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Foreword

Pigeonpea is widely grown by small farmers in the semi-arid tropics as a backyard
subsistence crop. It is produced commercially in India, Myanmar, Kenya, Malawi,
Uganda, and a few countries of Central America (Dominican Republic, Haiti, and Puerto
Rico).

Pigeonpea is a profitable and popular crop. It brings good prices in the market. It is
a hardy plant that, when intercropped with a cereal, ensures a measure of income
stability. People use the dry grain as dhal, the green seed as a vegetable, and the sticks
as fuel wood. In addition, it can be cut for forage and it improves poor soils through its
deep, strong rooting system, leaf drop at maturity, and addition of nitrogen.

In 1972 the Consultative Group on International Agricultural Research (CGIAR)
assigned to the International Crops Research Institute for the Semi-Arid Tropics (ICRISAT)
the responsibility to serve as a world centre for the improvement of pigeonpea; mainly
because it is one of the most important pulse crops of the world, and is a major source
of protein to many people who depend largely or wholly on vegetarian diets. In spite
of its importance, however, the crop had previously received inadequate attention from
research workers. The productivity of local landraces was low and there appeared to be
considerable scope for its improvement.

The action of the CGIAR in according global importance to pigeonpea has catalysed
research upon the crop, not only by ICRISAT, but by interested national agricultural
research institutes as well. There are now more than 11,000 pigeonpea germplasm acces-
sions in the ICRISAT gene bank, basic knowledge about the crop’s anatomy and physi-
ology has been obtained, and disease-resistant and pest-tolerant cultivars have been
produced.

More recently high-yielding, short-duration varieties and hybrids of pigeonpea with
wide adaptation have been made available. They make it possible to take multiple harvests
in a wide range of traditional and new locations. It is becoming a more important
commercial crop in India, and shifting from a subsistence to a commercial crop in some
other countries.

Because considerable new information on pigeonpea has been generated in the last
two decades, three ICRISAT scientists led by Dr. Y.L. Nene, Deputy Director General,
have produced this book, The Pigeonpea, with help from the CAB International. Chapters
have been written by scientists at ICRISAT, in Australia, India, Indonesia and the Nether-
lands. Its 18 chapters cover a wide range of subject matter and it will, I am sure, prove
useful to crop scientists all over the world. We hope it will stimulate further interest in
this important and physiologically interesting crop. In the decades to come pigeonpea
is likely to become a truly world crop through its diversification into non-traditional
areas, and the expansion of its uses.

L.D. Swindale
Director General
ICRISAT

22 Jan 1990

vii



Contributors

M. ALI, Principal Investigator and Head (Agronomy), Directorate of Pulses Research,
Indian Council of Agricultural Research (ICAR), Kanpur 208 024, India.

Y.S. CHAUHAN, Crop Physiologist, Legumes Program, International Crops Research
Institute for the Semi-Arid Tropics (ICRISAT), Patancheru, Andhra Pradesh
502 324, India.

1.S. DUNDAS, Research Associate, Department of Agronomy, University of Adelaide,
Waite Agricultural Research Institute, Glen Osmond, SA 5064, Australia.

D.G. FARIS, Principal Coordinator, Asian Grain Legumes Network, Legumes Program,
International Crops Research Institute for the Semi-Arid Tropics (ICRISAT),
Patancheru, Andhra Pradesh 502 324, India.

5.C. GUPTA, Plant Breeder, Legumes Program, International Crops Research
Institute for the Semi-Arid Tropics (ICRISAT), Patancheru, Andhra Pradesh
502 324, India.

SUSAN D. HALL, Research Editor, Information Services, International Crops Research
Institute for the Semi-Arid Tropics (ICRISAT), Patancheru, Andhra Pradesh
502 324, India.

R. JAMBUNATHAN, Principal Biochemist and Program Leader, Grain Quality and
Biochemistry Unit, International Crops Research Institute for the Semi-Arid
Tropics (ICRISAT), Patancheru, Andhra Pradesh 502 324, India.

C. JOHANSEN, Principal Agronomist, Legumes Program, International Crops Research
Institute for the Semi-Arid Tropics (ICRISAT), Patancheru, Andhra Pradesh
502 324, India.

