Screening for Tolerance to Salinity and Waterlogging:
Case Studies with Pigeonpea and Chickpea
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A bstract

Areas where pigeonpea and chickpea are grown in India are pprone ro saliniey ared 1o warerfogging
problems c aused b rrigarion. excess rainfall, arnd poor draimnage. The area affecred is irnereasiong
ecach vear Both crops are relarively sernsitive 1o salisney arncd swaierlogging sireas. Irnpsrovement of
salirny and warerlogging solerance in these crops is desirable. nar onldy (o retan present arcas of
culiivation bur also (0 exrend cultivarion nto areas swhere salinay and swarterlogging problems
cicrrensthy precliede it Srwudies orn a lirmited range of genotvepes ar ICRIS AT and elsewhere have
shown genorvpe differences 10 boirh pigeonpea and chichApea for iolerance to soil salinity, and in
pigeonpea for rolerarnce 1o shori-rerm warerlogging. Some progress has beerr made at ICRISAT
m deseloping ficld and laborarory screerning micihods 10 derecr these dyfferences. Several
advanced breeding lines and culiivars wirth 1olerance (o soil salmnity arnd shori-term waterlogging
have been identified. To identifyv evern berter sowurces of 1olerance 10 salinity and warterlogging.

rhere is a need 1o screen a much wider range of genetic marerial for both crops

. Basic research 1o

help wundersiand the mecharnism and inheritance of rolerance 1o borh salinity and waterlogging is

also desirable.

Introduction

Lack of water is onc of the major factors limiting
crop viclds in the semi-arid 1ropics. and arcas are
being brought under irngation to alleviaile this
stress. T his approach to raising food production is
unfortunately leading to problems of sotl saliniza-
uon and waterlogging (Rawlins 1981). both of which
are inimical 10 plant growth and yvield (Levitt 1980).
High salt concentration in the soil! solution lowers
osmotic potential and reduces water availability to
planis. and specific ions—such as sodium. chloride.
and sulfate—can have toxic effects. Under water-
logged conditions, the anacrobic environment of the
root zonec affects plant metabolism. as well as nut-
fient and water uptake by roots. Thus. productivity
of most agricultural crops is lowered.

A number of technological options have been sug-
gested to contain salinity and waterlogging and to
reclaim affected lands. Expernts in these fields believe
that while te¢hnological efforts must continue, they
should be supplemented by genctically adapting
crop plants 1o saline (Epstein 1978; Epstein ct al.
1980: Rawlins 1981) and waterlogged environments
(Krizek 1982) Genetic improvement in salt and
waterlogging tolerance is possible. and good pro-
gress has been made in some crops. Salt-tolerant
varictics of rice (Akbar and-Yabuno 1974; Ponnam-
perumsa - 1977 Rana 1980). wheat and barley
(Epstein et al. 1979). and tomato (Rush and Epstcin
1976) have already been developed. Wheat(Yuectal.
1969) and pea (Jackson and Canncll 1979) cultivars
tolerant to watcrlogging have been identified.
Genectic improvement of tolerance to salinity and
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stress 1n both mgeonpea and 13
which often grow n these adverse environments
should also be atiempted This paper prescats work
on development of saliniy and waterlogging 1oler
ance 1n pigeonpea and chickpea

Saline and Waterlogged Soils
in Regions Growing Pigeonpea
and Chickpea

Nearly 907 of the world's pigeonpeaand 75% of s
chickpea are grown in India therefore the ared
under saline and waterlogged canditions 1n tndia
hghlights the magmitude of the problem Arca;
under pigeonpea and chichpea in different states @
India &8s well as the extent of saline {Abral and
Bhumbla 1971)and waterlogged { National Commus
sion on Agricultuse 1976) souls 1n each state are
Table |
KIVIC""‘:"LI. 7 milhon hu of land 1s affecied by sahnny
Faurly large arcas of the Indo-Gangeuc plain “I\Tel:c
pigeonpea and chichpes are grown are saline c
saline areas in India are increasing nearly 40 000 ha
of soils 1n India become saline every year (Raheja
1966) The principal salts 1 northern Indian salinc

