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INTRODUCTION

Chickpea (Cicer arietinum L.), also known as Garbanzo bean or Bengal gram, is the second
most cultivated grain legume grown globally after dry bean (FAOSTAT data, 2007). It is -
cultivated annually on an area of about 10 million hectares over 50 countries. Over 80%
of its area is in the semi-arid tropics (SAT) that encompass most of south Asia, parts of
southeast Asia, a swathe across sub-Saharan Africa, much of southern and eastern Africa,
and parts of Latin America. These regions are characterized by high atmospheric water
demand, a high mean annual temperature, limited and erratic monsoonal rainfall, and
nutrient poor soils. The major constraints to chickpea production in SAT include terminal
drought and heat stresses, fusarium wilt and Helicoverpa pod borer. Soil salinity is also a
major constraint to adaptation of chickpea in some areas, particularly in India, Pakistan,
Bangladesh, Iran and Australia. ngh instances of dry root rot are reported from Sub-
Saharan Africa and India.

India is the largest chickpea producing country with 64% of global chickpea production
(FAOSTAT data, 2007). Chickpea is grown on. 6.7 m ha from latitude 32°N in northern
India with cooler, long-season environment to 10°N in southern India with warmer, short-.
season environment. There has been a large. shift in chickpea area from north to central
and southern India, mainly because of expansion in area under irrigation and wheat
cultivation in northern India. During the past four decades, chickpea area declined by
about 4.2 m ha in northern and north-eastern sates (Punjab, Haryana, Uttar Pradesh and
Bihar) and increased by 2.6 m ha in central and southerni states (Madhya Pradesh,
Maharashtra, Karnataka and Andhra Pradesh). This drastic shift in chickpea cultivation
from cooler, long-season environments to warmer, short-season environments resulted in
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chickpeas being more prone to abiotic and biotic stresses that are prevalent in warm short-
season environments {e.g. terminal drought and heat stresses).

The crop improvement efforts at ICRISAT and National Agricultural Research System
(NARS) in SAT countries have largely focused on improving adaptation of chickpea to SAT
environments by enhancing resistance/tolerance to biotic and abiotic stresses prevalent in
SAT environments. This paper reviews recent progress in breeding chickpea for improved
adaptation to the SAT environments.

Terminal Drought

Terminal or end-of-season drought is the most critical constraint to chickpea production
throughout the SAT regions, where the crop is largely grown rainfed during the post-rainy
season on residual soil moisture. The crop has to survive through to harvest on
progressively declining residual soil moisture and often experiences moisture stress at the
reproductive stage, which is the most critical phase of the crop growth. The crop plants
are known to have different mechanisms to adjust to water stress conditions. These are
generally classified into three categories — (1) drought escape, (2) drought avoidance, and
(3) drought tolerance.

Terminal drought escape: Early phenology (early flowering, early podding and early
maturity) is the most important mechanism to escape terminal drought and heat stresses.
Chickpea improvement program at ICRISAT emphasizes on development of early
maturing varieties for enhancing adaptation of chickpea to environments prone to
terminal drought and heat stresses (Gaur et al, 2007a). The collaborative efforts of
ICRISAT and national agricultural research systems (NARS) in several SAT countries,
including India, Myanmar, Bangladesh, Ethiopia and Sudan, have led to the development
-of several high yielding, early-maturing and fusarium wilt resistant cultivars. Some of the
popular varieties developed in India through ICRISAT-NARS partnership include ICCC 37,
JG 11, JG 130 and JAKI 9218 in desi type; and ICCV 2, KAK 2, JGK 1, JGK 2, Vihar and
Virat in kabuli type. These varieties cover large area in central and southern India.
Further, ICRISAT has developed super-early chickpea breeding lines (ICCV 96029 and
ICCV 96030) that mature in 75 to 80 days in southern India (Kumar and Rao, 1996). The
- super-early lines provide opportunities for cultivation of chickpea in new niches, such as a
short-duration catch crop for vegetable purpose following a rice crop and preceding a
wheat crop in northern India (Sandhu et al., 2007). Efforts are being made to improve
~ super-early lines for fusarium wilt resistance and seed size.

Historically kabuli chickpea area in SAT was negligible, as the available kabuli cultivars -
were late maturing and more suited to cooler long-season environments. Availability of
early maturing cultivars has made production of kabuli chickpea profitable in the SAT
environments. The kabuli chickpea area has expanded rapidly in Myanmar, southern and
central India, and Ethiopia. It is interesting to note that Myanmar, which has a short-
growing season similar to southern India, now has about 60% of chickpea area under
kabuli type (Than et al., 2007). This change was brought about by the extra-early cultivar
ICCV 2 (released as Yezin 3 in Myanmar), which has witnessed very high rate of adoptlon
and is now grown in 55% of chickpea area (Than et al., 2007).

Adoption of early maturing desi and kabuli chickpea cultivars along with suitable crop
production packages has led to enhancement of chickpea production in some SAT regions.
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For example, in Myanmar during the past decade (1995/96 to 2004/05), the chickpea
area has increased by 23% (from 166,000 to 205,000 ha), yields have almost doubled
(from 588 to 1171 kg ha™), and production has increased 2.6 times (from 92,000 to
239,000 t) (Than et al., 2007). Similarly in Andhra Pradesh state in southern India, the
chickpea area has increased from 106,000 ha in 1996/97 to 384,000 ha in 2005/06 and
the yield has increased from 853 to 1,596 kg ha™ during this period. Increase in area and
yield levels has led to 7-fold increase in chickpea production (90,000 to 629,000 t).
Andhra Pradesh was once considered a low productive state for chickpea due to warmer
and short-season environments, but now has the highest average chickpea yield in India.

