to develop crop variety(s) tolerant to many abiotic
stresses but such techniques are hardly applied in
mungbean due to a lack of genetic information of
the crop. Developing the sequence of the mungbean
genome would probably be an important source of
genetic improvement of the crop [12].

DNA markers are needed for creating genetic maps
and to locate the exact loci of the targeted gene(s) [13].
Some established molecular DNA markers are RFLP
[14], RAPD [15] and SSR [16]. Simple sequence re-
peats (SSR) are repetitive DNA sequences that can
represent the whole genome of an organism [17]. SSR
marker is recognized as an influential tool for the eval-
uation of diverse plant genetic resources [18-19], spe-
cies identification [20] and gene mapping [21]. Some
SSR markers have been developed in mungbean [22]
which does not prove to be adequate to fulfill the de-
mand of the scientific community [23]. Moreover,
comparatively better polymorphism has been ob-
served between Vigna species, while lower diversity
was detected within the species.

Waterlogging for a few days can damage mung-
bean plants and results in significant yield losses.
Therefore, it is important to understand the traits that
can improve waterlogging tolerance, and the genes
and proteins underlying these traits. Under global
waterlogging nature accompanying climate change,
it is evident to enhance our knowledge on waterlog-
ging tolerance which will facilitate to development
of flood-tolerant varieties [24]. Therefore, this study
was undertaken to identify morphological traits for
waterlogging tolerance under field conditions to-
wards improvement and sustainable use of mungbean
biodiversity and to characterize mungbean genotypes
at a molecular level using SSR markers.

Materials and methods
Study location

The experiment was carried out at the Field Re-
search Site and Genetics and Plant Breeding Lab of
Bangabandhu Sheikh Mujibur Rahman Agricultur-
al University (BSMRAU), Gazipur from February
2015 to June 2016. The experimental site is located
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at 24°02'15.06"N latitude and 90°23'45.80" E longi-
tude. The area belongs to high terrace of Madhupur
Tracts of Bangladesh.

Experimental layout

Twelve mungbean genotypes and two waterlog-
ging treatments (waterlogging and non-waterlog-
ging control) were the treatment variables. A total
of 72 plots were prepared to assign all the treatment
combinations. The experiment was a randomized
complete block design and replicated three times.
The experimental unit size was 1.2x1.2 m. They
were surrounded by raised boundaries covered with
polythene sheets to prevent water leakage from the
waterlogging treated plots.

Plant materials

Twelve mungbean genotypes viz. GK48, GK65,
BARI mung 4, BARI mung 6, ACC 12890085,
ACC 12890054, BU mug 4, VC 1160-A, VC 6173-
A, IPSA-13, GK63 and IPSA-15 were used in this
experiment. All the genotypes showed different de-
grees of tolerance in the previous studies.

Raising of seedlings and treatment
imposition

Three seedlings were raised per hill maintaining
a distance from the line to line 30 cm and plant to
plant 10 cm. To maintain a uniform size of the seed-
lings, the seedlings were reduced two times keeping
vigorous healthy ones. Waterlogging treatment was
applied at 25 days after emergence (DAE) main-
taining waterlogging depth of 2-3 cm for three days.
Thereafter, the excess water was drained out from
the waterlogged plots. These three days of water-
logging with seven days prolonged saturated peri-
ods (25-35 DAE) were considered as the waterlog-
ging period. The period 35-45 DAE was considered
as first recovery period and that of 45-55 DAE as
second recovery period. On the contrary, optimal
soil moisture was provided to the plant retained as a
control. The first sampling was done on the day of
waterlogging (25 DAE) and continued the sampling
at 10 days intervals up to 55 DAE in both water-
logged and non-waterlogged plants.

Estimation of RGR and WT:

Relative growth rate (RGR) of plant components
i.e. root, stem and leaf etc. were calculated accord-

259



N. J. Neashat et al.

ing to Gardner et al. [25]. Waterlogging tolerance
(WT) of each plant component was calculated ac-
cording to Chen and Burton [26]: WT= RGR (wa-
terlogged)/ RGR (control)*100.

Yield attribute and seed yield

The maturity stage, pods were harvested from
the plant and data regarding the branches per plant,
number of pod per plant, number of seeds per pod,
1000-seed weight and seed yield and harvest index
were recorded for waterlogged and control plants in
each genotype.

