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Original Research Article
Genetic variability for water logging and salinity tolerance in pigeonpeaCajanus cajan
(L.) Millsp.) under in vitro and in vivo conditions

Pigeonpeaajanus cajan (L.) Millsp.) genotypes acquired from diverse s@s;cwere screened
for water logging and salinity tolerance under l&bory (60 genotypes) and field conditions (28
genotypes). Analysis of variance revealed sigmificdifferences among the genotypes for
various traits. Based on vigour index, six genosyp&l 1756, AL 1849, AH-06-7, H-2000-14,
H-2003-14, ICP 5028) were found highly tolerant, thlerant, 24 moderately tolerant, 12
sensitive and eight highly sensitive to water loggiln case of salinity treatment, none of the
genotypes was found highly tolerant, however, searotypes (AL 1849, AH-06-7, H-2000-14,
H-2001-25, H-2003-14, ICP 5028, JBP 110B) were tbtolerant, 14 moderately tolerant, 17
sensitive and 22 highly sensitive. Mean valuesgenmination%, seedling length, seedling dry
weight and vigor index were generally lower in si@ji treatment than water logging treatment.
Based on results of laboratory studies, 28 genstypere screened in pot/field for tolerance to
water logging and salinity and were categorizedhmnbasis of plant survival percentage after
treatments. Based on plant survival, four genoty@ds 15, AL 1849, H-2000-14, H-02-28)
were found highly tolerant, five tolerant, nine mecately tolerant, four sensitive and six were
found highly sensitive in water logging treatmelnt.case of salinity treatment, none of the
genotypes was found highly tolerant, however, senaypes were found tolerant, five
moderately tolerant, three sensitive and 14 weoadohighly sensitive. Based on higher plant
survival (%) under both water logging and salinadibons, common genotypes were identified
for their further use in breeding programme.

Key words: Pigeonpea, water logging, salinity, tolerance, tbstresses

INTRODUCTION

Pigeonpeaajanus cajan (L.) Millsp.) is an important legume crop widelyogvn in many parts

of Indian sub-continent. It is mainly used as hurf@od, animal feed and an effective green
manure crop. It is adapted to a wide range of enwirents and cropping systems. Major abiotic
stresses encountered by pigeonpea are water loggihgity and drought. These abiotic stresses
adversely affect its productivity causing severadjilosses (Abdul et a2006, Rodriguez et al
2005). Pigeonpea is reported to be highly sensibweater logging (Chauhan et 4B97; Perera

et al 2001) and salinity (Rao et.al981, Subbarao et.al991). Water logging and salinity
stresses are important yield constraints in pigeargs water logging blocks oxygen supply to
roots which hampers root permeability (Else et2801) and salinity impairs seed germination,

reduces nodule formation, retards plant developraedtfinally reduces crop yield (Greenway &
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Munns 1980). It is reported that germination andiyegegetative growth stages in pigeonpea are
more affected by water logging than the floweritage (Singh et all986). Water logging is
reported to delay flowering, reduce vegetative dipwphotosynthetic rate, biomass and grain
yield (Chauhan et all997, Matsunaga et.al996, Takele and McDavid 1995, Sarode et al
2007). It has also been reported that short duratarieties of pigeonpea are more prone to the
risk of yield reduction due to water logging as @amed to medium or long duration varieties
(Matsunaga et al. 1991). Soil salinity is anothexjan abiotic stress that affects plant growth,
development and vyield by causing physiological &mthemical changes in plants (Munns
2002). It leads to osmotic stress and interfereth wiineral nutrients uptake (Chikelu et al
2007). Seedling and reproductive stages in plamtsrainly affected by salinity stress (Munns
and James 2003). Salinity together with water loggian cause deleterious effects in plants
posing major threat to crop productivity (Barretdrinard 2003). These two abiotic stresses are
related with each other as water logging resultase of water table causing development of
salinity in many parts of India (Choudhary et &12). A large genetic variation has been found
in different cultivated and wild species of pigeeapfor salinity tolerance (Rao et al. 1981,
Karajol and Naik 2011). In spite of the fact thaitlb these stresses pose serious threat to
pigeonpea production, very few efforts have beedena identify tolerant sources (Pereraa et al.
2001; Sarode et al2007). Thus, it becomes important to identify ttheerse sources of
pigeonpea tolerant to water logging and salinitgsstes to develop high yielding and tolerant
cultivars keeping in view the present climatic citiods (Ceccarelli et al. 2010). Therefore, the
present study was undertaken to screen and idepitfgonpea genotypes tolerant to water

logging and salinity stresses under biotkitro andin vivo conditions.

MATERIALS AND METHODS

Experimental material

The experimental material comprised a set of 6Ggngea genotypes, including advance
breeding lines and some commercially released veuttj acquired from different sources
namely, International Crops Research InstituteSemi-Arid Tropics (ICRISAT), Patancheru;

CCS Haryana Agricultural University, Hisar; Indi&gricultural Research Institute, New Delhi

and Punjab Agricultural University, Ludhiana.