sols are chlondes and sulfates of sodium whereas in
southern Indian soils the major salts arc chlondes
and sulfates of sodium and magnesium (Abrol and
Bhumbla 1971) Although precise statistics arc not
avaslable nearh 6 mithon ha of land are considered
waterlogged (see Table 1) whichus nearly 10% of the
total trrigated area (Nauonal Commussion on Agn
culture 1976) OF this nearly 34 mulhon ha are sub-
ject to surface flooding mostly in the states of Lar
Pradesh Guparat West Bengal Punjab Ornissa
Andhra Pradesh Kerala and Tamd Nadu The
remaining 2 6 mithon ha have a high water table
Introduction of canal iTngaton appears 10 be the
mayor reason for the rise in the water table (Gupta
1980) By analyzing the chimabic environment of
pigeonpea Reddy and Virmani (1981) found water
logging 10 be 4 Major constraint (0 its stabilized
production during the rainy sesson parucularhy on
soils with high water holding capacity Indo-
Gangete alluvium and Verusols are prone to Water
logging during the rainy scason Sinha (19b1) aiso
postulated that low vields of pigeonpea 1 some
areas may be duc to waterlogging In chichpea
chances of surface flooding are small asitis grownan
the postrainy season butts production 1s adversely
affected when the water table 1s within 09 m of the

of saline and

Table 1 D

d soils and srea (000 ha) under pigeogpea and chichpen in India

soil surface (Nauonal Commission on Agnculture
1976)

The extent of yweld reduction In pigeonpea and
chickpea due 10 saliuty and waterlogging 1 not
hnown but it 1s expected 10 be substantial when the
relative arcas under these crops and the regions
affecied by sahinity and wateriogging are considered
For example, at Haryana Agnculiural University
(HAUL) Hisar sahmty has built upin the expenmen-
tal ficlds as a result of a nse in the water table over
the seurs The production of pigeonpea and chick
pea has been consmiderabiy affected Certain patches
i some ficlds have become so saline that nenher
crop can now grow whercas their cultnation was
possible a few vears ago (N P Saxena ICRISAT
personal communtcaton) It is gencrally observed
that areas where chickpea and pigconpes produc-
uan s dechning correspond with regions w here irn
gauion has been leading to increased problems of soil
salimzation and waterlogging

Tolerance Limits of Pigeonpea
and Chickpea

Soul Salinty

The effects of salinity on crops vary with stages of
crop growth It was observed thatin solution culture
there was a 50% dechine in germinauion of 23 pigeon-
pea cultvars at 13 mmhos cm ! EC whereas a 50%

d hing growth occurred at 9 mmhos
cm ! EC (Pahiwal and Maliwa) 1973) The salimty
level required to reduce total dryv matter (TDM)
(ICRISAT, unpubhshed resulis) and yield (Promila
and humar 1982) by 505 appedred 1o be 5 mmhos
cm ! EC of saturation extract (ESE) These studies
also showed some cultvar differences Thereare not
manv reports available of how these effects are
meduated in pigeonpea One studs reported a dechine
n “CO, uptake by pigeonpea in the presence of salts
(Rao and Rao 1981) Another showed decreased
rates of assimilate transiocation under saline condi-
tions (Deshpande and Nimbalkar 1982) Protein and
nucleic acid metabolism was also affected under
saline condiions due to 1on toxicity (Rao et al

culture was
scvercly affected only when N\aCl concentration

n
Soul: Cultvaied arcas’
oy
Chick|
Saline’ W aterlogged’ Rigeonpea pea
Suwe = =
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1 Source Agricuitural Snuation \a india 11982)

and Ghorashy 1973)
Chiorde-dominant salimty was found to be more
toxic to chickpea than sulfate sabnity (Manchanda
ctal 1981) Tissue chlonde concentratons of 4 7%

and above were found to be iethal for plani growth
Yield dechned by 505 ar an EC of 4 mmhos cm !
ESE (Sharma etal 1982) The response of chickpea
10 sshminy seems to vary with moisture avadability in
the soi Reduchons in vicld of chich pea under saline
conditions probabh occurred both as a resubt of
osmatic and specific 1on effects. » significant interac-
uon of \anety salimty and moisture Jevel was
observed for vield (Bharadway 1962) Ranking of

cultinarn for tolerance 10 salinity changed under
Atress and no stress situations