J.V.D.K. KUMAR RAO, Crop Physiology, Legumes Program, International Crops
Research Institute for the Semi-Arid Tropics (ICRISAT), Patancheru, Andhra
Pradesh 502 324, India.

S.S. LATEEE Senior Entomologist, Legumes Program, International Crops Research
Institute for the Semi-Arid Tropics (ICRISAT), Patancheru, Andhra Pradesh
502 324, India.

R.J. LAWN, Principal Research Scientist, Commonwealth Scientific and Industrial
Research Organization (CSIRO), Division of Tropical Crops and Pastures,
The Cunningham Laboratory, 306 Carmody Road, St. Lucia, Queensland
4067, Australia.

LAXMAN SINGH, Principal Agronomist, Eastern African Regional Cereals and Legumes
(EARCAL) Network, ICRISAT, C/o OAU/STRC, J.P.31 SAFGRAD, P.O. Box
30786, Nairobi, Kenya.

R.A.E. MULLER, Principal Economist, Resource Management Program, International
Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Patancheru,
Andhra Pradesh 502 324, India.

Y.L. NENE, Deputy Director General, International Crops Research Institute for the
Semi-Arid Tropics (ICRISAT), Patancheru, Andhra Pradesh 502 324, India.

P. PARTHASARATHY RAO, Senior Research Associate, Resource Management Program,
International Crops Research Institute for the Semi-Arid Tropics (ICRISAT),
Patancheru, Andhra Pradesh 502 324, India.

viii



CONTRIBUTORS ix

L.J. REDDY, Plant Breeder, Legumes Program, International Crops Research Institute
for the Semi-Arid Tropics (ICRISAT), Patancheru, Andhra Pradesh 502 324,
India.

M.V. REDDY, Senior Plant Pathologist, Legumes Program, International Crops Research
Institute for the Semi-Arid Tropics (ICRISAT), Patancheru, Andhra Pradesh
502 324, India.

W. REED, Former Principal Entomologist, Legumes Program, International Crops
Research Institute for the Semi-Arid Tropics (ICRISAT), Patancheru, Andhra
Pradesh 502 324, India.

P. REMANANDAN, Botanist, Genetic Resources Unit, International Crops Research
Institute for the Semi-Arid Tropics (ICRISAT), Patancheru, Andhra Pradesh
502 324, India.

K.B. SAXENA, Senior Plant Breeder, International Crops Research Institute for the Semi-
Arid Tropics (ICRISAT), Patancheru, Andhra Pradesh 502 324, India.

D. SHARMA, Grain Legume Breeder, Malang Research Institute for Food Crops (MARIF),
P.O. 66, Malang 65101, East Java, Indonesia.

S.B. SHARMA, Nematologist, Legumes Program, International Crops Research Institute
for the Semi-Arid Tropics (ICRISAT), Patancheru, Andhra Pradesh 502 324,
India.

V.K. SHEILA, Senior Research Associate, Office of the Deputy Director General,
International Crops Research Institute for the Semi-Arid Tropics (ICRISAT),
Patancheru, Andhra Pradesh 502 324, India.

U. SINGH, Biochemist, Grain Quality and Biochemistry Unit, International Crops
Research Institute for the Semi-Arid Tropics (ICRISAT), Patancheru, Andhra
Pradesh 502 324, India.

K.V. SUBBA RAO, Senior Research Associate, Resource Management Program,
International Crops Research Institute for the Semi-Arid Tropics (ICRISAT),
Patancheru, Andhra Pradesh 502 324, India.

R.J. TROEDSON, Senior Research Officer, Department of Agriculture, University of
Queensland, St. Lucia, Queensland 4067, Australia.

L.J.G. van der MAESEN, Professor, Department of Plant Taxonomy, Agricultural
University, Wageningen, the Netherlands.

E.S. WALLIS, Group Manager, Bureau of Sugar Experiment Stations, P.O. Box 86,
Indooroopilly, Queensland, Australia.



Acknowledgements

The editors thank the following ICRISAT staff members for their help in the compilation
and production of this book:

].B. Wills, Head, Information Services;

G.J. Michael, Sankari Chandrashekar, C.P. Jaiswal, and D.C. Venkaiah for typing;
S.M. Sinha for art direction and A.A. Majid for art work.

