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Genetic varrabrllty of ngeongea ga|anus cgjan (L.) Millsp.) for water logging and salinity
tolerancein-pigesnpeats Fanus-cala ={=-Millsi 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 Iaory {60-genetypesand field conditions(28
genotypes)Analysis of variance revealed significant differeacamong the genotypes for
various traits. Based owngeurindexseedling vigor indexsix genotypes (AL 1756, AL 1849,
AH-06-7, H-2000-14, H-2003-14, ICP 5028) were fouhmyhly tolerant, 10 tolerant, 24
moderately tolerant, 12 sensitive and eight hlg#dylsrtlve to Water logging. In case of salinity
treatment,rene e , dver-seven genotypes (AL
1849, AH-06-7, H-2000-14, H 2001 25 H- 2003 14 IBIIP28 JBP 110B) were found tolerant,
14 moderately tolerant, 17 sensitive and 22 higldpsitive. Mean values for germinatién
percentage seedling length, seedling dry weight aniger—indesseedling vigor indexwere
generally lower in salinity treatment than watagdong treatment. Based on results of laboratory
studies, 28 genotypes were screened in pot/figldolerance to water logging and salinity and
were categorized on the basis of plant survivatgmage after treatments. Based on plant
survival, four genotypes (AL 15, AL 1849, H-2000; H+02-28) were found highly tolerant, five
tolerant, nine moderately tolerant, four sensitarel six were found hlghly sensrtlve in water
logging treatment. In case of salinity treatmewat e
heweversix genotypes were found tolerant, five moderamellgrant three sensitive and 14 were
found highly sensitive. Based on higher plant stalv{%) under both water logging and saline
conditions, common genotypes were identified feirtfurther use in breeding programme.
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INTRODUCTION

Pigeonpeaajanus cajan (L.) Millsp.) is an important legume crop widelyogvn in many parts
of Indian sub-continent. It is mainly used as hur@od, animal feed and an effective green
manure crop. It is adapted to a wide range of enmrents and cropping systems. Major abiotic
stresses encountered by pigeonpea are water loggihigity and drought. These abiotic stresses
adversely affect its productivity causing severgd/iosses (Abdul et a2006, Rodriguez et al
2005). Pigeonpea is reported to be highly sensibwsater 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 (Ehadvhanetal-1997 Matsunageetal-1996 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. 1991Anoxic soil conditions are produced by excess watel consequently,

plant roots suffer hypoxia or anoxia. Min and Bdbimaew (2005) reported gradual decrease in

relative water content under water logging and tglamilt 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&yRr et al. 2002). Water logging also

caused reduction in stomata conductance and pdampissed to water logging exhibit increased

stomata resistance and limited water uptake leaiimgternal water deficit (Parent et al. 2008).

_Saoil salinity is another major abiotic stress th#fects plant growth, development and
yield by causing physiological and biochemical demin plants (Munns 2002). It leads to
osmotic stress and interferes with mineral nutseumtake (Chikelu et ak007). Seedling and
reproductive stages in plants are mainly affectgdsdlinity stress (Munns and James 2003).
Salinity together with water logging can cause tdgleus effects in plants posing major threat to
crop productivity (Barrett-Lennard 2003). These tamotic stresses are related with each other
as water logging results in rise of water tablesgay development of salinity in many parts of
India (Choudhary et al. 2011). A large genetic atdon has been found in different cultivated
and wild species of pigeonpea for salinity toleefRao et al. 1981; Karajol and Naik 2011). In
spite of the fact that both these stresses poseusethreat to pigeonpea production, very few
efforts have been made to identify tolerant soulEeseraa et al. 2001; Sarode etZ407).
Thus, it becomes important to identify the divessarces of pigeonpea tolerant to water logging
and salinity stresses to develop high yielding toldrant cultivars keeping in view the present
climatic conditions (Ceccarelli et al. 2010). THere, the present study was undertaken to
screen and identify pigeonpea genotypes tolerantai®r logging and salinity stresses under

bothin vitro andin vivo conditions.