In vitro screening
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The 60 genotypes were evaluated undevitro conditions in the laboratory of Department of
Plant Breeding and Genetics, Punjab Agriculturaliversity, Ludhiana, India, using two
treatments viz., water logging and salinity stressaring rainy seasons of 2012-13 and 2013-14.
The water logging treatment comprised distilled evathile the salinity treatment was having
30mM NacCl solution. Prior to the treatment, seefddifberent genotypes were surface sterilized
with 0.1% mercuric chloride (0.1g Hg&lissolved in 100 ml water) for 1-2 minutes anddeal
chlorine was eliminated by rinsing the seeds wihile distilled water several times. Seeds were
submerged in beaker containing 200 ml normal teskiWvater in case of water logging treatment
and in 200 ml 30mM NacCl solution in case of sajirtieatment, respectively, for 7 days (168
hrs). After the submergence treatment, seeds weea placed in sterilized petri-plates
containing germination paper moistened with destiliwater. For each genotype, 3 replications
each were kept for both the treatments using 18ssper replication. Petri-plates were then kept
in BOD incubator maintained at 25%C for 7 days.

Observations

Data were recorded after 7 days of incubation @ahlbhe treatments for germination%, seedling
length (plumule and radicle), seedling dry weigptufhule and radicle) and vigor index.
Germination count was recorded by counting the remub germinated seeds out of the total
seeds. Seed was considered to be germinated whengiemradicle elongated upto 1mm length
and then average germination percentage was cothpSeedling length was recorded by
measuring the length of plumule and radicle andilseg dry weight was recorded after drying
them in oven at 60°C for 3 days. Vigor index waswated using the formula: Vigor Index (V1)

= mean germination% X mean seedling dry weight (rBglsed on vigour index, the genotypes
were categorized as highly tolerant (VI=>2000)etaht (VI=1501-2000), moderately tolerant
(VI=1001-1500), sensitive (VI=501-1000) and higkbnsitive (VI=%500).

In vivo screening

Based on results of laboratory screening, a se8ofjenotypes, including highly tolerant to
highly sensitive, was chosen forvivo screening in the pots/field. Plants of 28 genatypere
raised in 27 cm diameter plastic pots containingk#@jOof soil fertilized with recommended
fertilizers as per package of practices for pigeanseeds of each genotype were sown in pots
and replicated thrice for both water logging anlihés treatments. After germination, six plants

were maintained finally for recording observatioAfter 30 days of sowing, the pots were kept
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for 5 days in ponds of 20 ft x 10 ft size contaqimormal water (water logging) and 30 mM
NaCl solution (salinity). The water level was mained at top surface level of pots. Five days
after the water logging and salinity treatmentgspeere removed from the ponds and placed on
ground for the recovery of plants.

Observations

Survival of plants was recorded after 5 days aea tihe final survival was recorded one month
after water logging and salinity treatments. Chidrgl content of plants on the third leaf from
the top of plant was measured with SPAD (502-phefpre and 5 days after the water logging
and salinity treatments. In each replication thpdents were taken randomly for recording
chlorophyll content. Percent reduction in chlordplegpntent was calculated using the formula:
Reduction in chlorophyll content (%) = (chlorophybntent before treatment chlorophyll
content after treatment)/chlorophyll content beftreatment X 100. As suggested by Dua
(1992), the genotypes were categorized based ah giant survival% (PS), as highly tolerant
(>90% PS), tolerant (75-90% PS), moderately tokead-74% PS), sensitive (25-49% PS) and
highly sensitive (<25% PS). Data on initiation acmmpletion of leaf senescence were also
recorded visually after water logging and saliigatments.

Experimental design and statistical analysis

Both the experimentsr(vitro andin vivo) were conducted following Completely Randomized
Design with three replications. The analysis ofiarare (ANOVA) was performed on single year
data as well as on pooled data of two years udstgscal analysis as per the procedure given
by Snedecor and Cochran (1989) and adapted by GhaethSingh (1991) using the following
equation: Y= p +1; + &, where: Y; is the I" observation of the"itreatmenty is the population
mean,t; is the treatment effect of th® treatment, and;is the random error. All comparisons
were made at 5% level of significance. The cori@hatoefficients were also worked out among