A.B. Chitnis, P. Linganna, K. Kabeer Das, and L. Vidyasagar for photographic work;
T.R. Kapoor, K.K. Purkayastha, K. Chandrashekara Rao, and K.S.T.5.V. Prasad for
composition.

They also thank The Book Project, Stanton, Worcs, UK for preparing the line diagrams,
and B.D. Hall for general support.



Chapter 1

PIGEONPEA: GEOGRAPHY
AND IMPORTANCE

Y.L. NENE and V.K. SHEILA

Deputy Director General and Senior Research Associate, Office of the Deputy
Director General, International Crops Research Institute for the Semi-Arid Tropics
(ICRISAT), Patancheru, Andhra Pradesh 502 324, India.

i

INTRODUCTION

Pigeonpea (Cajanus cajan (L.) Millspaugh) is one of the major grain legume (pulse) crops of the
tropics and subtropics. Endowed with several unique characteristics, it finds an important place
in the farming systems adopted by smallholder farmers in a large number of developing countries.
Although pigeonpea ranks sixth in area and production in comparison to other grain legumes
such as beans, peas, and chickpeas, it is used in more diverse ways than others. Besides its main
use as dhal (dry, dehulled, split seed used for cooking), its tender, green seeds are used as a
vegetable, crushed dry seeds as animal feed, green leaves as fodder, stems as fuel wood and to
make huts, baskets, etc., and the plants are also used to culture the lac-producing insect. Pigeonpea
plants are often used as a living fence around small farms. It is grown on mountain slopes to
reduce soil erosion. Pigeonpea seed protein content (on average approximately 21%) compares
well with that of other important grain legumes.

1



2 Y.L. NENE AND V.K. SHEILA

WORLD DISTRIBUTION

All the evidence gathered to date points to peninsular India as the place where pigeonpea origi-
nated. The name “pigeonpea” probably originated in the Americas, where it reached sometime
in the 15th Century, because the seeds were found to be favoured by pigeons (Pundir et al., 1989).
It is now widely grown in the Indian subcontinent which accounts for almost 90% of the world’s
crop. Other regions where pigeonpea is grown are Southeast Asia, Africa, and the Americas.
There is substantial area of pigeonpea in Kenya, Uganda, and Malawi in eastern Africa, and in
the Dominican Republic and Puerto Rico in Central America. In most other countries pigeonpea
is grown in small areas and as a backyard crop. Table 1.1 includes available information on pigeonpea
area and production in different countries, but it is often felt that the information on area and

Table 1.1. World production of pigeonpea.

Area Production
Country ('000 ha) (t) Year  References
ASIA and OCEANIA
Australia 5 na' 1985/86 Meekinetal., 1988
Bangladesh 2.460 1700 1985/86 ICRISAT, 1990
India 2 973 2230000 1979-84 ICRISAT, 1990
Myanmar (Burma) 83 52 000 1985/86 Wallisetal., 1988
Nepal 18 9 000 1987/88 ICRISAT, 1990
PPakistan 2 1 000 1972 Sharma and Green, 1975
Thailand 1 na 1988  ICRISAT, 1990
AFRICA
Kenya 164 na 1981  Omangaand Matata, 1987
Malawi 35 20 000 1972 Sharma and Green, 1975
Tanzania 22 11 000 1972  Sharmaand Green, 1975
Uganda 63 22 000 1985  Nalyongo and Emeetai-Areke, 1987
AMERICAS
Antigua 0.008 5 1978  Brathwaite, 1981
Barbados 0.003 1 1978  Brathwaite, 1981
Dominican 13.941 14 545 1978 Brathwaite, 1981
Republic
Grenada 0.607 36 1978  Brathwaite, 1981
Guadeloupe 0.200 60 1978  Brathwaite, 1981
Guyana 0.016 7 1978  Brathwaite, 1981
Haiti 6.667 4 000 1978  Brathwaite, 1981
Jamaica 2.800 1510 1978  Brathwaite, 1981
Panama 2.703 3436 1978  Brathwaite, 1981
Puerto Rico 3 4 000 1972  Sharmaand Green, 1975
St. Kitts/ 0.004 3 1978  Brathwaite, 1981
Nevis/Anguilla
St. Lucia 0.052 16 1978  Brathwaite, 1981
St. Vincent 0.056 50 1978  Brathwaite, 1981
Trinidad and 0.178 150 1978  Brathwaite, 1981
Tobago
Venezuela 11 6 000 1972  Sharma and Green, 1975