MATERIALS AND METHODS
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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

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 stresdaring 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 chloridé-1g-HgC} disselved-in-100-mlwatefpr 1-2 minutes and residual
chlorine was eliminated by rinsing the seeds wiihile 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) at 25+£C. After the submergence treatment, seeds wereplaerd in sterilized petri-plates
containing germination paper moistened with distilwater. 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 fothbthe treatments for germinatign
percentageseedling length (plumule and radicle), seedlingwieight (plumule and radicle) and
wviger—ndexseedling vigor indexGermination count was recorded by counting thenlver of

germinated seeds out of the total seeds. Seed evessdered to be germinated when emerging
radicle elongated upto 1mm length and then avegggmination percentage was computed.
Seedling length was recorded by measuring the heafyplumule and radicle and seedling dry
weight was recorded after drying them in oven &G6@r 3 daysMigerindexSeedling vigor
index was calculated using the formul&iger—ndexSeedling vigor index(Vl) = mean
germination% X mean seedling dry weight (mg). Basesdigeurindexseedling vigor indexthe
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genotypes were categorized as highly tolerant (2069), tolerant (VI=1501-2000), moderately
tolerant (VI=1001-1500), sensitive (VI=501-10000drighly sensitive (VI=800).

In vivo screening

Based on results of laboratory screening, a s&8ofenotypes, 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 pigeanbeeds of each genotype were sown in pots
and replicated thrice for both water logging anlthgs treatments. After germination, six plants
were maintained finally for recording observatioAfier 30 days of sowing, the pots were kept
for 5 days in ponds of 20 ft x 10 ft size contagimormal 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 plantBuring recovery of plants, normal water was agpks and

when required.
Observations

Survival of plants was recorded after 5 days awd tthe final survival was recorded one month
after water logging and salinity treatments. Chbrgl 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 thpéents were taken randomly for recording
chlorophyll content. Percent reduction in chlordplegntent was calculated using the formula:
Reduction in chlorophyll content (%) = (chlorophygbntent before treatmert chlorophyll
content after treatment)/chlorophyll content befdoreatment X 100. As suggested by Dua
(1992), the genotypes were categorized based ahdiant survivals percentag€PS), as highly
tolerant (>90% PS), tolerant (75-90% PS), modeydtderant (50-74% PS), sensitive (25-49%
PS) and highly sensitive (<25% PS). Data on indraind completion of leaf senescence were
also recorded visually after water logging andrsglitreatments.

Experimental design and statistical analysis

Both the experimentsr(vitro andin vivo) were conducted following Completely Randomized
Design with three replications. The analysis ofarace (ANOVA) was performed on single year
data as well as on pooled data of two years ugaigscal analysis as per the procedure given
by Snedecor and Cochran (1989) and adapted by GhaethSingh (1991) using the following
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equation:Yje= p + 1 + Bj + ke +¢&ije; where the parameter p is an overall meamre the

treatment effectd}j are the block effects, ke are the years’ eflealcije is the random error.
Y=+ where:Y-is-the-|"-observation-of the itreatmenty-is-the-population-mean;is
the treatment-effect of thE-treatment-and;is-therandom-erroAll comparisons were made at

5% level of significance. The correlation coeffiti® were also worked out among the various

traitsfor in vitro experimenfollowing Al-Jibouri et al. (1958).