the various traits following Al-Jibouri et al. (18p

RESULTS

In vitro screening

Analysis of variance, performed on single year datavell on pooled data of two years, revealed
significant differences among the genotypes fothaltraits studied viz., germination%, seedling
length, seedling dry weight and vigor index undethbwvater logging and saline conditions (data
not shown). In case of water logging conditiong,g@notypes viz., AL 1756, AL 1849, AH-06-
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7, H-2000-14, H-2003-14 and ICP 5028 were fountdigkly tolerant, 10 genotypes (AL 15, AL
1758, AH-06-9, AH-06-12, H-2001-25, H-02-28, ICPBZ3 ICPA 2039, ICPL 20128, JBP
110B) as tolerant, 24 as moderately tolerant, 1easitive and eight as highly sensitive (Table
1). Under saline conditions, none of the genotypwas found to be highly tolerant, however,
seven genotypes viz., AL 1849, AH-06-7, H-2000-H42001-25, H-2003-14, ICP5028 and
JBP 110B were found as tolerant, 14 as moderabddyant, 17 as sensitive and 22 as highly
sensitive (Table 1). Data on germination%, seedimgth, seedling dry weight and vigor index
of 28 genotypes including some highly tolerant ighly sensitive genotypes are presented in
Tables 2 and 3, respectively for water logging salthe conditions. It can be seen that genotype
AH-06-7 had the maximum vigor index (2655.0) folledvby H-2000-14 (2636.3), AL 1756
(2099.8) and AL 1849 (2091.0) under water loggimgmdition. The germination% of highly
tolerant and tolerant genotypes was more than T3 of the 60 genotypes, 3 highly sensitive
genotypes recorded zero values for germination®glsey length, seedling dry weight and vigor
index (Data not shown). Under saline conditiong t¢fenotype H-2000-14 had the maximum
vigor index (1841.9) followed by ICP 5028 (1706.#H-06-7 (1668.5) and H-2001-25
(1656.4). Germination of tolerant genotypes wasentban 75%. Of the total 22 highly sensitive
genotypes, five genotypes, having 0-15% germinastowed zero values for seedling length,
seedling dry weight and vigor index (data not shpwiowever, some genotypes like AL 1760,
ICPL 99051 and UPAS 120 recorded comparatively éngjermination% (30-38.5%), but their
vigor index values (180.0-231.0) were very low tluéow seedling dry weight as a result of less
seedling growth after germination due to sensititotsaline conditions.

Overall undein vitro condition, it was observed that mean values ahallgenotypes for
all the traits studied like germination%, seedlieggth, seedling dry weight and vigor index
were lower under saline conditions (63.1%, 6.4ch¥hg, 1090.9; in that order) as compared to
water logging conditions (72.8%, 7.7cm, 19.1mg, 7487in that order). Overall there were 23
genotypes which showed similar reactions, i.e.réole (2 genotypes), moderately tolerant (5
genotypes), sensitive (8 genotypes) and highlyisem$8 genotypes), under both water logging
and salinity conditions. Of the six highly toleraggnotypes under water logging conditions, five
genotypes namely AL 1849, AH-06-7, H-2000-14, H-20@ and ICP 5028 showed tolerant
reaction, whereas one genotype, AL 1756 showed ratalg tolerant reaction to saline

conditions. Of the 10 tolerant genotypes under whigging conditions, two genotypes (H-
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2001-25, JBP 110B) showed the same reaction olerant, while seven genotypes namely AL
15, AL 1758, AH-06-9, AH-06-12, H-02-28, ICPA 2038d ICPL 20128 changed their reaction
to moderately tolerant, and one genotype, ICPL 882nged its reaction to highly sensitive
under saline conditions. Of the 24 genotypes thatved moderately tolerant reaction under
water logging conditions, five genotypes namely AL79, AL 1839, AH-07-3, H-02-59 and
SGBS 6 showed similar reaction (moderately tolgrawhile the remaining 19 genotypes
changed their reaction to either sensitive or lyigieinsitive under saline conditions. On the other
hand, interestingly the genotype AH-09-9, which waend sensitive under water logging
conditions, showed moderately tolerant reactioreanisdline conditions.

Correlation coefficients between various traiterked out for the 28 genotypes studied
underin vitro conditions, are presented in Table 4. The reshitsved highly significant positive
correlation among germination%, seedling lengtledBeg dry weight and vigor index under

both water logging and saline conditions.

In vivo screening
A set of 28 genotypes was also evaluated undet (ielvivo) conditions for chlorophyll content
and plant survival (%) under water logging and rsgli conditions. Analysis of variance,
performed on single year data as well on pooled ddt two years, revealed significant
differences for chlorophyll content before as wadl after treatments, reduction in chlorophyll
content after treatment and for plant survival% amidoth water logging and saline conditions
(data not shown). It was observed that four geredypmamely AL 1849, H-02-28, AL 15 and H-
2000-14 showed 100% plant survival and very ledsiggon (<10.0%) in chlorophyll content,
and thus, categorized as highly tolerant, where@sdgenotypes namely AH-06-12, H-2003-14,
AL 1756, AH-06-9 and AL 1758 showed comparativedgd plant survival (75.0 to 83.0%) and
higher reduction (11.76 to 20.24%)in chlorophylhtent, and thus, categorized as tolerant under
water logging conditions(Table 5). Of the remainit§ genotypes, nine genotypes were
categorized as moderately tolerant, four as sgrsand six genotypes as highly sensitive based
on final plant survival%. The reduction in chlorgfircontent was found to be <10% in highly
tolerant genotypes, while it was >31% in sensitvdighly sensitive genotypes.

In case of saline conditions, none of the genotgbesved more than 90% plant survival,
however six genotypes namely AL 1756, AL 1849, B&-H-2001-25, AL 1758 and AL
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15showed higher plant survival (75-83%)and lesscgdn (<21.0%) in chlorophyll content, and
thus, categorized as tolerant, whereas five geestyamely PAU 881, H-2000-14, H-02-259,
SGBS 6 and H-2003-14 showed moderate plant survawaging from 56.0 to 66.0% and higher
reduction (23.77 to 35.88%) in chlorophyll conteartd thus, categorized as moderately tolerant
under saline conditions(Table 6). Of the remainibg genotypes, three genotypes were
categorized as sensitive and 14 as highly sendiaged on final plant survival. The reduction in
chlorophyll content was also found to be <20% ilerant genotypes, while it was >37% in
sensitive or highly sensitive genotypes.

