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Chickpea (Cicer arietinum) is an important food legume
crop grown in arid and semi-arid regions of the world.
India, Pakistan, Turkey, Mediterranean region, North
America, South America and Australia account for
significant production covering an area of more than 10
million ha. Although the crop has been grown for over
10,000 years and exhibits morphological diversity, the
same cannot be said at the molecular level. Fortunately,
the crop is endowed with rich germplasm in the form of
wild relatives.

Various studies indicate that chickpea rests on a
narrow genetic base (Millan et al. 2006) likely due to a
founder effect (Ladizinsky 1984). There are 43 wild Cicer
species of which eight are annual and the rest are perennial.
Amongst all these species only C. reticulatum and C.
echinospermum are cross compatible with cultivated
chickpea, and the rest of the species are incompatible.

Unlike the annual Cicer, which grows in a broad
geographical range, the perennial Cicer species have specific
requirements with respect to climate and soil conditions
(Kaiser et al. 1997) and do not set reproductive structures
under field conditions at the International Crops
Research Institute for the Semi-Arid Tropics (ICRISAT),
Patancheru, India. Large differences in latitude between

Pullman (Washington, USA) (46°N) and Patancheru
(17°N) with accompanying photoperiod effects may
account for the lack of seed set at the latter location. At
the USDA-ARS, Pullman field site, perennial Cicer
species have been established and have survived cold
winter conditions for a number of years and have
produced sizeable quantities of seed. In those nurseries,
the perennial wild Cicer species have shown near
immunity to Ascochyta blight. Also, insects have not
attacked the perennials. Interestingly, some accessions of
C. microphyllum have shown resistance to Helicoverpa
armigera (Sharma et al. 2006).

Molecular analysis has shown that some of the perennial
Cicer species may be more closely related to chickpea
than some of the annual Cicer species (Choumane et al.
2000). It would be of interest to cross perennial Cicer
with the cultigen. Pollen from perennial Cicer species
was collected from Pullman, and methods were worked
out to preserve for later use and to transport pollen to
other locations for crossing purposes.

Flowers of perennial Cicer species namely C. oxyodon,
C. macracanthum, C. microphyllum and C. nuristanicum
were collected on the day of anthesis in a polythene bag.
Care was taken to keep the flowers hydrated. Pollen was

Table 1. Pollen germination in perennial Cicer species.

Pollen germination (%) after preservation1

_________________________________________________
Perennial Cicer spp Identity Pollen fertility2 (%) 0–5 h 10 days 25 days 35 days

C. oxyodon PI 561084 95 80 48 15 0
C. microphyllum PI 599088 97 78 55 13 0
C. nuristanicum PI 604497 91 69 53 9 0
C. macracanthum PI 599074 93 55 29 11 0

1. Pollen isolated from plant and germinated in vitro.
2. Pollen grains stained bright in acetocarmine.
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isolated into a vial directly from the flowers and
dehydrated for 3–4 h using a suction pump. The vials
with pollen, were stored in a refrigerator at 6–8°C.
Aliquots of pollen were retrieved from the stock every 5
days and germinated in the pollen germination medium
developed for wild Cicer to determine the effects of
preservation on viability.

Figure 1. Perennial Cicer pollen germination in vivo and in vitro: (a) Cicer oxyodon
pollen germination in vitro; (b) C. oxyodon pollen germination 20 days after preservation;
(c) C. nuristanicum pollen germination 20 days after preservation; (d) No germination of
C. oxyodon pollen 35 days after preservation; (e) C. oxyodon pollen preserved for 10 days
and germinating on the stigma; (f) C. oxyodon pollen preserved for 20 days and
germinating on the stigma.

Pollen germination medium consisted of Brewbaker
and Kwack’s medium (1963) with 20% sucrose (Fig.1a).
The amount of sucrose was critical for the germination of
perennial Cicer pollen grains. Germination of C. oxyodon,
C. macracanthum, C. microphyllum and C. nuristanicum
pollen varied. It was possible to obtain pollen germination
up to 25 days after preservation (Fig. 1b and c), after
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Table 2.  Number of pollinations and pod set in the crosses involving perennial Cicer species.

Cultivated chickpea Pollen parent No. of pollinations No. of pods set1

ICCV 2 C. oxyodon 25 15 (60)
ICCV 92318 C. oxyodon 33 13 (39)
ICCV 2 C. microphyllum 20 9 (45)
ICCV 92138 C. microphyllum 9 3 (33)
ICCV 2 C. nuristanicum 18 11 (61)
ICCV 92318 C. nuristanicum 15 7 (47)
ICCV 2 C. songaricum 5 1 (20)

1. Percentage values are given in parentheses.

which there was retardation in pollen tube growth, leading
to failure of germination beyond 35 days of preservation
(Table 1; Fig. 1d). Pollen grains of annual Cicer species,
C. pinnatifidum and C. bijugum, also germinated on
pollen germination medium standardized for perennial
Cicer species.

Pollen stainability by acetocarmine is taken as the
count for pollen fertility. Pollen fertility in all the perennial
Cicer species was above 90%, but pollen germination
varied from 55 to 80% (Table 1). This meant not all
pollen grains, which stained bright pink with
acetocarmine dye, were viable and to get an exact count
of pollen viability, pollen germination tests either in vivo
(germination on the stigma of a compatible flower) (Fig. 1e
and f) or in vitro (on pollen germination medium) are
essential. During international transfer of pollen, in vivo
pollen germination tests may not be possible; hence, in
vitro pollen germination test offers a good means of
testing pollen viability.

Pollen collected from USDA-ARS, Pullman, which
was preserved for 15–20 days, following the method
described above, was used in the crossing program at
ICRISAT, Patancheru. Cultivated chickpea genotypes
ICCV 10 and ICCV 92318 were used as the female
parents and pollinated with C. oxyodon, C. microphyllum,
C. nuristanicum and C. macracanthum. All pollinations
were hormone aided (50 mg L-1 gibberllic acid + 10 mg L-1

naphthaleneacetic acid + 10 mg L-1 kinetin); without the
application of hormones pod set was not observed. The
number of pods set varied depending on the male and
female parents used in the crossing program. In general,
crosses with C. nuristanicum and C. oxyodon gave rise to
higher percentages of pod set (61% and 60%,
respectively) on ICCV 2 (Table 2) than the other two
perennial Cicer species. None of the pods had mature
seeds, but immature seeds (ovules) less than 2 mm length
were obtained.

Our research work shows that it is possible to use
preserved pollen as a means of international transfer of
germplasm in situations where seed transfer is not
possible for particular accessions or wild species that do
not produce flowers due to differences in environmental
conditions, as has been observed for perennial Cicer
species at ICRISAT.
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