RESULTS

In vitro screening

Analysis of variance, performed on single year @atavell on pooled data of two years, revealed
significant differences among the genotypes for thk traits studied viz., germinati&n

percentageseedling length, seedling dry weight aagerindexseedling vigor indexinder both

water logging and saline conditions (data not sjowncase of water logging conditions, six
genotypes viz., AL 1756, AL 1849, AH-06-7, H-2000; H-2003-14 and ICP 5028 were found
as highly tolerant, 10 genotypes (AL 15, AL 1758]-86-9, AH-06-12, H-2001-25, H-02-28,
ICPL 332, ICPA 2039, ICPL 20128, JBP 110B) as tier 24 as moderately tolerant, 12 as
sensitive and eight as highly sensitive (TableUk)der saline conditions, none of the genotypes
was found to be highly tolerant, however, sevenogges viz., AL 1849, AH-06-7, H-2000-14,
H-2001-25, H-2003-14, ICP5028 and JBP 110B werendoas tolerant, 14 as moderately
tolerant, 17 as sensitive and 22 as highly sems{fiable 1). Data on germinatBanpercentage
seedling length, seedling dry weight amdedling vigor indexger—index-of 28 genotypes

including some highly tolerant to highly sensitigenotypes are presented in Tables 2 and 3,
respectively for water logging and saline condisiolt can be seen that genotype AH-06-7 had
the maximumwviger—indesseedling vigor index2655.0) followed by H-2000-14 (2636.3), AL
1756 (2099.8) and AL 1849 (2091.0) under water ileggcondition. The germinatiéa
percentageof highly tolerant and tolerant genotypes was mtiv@an 75%. Out of the 60

genotypes, 3 highly sensitive genotypes recorded zalues for germinatid_percentage
seedling length, seedling dry weight ander—indexseedling vigor index{Bata—nhet-shewn)
Under saline conditions, the genotype H-2000-14 th@dmaximumvigerindexseedling vigor
index (1841.9) followed by ICP 5028 (1706.3), AH-06-7668.5) and H-2001-25 (1656.4).
Germination of tolerant genotypes was more than .78% the total 22 highly sensitive

genotypes, five genotypes, having 0-15% germinastowed zero values for seedling length,
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seedling dry weight angiger—indexseedling vigor index{data—net-shewn)However, some
genotypes like AL 1760, ICPL 99051 and UPAS 120orded comparatively higher

germinatiof4s_percentag€30-38.5%), but theiwigerindesseedling vigor indewalues (180.0-
231.0) were very low due to low seedling dry weigbta result of less seedling growth after

germination due to sensitivity to saline conditions

Overall undein vitro condition, it was observed that mean values ahallgenotypes for
all the traits studied like germinati®&npercentageseedling length, seedling dry weight and
viger—indesseedling vigor indexwere lower under saline conditions (63.1%, 6.4&m4mg,
1090.9; in—that-erderespectively as compared to water logging conditions (72.8%cm,
19.1mg, 1477 .3-n—thaterderespectively. Overall there were 23 genotypes which showed
similar reactions, i.e. tolerant (2 genotypes), sratkly tolerant (5 genotypes), sensitive (8

genotypes) and highly sensitive (8 genotypes), ubdth water logging and salinity conditions.
Of the six highly tolerant genotypes under watguglag conditions, five genotypes namely AL
1849, AH-06-7, H-2000-14, H-2003-14 and ICP 5028v&d tolerant reaction, whereas one
genotype, AL 1756 showed moderately tolerant readid saline conditions. Of the 10 tolerant
genotypes under water logging conditions, two ggmed (H-2001-25, JBP 110B) showed the
same reaction, i.e. tolerant, while seven genotyesely AL 15, AL 1758, AH-06-9, AH-06-
12, H-02-28, ICPA 2039 and ICPL 20128 changed ttezction to moderately tolerant, and one
genotype, ICPL 332 changed its reaction to higlelysttive under saline conditions. Of the 24
genotypes that showed moderately tolerant reactinder water logging conditions, five
genotypes namely AL 1779, AL 1839, AH-07-3, H-02&8 SGBS 6 showed similar reaction
(moderately tolerant), while the remaining 19 ggpes changed their reaction to either sensitive
or highly sensitive under saline conditions. Onaltiger hand, interestingly the genotype AH-09-
9, which was found sensitive under water loggingditions, showed moderately tolerant
reaction under saline conditions.