Waterlopping

At ICRISAT Center waterlogging in the rainy sca
son often results in vellowing of the pigeonpea crop
and then mortalits of waterlogging persints Nearly,
S0 of the plant stand was lost when waterlogging
persisted for 96 hours in a 40-day-old crop (JCRI-
SAT unpublished data) 40-dav-old plants were
more susceptibie 10 waterlogging than 60-day-old
plants Plant mortality appesred to be related to a
water defict in the plants which was probably
caused by decreased water uptake bv the roots In
some cascs 1t may also be due to phytophthora
blight Parual waterlogging may affect crop growth
rates as can be inferred from the fact that crop
growth rates of pigeonpea during the rainy season
are lower on Vertisols than on Alfisols Further,
yiclds of short-duration pigeonpea at ICRISAT
Center, which matures at the end of the rainy scason,
are Jower on Vertisols than on Alfisols, probably due
to waterlogging on Vertisols Pigeonpea planted 1]
fat beds was relauvely more prone to waterlogging
duning the July-August rainfall period than ridge-
planted pigeonpea (Chowdhury and Bhata 1971), 1t
gave 23 6% lower yield than the Mgc-p}-nw
pigeonpea probably due 10 differences in wuerlo*-
ging stress
Waterlogging 1n chickpea (cv NP 58), why'
occurred 67 days after sowing, caused yellowing
young leaves and reddening of lower leaves (Sax
1962) Root and shoot development were seve!
restricied and yicld was reduced Reduction in qu
was 46% when the crop was subjected to I8 daysy
waterlogging and 87% with 52 days of waterlogging
However, there was no plant mortahty even with $2
days of waterlogging (Such prolonged periods may
be encountered 1n arcas where water tables are high )
In addition, 12 days of waterlogging imposed 3
weeks afier sowing resulted n a marked dechne in
dry weight and yield (Knshnamurthy ct al 1983)
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Screening Methods to 1dentify
Sources of Tolerance

Salt Tolerance in Pigeonpes

Pigeonpes 15 mare scnsiive to sahnity lm:;cm::;
other rainy-season Crops. mdudmlgi)u";hwon d
blachgram (Mehrotra snd Gangwar e
ICRISAT and elscwhere has shown tha nere e
genotypic differences 1n tolerance 10 Psah“h“d
w;\pen at different stages of growth (Pa g
,;'Allh\vll 1973 ICRISAT 1977 Promila and ’um l
1982) \arous criteria have been used by dif! c:e:r
clermine the rclative toleranc i
1 to germination survinal an
¢ soils ascompared with no;:;
saline soils Paliwal and Mahual(l‘)?")scr:ecnh:t:“‘
cultnars of pigeonpea for their sallmkmnc‘ e
(ersshics using NaCl and CaCls muhn:;hma e
Both germination and seedhing growt ot
increasing levels of sahmty up to 18 mmb T
culuvar differences were detected at both g

workers to d
migeonpea with respec
yield potenualin sahin

Figure 1. S ing for sslinity

stages A few cultivars were tolerant of nlmn:iu‘
9 mmhos cm™! Some culuvars, which ;h(::d mn:
1olerance at the germunanon siage. lpp?“ p)
1olerant at the secdiing stage, and vice ve  Gem
nation and seedling growth mas be goodk;:m neter
for rapid screening This may also be rel o
aciual ficld situation sost sabinity levelsare g;m m‘
tugh at the begining af the rainy wno:d foe 104
capillary nse of salts dunng the prtch: ¢:,m¢
summer later 1n the season the salts nny‘m‘d e
crabiy diluted by rams The use of \wld-he cd e
ria enables whole ;::m lt:‘p::s:sml:)n‘ " alios
howerer 1t may not be vervrapi o
rs of genotypes to be processed P :
:"‘::‘ :‘:l“r::cr (|9§2} screened nine gcno!ypc:w;:
npea for salinity tolerance in pots using
Per Some workers also used brochermica
parametcrs such as protein and nucieic acd clnnl::
to screen pigconpes genoty s {or salinity u;';r’: o
(Raoand Rao 1981) The utihity of such met
large-scale screeming remains to be prmc'n“ud““I
At ICRISAT the primars objyectise of bt
salt tolerance has been to test commonty use

cntena

! in the field. Pigeonpea cultivars C 11 (tolerant) and F

(susceptibie) have been planted on either side of the test row.

ars and advanced breeding Lines for vanous yeld
and resistance parameters Both ficld and laboratory
methods that allow detection of genotypic differen-
ces 1n pigeonpea and chickpea have been developed