SSR markers and DNA extraction

Four SSR markers (VR 188, VR 225, VR 276
and VR 304) with clear amplifications were select-
ed for genetic diversity analysis of twelve mung-
bean genotypes. One gram young leaf tissue collect-
ed from 2-weeks old seedlings was powdered under
liquid nitrogen in a mortar and pestle, and the DNA
was extracted employing modified CTAB method
[27]. DNA quantification and quality measurement
were done as per procedures described by Huda et
al. [19] and a working concentration of 25 ng/ul
was made.

Polymerase chain reaction (PCR)
amplification

A 25 pl mixture was prepared for the PCR reac-
tion containing 3 pl template DNA, 2.5 pl of 10x
buffer, 2.5 mM dNTPs and 25 mM MgClL,, respec-
tively, 1.25 pl for both forward and reverse primers,
and 0.3 pl of Taq polymerase. PCR fragment size
was assessed using DNA molecular weight mark-
er. The PCR reaction was performed at 95°C for 5
min and then for 42 cycles of 95°C for 45 sec, 55°C
for 45 sec, 72°C for 1 minute and finally 72°C for
5 min. The products were electrophoresed through
1% agarose gel and subjected to photography on a
UV transilluminator. Scoring of genomes was done
considering the presence or absence of polymorphic
bands. A UPGMA method was followed to indexing
genetic variation and constructing a dendrogram.

Statistical analysis

The data collected were subjected to analysis of
variance (ANOVA) by using Statistix 10 program.
Besides, Microsoft Excel was used to estimate
standard deviation (SD) and standard error (SE).
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For cluster analysis, computer software SPSS 16
was used. The Analysis of Variance (ANOVA) was
performed for various plant traits and means were
separated by the Duncan’s Multiple Range Test
(DMRT). For molecular characterization,computer
software DARwin was used.

Results and discussion
Waterlogging tolerance in root

The relative growth rate (RGR) of the plant roots
both waterlogged and non-waterlogged plants of
12 mungbean genotypes during waterlogging, first
recovery period and second recovery period have
been illustrated in Table 1. Waterlogging affect-
ed the RGR of the roots in all the genotypes and
showed waterlogging tolerance (WT) values much
low. However, most of the genotypes showed higher
WT values during 35-45 DAE indicating a remark-
able recovery in root growth after the termination
of waterlogging. During the period 45-55 DAE, the
genotypes ACC12890085, ACC12890054, BUmug
4, VC 1160-A, VC 6173-A, GK 63 and IPSA-15
showed much recovery in root growth and show-
ing WT values more than 100. The greater increase
in RGR of waterlogged plant roots indicated the
development of adventitious roots after damaging
the original ones. A faster formation of adventitious
roots at the early stage is a common response of wa-
terlogged-tolerant crop species [28, 29].

Waterlogging tolerance in total plants

Waterlogging affected the RGR of total plants
in all the genotypes and showed much low or even
negative WT values (Table 2). However, RGR of
the waterlogged plant either increased or decreased
to some extent depending on the genotypes during
the recovery period of 35-45 DAE that indicated the
genotypic differences in WT were not pronounced
immediately after termination of waterlogging.
However, a remarkable recovery in RGR of total
plants was found during 45-55 DAE in almost all
genotypes. The genotypes BU mug 4 and GK 63
showed the negative FT indexes during 35-45 DAE
had the FT indices 200 and 141 respectively during
45-55 DAE. Other genotypes also performed sim-
ilarly. A plausible explanation of such a rapid in-
crease in RGR can be explained by the fact that the
genotypes expended the accumulated dry matter
quickly produced through adventitious roots and
then eventually utilized that in producing shoot dry
matter during the second recovery period.
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Yield attributes and seed yield