Though the early maturing varieties provide more stable yields than the late maturing
varieties in short-season environments, the early maturing varieties may not give higher
yield in more favorable seasons as these can not accumulate enough total plant biomass
due to reduced total photosynthetic period compared to the relatively longer duration
varieties. Thus, there is a need to match the crop durat10n with the available length of the
crop season for realizing high yield.

Drought avoidance: Plants can avoid drought through dehydration postponement by
maintaining high water potential or turgor pressure under soil water deficit conditions
(Turner, 2003). This can be achieved by water uptake by the roots from deeper soil layers,
by reducing water loss or by osmotic adjustment (Turner and Jones, 1980; Turner, 1986).

Drought avoidance through continuing water uptake: The role of root traits, such as root
depth and root vigor, in extraction of water from deeper soil layers under depleting soil-
moisture conditions is well recognized. ICRISAT scientist identified a high root biomass
line ICC 4958 that showed tolerance to drought not only at Patancheru but also at several
other locations in India and in the Mediterranean type climate (Saxena et al, 1993;
Krishnamurthy et al, 1996; Ali et al, 2005). Subsequently, in a field experiment at
ICRISAT-Patancheru with 12 diverse chickpea germplasm, including ICC 4958, it was
shown that a prolific root system, especially in the 15-30 cm soil depth, had positive
contribution to the seed yield under moderate terminal drought intensity and a deeper
root system was shown to contribute to improved yield under severe terminal drought
conditions (Kashiwagi et al., 2006). : '

Conducting research on root systems in field condition is very laborious, expensive and
time-consuming. ICRISAT has established a modified monolith method (Serraj et al,
2004). Though this method is fairly reliable, it can not be employed for large scale
screening of genotypes. The pot-culture method is less cumbersome but rooting profile can
not be estimated in shallow pot-grown plants. Thus, extensive research efforts were made
at ICRISAT-Patancheru to optimize a PVC cylinder culture system as an alternative
method that allows screening of large number of genotypes (Kashiwagi et al., 2006). With
this system, the sampling efficiency could be 1mproved dramatically. .

Genetic variability for root traits was assessed in a mini-core collection of chickpea
germplasm using the cylinder culture system at Patancheru. Large and significant
genotypic variation was found for root length density (RLD), root dry weight (RDW),
rooting depth (RDp) and root to total plant weight ratio (R/T) (Kashiwagi et al., 2005).
Accession ICC 4958, earlier identified to have large root system, was among the top
ranking genotypes for prolific root system. In addition, ICC 8261 was identified to have
the most prolific and deeper root system among the chickpea mini-core collection.
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A study was conducted to estimate gene effects for root traits using generation mean
analysis. The parents (P1, P2) and the F1, F2, BC1, and BC2 generations from two crosses,
ICC 283 (smaller roots) X ICC 8261 (larger roots) and ICC 4958 (larger roots) X ICC
1882 (smaller roots), were used. In both the crosses, the additive and additive X additive
interaction effects played important role in governing the root length density and root dry
weight. The direction of the additive gene effects was consistent and towards increasing
the root growth. Generating larger populations and delaying selections to later
generations were proposed to exploit additive X additive gene interaction for i 1mprov1ng
root systems of chickpea (Kashiwagi et al,, 2008).

Despite the importance of root traits in drought avoidance and availability of germplasm
with prolific root systems, breeding efforts on improvement of root traits have been
negligible. This is because of the laborious, time-consuming and destructive methods
involved in root studies. Molecular markers linked to major quantitative trait loci (QTLs)
for root trajts can greatly facilitate marker-assisted selection (MAS) for root traits in
segregating generations. A simple sequence repeat (SSR) marker, TAA 170, was identified
for a major QTL that accounted for one-third of the variation for root weight and root
length in recombinant inbred lines (RILs) of the cross Annigeri X ICC 4958 (Chandra et

_al., 2004). New RIL mapping populations have been developed from the two crosses used
above in generation mean analysis for root traits. These are being studied to identify
additional QTLs for root traits. We expect that marker-assisted breeding for root traits will
begin soon and accelerate progress in breeding chickpea cultivars with improved root
traits.

Drought avoidance through reducing water. loss: The water loss can be reduced through
stomata conductance or by reduction in leaf area due to leaf shedding or change in leaf
morphology (e.g. few leaflets, tiny leaves). Though differences in stomatal conductance of
chickpea leaf in response to water potential have been reported (Lawn, 1982; Muchow,
1985), no evidence is available on use of this trait in chickpea improvement.

Reduction in leaf area is expected to reduce water loss. Two chickpea accessions (ICC
5680 and ICC 10448), with smaller leaf area were described by Saxena (2003). ICC 5680
has fewer leaflets, while ICC 10448 has narrow leaflets. The fewer leaflet trait in ICC 5680
reduced transpiration loss of water by 30% compared to ICC 4958 in experiments
conducted under controlled environmental facilities at ICRISAT. Breeding lines were
developed that combined large root traits of ICC 4958 and few leaflet trait of ICC 5680
(Saxena, 2003).