Freld screening.  Naturally sahine fields are usually
quite heterogeneous in their salimsty levels, snd
therefore rephcated plot tests have not proved use-
ful However, field planting of test lines in long rows,
Nanked on erther side By known tolerans {C 1)and
wsceptible (HY 3C) cultivars, has proved quite
ausfactony 1n determining the relative tolerance of
est culvaes even under such heterogeneous sl
alimty conditions(Fig 1) Thetest hines were scored
clative to ag; tolerant and ke controls
o sunvval at different stages of growth Good dif-
rental responses were usualhy observed in moder
¢elv saline areas (about 6 mmhos cm ! ESE) with
uch lower rates of survival in the susceptible con-
ol rows than in the toleram rows Genotypes sur
+ing &ither better than or equalto 1olerant controls
re clasfied as tolerant A number of advanced
seding lines and cultivars that survived better than
: tolerant control, cv C 11, were sdentified using
s method (Fig 2)
Tns method could be improved further «f & natu-
or srificually created gradient of sahimty were
sable in the field The genotypes could be
ed along the gradient, and the length of surviv-
row could be treated as an index of the geno-
s tolerance

ening in brick chambers To (est the perfor-
oe of genoty pes under more controlied conds-
. & series of bnck chambers (1 % | » | S m) were
tructed, with drainage taps a1 the base The
1bers were filled with black soil aruficuslly salin-
with varfous levels of a mixture of NaCl, Na,S0,
2aCh (7 12) Atlower salt levels {40 milhequi-
15 kg ! soil), clearcut differenual responses
en culvars were observed Genotypes C 11
P 3786 showed tolerance and JA 275 and HY
owed susceptibility (ICRISAT 1977), this was
m conformity with their behavior 1n saline fields
This method has kanted utily, however, for large-
wale screening

Screening in pots. Feld heterogenety in sahinity
limuts the number of Itnes that can be screened inany
One season To make a preliminary assessment of
tlerance, 3 pot method was developed The sosf of
the required conductivity (6 mmhos em™, 12 soil
Waler extract) was mixed in 1-kg capacity round

plastic pots. which were mantained st field capacuy
after sowing Differences 1n Bermination and see-
dhng sunvival were noticed 1n Jess than a month The
di i sahiaty 1ok bi d by this
method were of the same order as previously
obtained in the field Forexampie, C 11 wastolerans
and HY 3C susceptible 10 salimty (Figs 3,4) Unng
this method, & large number of genotypes could be
screcned within | manth A number of such screen-
ing Cycles could be repeated within & year

The prel Y g of I pots
offers the possibility of sahaging suniing planu
for producing pure seed of salinity-talerant hines
Scgregating hnes im olung sahnity-tolerant par-
ents can also probably be screened in this manner

Salt Tolerance in Chickpes

Since chickpea 18 highh sensitine 10 sahinity the
utthity of vield-based criteria for denufving salt ol
erance in chickpea has been doubted (Chandra
1980) Instead, prel, y eval at led
salimty levels for response patiern was suggested At
58 mmhos cm ! ESE, a differential response among
genotypes was observed The performance of four
chickpes culivars in pots was compared using yicld
& & cntenon, and genotypic differences were
detected (Sharma et al 1982)

S g of chickp i on the basis of
proline has given results
(Chandra 1980) Since imteractions occur between
salt tolerance and nitrogen source, selection of
legume genotypes under both symbiotic  and
mitrogen-fed conditions has been thought desirable
(Lauter et al 198))

Al JCRISAT the field bnck chamber, and pot

8 hods earker d bed for pigeony
were emploved also for screensng chick pea culuvars
However, since chickpea 15 grown on residual soil
moisture where motsture 15 often a hmiting factor, it
was felt desirable to carry out screening at two mois-
ture levels Interattions between response 1o salimty
and moisture levels have been observed in & pot
expenment (NP Saxena, ICRISAT, personat
communication)

Waterlogging Tolerance

Luttle work has been reported on dentfying water-
logging 10} m pigeonpea and chickpea At

ICRISAT some screening capabihity has been deve-
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Figure 4. Effect of different levels of salinity on susceptible pigeonpea cultivar HY 3C.

loped to enable identification of tolerant cultivars.
The screening criteria used are relative survival dur-

ing and afier waterlogging treatments.

Field Screening. On the basis of experience over
several years., two pigeonpea cultivars, BDN | (1oler-
ant) and HY 3C (susceptible), were selected. The
screening procedure was similar 1o that used for
‘alinity 1o} These two cul were used as
omtrols in field screening. The twa controls were
Banted on either side of test rows in clevated paddy
fields in which a tile drainage system had been

installed (Fig. §). The outlet from cach set of tile
drains had 8 3top eock that was used 1o control
duration of waterlogging. The field was waterlogged
for 4 days as. 40} days afier sowing. Response 10 this
watcrlogging stress in different cultivars was then
recorded by counting the surviving plants,

Field screening thus carried out has several limita-
vions. First, continuous cropping of pigeonpea in the
same field ges the buildup of phytophth
bhghl which also kills phnu under waterlogged

iti Second, g in the rainy season
depends greatly on mmher conditions. Under
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lerance in the
Figure 5. Screening for waterlogging tol

fieid. Pigeonpea cultivars BDN 1 (tolerant) and HY
3C (susceptible) have been planted on either side of

test rows.

cloudy conditions, even severs) days of wateriogging
may not resull in plants wilting, probably beaus(n
P lag docs not develop. A p
fag due to decreased uptake of water by the roots
under waterlogging is one reason for the mortality of
waterlogged plants (Bradford and Yang 1981).
Third, only a limited number of Imq could be
screened. Finally, release of waterlogging may Rot
be uniform across the ficld, increasing the variability
of recorded responses.