Correlation coefficients between various traiterked out for the 28 genotypes studied
underin vitro conditions, are presented in Table 4. The restitsved highly significant positive
correlation among germinati® percentageseedling length, seedling dry weight awnder

irdexseedling vigor indexinder both water logging and saline conditions.

In vivo screening
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A set of 28 genotypes was also evaluated undet (ileivivo) 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 surviggdercentageinder both water logging and saline
conditions (data not shown). It was observed that §ienotypes namely AL 1849, H-02-28, AL
15 and H-2000-14 showed 100% plant survival ang iess reduction (<10.0%) in chlorophyll
content, and thus, categorized as highly tolerahgreas five genotypes namely AH-06-12, H-
2003-14, AL 1756, AH-06-9 and AL 1758 showed conagigely less plant survival (75.0 to
83.0%) and higher reduction (11.76 to 20.24&6¢hlorophyll content, and thus, categorized as
tolerant under water logging conditior{Sable 5). Of the remaining 19 genotypes, nine
genotypes were categorized as moderately tolei@ntas sensitive and six genotypes as highly
sensitive based on final plant survifabercentageThe reduction in chlorophyll content was
found to be <10% in highly tolerant genotypes, whil was >31% in sensitive or highly
sensitive genotypes.

In case of saline conditions, none of the genotgb®sved more than 90% plant survival,
however six genotypes namely AL 1756, AL 1849, B&-H-2001-25, AL 1758 and AL 15
showed higher plant survival (75-83%0d less reduction (<21.0%) in chlorophyll contemicl
thus, categorized as tolerant, whereas five geestyamely PAU 881, H-2000-14, H-02-259,
SGBS 6 and H-2003-14 showed moderate plant survaweging from 56.0 to 66.0% and higher
reduction (23.77 to 35.88%) in chlorophyll conteamid thus, categorized as moderately tolerant
under saline conditiongTable 6). Of the remaining 17 genotypes, threeotygres were
categorized as sensitive and 14 as highly sensiaged 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 theaction to highly sensitive under saline
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conditions. Of the nine moderately tolerant genesymnder water logging conditions, three
genotypes (H-02-59, PAU 881, SGBS 6) gave simaarction, while one genotype (AL 1760)
changed its reaction to sensitive, four genotyde€®l( 332, AH-09-9, AH-06-5, AH-06-7)
changed their reaction to highly sensitive, anériggtingly one genotype, H-2001-25, changed
its reaction to tolerant under saline conditions.

In water logging treatment, the leaf senescenatest@n ' day from the lower part of
plants and moved upwards and was nearly 100% af2day of treatment in highly sensitive
genotypes such as MAL 15, ICP 14085, ICPL99051 HPEIL 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% afférd&y of treatment in highly sensitive
genotypes such as ICPL 14085, ICPL 99051, MAL C® 5028, ICPL 332, AH-06-9, AH-06-9
and ICPL 99050. In rest of the highly sensitive @jgpes, complete leaf senescence was
observed after 15-20 days of treatment. Compatgtiesser leaf senescence was observed in
highly tolerant genotypes, while low to moderataflsenescence was recorded in tolerant or
moderately tolerant genotypes under both waterihgggnd saline conditions.

Chlorophyll content measured before the waterilog@nd salinity treatments revealed
that the genotype AH-09-9 had the maximum value6@ibllowed by H-2001-25 (47.3) and
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 @2-28 (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 weiree 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 unter
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 sual/(>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 sul4vaercentageshowed highly significant
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positive correlation with chlorophyll content bdtlefore and after water logging treatment. The
plant survival also showed highly significant postcorrelation with chlorophyll content after
saline treatment, while before saline treatmentctireelation between these two traits was non-
significant. The reduction in chlorophyll contefitosved highly significant negative correlation
with plant survivale_percentageand chlorophyll content both after the water loggand saline
treatments. The reduction in chlorophyll conterdoathowed significant negative correlation
with chlorophyll content before water logging tmaanht, while after salinity treatment the
correlation was non-significant between these tagst