Drought avoidance through osmotic adjustment: In osmotic adjustment (OA), solutes are
accumulated in the cell in response to water deficit to maintain cell turgor. This
accumulation of solutes in the cell reduces its water potential leading to movement of
water into the cell leading to greater extraction of water from the soil, as observed in
wheat (Morgan, 1983), sorghum (Basnayake et al, 1996) and barley (Gonzalez et
al.,1999). Though OA has been reported to be an important trait for drought tolerance in
“some cereal crops, e.g. wheat (Morgan et al, 1986) and sorghum (Tangpremsri et al.,
1995), there are variable reports on association of OA with grain yield in chickpea. Some
studies have shown an association between OA and seed yield under water stress
conditions (Morgan et al, 1991; Moinuddin and Khanna Chopra, 2004), while some
studies found inconsistent or no relationship (Singh et al., 1990; Leport et al., 1999). A
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recent study conducted at multiple>locations in India and Australia concluded that
phenotypic expression of OA is not stable and it can not be considered as a selectable
drought tolerance trait in chickpea breeding programs (Turner et al., 2007)

Drought tolerance: Drought tolerance, also known as dehydration tolerance, refers to
the ability of cells to continue metabolism at low leaf water status (Turner et al., 2003).
Membrane injury occurs when dehydration reaches a critical point. Though electrolyte
leakage from the cell is a measure of cell injury (Nayyar et al., 2005), the relationship
between electrolyte leakage and crop performance under water-limited conditions has not
been demonstrated (Blum and Ebercorn, 1981; Blum, 1988).

Proline accumulation in the cytosol has been reported to occur in many legumes,
including soybean, faba bean, field pea, and common bean, as a response to water deficits
(Hanson and Nelson, 1980). However, selection for lines with high proline accumulation
suggested that proline was not a-selection criterion for improved drought tolerance
(Hanson et al., 1979 and Hanson and Hitz, 1982). Transgenic chickpea plants over-
expressing the gene encoding delta 1-Pyrroline-5-Carboxylate Synthetase (P5CS), the
enzyme involved in proline biosynthesis, have been produced (ICRISAT, 2005). The
transgenic plants besides producing 2 to 3-fold higher proline did not differ significantly
from the wild type in transpiration efficiency. However, wide differences were observed
for total transpirable soil water and stomatal conductance, which need further
investigation.

ICRISAT has also been involved in generating transgenic plants of chickpea by using the
transcription factors such as DREBIA from Arabidopsis thaliana driven by a stress-
inducible promoter from the A. thaliana rd29A gene. The DREB1A protein binds to several
abiotic stress responsive genes that are native to the plant species and thereby inducing
them in response to the stress. Several transgenic events now in T5 generation ate being
evaluated for various physiological, molecular and biochemical studies under a typical dry
down set-up for water deficits. Some of these transgenic events performed superior to the
parental cultivar C235 for transpiration efficiency, photosynthetic. activity, stomatal
conductance and total transpiration under water-limited conditions. A few transgenic lines
with contrasting responses have been selected for further detailed studies on the leaf gas
exchange characteristics and further characterization under both contained greenhouse
and field conditions. '

Heat (High Temperature) Stress -

In addition to terminal drought stress, heat stress has become a major constraint to
chickpea production in SAT environments because of increasing chickpea area in warm-
short season environments and in various late sown condmons and reduction in winter
period due to global climate changes.

Reproductive growth stage (flowering and podding) is known t6 be very sensitive to
changes in external environment and heat stress at this stage leads to reduction in seed
yield (Summerfield et al., 1984). Drastic reduction in chickpea seed yields was observed
when plants at 50% flowering were exposed to hot days (35°C) (Summerfield et al,
1984). In chickpea, heat stress adversely affects pollen viability, fertilization and seed
development, therefore reducing harvest index. Thus, cultivars that can tolerate heat
stress during the reproductive phase are very much needed in chickpea for enhancing and
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stabilizing its production in SAT environments and expanding its cultivation to new
niches. :

The major limitation in breeding for heat tolerance in chickpea has been the lack of
effective screening techniques and lack of information on genetic variability for heat
tolerance. Some of the methods used to measure heat tolerance in legumes include pollen
viability test, cell membrane thermostability analysis and chlorophyll fluorescence
analysis. Chickpea was found to be more sensitive in terms of membrane stability and PS
II function at high temperatures than groundnut, pigeonpea and soybean (Srinivasan et al.
1996). However, Malhotra and Saxena (1993) found higher critical temperatures for heat
tolerance in chickpea than lentil, pea and faba bean. Limited efforts have been made to
screen chickpea germplasm for heat tolerance. Two genotypes, ICCV 88512 and ICCV
88513, have been reported to have heat tolerance at reproductive stage (Dua, 2001).

We often take two crops of chickpea in field for rapid generation advancement. It is
possible at ICRISAT-Patancheru because of short growing season. The first crop is sown
during end of September to first week of October and harvested by mid or end of January
(winter crop or main season crop). The second crop is sown during mid-January to first
week of February, immediately after the harvest of the first crop and harvested by the end

“of April (spring crop). The spring crop faces relatively high temperatures, low relative
humidity, high evaporation and high solar radiation, particularly at the reproductive
stage, compared to the winter crop. Thus, spring crop provides an opportunity to screen
germplasm for heat tolerance. Preliminary results on the performance of nine desi type
and nine kabuli type genotypes in the winter and the spring season indicated that the
kabuli types are more tolerant to high temperature than the desi types (Gaur et al.,
2007b). The seed yield reduction in the spring crop as compared to the winter crop was
less in kabuli type (30.6%) than in desi type (51.4%) due to less reduction in number of
pods per plant in kabuli type (23%) than the desi type (43.4%). The reduction in seed size
was almost similar (13.2 to 13.6%) in both types. There are genotypic variations for
relative performance in winter and spring seasons, giving opportunity for selecting high
temperature tolerant genotypes.

There is a need to develop simple and effective screening techniques for screening
- germplasm for reproductive stage heat tolerance. A large' number of germplasm
accessions, including the wild species, need to be screened to identify lines with high
levels of heat tolerance. The information on genetics of heat tolerance is needed to
develop an effective breeding strategy for improving heat tolerance. Direct selection for
heat tolerance may be difficult and thus marker-assisted selection (MAS) could be used to
enhance the efficiency of breeding programs.