Yield contributing characters and seed yield of
twelve mungbean genotypes as affected by wa-
terlogging are presented in Table 3. The number
of branch plant’, number of pods per plant’, seed
yield plant'and harvest index was significantly
affected by waterlogging, where seed weight was
not significantly affected. The number of branch-
es plant’! was more vulnerable to waterlogging and
showed 17-64% reduction. There was great varia-
tion among genotypes in producing pods plant that
ranged from 3.03 to 11.58 in waterlogged plants
and 5.75 to 21.25 in control plants. The genotype
ACC12890054 produced the highest number of
pods plant! under waterlogging situation and con-
trol conditions. The variation of seed weight due
to waterlogging was not comparable for both wa-
terlogging and non-waterlogged plants. However,
genotypes and GK 63 produced bolder seeds in wa-
terlogged situations. 11 Ahmed et al. (2002) found
that waterlogging reduced seed yield by reducing
the number of pods plant! rather than reduced the
number of seeds pod’ or seed weight.Irrespective
of waterlogging treatment, seed yield showed a sig-
nificant variation across the genotypes. The geno-
types produced 0.34 to 1.56 ton ha' under water-
logged and 2.33 to 3.88 ton ha' under control condi-
tion. Waterlogging induced reduction in seed yield
ranged between 54 to 87% depending on genotypes.
The genotypes ACC12890085 and ACC 12890054
that showed better tolerance to waterlogging gave
the highest yield (46% relative to control) followed
by BUmug 4 and VC 6173-A. From Table 3, the
harvest index HI was changed remarkably due to
waterlogging treatment. The genotype GK 48 had
the lowest harvest index which indicates that it had
the lowest economic yield due to the negative effect
from waterlogging. The genotype ACC12890054
had and the highest HI (90% of control). It means

HIERARCHICAL CLUSTER ANALYSIS
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that this genotype showed tolerance to waterlogging
and gave the highest economic yield. Therefore,
ACC12890054 is the best among the genotypes in
respect of yield performance under waterlogging
situations.

K-means cluster analysis

K-means non-hierarchical cluster analysis was
performed using eight quantitative plant characters
i.e. waterlogging tolerance of stem, leaf, root and to-
tal biomass, relative root-shoot ratio, pods per plant,
harvest index and grain yield for grouping 12 mung-
bean genotypes. The correlation coefficient values
with grain yield were low for other plant characters
and they were excluded from multivariate analysis.
A dendrogram was prepared on the basis of cluster
analysis (Figure 1). The tree was cut at the rescaled
distance of 5.0 to produce classes that were maxi-
mally related to other specific variables of interest.
Thereafter, the genotypes were grouped into four
clusters. Cluster 1 is comprised of genotype GK 48
which is characterized by the lowest relative value
in all the eight plant characters (Table 4). Cluster
2 contains five genotypes viz. ACC12890085, ACC
12890054, VC 1160-A, VC 6173-A and GK 63 those
are characterized by the highest relative root-shoot
ratio (47.2) and harvest index (73.5). All other plant
characters performed well and the genotypes gave
better grain yield relative to control. Cluster 3 in-
cludes genotype BU mug 4 having the highest wa-
terlogging tolerance of stem, leaf, root and total bio-
mass as well as pods per plant (65.4) and concurrent-
ly gave the highest relative grain yield (41.9). Cluster
4 genotypes viz. GK 65, BARImung 4, BARImung
6, IPSA-13, IPSA-15 were mainly characterized by
the moderate plant characters which were higher than
that of cluster 1 genotypes. In the clustering pattern,
cluster 3 genotype performed better followed by
cluster 2 genotypes.
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Fig 1. Graphical illustration of hierarchical cluster
analysis of mungbean genotypes using dendrogram
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Table 4. Comparison profile of the genotypes grouped under four clusters

) Clusters

Plant traits 1 ‘ 2 ‘ 3 )

No. of genotypes 1 5 1 5

Waterlogging tolerance of stem 22.5 114.8 179.4 79.5
Waterlogging tolerance of leaf 27.1 132.1 161.0 100.2
Waterlogging tolerance of root 2.5 148.3 239.1 66.0
Waterlogging tolerance of total biomass 32.1 129.7 198.6 86.5
Root shoot ratio 28.0 47.2 25.0 41.6
Pods per plant 29.8 57.0 65.4 53.5
Harvest index 31.1 73.5 72.7 70.7
Grain yield 14.5 37.1 41.9 322

Molecular characterization through SSR
markers

Four SSR markers were used in this study. The
details of the used primers and molecular diversity
present among mungbean genotypes are presented
in Table 5. VR188 and VR 225 primers produced
three bands. VR276 and VR 304 primers produced
two and four bands, respectively. The selected four
primers generated twelve bands in total where all
the twelve bands were polymorphic. PIC (Polymor-
phism Information Content) value indicates primer
effectiveness. All PIC values of primers were above
or almost equal to 0.5 indicating that the primers
were effective. Maximum PIC value was found for
VR 276, while the minimum was for VR 225.