1. na = data not available.
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production of pigeonpea is inadequate because the substantial proportion of pigeonpea grown as
a backyard crop is not included in the statistics. Other pigeonpea-growing countries include:

Asia and Oceania  Afghanistan, Bhutan, Caroline Islands, Christmas Islands, Fiji, French
Polynesia, Hong Kong, Indonesia, Japan, Kampuchea, Laos, Malaysia,
Mariana Islands, New Caledonia, Papua New Guinea, the Peoples Republic
of China, The Philippines, Pitcairn Island, Sri Lanka, Taiwan, Tonga, USSR,
Vietnam;

Africa Angola, Benin, Burkina Faso, Burundi, Cameroon, Congo-Brazzaville, Cote
d’'lvoire, Egypt, Ethiopia, the Gambia, Ghana, Guinea-Bissau, Liberia,
Madagascar, Madeira, Mali, Mauritius, Mozambique, Nigeria, Rwanda, Sao
Tome, Senegal, Seychelles, Sierra Leone, Somalia, South Africa, St. Helena,
Sudan, Swaziland, Togo, Zaire, Zambia, Zimbabwe;

The Americas Argentina, Bahamas, Belize, Bermuda Islands, Bolivia, Brazil, Celombia, Costa
Rica, Cuba, Dominica, El Salvador, Equador, French Antilles, French Guyana,
Guatemala, Honduras, Martinique, Mexico, Montserrat, Netherlands Antilles,
Paraguay, Peru, St. Croix, St. Thomas, Suriname, Turks and Caicos Islands,
USA; (Nene ¢t al., 1989; Nyabyenda, 1987; van der Maesen, 1983, 1986).

Pigeonpea is grown in almost all the states of India, but the major concentration is in the state
of Uttar Pradesh in northern India and the states of Gujarat (eastern), Maharashtra (eastern), and
Karnataka (north-east) in western India, and Madhya Pradesh (western) in central India (Figure 1.1).

PIGEONPEA AS A SOIL AMELIORANT

Pigeonpea is known to provide several benefits to the soil in which it is grown. Being a legume
it fixes nitrogen. The leaf fall at maturity not only adds to the organic matter in the soil, but also
provides additional nitrogen. In one experiment where maize followed pigeonpea, the residual
nitrogen was estimated to be approximately 40 kg ha' (Kumar Rao et al., 1981).

Pigeonpea is outstanding in the depth and lateral spread of its root system, which incidentally
enables it to tolerate drought. Its root system is reported to break the plough pans, thus improving
soil structure. No wonder that pigeonpea is often called a “biological plough”. Pigeonpea plants
can adapt to a wide range of soil types from gravelly stones to heavy clay loams of close texture
and high moisture content, provided there is no standing water on the soil surface. Farmers in
India often grow pigeonpea on poor soils where they have problems in growing other crops.
Pigeonpea can tolerate salinity and alkalinity, but not excessive acidity; i.e., pH below 5.0.

The deep root system allows for optimum moisture and nutrient utilization. Pigeonpea seems
to have special mechanisms to extract phosphorus from some soils (e.g., black Vertisols) to meet
its needs. Extensive ground cover by pigeonpea prevents soil erosion by wind and water, encour-
ages filtration, minimizes sedimentation, and smothers weeds. Pigeonpea is often grown on
mountain slopes (e.g., in the Dominican Republic) to utilize their poor soils and to reduce soil
erosion (Figure 1.2).

Growing pigeonpea continuously may have adverse effects on succeeding pigeonpea crops -
an allelopathic effect which could be due to a build up of pathogenic microflora and microfauna,
or to toxic products released during the decomposition of leaf litter and roots.