Soil Salinity

Salinity is another major limiting constraint to chickpea production in many parts of SAT.
Saline soils contain sufficient neutral soluble salts (mainly sodium chloride and sodium
sulphate) to adversely affect the growth of plants. It is estimated that about 36.0 m ha
land is saline in South Asia (23.2 m ha in India, 10.5 m ha in Pakistan, 2.5 m ha in
Bangladesh), 36.8 m ha in South-east and East Asia (36.2 m ha in China, 0.6 m ha in
Myanmar) and 30.0 m ha in Central Asia (26.4 m ha in Iran, 3.1 m ha in Afghanistan)
(Abrol et al., 1988).
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Chickpea, like many other legumes, is sensitive to soil salinity. Limited earlier efforts to
identify salinity tolerance in chickpea indicated low genotypic variation (Saxena, 1984). A
desi chickpea variety Karnal Chana 1 (CSG 8963), which can be grown in saline soils with
ECe up to 6 dS/m, was released in India. In Australia, the ICRISAT breeding line ICCV
96836 (released as Genesis 836) was among the most salt tolerant lines identified in pot
trials (Maliro et al, 2004).

A recent screening of 263 diverse chickpea genotypes (including the mini-core collection,
breeding lines, wild relatives and some earlier reported salinity tolerant lines) at ICRISAT-
Patancheru showed a six-fold range of variation for seed yield under salinity, with several
genotypes yielding 20% more than the salinity tolerant cultivar Karnal Chana 1 (Vadez et
al., 2006). No significant relation was found between biomass at the late vegetative stage
and final seed yield under salinity. Performance of seed yield under salinity was explained
in part by the yield potential under control conditions, and a salinity tolerance
component. The parents of ICCV 2 x JG 62 RIL mapping population showed good contrast
for salinity tolerance and this population is being used to identify markers for salinity
tolerance QTLs. Preliminary data from association mapping revealed some association
between marker data and seed yield under salinity and/or seed yield under control (Vadez
et al., 2007)

Fusarium Wilt

Fusarium wilt (FW) caused by Fusarium oxysporum f. sp. ciceri is the most devastating
disease of chickpea in the SAT regions as the warm and dry chickpea growing season of
SAT is favorable for occurrence of this disease. FW is prevalent in at least 33 countries
(Nene and Reddy, 1987) encompassing the SAT regions of Asian, African and the South
American countries. The disease is highly devastating and can cause yield losses up to
- more than 90% in susceptible cultivars (Haware and Nene 1980).

Till date eight races (0, 1A, 1B/C, 2, 3, 4 5 and 6) of FW pathogen with distinct
geographical distributions have been documented. Races 2, 3 and 4 were found in India’
(Haware and Nene, 1982), whereas races 0, 1B/C, 5 and 6 were found in the
Mediterranean region and in the USA (California) (Jiménez-Diaz et al., 1993; Halila and
Strange, 1996). Race 1 earlier identified from India (Haware and Nene, 1982) was later
designated 1A and was also found in the USA and the Mediterranean region (Jiménez-
Diaz et al., 1993). In susceptible chickpea cultivars, races 0 and 1B/C induce the yellowing
syndrome (yellowing pathotype), whereas races 1A, 2, 3, 4, 5 and 6 induce the wilting
syndrome (wilting pathotype) (Trapero -Casas and J1menez-D1az, 1985; Jiménez-Diaz et
al, 1993).

Several studies have been conducted on genetics of resistance to fusarium wilt and
molecular mapping of fusarium wilt resistance genes. Information available on genetics of
resistance to six races (0, 1A, 2, 3, 4 and 5) of the pathogen stuggest that the resistance to .
each of these races is controlled by one to three genes. Molecular markers have been
identified for at least one resistance gene for each of these six races. These resistance
genes formed two clusters on two different chickpea linkage groups (rev1ewed by Millan et
al., 2006 and Sharma and Muehlbauer, 2007).

Several sources with high resistance to FW have been identified 'in chickpea and most of
these are available in desi type. A world collection of over 13,500 germplasm accessions
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was evaluated for race 1 of FW at ICRISAT-Patancheru and 160 accessions (150 desi and
10 kabuli type) were identified resistant (Haware et al., 1992). Desi X kabuli crosses have
been widely used at ICRISAT for enhancing FW resistance of kabuli chickpea. Recently,
two accessions (ICC 14194 and ICC 17109) of extra large seeded (100 seed weight > 50
) kabuli chickpea with high resistance to FW have been identified (Gaur et al., 2006) and
are being used in kabuli chickpea breeding.

Excellent progress has been made in development of cultivars with high resistance to
fusarium wilt in both desi and kabuli types. This has been possible mainly because
effective field screening technique for resistance to FW and germplasm with high
resistance to FW are available. Some accessions are resistant to more than one race of FW
pathogen. For example WR 315 is resistant to race 0, 1A, 2, 4, 5 and 6, while JG 74 is
resistant to race 0, 1A, 3, 4, and 6 (Haware, 1997). Most cultivars have shown stable
resistance over the years.

MAS for FW resistance. has not been initiated probably because of the availability of
effective field screening technique. However, MAS will certainly be useful in pyramiding
of resistance genes for various races of fusarium wilt and improving fusarium wilt
resistance along with other traits (e.g. resistance to other biotic and abiotic stresses).