A dissimilarity matrix was constructed using the
binary data obtained through SSR analysis with a
view to observe the genotypic relatedness. The
lowest pair-wise estimate of dissimilarity was found
to be 0.000 while the highest was 0.417 (Table 6).
The highest value was observed for 16 pairs of
mungbean genotypes (0.417). Each pair showed
41.7% maximum dissimilarity in their genotypic

characters. The lowest dissimilarity (0%) was found
for four pairs of mungbean genotypes such as GK
65 and ACC12890085, BARI mung 6 and BARI
mung 4, IPSA-13 and VC 1160-A, GK 63 and VC
6173-A. They bear the same genotypic character
in each pair of genotypes. A significant amount of
genetic divergence was found within the mungbean
genotypes as exposed by the dissimilarity matrix.
Genetic similarities served as the source of
creating the cluster diagram. Nei’s similarity
coefficients clustered the 12 genotypes into four
different groups (Figure 2). These four main clusters
are distinctly dissimilar to each other. Cluster (I)
divided into subcluster A and B (Table 7). Subcluster
A further divided into subcluster AA and AB.
Subcluster AA is also divided into subcluster I and
II, which have some similar genotypic characters.
Subcluster 1 involved two mungbean genotypes
as IPSA-13, VC 1160-A. Genotypic characters of
these genotypes are mostly similar to each other.
Subcluster I includes one mungbean genotype IPSA
-15. Subcluster AB includes GK 63, VC 6173-A
genotypes; they have some similar characteristics but
also showed some dissimilar genotypic characters.

Table 5. List of primers and molecular diversity among the studied mungbean genotypes

SSR Sequence Total  Polymorphic Monom- PIC
Primers no. of  bands orphic bands value
bands “No. o No. %

VR 188 F ATACAAGGGCAGGTGTAGCATC R 3 3 100 0 0 0.6287
CAGAAAACTTCATCCCCAGCTA

VR 225 F CAGCAACAGAACTACAATCCCA 3 3 100 0 0 0.4910
R CGGCAATCCTCCTATATTCATT

VR 276 F TTGATCCTTGTATTGGATGGTG 2 2 100 0 0 0.6832
R GTGGGATTTCTGGTTTTGTTGT

VR 304 F GAAGCGAAGAAGCCATAGAAAA 4 4 100 0 0 0.5065

R CCTCACACACAACACAACAGAA
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Cluster II has one genotype BU mug 4. Cluster 111
is divided into subcluster A2 and B2. Subcluster
A2 is also divided into subcluster I and II, based
on their genotypic characters, which are dissimilar
to each other. Subcluster I has two genotypes as
BARImung 6, BARImung 4 and subcluster II has
two genotypes ACC 12890085 and GK 65, they
have same genotypic character. Subcluster B2 in the
cluster I1I has GK 48. Cluster IV has ACC12890054
mungbean genotype. The genotype bear distinctly
different character compared to other genotypes.
The distinct clusters were constructed based on
morphological and molecular data. Although the
total number of clusters is the same the genotypes
included in the clusters for morphological and
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molecular data were not the same. The dendrogram
obtained from the SSR markers must be more
discriminatory and highly polymorphic and thus,
more informative than the one obtained from
morphological characterization. Although, the
dendrogram generated from the morphological data
has provided an overall pattern of variation as well
as the degree of relatedness among the genotypes,
variation in environmental conditions should be
taken into consideration. Moreover, SSR markers
are sequence-specific. The targeted region may not
control the morphological traits studied. Including
more morphological traits and SSR markers
representing the whole genome of mungbean may
provide a similar dendrogram pattern.

Table 6. Dissimilarity matrix of mungbean genotypes analyzed using Nei's original measures
of genetic identity

Genotype GK GK BARI BARI ACC ACC BU vC vC IPSA GK IPSA
48 65 mung mung 128900 128900 mug4 1160-A 6173- -13 63 -15
4 6 85 54 A
GK 48 1.000
GK 65 0.167 1.000
BARImung 4 0.250 0.084 1.000
BARImung 6 0.250 0.084 0.000 1.000
ACCI12890085 0.167 0.000 0.084 0.084 1.000
ACCI12890054 0.167 0.167 0.250 0.250 0.167 1.000
BUmug 4 0.250 0.250 0.167 0.167 0.250 0.084 1.000
VC 1160-A 0.417 0417 0.333 0333 0417 0.250 0.167 1.000
VC 6173-A 0.417 0.417 0.333 0333 0417 0.417 0333 0.167 1.000
IPSA -13 0.417 0.417 0.333 0333 0417 0.250 0.167 0.000 0.167 1.000
GK 63 0.417 0.417 0.333 0333 0417 0.417 0333 0.167 0.000 0.167 1.000
IPSA -15 0.333 0333 0.417 0417 0.333 0.167 0.250 0.084 0.250 0.084 0.250 1.000
] IPSA-13
VC 1160-A
IPSA -15
] GK 63
| VC6173-A
BU mug 4
[ BARI mug 6
BARI mug 4