Of the four genotypes which were found highly tatgrunder water logging condition,
three genotypes, AL 1849, H-02-28 and AL 15, chdnteir category to tolerant, while one
genotype, H-2000-14 changed its category to moelgratlerant under saline conditions. Of the
five tolerant genotypes under water logging coodititwo genotypes (AL 1756, AL 1758) gave
similar reaction, while one genotype (H-2003-14amfped its reaction to moderately tolerant,
and two genotypes (H-06-9, H-06-12) changed thediction to highly sensitive under saline
conditions. Of the nine moderately tolerant genesymnder water logging conditions, three
genotypes (H-02-59, PAU 881, SGBS 6) gave simgarction, while one genotype (AL 1760)
changed its reaction to sensitive, four genotyd€®Il( 332, AH-09-9, AH-06-5, AH-06-7)
changed their reaction to highly sensitive, anéregdgtingly one genotype, H-2001-25, changed
its reaction to tolerant under saline conditions.

In water logging treatment, the leaf senescena¢est@n ' day from the lower part of
plants and moved upwards and was nearly 100% a2day of treatment in highly sensitive
genotypes such as MAL 15, ICP 14085, ICPL99051 HREIL 99050. In case of salinity
treatment, the leaf senescence started"®dda of the treatment in similar fashion as in cafse
water logging treatment and was nearly 100% afterdéy of treatment in highly sensitive
genotypes such as ICPL 14085, ICPL 99051, MAL CF, 6028, ICPL 332, AH-06-9, AH-06-9
and ICPL 99050. In rest of the highly sensitive @gpes, complete leaf senescence was
observed after 15-20 days of treatment. Compaigtiesser leaf senescence was observed in
highly tolerant genotypes, while low to moderataflsenescence was recorded in tolerant or
moderately tolerant genotypes under both wateritapgnd saline conditions.

Chlorophyll content measured before the water iligy@gnd salinity treatments revealed
that the genotype AH-09-9 had the maximum valueg@ibllowed by H-2001-25 (47.3) and
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AH-06-9 (47.2). After water logging treatment, tmaximum chlorophyll content was observed
in AL 1849 (41.3) followed by AH-06-9 (40.5) and @228 (39.3), whereas after salinity
treatment, the maximum chlorophyll content was reéed by H-2001-25 (38.5) followed by AL
1849 (37.6) and AL 1756 (37.3). Overall, there wairee genotypes (highly tolerant or tolerant)
under water logging conditions and six genotypekefant) under saline conditions that showed
<20% reduction in chlorophyll content (Table 5, &n the average of all genotypes under
vivo conditions, it was observed that reduction in abydryll content was higher (36.19%) in
saline conditions compared to water logging condgi(26.78%).

Results of the present study revealed that fiveotyges namely AL 1756, AL 1849, H-
2-28, AL 1758 and AL 15 recorded higher plant sum/(>75%) under water logging as well as
saline conditions, whereas six genotypes namely IEm, ICPL 20128, MAL 15, ICP 14085,
ICPL 99051 and ICPL 99050 were found highly sewmsitinder both conditions. The correlation
coefficients between different traits, worked oat the 28 genotypes studied undervivo
conditions, are presented in Table 7. Plant sul8tivahowed highly significant positive
correlation with chlorophyll content both beforedaafter water logging treatment. The plant
survival also showed highly significant positivergdation with chlorophyll content after saline
treatment, while before saline treatment the cati@h between these two traits was non-
significant. The reduction in chlorophyll contetiosved highly significant negative correlation
with plant survival% and chlorophyll content botiea the water logging and saline treatments.
The reduction in chlorophyll content also showedngicant negative correlation with
chlorophyll content before water logging treatmaenitjle after salinity treatment the correlation
was non-significant between these two traits.

Considering results of botim vitro andin vivo conditions together, one genotype, AL
1849,was found highly tolerant or tolerant undethbeater logging and saline conditions, while
six genotypes namely H-2000-14,H-2003-14, H-02&B, 15, AL 1756 and AL 1758 were
found highly tolerant or tolerant under water loggiand tolerant or moderately tolerant under
saline conditions. Four genotypes namely MAL 15A8P120, ICPL 99050 and ICPL 99051
were found sensitive or highly sensitive to bothtewdogging and saline treatments under

vitro andin vivo conditions.