Dry Root Rot

Dry root rot (DRR), caused by Rhizoctonia bataticola, is an important disease of chickpea
in dry areas whenever the crop is exposed to-temperature above 30°C. The disease
generally appears around flowering and podding time. Dry soil conditions promote the
disease. Many accessions with moderate levels of resistance to DRR have been identified.
Pundir et al. (1988) provided a list of 47 such accessions available in the ICRISAT’s
genebnk. Some accessions have combined resistance to DRR and FW. There have been
limited efforts to breed specifically for DRR resistance. At ICRISAT-Patanchery, the
breeding lines are usually screened for FW and DRR simultaneously in a multiple root
disease nursery. There is a need to screen more germplasm to identify sources with higher
levels of resistance and use these in breeding programs to enhance levels of DRR
resistance in cultivars targeted for SAT.

Pod Borer

Pod borer, Helicoverpa armigera Hiibner (Lepidoptera: Noctuidae) is a devastating
polyphagous pest, with amazing degree of genotypic plasticity causing heavy damage to
the crop. Yield loss in chickpea due to pod borer is estimated between 18 and 24%
equivalent to loss of over $542 million annually (Ryan, 1997). -

Sources of high level of resistance to pod borer are not available in cultivated chickpea
germplasm. However, many germplasm accessions/breeding lines/cultivars with low level
of resistance have been identified (see Sharma et al., 2003 for a review). Because of the
predominance of fixable (additive) genetic variance and high heritability, pedigree
selection was expected to enhance pod borer resistance in early maturity desi types. On
the other hand, both additive and dominance variance are important for pod borer
resistance in medium and long-duration desi and kabuli chickpea. Hence, it was suggested
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that selection for pod borer resistance should be delayed until F5 generation (Gowda et
al., 2005)

Over 160 accessions of annual wild Cicer species have been screened at ICRISAT for
Helicoverpa resistance. Larval growth was slow on 21 of these accessions and this
phenomenon of antibiosis was unique to the wild species (Sharma et al., 2005). Efforts are
being made to combine the non-preference (antixenosis) mechanism of resistance
identified in the cultigen (e.g. ICC 506 EB) and antibiosis mechanism of resistance
identified in C. reticulatum. The preliminary screening of some of perennial wild Cicer
species revealed that C. microphyllum and C. canariense had pod borer rating as low as
1.0, while C. judaicum, reported earlier as a source of resistance, had a damage rating of
4.0, and culiivated chickpea genotypes had leaf and pod damage rating of 8.5 and 9.0
(Sharma et al, 2006). Thus, these two species offer the best source of Helicoverpa
resistance in chickpea. However, these are not accessible currently due to crossability
~ barriers with the cultigen. ’

Development of transgenics has the most potential for enhancing resistance to Helicoverpa.
At ICRISAT efficient protocols for the development of chickpea transgenics have been
developed (Sharma et al, 2006) and we have generated a large number of transgenic
events with Bacillus thuringiensis (Bt) ¢rylAb or crylAc genes driven by the CaMV 35S
promoter. These transgenics have been bio-assayed for resistance to H. armigera. Though
there was approximately 30-40% reduction in the H. armigera larvae weight on
transgenics plants as compared to the control plants, none of the transgenic events was
very effective in controlling pod damage. Efforts are now being made to generate
additional transgenic events using better gene constructs to identify the events with high

expression of the Bt genes that can result in high mortality rates of the pod borer larvae.

CONCLUSION

Though there is no appreciable change in global chickpea area, the geographic
distribution of chickpea area has changed drastically. Most of the chickpea area is in the -
SAT where terminal drought and heat continue to be major abiotic stresses. The large shift
in chickpea area from cooler, long-season environments to warmer, short-season
environments has made chickpea more prone to these stresses. Despite these odds, there
has been continuous improvement in chickpea productivity. Development of short
duration varieties with resistance to fusariuin wilt has helped in expansion of area and
productivity of chickpea in warm, short-season environments.

Recent advances in research on root traits have been encouraglng and the techniques for
study of root traits have been refined. MAS for root traits is likély to begin soon and will
facilitate breeding for improving drought avoidance in chickpea, There are still challenges
in improving drought tolerance per .se because of inadequate information on the
mechanisms and component traits. Transgenics have been developed in chickpea for
improvement of various traits, including drought tolerance and Helicoverpa pod borer
resistance. The efforts in past were mainly devoted on development of technology and
transgenic events. We expect increased emphasis on new gene constructs (with better
expression of resistance) and field evaluation of these in the coming years. Similar to
transgenic technology, the research in chickpea genomics in the past has largely focused
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on development of tools and techniques for molecular breeding. Molecular markers are
now available for many traits and MAS is expected to be an integrated component of
breeding process in the coming years. With the tools and techniques of transgenic and
molecular research, we look forward to beginning of an era of precision breeding for
chickpea.

REFERENCES

Abrol, I.P., J.S.P. Yadav and F.I. Massoud, 1988. Salt-affected soils and their management. FAQ
Soil Bulletin 39. Food and Agriculture Organization of the United Nations, Rome, Itlay.

Ali, M.Y,, C. Johansen, L. Krishnamurthy and A. Hamid, 2005. Genotypic variation in root
systems of chickpea (Cicer arietinum L) across environments. J. Agron. Crop Sci. 191: 464-
472.

Basnayake, J., M. Cooper, R.G. Henzell and M.M. Ludlow, 1996. Influence of rate of
development of water deficit on the expression of maximum osmotic adjustment and
desiccation tolerance in three grain sorghum lines. Field Crops Res. 49:65-76.

Blum, A. 1988. Plant breeding for stress environments. CRC Press, Boca Raton, FL, USA

Blum, A. and A. Ebercorn, 1981. Cell membrane stability as a measure of drought and heat
tolerance in wheat. Crop Sci. 21: 43-47.