SIGNIFICANCE IN CROPPING SYSTEMS

Pigeonpea is a perennial, but is most often cultivated as an annual (Figure 1.3). Traditional landraces
and cultivars of pigeonpea are harvested after 180-280 days, though the plants may be left in the
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2000 ha under pigeonpea cultivation
o Below 1000 ha under pigconpea cultivation

I. Punjab 8. Orissa
ras 2. Rajasthan 9. Madhya Pradesh 4;2°
3. Haryana 10. Gujarat
4. Uttar Pradesh 1. Maharashtra
5. Bihar 12. Karnataka
6. West Bengal 13. Andhra Pradesh
7. Assam 14, Tamil Nadu
g° -8
1 L I ] 0
72° E.of Greenwich. 76" 84 8e’ 9 (

Figure L.}, Distribution of pigeonpea in India (1979/80).

Source: Data from Government of India (Ministry of Agriculture), 1981
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Figure [.2. Pigeonpea growing on mountain slopes in the Dominican Republic.

field to regrow and provide browsing for animals. In many parts of Africa and Central Amenca
where pigeonpea is grown as a backvard crop, its perennial habit enables the production ot multiple
harvests. The short-duration caltivars (100-140 days) (Figure 1.4) arc also used in multiple harvest
svstems in parts of India.

Because of their long duration, the Jandraces and traditional cultivars are almost always prown
as intercrops or in mixed cropping systems with shorter-duration crops. The latter are harvested
al their maturity; the fields are then Jeft for pigeonpeas to grow on residual moisture and complete
their lifespan with the first flush of mature pods. The new shorl-duration cultivars are grown as
sole crops. Also grown as sole crops are the traditional cultivars sown 90-120 days later than
normal, thereby giving the crop a short period in which to mature; however, this system is only
possible in areas where winters arc mild. In rainfed situations pigeonpea provides more stability
of productivity over environmenls and seasons than the cereals with which il is intercropped
(5ingh and Subba Reddy, 198R).
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Figure 1.3. A traditional, tall pigeonpea crop growing at ICRISAT Center, India.
Photo: 1ICRISAT.



Figure 1.4. Dwarf, short-duration pigeonpea breeding lines, University of Queensland, Australia,
1980.
Photo: ICRISAT.

On the Indian subcontinent pigeonpea is commonly intercropped with cereals (e.g., sorghum,
pearl and other millets, maize, upland rice), other legumes (e.g., groundnut, soybean, mungbcan,
cowpea), or castor, cotton, sesame, sunflower, etc. In Africa it is commonly intercropped with
maize, sorghum, cowpea, and cassava. In Central and South America the usual intercrop is maize.
Pigeonpea/sorghum is one of the most widely adopted intercrop combinations on the Indian sub-
continent and in Africa (Figure 1.5). It should also be noted here that intercropping sorghum and
pigeonpea leads to significant reduction in the incidence of fusarium wilt of pigeonpea (Natarajan
et al., 1989).

Waterlogging, frost in winters, and highly acid soils adversely affect pigeonpea crops. There
are many areas of eastern, central, and southern India and of Nepal where winters are mild and
rainfall during the winter months is not excessive. Local landraces and traditional cultivars of
pigeonpea are often grown successfully as sole crops in such situations to exploit the residual
moisture in the soil. The short-duration pigeonpeas recently introduced in India now make it
possible to grow a sole crop of pigeonpea before the major postrainy-season crop of wheat is
sown, something that was not possible earlier with traditional, long-duration pigeonpeas.
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USES

Figure 1.5. A pigeonpea/sorghum intercrop, ICRISAT Center, 1980.
Photo: ICRISAT.

As mentioned earlier, pigeonpca i~ used in a wide varicty of ways. Its main vse in the Indian
subcontinent is as human food. The dry sced (Figure 1.6) is dehulled and the split cotyledons,
that ave called dhal (Figure 1.6), are cooked to make a thick soup primarily for mixing; with rice.
Fhis is the way generations of Indian people on the subcontinent have used pigeonpea for over
2000 years. Indian immigrants no matter where and when they moved, still retain their preference
for pigceonpea dhal over dhwls made from other grain legumes. In Africa and Central America
whole dry seeds without the seed coat are cooked alone without the seed coat, or together with
meat. Sometimes sprouted seeds are consumed, and the flour or split sceds are used for making
soups. Split dry seed can be stored for longer periods than the dry whole seeds.