ACC 12890054
1

ACC 12890085

J- GK 65

GK 48

Fig 2. Dendrogram (UPGMA) pattern of SSR analysis in different mungbean genotypes
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Table 7. Distribution of twelve mungbean genotypes in different clusters

Cluster Genotypes included in No. of
different clusters genotypes in

cluster
I Sub cluster Sub Sub cluster I IPSA -13, VC 1160-A 2
A cluster I°g 1 Juster II | IPSA -15 1

AA

Sub cluster AB GK 63, VC 6173-A 2
II BUmug 4 1
IIT | Sub cluster Sub cluster I BARImung 6, BARImung 4 2
A2 Sub cluster IT ACC12890085, GK 65 2
Sub cluster B2 GK 48 1
v ACC12890054 1

Table 1. Relative growth rate and waterlogging tolerance of plant root in twelve mungbean genotypes
subjected to soil waterlogging

Genotype Relative growth Root
rate Waterlogging Recovery period  Recovery period
(RGR, g/g/day) Period (35-45 DAE) (45-55DAE)

(25-35DAE)

GK 48 RGR waterlogged 0.047(27) 0.065(57) 0.003(3)
RGR control 0.176 0.114 0.122

GK 65 RGR waterlogged 0.082(55) 0.053(60) 0.053(69)
RGR control 0.150 0.088 0.07

BARImung 4 RGR waterlogged 0.019(14) 0.062(72) 0.067(94)
RGR control 0.131 0.085 0.072

BARImung 6 RGR waterlogged 0.038(35) 0.055(45) 0.004(10)
RGR control 0.109 0.123 0.041

ACC12890085 RGR waterlogged 0.031(30) 0.105(88) 0.099(161)
RGR control 0.102 0.119 0.062

ACC12890054  RGR waterlogged 0.079(71) 0.040(41) 0.120(157)
RGR control 0.112 0.099 0.076

BUmug 4 RGR waterlogged 0.017(9) 0.035(32) 0.110(238)
RGR control 0.184 0.111 0.046

VC 1160-A RGR waterlogged 0.023(20) 0.044(37) 0.165(178)
RGR control 0.115 0.120 0.093

VC6173-A RGR waterlogged 0.071(73) 0.043(63) 0.087(125)
RGR control 0.097 0.069 0.069

IPSA-13 RGR waterlogged 0.063(61) 0.058(74) 0.027(50)
RGR control 0.104 0.079 0.054

GK 63 RGR waterlogged 0.064(51) 0.020(24) 0.065(119)
RGR control 0.126 0.080 0.054

IPSA-15 RGR waterlogged 0.080(58) 0.049(75) 0.103(108)
RGR control 0.138 0.066 0.096

The numerical values in the parenthesis indicate waterlogging tolerance (WT) calculated as the percent
ratio of RGR of waterlogged and RGR of control plants.
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Table 2. Relative growth rate and waterlogging tolerance of total plant in twelve mungbean genotypes
subjected to soil waterlogging

Genotype Relative growth rate Total plant

(RGR, g/g/day) Waterlogging Recovery period ~ Recovery period
Period (35-45 DAE) (45-55DAE)
(25-35DAE)

GK 48 RGR waterlogged 0.074(55) 0.045(45) 0.044(32)
RGR control 0.135 0.099 0.137

GK 65 RGR waterlogged 0.076(59) 0.040(53) 0.067(122)
RGR control 0.127 0.075 0.055

BARImung 4 RGR waterlogged 0.079(54) 0.024(36) 0.085(89)
RGR control 0.145 0.065 0.095

BARImung 6 RGR waterlogged 0.064(52) 0.020(22) 0.036(64)
RGR control 0.124 0.091 0.056