Chandra, S., H.K. Buhariwalla, J. Kashiwagi, S. Harikrishna, K. Rupa Sridevi, L. Krishnamurthy,
R. Serraj and J.H. Crouch, 2004. Identifying QTL-linked markers in marker-deficient crops.
In: Proceedings of Fourth International Crop Science Congress, 26 Sep. - 1 Oct. 2004,
Brisbane, Australia. = Available from: http://www.cropscience.org.au/icsc2004/
postet/3/4/1/795_chandras.htm

Dua, R.P. 2001. Genotypic variations for low and high temperature tolerance in gram (Clcer
arietinum). Indian J. of Agric. Sci. 71:561-566.

FAOSTAT data, 2007. http://faostat.fao.org/faostat/. Last updated January 2007, '

Gaur P.M., C.L.L. Gowda, E.J. Knights, T.D. Warkentin, N. Acikgoz, S.S. Yadav, and J. Kumar,
2007a. Chapter 19: Breeding Achievements. In: Chickpea Breeding and Management
(Yadav, S.S., Redden, B., Chen, W. and Sharma, B., Eds.), CABI, UK. pp 391-416.

Gaur P.M., S. Pande, H.D. Upadhyaya and B.V. Rao, 2006. Extra-large kabuli chickpea with
high resistance to fusarium wilt. J SAT Agric. Res, 1: Available online at
http://www.icrisat.org/journal.

Gaur, P.M., S. Srinivasan, C.L.L. Gowda and B.V. Rao; 2007b. Rapid generation advancement
in chickpea. J. SAT Agric. Res., 3: Available online-at http://www.icrisat.org/journal.

Gonzalez, A, I. Martin and I. Ayerbe, 1999. Barley yield in water-stress conditions. The
influence of precocity, osmotic adjustment and stomatal conductance. Field Crops Res. 62:
23-34. ,

Gowda, C.L.L., S. Ramesh, S. Chandra and H. Upadhyaya, 2005. Genetic basis of pod borer
(Helicoverpa armigera) resistance and grain.yield in desi and kabuli Chickpea (Cicer
arietinum L.) under unprotected conditions. Euphytica 145: 199-214.

Halila, M.H. and R.N. Strange, 1996. Identification of the causal agent of wilt of chickpea in
Tunisia as Fusarium oxysporum f. sp. ciceri race. Phytopathologia Mediterranea 35: 67-74.

Hanson; A.D. and W.D. Hitz, 1982. Metabolic responses of mesophytes to plant water deficits.
Ann. Rev. Plant. Physiol. 33: 163-203.


http://www.cropscience.org.au/icsc2004/
http://faostat.fao.org/faostat/
http://www.icrisat
http://www.icrisat.org/joumal

Breeding Chickpea for Improved Adaptation to the Semi-Arid Tropical Envronments 65

Hanson, A.D. and C.E. Nelson, 1980." Water: adaptation of crops to drought prone
environments. In: The biology of Crop Productivity (Carlson, P.S., Ed.). Academic Press,
New York, NY, USA. pp 77-152.

Hanson, A.D., C.E. Nelson, AR. Pederson and E.H. Everson, 1979. Capacity for proline
accumulation during water stress in barley and its implications for breeding for drought
resistance. Crop Sci. 19:489-493.

Haware M.P. 1997. Diseases of Chickpea. In: The Pathology of Food and Pasture Legumes, (Allen
D. J. and Lenne J. M,, Eds.) CAB International, Wallingford, U.K. pp. 473-516.

Haware M. P., Y.L. Nene, 1980. Influence of wilt at different growth stages on yield loss of

' chickpea. Tropical Grain Legume Bullet, 19:38-40.

Haware M.P., and Y.L. Nene, 1982. Races of Fusarium oxysporum f. sp. ciceris. Plant Disease
66, 809-10. _

Haware, M.P., Y.L. Nene, R.P.S. Pundir, and J. Narayana Rao, 1992. Screening of world
chickpea germplasm for resistance to fusarium wilt. Field Crops Res. 30:147-154.

ICRISAT, 2005. Harnessing Biotechnology for the Poor. Archival Report. International Crops
Research Institute for the Semi-Arid Tropics, Patancheru, India.

Jiménez-Diaz, R. M., A. R. Alcald-Jiménez, A. Hervds, J. L. Trapero-Casas 1993. Pathogenic
variability and host resistance in the Fusarium oxysporum f. sp. ciceris/Cicer arietinum
pathosystem. In: Fusarium Mycotoxins, Taxonomy, Pathogenicity and Host Resistance
(Arseniuk E. and T. Goral, Eds.) Proceedings of the 3% European Seminar. Radzikov,
Poland: Plant Breeding and Acclimatization Institute. pp 87-94.

Kashiwagi, J., L. Krishnamurthy, J. H. Crouch and R. Serraj, 2006. Variability of root length
density and its contribution to seed yield in chickpea (Cicer arietinum L.) under terminal
drought stress. Field Crop Res. 95: 171-181.

Kashiwagi, J., L. Krishnamurthy, P.M. Gaur, S. Chandra and H.D. Upadhyaya, 2008. Estimation
of gene effects of the drought avoidance root characteristics in chickpea (C. arietinum L.).
Field Crops Res. 105:64-69,

Kashiwagi, J., L. Krishnamurthy, H.D. Upadhyaya, H. Knshna S. Chandra, V. Vincent, and R.
Serraj, 2005. Genetic variability of drought-avoidance root traits in the mini-core
germplasm collection of chickpea (Cicer arietinum L.). Euphytica 146: 213-222.