PIGEONPEA: GEOGRAPHY AND IMPORTANCE 9

Figure 1.6. Pigeonpea seeds (left), and dhal (right) made from decorticated, split, dried sceds,
Photo: ICRISAT.

Pigeonpea is a popular backvard or kitchen-garden crop, primarily grown for its green seeds
or tender green pods (Figure 1.7). While green seeds are cooked as a vegetable, like garden peas,
in Africa, Central America, and the states of Gujarat and Karnataka in India, tender pods (about
I-cm long) are cooked whole in Brazil, Thailand, and the castern islands of Indonesia. Green
pigeonpeas are processed for canning and freczing in Central America and India for export to
North America.

The seed husks and pod walls are commonly fed 1o cattle, and green Jeaves are used as cattle
fodder. After the pods are harvesled (Figure 1.8), plants are often left in the field for cattle to graze
the new green leaves such plants produce.

Pigeonpea is used as a green manure crop in some countries, the tall perennial plants somctinmes
serve as windbreak hedges, and occasionally pigeconpeas are used as shade for tree crops or vanilla
(Duke, 1981). In parts of India and Central America, pigeonpea is grown as a perennial to mark
ficld boundarics.

Pigeonpea dry stems are an important household fuel wood in many countrics (Figure 1.9).
Ten lonnes of dry sticks per hectare can be routinely obtained. These sticks are also used to make
ficld fences, huts, and baskets.

in the state of Assam in castern India and in Thailand pigeonpea crops grown for 2 to 3 years,
serve as an important host for the scale insect that produces lac. Pigeonpea leaves arc also used
to feed silkworms.

Morton (1976) lists many folk medicinal uses for pigeonpea. Dry roots, leaves, flowers, and
seeds arc usced in different countries to treat a wide range of ailments of the skin, liver, lungs,
and kidney.
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Figure 1.7. Vegetable pigeonpeas showing pods and fresh seeds.
Photo: ICRISAT.

FUTURE OF PIGEONPEA

As we have discussed earlier pigeonpea, unlike other food legumes, can simultaneously satisfy
needs for food, feed, and fuel. It has an ameliorative effect on the soils in which it grows. It is a
very hardy crop, growing well in marginal soils and fitting extremely well into diverse intercropping
situations. Recent breeding efforts have lead to the development of disease-resistant, long-duration
cultivars that were previously not available. The new relatively dwarf, short-duration cultivars and
hybrids now allow cultivation of pigeonpea at latitudes up to 45° on both sides of the Equator, in
contrast 1o the adaptation of traditional landraces and cultivars to Jatitudes between 32°N and S.
Thus the future of pigeonpea as a world crop seems bright. The next few years should see a
substantial increase in pigeonpea production on the Indian subcontinent and in eastern Africa,
with somc countnies perhaps reaching the point of self-sufficiency. However, if pigconpea is to
extend to non-traditional areas, markets will have to be created to make its cultivation remunerative.

At present green pigeonpea seed is used as a vegetable in Central America, Africa, and a few
stales in India. There is, however, tremendous scope for increase in pigeonpea vegetable production
in countries of the Indian subcontinent, Southeast Asia, and Africa. Recent efforts to produce
pigeonpea hybrids especially for better and sweeter green seed should contribute towards
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Figure 1.8. Pigeonpea pods of a grain cultivar.
Photo: ICRISAT.

popularizing pigeonpea as a vegetable. Canning and freezing green pigeonpea seed is mainly
done in Central America and this industry could very well expand to other areas. Even tender
green pods as used in Indonesia, and sprouted pigeonpea seed can be canned and marketed.

The use of pigeonpea as animal teed is bound to increase in many regions of the world.
PPigeonpea grain has been found useful in the rations of pigs and poultry, and can be substituted
for currently used soybean to some extent. Fortunately pigeonpea genotypes with high seed
protein (29%) have been produced by scientists at the International Crops Research Institute for
the Semi-Arid Tropics (ICRISAT), and these should prove useful in situations where the grain is
to be used in animal rations. Pigeonpea leaves provide excellent fodder to grazing animals, particu-
larly in seasons when green fodder is scarce in the semi-arid tropics.