ACC12890085 RGR waterlogged 0.004(4) 0.077(68) 0.098(114)
RGR control 0.090 0.113 0.086

ACC12890054 RGR waterlogged 0.081 (65) 0.042(52) 0.118(115)
RGR control 0.125 0.081 0.102

BUmug 4 RGR waterlogged 0.049(39) -0.010(-11) 0.141(200)
RGR control 0.126 0.090 0.071

VC 1160-A RGR waterlogged -0.007(-5) 0.025(40) 0.183(153)
RGR control 0.143 0.062 0.120

VC 6173-A RGR waterlogged 0.047(47) 0.032(37) 0.101(125)
RGR control 0.100 0.087 0.081

IPSA-13 RGR waterlogged 0.045(34) 0.046(51) 0.058(79)
RGR control 0.132 0.090 0.074

GK 63 RGR waterlogged 0.030(26) -0.004(-5) 0.099(141)
RGR control 0.117 0.082 0.070

IPSA-15 RGR waterlogged 0.036(33) 0.035(63) 0.083(79)
RGR control 0.109 0.056 0.106

The numerical values in the parenthesis indicate waterlogging tolerance (WT) calculated as the percent
ratio of RGR of waterlogged and RGR of control plants.
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Table 3. Effect of waterlogging on yield and yield attributes of mungbean genotypes

Genotype Waterlogging Branch Pods 1000-Seed Seed Yield  Harvest

level Plant’! Plant’! Weight Plant’! Index
(no) (no) (g (ton ha)

GK 48 Waterlogged  0.50(58)  3.33(31)  30.92(93)  0.34(13) 0.14(32)
Control 0.83 11.17 33.40 2.34 0.45

GK 65 Waterlogged 1.42(64)  7.96(65)  33.86(88)  1.05(30) 0.26(61)
Control 2.17 14.00 39.33 3.27 0.42

BARImung 4 Waterlogged 0.98(36) 5.23(32)  30.40(94)  0.68(23) 0.20(55)
Control 2.83 18.92 32.30 3.22 0.37

BARImung 6 Waterlogged  0.92(50) 4.56(55)  48.35(103) 0.97(39) 0.31(88)
Control 1.92 9.25 47.00 2.48 0.35

ACC12890085  Waterlogged 0.83(53) 5.07(92)  49.59(98)  1.07(46) 0.29(77)
Control 1.67 5.75 50.87 2.33 0.37

ACC12890054  Waterlogged 1.67(78) 11.58(54) 32.76(96)  1.56(46) 0.33(90)
Control 2.17 21.25 34.16 3.37 0.37

BUmug 4 Waterlogged  1.25(51)  7.68(72)  36.46(95)  1.12(43) 0.32(72)
Control 2.33 11.75 38.27 2.67 0.44

VC 1160-A Waterlogged 1.75(83)  6.84(41)  30.67(99) 1.18(30) 0.30(76)
Control 2.25 16.75 31.07 3.88 0.40

VC 6173-A Waterlogged 1.75(80)  7.21(76)  39.24(85)  1.08(42) 0.30(75)
Control 2.25 10.00 46.65 2.54 0.40

IPSA-13 Waterlogged 0.67(58)  5.06(84)  48.44(84) 0.91(34) 0.31(70)
Control 1.17 6.58 58.04 2.70 0.44

GK 63 Waterlogged 0.67(61)  3.03(30)  37.26(103) 0.48(20) 0.20(49)
Control 1.08 10.33 36.48 2.33 0.40

IPSA-15 Waterlogged 1.25(64)  7.06(86)  34.25(96)  1.04(36) 0.33(77)
Control 2.08 12.42 35.58 2.97 0.42
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Conclusion

The different morpho-physiological traits of
mungbean were found susceptible to waterlog-
ging, although genotypic variation in improving
the waterlogging tolerance during recovery stages
was highly evident. The recovery of the depressed
plant traits was satisfactory and correlated well with
yield and yield contributing characters and hence
gave better yield in some genotypes. The dendro-
gram obtained from the SSR markers was more dis-
criminatory and highly polymorphic and thus, more
informative than the one obtained from morpho-
logical characterization. Further systematic studies
are needed under field conditions to improve wa-
terlogging tolerance of the selected genotypes for
sustainable cultivation. A series of molecular lab ex-
periments with more primers representing the who-
legenome are essential as a step towards the gene-
tic improvement of mungbean under soils waterlo-
gging environment.
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