Considering results of botim vitro andin vivo conditions together, one genotype, AL
1849,was found highly tolerant or tolerant undethb@ater 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
Results ofta-the present studyndicated existence of large phenotypic variabiatyong thea

diverse-set-of-6@enotypesvas screenedn vitro under water logging and saline conditicrsl

significant-differences-among—the—genotypefor all the traits studied viz., germinatiofs
percentageseedling length, seedling dry weight aage+inrdexseedling vigor indexn both the

conditions These results were in accordance with the resiligrevious studies (Dubey and
Asthana 1987, Krishnamurthy et al. 2012, Sultanalet2012).nterestinghy,-ANone of the
genotypes was found to be highly tolerant undeinsatonditions, while six genotypes were
found highly tolerant under water logging condisofowever, some of the genotypes showed
similar reactions under water logging and salinaedtions, but majority of the genotypes
changed their reaction and showed lower level lgramce to saline conditions as compared to
their reaction under water logging conditions. Atbe overall lower mean values for all the
traits like germinatio®_percentage seedling length, seedling dry weight andger

irdexseedling vigor indexunder saline conditions as compared to water mgggionditions.
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These results indicated that most of the pigeogeeatypes used in the present study were more
sensitive to saline conditions as compared to watgging conditions. Water logging results in
anoxic conditions due to which respiration and tetet transport are inhibited and ATP
formation is decreased resulting in low seed vighéind poor germination (Johnson et al. 1989;
Tsai et al. 1997). Seed germination rate has bsed as phenotypic marker for selection of
salinity tolerant pigeonpea cultivars (Krishna axdik 2011) where they observed genotypic
variability to a greater extent under salt stressddions. Earlier in chickpea, the parameters like
germinatiof4_percentageradicle and plumule length and plant survivaheturity have been
found effective in differentiating tolerant and s#ive genotypes under saline conditions
(Chauhan et al. 2012).

The correlation coefficients between various tranticated that genotypes having higher
germinatiof4_percentagewill generally have higher seedling length, sewglldry weight and
viger—indesseedling vigor index For instance the genotypes like AH-06-7 and HE2DO
recorded higher germinati&percentagealso had higher seedling length, seedling drygitei
andvigerindesseedling vigor indexwhereas genotypes like UPAS 120 and MAL 15 reedrd
lower germinatio®_percentagealso had lower seedling length, seedling dry Weandwviger
inrdexseedling vigor indexMigerinrdexSeedling vigor indexof seedlings was also found to be
positively correlated with germinati® percentageroot length and seedling dry weight in
previous studies (Kumar et al. 2011; Bharathi aaxeBa 2012).

In case ofn vivo studies, significant differences were observedcfdorophyll content before as

well as after treatments, reduction in chloropleglhtent after treatment and for plant surv%al
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
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due to anoxia caused by water logging and salstigssesirterestinghy-rone-of-the-genotypes

ound-highlytolerant-under-sanzonditionsand-the-change-inreaction-of-highly-telerant

also-oberved-in-case-airvitro-studies.Overall, the lower mean values for chlorophyll ot
after salinity treatment and plant survéaand high values for reduction in chlorophyll carite
indicated that saline conditions adversely affethebhotosynthesisnetabolismof plants which
led to plant mortality.