DISCUSSION
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In the present study a diverse set of 60 genotypas screenedn vitro and significant
differences among the genotypes for all the trsiitslied viz., germination%, seedling length,
seedling dry weight and vigor index for individyedars as well as pooled data clearly indicated
that large genetic variability exists among pigemmgenotypes included in the study for both
water logging and saline conditions. These reswiése in accordance with the results of
previous studies (Dubey and Asthana 1987, Krishmdmwet al. 2012, Sultana et al. 2012).
Interestingly, none of the genotypes was found dohlghly tolerant under saline conditions,
while six genotypes were found highly tolerant undater logging conditions. However, some
of the genotypes showed similar reactions underewhigging and saline conditions, but
majority of the genotypes changed their reactioth siowed lower level of tolerance to saline
conditions as compared to their reaction under miagging conditions. Also the overall lower
mean values for all the traits like germination%edling length, seedling dry weight and vigor
index under saline conditions as compared to watgging conditions. These results indicated
that most of the pigeonpea genotypes used in thgept study were more sensitive to saline
conditions as compared to water logging conditidWater logging results in anoxic conditions
due to which respiration and electron transportiahgbited and ATP formation is decreased
resulting in low seed viability and poor germinati@ohnson et al. 1989; Tsai et al. 1997). Seed
germination rate has been used as phenotypic mimkeelection of salinity tolerant pigeonpea
cultivars (Krishna and Naik 2011) where they obedrgenotypic variability to a greater extent
under salt stress conditions. Earlier in chickgbe, parameters like germination%, radicle and
plumule length and plant survival at maturity héseen found effective in differentiating tolerant
and sensitive genotypes under saline conditiona@én et al. 2012).

The correlation coefficients between various tranticated that genotypes having higher
germination% will generally have higher seedlinggth, seedling dry weight and vigor index.
For instance the genotypes like AH-06-7 and H-2080ecorded higher germination%, also had
higher seedling length, seedling dry weight andrigdex, whereas genotypes like UPAS 120
and MAL 15 recorded lower germination%, also hasldoseedling length, seedling dry weight
and vigor index. Vigor index of seedlings was afsand to be positively correlated with
germination%, root length and seedling dry weightprevious studies (Kumar et al. 2011,
Bharathi and Saxena 2012).
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Severe yield losses are caused by prolonged rhghiaihg rainy season in tropical and
sub-tropical regions. Anoxic soil conditions areduced by excess water and consequently,
plant roots suffer hypoxia or anoxia. Min and Bdoinaew (2005) reported gradual decrease in
relative water content under water logging and tslamilt visually within a few hours of
imposing water logging stress. It is observed thater logging induced decrease in leaf water
potential (Else et al. 1995) and membrane damag&vyRer et al. 2002). Water logging also
caused reduction in stomata conductance and péampissed to water logging exhibit increased
stomata resistance and limited water uptake leatingternal water deficit (Parent et al. 2008).
In case ofn vivo studies, significant differences were observedcfdorophyll content before as
well as after treatments, reduction in chloropleglhtent after treatment and for plant survival%
under both water logging and saline conditionsdathd the existence of large genetic variability
for both water logging and salinity tolerance iiggmnpea. Reduction in survival rate might be
due to anoxia caused by water logging and salstigsses. Interestingly, none of the genotypes
was found highly tolerant under saline conditiond ¢he change in reaction of highly tolerant
genotypes to tolerant and from tolerant reactiodeunwater logging to moderately tolerant
reaction under saline conditions indicated moresisieity of genotypes to saline conditions as
also observed in case wof vitro studies. Overall, the lower mean values for chpgbgdl content
after salinity treatment and plant survival% anghhvalues for reduction in chlorophyll content
indicated that saline conditions adversely affed¢tedphotosynthesis of plants which led to plant
mortality.

The results revealed large extent of genetic ity in pigeonpea germplasm for
tolerance to water logging and salinity stressesetbeon plant survival (%) and reduction in
chlorophyll content (%) under field conditions. $hrariability can be exploited in breeding
programme for developing high yielding cultivars/ing tolerance to water logging and salinity
stress conditions (Dua and Sharma 1996). In ch&kaso, plant survival% was taken as an
important parameter for identifying tolerant gemiy under salinity stress (Dua 1992).
Generally, it has been observed that water loglgiads to low levels of oxygen in plants leading
to internal water deficit. Oxygen deficiency leadsdecline in net photosynthetic rate (Ashraf et
al. 2011) which is due to reduced chlorophyll cohi@nd leaf area (Malik et al. 2001) and also
due to stomata closure under stress (Ashraf andnA2005). Water logging results in wilting,

chlorosis, senescence and abscission of leaveshwhay be due to reduced uptake and
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mobilization of nutrients. Kumutha et al. (2008,02) also reported reduction in chlorophyll
content in pigeonpea genotypes due to water logddegrease in chlorophyll content under
water logging condition was also observed in wi€atlaku and Harrison 2002), maize (Prasad
et al 2004) andvigna sinensis (Younis et al. 2003). The highly significant negatcorrelation
between reduction in chlorophyll content and plsutvival% indicated that high reduction in
chlorophyll after water logging and saline treatitsegisrupted photosynthesis which led to plant
mortality.