Screening in pots. A pot screening method was
developed for efficient screening qf "‘ilverloggmg
1olerance, 1o overcome some of the limitations men-
tioned. Since waterlogging effects were more pro-
nounced in hot and clear weather, expenments were
conducled in when ambient day tempen-
tures were above 35°C. Pigeonpea lines to bc tested
were planted in plastic pots (I8-cm diam) in Ml.)"
The pots were perforated, lined at the bou?m with
mushn cloth, and fille¢ with black soil. Five see-
dlings were raised in each pot, and ﬂulywertallowcd
10 grow under normal conditions until40 dulys. They
were then submerged in water-filled container pots
for 5 or 6 days. The number of dead plfnxs was
recorded periodically after walerlou‘mq was
relieved. We recorded nearly 100% moruh();[r; ;m;
tible genotypes, whereas tolerant cv

:;{:wcd nf::pp)gccisabk mortality (ﬁ'g. 6). Phylop!r
thora blight was avoided by using soil free of inocu-

oy
Figure 6. Screening for wateriopging tolerance in pots. Pigeonpes cuitivar BDN 1 (Jeft) shows no ¢~

while the susceptible HY 3C shows a large number of wilted leaves.

lum. A large number of lines could be screened using
this method.

Duning standard, of this .interac-
tion between soil coliected from different Verusol
fields at ICRISAT and plant mortality due to water-
logging was obsened (Fig. 7). In same soils, plant
morwality in susceptible cultivars occurred within a
few days after waterlogging, whereas in another soil
fewer plants died. In waterlogged sail, microorga-
misms can produce ethylene (Lynch 1972). The
amount of decomposable organic mavter, which acts
as a substrate for ethylene evolution. and the pres-
ence of these microorganisms need 10 be standard-
i7¢d ta ensure uniform resulty Ar indication of the
role of these microorganisms was provided by the
observation that in stenilized soil, even prolonged
waierlogging did not cause uppreciabie mortahty
(Fig K). Further. greater mortslity accurred 1n soil
rich 10 organic matter.

BDN 1 HY 3C
(tolerant) (susceptible)

1

s
1

Survival after 6 days of wateriogging (%)

A il

ABCDE ABCDE

Figure 7. Percentage of survival after waterlogging
of two pigeonpea cultivars (BDN 1 and HY 3C)in
Vertisols collected from different fields st ICRISAT
Center.
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Figure 8. Percentage of survival of two pigeonpea
cultivars (BDN 1 and HY 3C)in nterilized and non-
sterilized Vertisols in pots at ICRISAT Center. Soil
samples were collected from two spots, and results -
each are presented separately.

Combining Salinity and Waterlogging
Tolerance

Salinity and waterlogging ofien occur together in
irrigated lands. Thus, it would appear fruitful 1o
combine salt and waterlogging lolerance in
improved genotypes. While screening for waterlog-
ging tolerance. we noticed some pigeonpea geno-
types. such as ICPL 22, which possessed tolerance
to both waterlogging and salinity. )t would be
worthwhile 10 intensify the search for genotypes
with tolerance 10 both these stresses.

F ;xturc Needs

So far, only commonly grown cultivars and
advanced breeding lines have been screened for tol-
erance to salinity and waterlogging in pigeonpea,




and to salinity tolerance in chickpea. For identifying
genotypes with greater tolerance, the genetic resour-
ces coliection at ICRISAT needs 10 be systemati-
cally evaluated. It s likely that accessions originally
coliected from saline or waterlopged arcas may have
greater tolerance. These should be tested in steps for
talerance at various growth sages. Approaches
using tissue culture techniques under saline condi-
(ions may also generate some variability for salinity
tolerance (Rains 1981). Studies 10 understand the
physiological and genelic nature of salt and water-
logging in known ing cultivars are
also desirable. Further studies with both crops on
the factors affecting salt and waterlogging tolerance
are also necessary 10 evaluate and siandardize proce:
dures that can bt used to select for different
environments.
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