The results revealed large extent @énetic phenotypic variability in pigeonpea
germplasm for tolerance to water logging and sglisiresses based on plant surviggl) and
reduction in chlorophyll contefgs)-under field conditions. This variability can be &ifed in
breeding programme for developing high yieldingtigals having tolerance to water logging
and salinity stress conditions (Dua and Sharma Y1986chickpea also, plant survigalwas
taken as an important parameter for identifyingeriaht genotypes under salinity stress (Dua
1992). Generally, it has been observed that watggihg leads to low levels of oxygen in plants
leading to internal water deficit. Oxygen deficigrieads to decline in net photosynthetic rate
(Ashraf et al. 2011) which is due to reduced chpbrdl content and leaf area (Malik et al. 2001)
and also due to stomata closure under stress (RashdaArfan 2005). Water logging results in
wilting, chlorosis, senescence and abscissionadde which may be due to reduced uptake and
mobilization of nutrientskumuthaet-al{2008,-2009Reduction in chlorophyll content was also
reported alse reportedreduction—in—chlorophyll-contenn pigeonpea(Mumutha et al. 2008,

N alraVialoTaVaidala a
O

conditioh-was—als-observedn-wheat (Collaku and Harrison 2002), maize (Prasaal. €004)
and Vigna sinensis (Younis et al. 2003). The highly significant nagatcorrelation between
reduction in chlorophyll content and plant surv#ahdicated that high reduction in chlorophyll
after water logging and saline treatments disruptaedtmetabolismphetesynthesisvhich 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 modtiEsatolerant under saline conditions can be
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further evaluated under field conditions for thatility as cultivar as such or as donor for
breeding for water logging salinity tolerance. Gamotypes 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 appatgppopulations for genetic studies. Subarao
et al. (1991) studied comparative salinity toleeamong pigeonpea genotypes and their wild

relatives.

-A large genetic variation
was also observed earlier in cultivated and wildecggs of pigeonpea, especiall@.
scarabaeoides, for salinity tolerance (Rao et al. 1981). As Wikl 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 (Skrala2003). It will help to broaden the
narrow genetic base of pigeonpea which has alwags la limiting factor in its breeding (Yang
et al. 2006; Kumar et al. 2011).

CONCLUSIONS

Iis-evident-from-theResultsof ebtained-fronthe presentnd-previedstud/ies indicatedthat
both water logging and saline conditions affect ¢gf@emination undern vitro conditions and
plant survival undeim vivo conditions to varying extent suggesting that betherlegging-and
salinity stresses alone or together pose a serious tlor@ageonpea cultivation. Thus, a holistic

approach towards the management of these stressegded by developing water logging and

salinity tolerant cultivarskurther—theres—a-need-to-study-the-genetics—of-water-logging and

pigeenpea:Some of the genotypes were found promising undeéh bo vitro and in vivo

conditions there by indicating correlation for saegl and adult plant tolerance which can be
exploited in breeding programmes.
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512 | Table 1. Grouping of pigeonpea genotypes based ¥igertndexSeedling Vigor Index(VI)
evaluated under water
logging and saline conditiongn vitro

513
514

515

516

517

Categoriesbased on

Name of genotypes (N

umber of genotypes)

VigertadexSeedling
vigor index (V1)

Water logging

Salinity

Highly tolerant

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

(VI=1501-2000)

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

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,
»44;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)

9N
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Table 2. Germinatior® _percentage seedling length, dry seedling weightigerindexseedling vigor
index and tolerance category of

pigeonpea genotypes under water logging conditiorfmean of two years’ data)

Sr. Genotypes Germination| Seedling length| Dry seedling Vigor Tolerance
No. (%) (mm) weight (mg) | tdexSeedli | Category*
ng vigor
index
(V1)
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 20125 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 85.0 104 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 9315 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. Germinatior® _percentage seedling length, dry seedling weightidgerindexseedling 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 Migor Tolerance
No. (%) (mm) weight (mg) | #rdexSeedling| Category*
vigor index
(V1)
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 7.1 184 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 6.4 154 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) |g;V| ilql ol Elrsi;nzie%dlmg

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 condits

=P =0.01



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

536 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

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

539

540



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

542 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

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

545

546



547
548

549

550 | ** P = 0 0Bignificant at 1% level

551

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