The genotype AL 1849 which was found highly tolérantolerant in bothn vitro andin
vivo condition under both water logging and saline cbods and the six genotypes namely H-
2000-14, H-2003-14, H-02-28, AL 15, AL 1756 and A58 which were found highly tolerant
or tolerant in water logging and tolerant or modtEsatolerant under saline conditions can be
further evaluated under field conditions for thatility as cultivar as such or as donor for
breeding for water logging salinity tolerance. amotypes which were found highly tolerant or
tolerant and highly sensitive in both vitro andin vivo conditions under water logging and
saline conditions can be used for developing appatgpopulations for genetic studies. Subarao
et al. (1991) studied comparative salinity tolemmamong pigeonpea genotypes and their wild
relatives. Techniques like embryo rescue and doullaploid breeding were also used to
identify stress tolerant recombinants in pigeonfi&atap et al. 2010). A large genetic variation
was also observed earlier in cultivated and wildecggs of pigeonpea, especiall@.
scarabaeoides, for salinity tolerance (Rao et al. 1981). As ikl relatives of pigeonpea are rich
reservoir of genes for various abiotic stressesluding water logging and salinity tolerance,
they can be exploited for introgressing desiraldaes into cultivated background to minimize
the adverse effects caused by such stresses (Skraia2003). It will help to broaden the
narrow genetic base of pigeonpea which has alwags k limiting factor in its breeding (Yang
et al. 2006; Kumar et al. 2011).

CONCLUSIONS

It is evident from the results obtained from thegent and previous studies that both water
logging and saline conditions affect the germinatimderin vitro conditions and plant survival
underin vivo conditions to varying extent suggesting that edter logging and salinity stresses

alone or together pose a serious threat to pigeompétivation. Thus, a holistic approach
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towards the management of these stresses is négdeeveloping water logging and salinity
tolerant cultivars. Further, there is a need talgtthe genetics of water logging and salinity
tolerance taking lead from the present study andesign appropriate breeding strategies for
developing water logging and salinity tolerant sats by using tolerant genotypes as donors in
breeding programmes to minimize the yield lossesed by these abiotic stresses in pigeonpea.
Some of the genotypes were found promising und#r ilmovitro andin vivo conditions there by
indicating correlation for seedling and adult plawierance which can be exploited in breeding

programmes.
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Table 1. Grouping of pigeonpea genotypes based Wigor Index (VI) evaluated under water
logging and saline conditiongn vitro

Categoriesbased on

Name of genotypes (N

umber of genotypes)

Vigor Index (VI)

Water logging

Salinity

Highly tolerant

AL 1756, AL 1849,AH-06-7, H-2000-14,

(VI1=1501-2000)

H-02-28, ICPL 332, ICPA 2039,
ICPL 20128(Total:2+8=10)

(VI=>2000) H-2003-14, ICP 5028 (Total=6)
Common genotypes H-2001-25, JBP 110B (Total=2)
Tolerant AL 15, AL 1758, AH-06-9, AH-06-12, | AL 1849, AH-06-7, H-2000-14,

H-2003-14, ICP 5028 (Total:2+5=7

Common genotypesAL 1779, AL 1839,
(Total=5)

AH-07-3, H-02-59, SGBS 6

Moderately
Tolerant
(VI=1001-1500)

AL 1812, AL 1847, AL 1873, AH-06-5,
H-03-29, H-03-30, H-2005-5, Pusa 992
Pusa 2002, Pusa 2001-10, Pusa 2010-1
Pusa 2012-2, ICP 8857, ICP 14085,
ICPL 2376, LRG 30, RG-06-1, ASJ 123
Sel. 107-1 (Total:5+19=24)

AL 15, AL 1756, AL 1758,
AH-06-9, AH-09-9, AH-06-12,

»-4;02-28, ICPA 2039, ICPL 20128
(Total:5+9=14)

Common genotypesAL 201, AL 1747, AL 1881, PAU 881, AH-06-1,
Pusa 2011-1, ICP 4924,ICPL 99050 (Total=8)

Sensitive
(VI=501-1000)

AL 1760, AH-09-9, ICPL 96061,
ICPL 99051 (Total:8+4=12)

AL 1812, AH-06-5, H-03-29,
H-2005-5, Pusa 992, Pusa 2001-1(
ICP 8857, ICP 14085, LRG 30
(Total: 8+9=17)

Common genotypesAL 1593, H-61-21,
15,ICP 11811,UPAS 120 (Total=8)

Pusa 33, MAL 9, MAL 12, MAL

HighlySensitive
(VI=<500)

AL 1760, AL 1847, AL 1873,
H-03-30, Pusa 2002, Pusa 2010-5-
Pusa 2012-2, ICPL 332, ICPL 237
ICPL 99051, ICPL 96061, RG-06-1
ASJ 123, Sel. 107-1

(Total: 8+14=22)

N
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Table 2. Germination%, seedling length, dry seedlig weight, vigor index and tolerance category of
pigeonpea genotypes under water logging conditiorfmean of two years’ data)

Sr. Genotypes Germination| Seedling length| Dry seedling | Vigor Index | Tolerance