Krishnamurthy, L., O. Ito, C. Johansen, 1996. Genotypic differences in root growth dynamics

-and its implications for drought resistance in chickpea. In: Dynamics of Roots and Nitrogen
in Cropping Systems of the Semi-Arid Tropics (Ito, O., C. Johansen, J.J. Adu Gyamfi, K.
Katayama, J.V.D.K. Kumar Rao and T.J. Rego, Eds.). JIRCAS Agriculture Series No. 3.
Japan International Research Center for Agricultural Sciences, Tsukuba, Japan. pp 235- -
250. ’

Kumar, J. and B.V. Rao, 1996. Super early chlckpea developed at ICRISAT Asia Center. Int.
Chickpea and Pigeonpea Newsl. 3: 17-18. -

Lawn, R.J. 1982. Response of four-grain legumes to water stress in southeastern Queensland I
Physiological response mechanisms. Aus. J. Agri. Res. 33: 481-496. . :

Leport, L., N.C. Turner, R.J. French, M.D. Barr, R. Duda, S.L. Davies, D. Tennant and K.H.M.
Slddlque 1999. Physiological responses of chickpea genotypes to terminal drought in a
Mediterranean-type environment. European J. Agron. 11: 279-291.

Maliro, M.F.A., D. McNeil, J. Kollmorgen, C. Pittock and R. Redden, 2004. Screening chlckpea
(Cicer arietinum L.) and wild relatives germplasm from diverse country sources for salt
tolerance. In: Proceedings of International Crop Science Congress, 26 Sept - 1 Oct, Brisbane,



66 Sustainable Agriculture for Food, Bio-energy and Livelihood Security

Australia. Available at: http://www.cropscience.org.au/ icsc2004/ poster/3/6/2/
1280_malirom.hom.

Malhotra R.S. and M.C. Saxena, 1993. Screening for cold and heat tolerance in cool season
food legumes. In: Breeding for stress tolerance in cool season food legumes (Singh, K.B. and
M.C. Saxena, Eds.). John Wiley & Sons, Chichester UK. pp 227-244.

Millan T., H.J. Clarke, K.H.M. Siddique, H.K. Buhariwalla, P.M. Gaur, J. Kumar, J. Gil, G. Kahl
and P. Winter, 2006. Chickpea molecular breeding: New tools and concepts. Euphytica
147: 81-103.

Moinuddin and R. Khanna-Chopra, 2004 Osmotic adjustment in chickpea in relation to seed
yield and yield parameters. Crop Sci. 44: 449-455.

Morgan, J. M. 1983. Osmoregulation as a selection criterion for drought tolerance in wheat.
Australian J. Agric. Res: 34: 607-614.

Morgan, J. M., R.A. Hare and R.J. Fletcher, 1986. Genetic variation in osmoregulation in bread
and durum wheats and its relationship to grain yield in a range of field environments.
Australian J. Agric. Res. 37: 449-457.

Morgan, J. M., B. Rodriguezmaribona and E.J. Knights, 1991. Adaptation to water-deficit in
chickpea breeding lines by osmoregulation relationship to grain yields in the field. Field
Crops Res. 27: 61-70.

Muchow, R.C. 1985. Stomatal behaviour in grain legumes grown under different soil water
regimes in the semi-arid tropical environment. Field Crops Res. 11:291-307.

Nayyar, H., S. Kaur, Smita, K.J. Singh, K.X. Dhir, and T. Bains, 2005. Water stress-induced
injury to reproductive phase in chickpea: evaluation of stress sensitivity in wild and

cultivated species in relation to abscisic acid and polyamines. J. Agron. Crop Sci. 191: 450-
" 457.

Nene, Y.L. and M.V. Reddy, 1987. Chickpea Diseases and their control. In: The Chickpea (M.C.
Saxena and K.B. Singh, Eds.), CAB International, Wallingford. UK. pp. 233-70. .
Pundir, R.P.S., Reddy, K. N., and Mangesha, M. H. 1988. ICRISAT chickpea germplasm catalog:

evaluation and analysis. ICRISAT, Patancheru, India.

Ryan, J.G. 1997. A global perspective on pigeonpea and chickpea sustainable production
systems: Present status and future potential. In: Recent Advances in Pulses Research
(Asthana A.N. and M. Ali, Eds.). Indian Society of Pulses Research and Development,
Indian Institute of Pulses Research, Kanpur, India. pp 1-31. )

~ Sandhy, J.S., S.K. Gupta, P.M. Gaur, A.K. Saxena, S. Sharma, and P. Kaur, 2007. Studies on
early podding varieties and post-harvest management of immature green grains of
chickpea to be used as vegetable. Acta Hortiulture 752:353-358.

Saxena, N.P. 1984. Chapter 12: Chickpea. In: The physiology of Tropical Field Crops
(Goldsworthy, P.R. and N.M. Fisher, Eds). John Wiley & Sons Ltd., Chi Chester, UK, pp.
419-452.

Saxena, N. P. 2003. Management of drought in chickpea~A holistic approach. In: Management
of Agricultural Drought-Agronomic and Genetic Options (N.P. Saxena, Ed.). Oxford & IBH

Publising Co. Pvt. Ltd., New Delhi, India. pp. 103-122.

Saxena, N.P., L. Krishnamurthy and C. Johansen, 1993. Reglstratlon of a drought-resistant
chlckpea germplasm. Crop Sci. 33: 1424.

Serraj, R., L. Krishnamurthy, J. Kashiwagi, J. Kumar, S. Chandra, and J.H. Crouch, 2004.

. Variation in root traits of chickpea (Cicer arietinum L.) grown under terminal drought.
Field Crops Res. 88: 115-127.


http://www.cropscience.org.au/

Breeding Chickpea for Improved Adaptation to the Semi-Arid Tropical Envronments 67

Serraj, R., L. Krishnamurthy and H. D. Upadhyaya, 2004. Screening chickpea mini-core
germplasm for tolerance to soil salinity. Int. Chickpea Pigeonpea Newslet.11: 29-32.