No. (%) (mm) weight (mg) (V1) Category*
1 AH-06-7 90.0 10.6 29.5 2655.0 HT
2 H-2000-14 92.5 10.5 28.5 2636.3 HT
3 AL 1756 92.5 7.7 22.7 2099.8 HT
4 AL 1849 82.0 11.9 25.5 2091.0 HT
5 H-2003-14 90.0 8.5 22.5 2025.0 HT
6 ICP 5028 87.5 9.4 23.0 2012.5 HT
7 H-2001-25 81.5 8.9 23.5 1915.3 T
8 AL 1758 79.5 6.5 24.0 1908.0 T
9 ICPA 2039 84.5 8.7 22.3 1884.3 T
10 | H-02-28 85.0 8.8 22.1 1878.5 T
11 | AH-06-9 75.0 9.0 24.7 1852.5 T
12 | ICPL 332 84.0 10.6 19.2 1612.8 T
13 | ICPL 20128 83.0 8.0 18.8 1560.4 T
14 | JBP 110B 85.0 10.4 18.3 1555.5 T
15 | AH-06-12 75.0 7.3 20.3 1512.4 T
16 | AL 15 75.0 7.0 20.0 1500.0 T
17 | SGBS 6 72.5 7.4 20.0 1450.0 MT
18 | ICP 14085 70.0 7.6 17.1 1197.0 MT
19 | H-02-59 60.0 9.2 195 1170.0 MT
20 | Pusa 992 65.0 7.8 17.6 1144.0 MT
21 | AH-06-5 67.5 8.1 16.6 1120.5 MT
22 | PAU 881 59.5 8.2 16.1 958.0 S
23 | AH-09-9 57.5 6.4 16.2 931.5 S
24 | AL 1760 61.0 5.6 14.2 866.2 S
25 | ICPL 99050 67.0 3.7 11.7 783.9 S
26 | ICPL 99051 60.0 2.9 11.9 714.0 S
27 | UPAS 120 45.0 4.1 6.8 306.0 HS
28 | MAL 15 10.0 0.5 2.3 23.0 HS

Mean 72.8 7.7 19.1 1477.3
CD (0.05) 24.47 3.63 5.67 345.34

*HT: Highly tolerant (VI: >2000); T: Tolerant (VI1500-2000); MT: Moderately Tolerant (VI: 1000-
1499.99); S: Sensitive (VI: 500-999.99;HS: HighbrSitive (VI: <500)
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Table 3. Germination%, seedling length, dry seedlig weight, vigor index and tolerance category of
pigeonpea genotypes under saline (30 mM NacCl) cotidns (mean of two years’ data)

Sr. | Genotypes Germination| Seedling length| Dry seedling | Vigor Index | Tolerance
No. (%) (mm) weight (mg) (V1) Category*
1 | H-2000-14 81.5 10.8 22.6 1841.9 T
2 | ICP 5028 75.5 7.0 22.6 1706.3 T
3 | AH-06-7 75.5 9.6 22.1 1668.5 T
4 | H-2001-25 82.0 9.2 20.2 1656.4 T
5 | H-2003-14 83.0 9.2 19.9 1651.7 T
6 | AL 1849 85.0 8.1 194 1649.0 T
7 | JBP 110B 82.5 7.4 18.3 1509.8 T
8 | AL 1756 78.5 5.7 184 1444.4 MT
9 | ICPL 20128 78.5 6.6 17.9 1405.1 MT
10 | SGBS 6 66.5 8.4 21.9 1456.4 MT
11 | H-02-28 73.5 7.1 18.4 1352.4 MT
12 | AL 1758 76.0 4.4 17.6 1337.6 MT
13 | AL 15 72.5 8.7 18.3 1326.8 MT
14 | ICPA 2039 75.0 6.7 16.2 1215.0 MT
15 | AH-06-9 69.0 6.2 16.6 11454 MT
16 | AH-06-12 58.5 7.2 195 1140.8 MT
17 | H-02-59 69.0 8.0 16.4 1131.6 MT
18 | AH-09-9 60.0 7.0 17.3 1038.0 MT
19 | AH-06-5 68.5 6.7 145 993.3 S
20 | Pusa 992 60.0 6.7 15.1 906.0 S
21 | PAU 881 66.5 7.3 13.6 904.4 S
22 | ICP 14085 53.0 6.0 15.2 805.6 S
23 | ICPL 99050 60.0 3.9 11.0 660.0 S
24 | AL 1760 38.5 3.8 6.0 231.0 HS
25 | ICPL 99051 38.5 2.8 4.9 188.7 HS
26 | UPAS 120 30.0 5.0 6.0 180.0 HS
27 | ICPL 332 5.0 0.0 0.0 0.0 HS
28 | MAL 15 5.0 0.0 0.0 0.0 HS
Mean 63.1 6.4 15.4 1090.9
CD (0.05) 21.72 3.46 5.17 315.42

* T: Tolerant (VI: 1500-2000); MT: Moderately Tokant (VI: 1000-1499.99); S: Sensitive (VI: 500-
999.99; HS: Highly Sensitive (VI: <500)
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Table 4. Correlation between various traits in pigenpea genotypes undein vitro conditions

Traits Seedling length (cm)| Seedling dry weight (mg Vigdndex
WL# SAL# WL SAL WL SAL
Germination% 0.782* | 0.841** 0.872** 0.917** 0.899** | 0.930**
Seedling length(cm) 0.839** 0.893** 0.801** | 0.858**
Seedling dry weight (mg) 0.967** | 0.964**

# WL: Water logging conditions; SAL: Saline condiis

P = 0,01




511 Table 5. Chlorophyll content and plant survival ofsome tolerant and sensitive pigeonpea genotypes

512 under water logging conditions (mean of two yea’ data)
Sr. Genotype Chlorophyll content Plant Tolerance
No. Before After | Reduction after | Survival | Category”
treatment | treatment | treatment (%) (%)
1 AL 1849 43.6 41.3 5.28 100 HT
2 H-02-28 43.1 39.3 8.82 100 HT
3 AL 15 39.2 35.6 9.18 100 HT
4 H-2000-14 38.7 34.9 9.82 100 HT
5 AH-06-12 42.5 37.5 11.76 83 T
6 H-2003-14 35.0 29.4 16.00 83 T
7 AL 1756 41.6 36.1 13.22 80 T
8 AH-06-9 47.2 40.5 14.19 80 T
9 AL 1758 42.0 33.8 19.52 75 T
10 ICPL 332 32.5 25.5 21.53 67 MT
11 H-2001-25 47.3 36.4 23.04 67 MT
12 AH-09-9 47.6 35.4 25.63 67 MT
13 AL 1760 42.1 30.7 27.08 67 MT
14 H-02-59 37.9 26.7 29.55 66 MT
15 PAU 881 43.4 324 25.35 60 MT
16 AH-06-5 41.4 30.8 25.60 60 MT
17 SGBS 6 34.4 24.8 27.90 55 MT
18 AH-06-7 41.1 32.2 21.65 50 MT
19 ICPA 2039 35.7 20.6 42.30 34 S
20 Pusa 992 38.2 21.4 43.98 33 S
21 ICP 5028 35.6 24.5 31.18 25 S
22 UPAS 120 46.0 30.2 34.35 25 S
23 JBP 110B 325 19.5 40.00 23 HS
24 ICPL 20128 36.7 21.4 41.69 15 HS
25 MAL 15 33.3 19.3 42.04 0 HS
26 ICP 14085 30.2 16.5 45.36 0 HS
27 ICPL 99051 38.4 20.5 46.61 0 HS
28 ICPL 99050 36.2 18.6 48.62 0 HS
Mean 39.41 29.15 26.78 54.11
CD (0.05) 12.43 11.26 17.67 21.46

513  *HT: Highly tolerant (>90% PS); T: Tolerant (75-96%); MT: Moderately Tolerant (50-75%PS);
514  S: Sensitive (25-49%PS); HS: Highly Sensitive (<Z8%

515

516



517  Table 6. Chlorophyll content and plant survival ofsome tolerant and sensitive pigeonpea genotypes

518 under saline conditions (mean of two years’ daj
Sr. | Genotype Chlorophyll content Plant Tolerance
No. Before After Reduction after | Survival | Category*
treatment treatment treatment (%) (%)
1 AL 1756 41.6 37.3 10.34 83 T
2 AL 1849 43.6 37.6 13.76 83 T
3 H-02-28 43.1 36.1 16.24 78 T
4 H-2001-25 47.3 38.5 18.60 75 T
5 AL 1758 42.0 36.1 14.05 75 T
6 AL 15 39.2 31.6 19.38 75 T
7 PAU 881 43.4 30.5 29.72 66 MT
8 H-2000-14 38.7 29.5 23.77 62 MT
9 H-02-59 37.9 24.3 35.88 62 MT
10 | SGBS 6 34.4 22.7 34.01 58 MT
11 | H-2003-14 35.0 24.3 30.57 56 MT
12 | AL 1760 42.1 26.4 37.29 44 S
13 | Pusa 992 38.2 20.2 47.12 37 S
14 | ICPA 2039 35.7 18.6 47.90 37 S
15 | UPAS 120 46.0 27.6 40.00 23 HS
16 | AH-06-5 41.4 25.4 38.65 20 HS
17 | ICPL 20128 36.7 22.3 39.24 18 HS
18 | JBP 110B 325 17.8 45.23 18 HS
19 | AH-06-12 42.5 24.3 42.82 11 HS
20 | AH-06-7 41.1 24.5 40.39 6 HS
21 | ICP 14085 30.2 17.6 41.72 0 HS
22 | ICPL 99051 38.4 21.3 44.53 0 HS
23 | MAL 15 33.3 17.8 46.55 0 HS
24 | ICP 5028 35.6 18.7 47.47 0 HS
25 | ICPL 332 32.5 16.7 48.62 0 HS
26 | AH-06-9 47.2 23.4 50.42 0 HS
27 | AH-09-9 47.6 22.3 53.15 0 HS
28 | ICPL 99050 36.2 16.3 54.97 0 HS
Mean 39.40 25.33 36.19 35.25
CD (0.05) 12.43 10.32 19.17 18.76

519  *T: Tolerant (75-90%PS); MT: Moderately ToleraB0(75%PS); S: Sensitive (25-49%PS);
520 HS: Highly Sensitive (<25%PS)

521

522
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Table 7. Correlation between various traits in pigenpea genotypes undeim vivo conditions

Chlorophyll content

Chlorophyll content

Reduction in chlorophyll

Traits before treatment after treatment content (%)
WL# SAL# WL SAL WL SAL
Plant survival (%) 0.498** 0.286 0.878** 0.830** -0.950** -0.902**
Chlorophyll content 0.799** 0.652** -0.481** -0.309
before treatment
Chlorophyll content -0.908** -0.919**

after treatment

# WL: Water logging conditions; SAL: Saline condiis

P = 0,01