Sharma, H.C., M. Bhagwat, G. Pampapathy, J. Sharma and T. Ridsdill-Smith, 2006. Perennial
wild relatives of chickpea as potential sources of resistance to Helicoverpa armigera. Genetic
Resources and Crop Evolution 53: 131-138.

Sharma, H.C., C.L.L. Gowda, K.K. Sharma, P.M. Gaur, N. Mallikarjuna H. K. Buhariwalla and J.
H. Crouch, 2003. Host plant resistance to pod borer, Helicoverpa armigera in chickpea. In:
Chickpea Research for the Millennium: Proceedings of International Chickpea Conference
(Sharma, R.N., Shrivastava, G.K., Rathore, A L., Sharma, M.L. and Khan, M.A. Eds.}, 20-22
Jan 2003, Indira Gandhi Agricultural University, Raipur, India. pp. 118-137.

Sharma, H.C., G. Pampapathy, S.K. Lanka and T.J. Ridsdill-Smith, 2005. Antibiosis mechanism
of resistance to pod borer, Helicoverpa armigera in w11d relatives of chickpea. Euphytica
142: 107-117.

Sharma, K.D., F.J. Muehlbauer, 2007. Fusarium wilt of chickpea: physiological specialization,
genetics of resistance and resistance gene tagging. Euphytica 157:1-14.

Sharma, K.K., P.Bhatmagar-Mathur, and B. Jayanand, 2006. Chickpea (Cicer arietinum L.). In:
Methods in Molecular Biology, Vol. 343 (Kan Wang, Ed.): Agrobacterium Protocols, 2/e,
volume 1, Humana Press Inc., Totowa, U.S.A. pp. 313-323. ’ )

Singh, D.P., B.D. Chaudhary, P. Singh, H.C. Sharma and S.P.S. Karwasra, 1990. Drought
tolerance in oilseed Brassicas and chickpea. Haryana Agricultural University, Hisar, India.

Srinivasan A., H. Takeda and T. Senboku, 1996. Heat tolerance in food legumes as evaluated
by cell membrane thermostability and chlorophyll fluorescence techniques. Euphytica 88:
35-45.

Summerfield R.J., P. Hadley, E.H. Roberts, F.R. Minchin and S. Rawsthorne, 1984. Sensitivities
of chickpeas (Cicer arietinum L.) to hot temperatures during the reproductive period.
Experimental Agriculture 20:77-93.

Tangpremsri, T., S. Fukai and K.S. Fischer, 1995. Growth and yield of sorghum lmes extracted
from a populatlon for differences in osmotic adjustment. Aust. J. Agric. Res. 46:61-74.

Than, AM., J.B. Maw, T. Aung, P.M. Gaur and C.L.L. Gowda, 2007. Development and adoption
of improved chickpea varieties in Myanmar. J. SAT Agrlc Res., 5: Available online at
http://www.icrisat.org/journal.

Trapero-Casas A. and R.M. Jiménez-Diaz, 1985. Fungal wilt and root rot diseases of chickpea
in southern Spain. Phytopathology 75: 1146-51. :

Turner, N.C., G.C. Wright and K.H.M. Siddique, 2003. Adaptatlon of grain legumes to water-
limited environments: selection for physiological, biochemical and yield component
characteristics for improved drought resistance. In: Management of Agricultural Drought -
Agronomic and Genetic Options (Saxena, N.P., Ed.). Oxford & IBH Publishing Co. Pvt. Lid,
New Delhi, India. pp. 43-80.

Turner, N. C. 1986. Crop water deficits: a decade of progress. Adv. Agron. 39: 1-51.

Turner, N.C. 2003. Drought resistance: A comparison of two research frameworks. In:
Management of Agricultural Drought - Agronomic and Genetic Options (Saxena, N.P., Ed.).
Oxford & IBH Publishing Co. Pvt. Lid, New Delhi, India. pp. 103-122.

Tumer, N.C., S. Abbo, J.D. Berger, S.K. Chaturvedi, R.J. French, C. Ludwig, D.M. Mannur, S.J.
Singh and H.S. Yadava, 2007. Osmotic adjustment in chlckpea results in no yield benefit
under terminal drought. J. Exp Bot. 58:187-94. : _


http://www.icrisat.org/joumal

68 ) Sustainable Agriculture for Food, Bio-energy and Livelihood Security

Turner, N.C. and M.M. Jones, 1980. Turgor maintenance by osmotic adjustment. In:
Adaptation of plants to water and high temperature stress (Turner, N.C and P.J. Kramer,
Eds.). New York: Wiley, pp. 87-103.

Vadez, V., L. Krishnamurthy, P.M. Gaur, H.D. Upadhyaya, D.A. Hoisington, R. K Varshney,
C. Turner and K. H. M. Siddique, 2006. Tapping the large genetic variability for salinity
tolerance in chickpea. In: Proceedings of 13" Australian Society of Agronomy Conference, 10-
14  September 2006, Perth, Australia. Available online at
http://www.regional.org.au/au/asa/ 2006/concurrent/environment/4561_vadez.htm

Vadez, V., L. Krishnamurthy, R. Serraj, P.M. Gaur, H.D. Upadhyaya, D.A. Hoisington, R.K.
Varshney, N. C. Turner, K. H. M. Siddique, 2007. Large variation in salinity tolerance in
chickpea is explained by differences in sensitivity at the reproductive stage Field Crops Res.
104:123-129.


http://www.regional.org.au/au/asa/