Of late pigeonpea is being consjdered a potential crop for marginal lands on the plains as well
as on hilly slopes, not only to ameliorate soils, but also to prevent soil erosion. Pigeonpea could
be useful for the hilly lands which occupy 30% of tropical Asia, and for marginal lands in Australia
and the Americas. The potential of pigeonpea as a cover crop in the new rubber plantatons of
Thailand and Indonesia has been demonstrated (Wallis et al., 1988). Recent ICRISAT studies indicate
that pigeonpea has excellent potential for use in agroforestry systems. With the increasing shortage
of fuel wood in villages, pigeonpea sticks are likely to be in demand for fuel, and many smallholder
farmers will be tempted to grow more pigeonpea.

It will be absolutely necessary to increase rescarch and technology development in pigeonpea
utilization. Recent work indicates that pigeonpea starch can be used to make noodles that compare



12

Y.L. NENE AND V.K. SHEILA

Figure 1.9. Acartload of pigeonpea stalks that are used as fue) woud, Tadanapalli village, India.
Phote JCRISAT,

well with those presently made from mung bean starch. Likewise fermented foods such as tempe,
normally made from soybean, can be successfully made from pigeonpea. Another possible product
is instant dhal made from pre-cooked split pigeonpea seed. This should prove very popular in
both traditional and non-traditional pigeonpeua-consuming arcas. Cowpca is more popular in Africa
than pigeonpea, possibly because whole cowpea seed takes less time to cook than whole pigeonpea
seed. If pigeonpea lines with white seed that cook faster than traditional tvpes are dcveloped,
pigeonpea could become a viable substitute for cowpea and could then also offer its other unique
advantages to farmers in Africa. In Venezuela a local soft drink/mild liquor called “chicha” which
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is usually prepared from rice, can also be prepared from pigeonpeas, and is considered very tasty.
This could be one more possibility of utilizing pigeconpeas.

Recent studies in Bangladesh indicate the possibility of using pigeonpea to produce paper pulp
(Razzaque et al., 1986; Akhtaruzzaman ¢t al., 1986) and such a use should certainly increase the
demand for pigeonpeas in non-traditional arcas.

Here therefore is a crop that is available for use in many diverse ways; but much depends upon
the interest and innovativeness of research workers as to whether pigeonpea remains a regional
crop, or becomes a truly world crop.
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Chapter 2

PIGEONPEA: ORIGIN,
HISTORY, EVOLUTION, AND
TAXONOMY

L.J.G. van der MAESEN

Professor, Department of Plant Taxonomy, Agricultural University, Wageningen,
the Netherlands.

INTRODUCTION

The pigeonpea, Cajanus cajan (L.) Millspaugh, has been distributed to most tropical countries, but
is of major importance in India and eastern Africa. Despite a lack of very ancient remains, some
contrasting opinions about its origin exist. It may be satisfactorily concluded that pigeonpea
originated in India and spread quite early. A secondary centre of diversity of the species is found
in eastern Africa. Ancient Sanskrit sources might still clarify the early travels of the pigeonpea.
The recent taxonomy as revised by van der Maesen (1986) does not yet need an update, and is
presented here in abridged form.

The genus Cajanus as accepted in the broad sense, including the former genus Atylosia, also
has two areas of diversity. Seventeen species occur in the Indian subcontinent, and another 13
species are almost all endemics of Australia. The Australian species must have developed from
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ancestral complexes separated from the Asian group of species when Australia separated from
mainland Asia after the Pleistocene.

ORIGIN

Pigeonpea originated in India, as is made likely by the presence of several wild relatives, (including
the nearest one), the large diversity of the crop gene pool, ample linguistic evidence, a few
archaeological remains, and the wide usage in daily cuisine.

De (1974) and Vernon Royes (1976) prepared reviews that include discussion of the pigeonpea’s
origin. The latter considered the dispute settled in favour of Indian origin. Further considerations
also clarified this (van der Maesen, 1980). Several authors considered castern Africa as the “centre
of origin”, since pigeonpea seems to occur wild in Africa. While reports of wild plants in India
are scarce, the intensity of grazing animals in India casily explains this difference. The scarce but
often cited archacological evidence of one seed in an ancient Egyptian tomb, and the wild occurrence
in Africa made many authors (Purseglove, 1968; Rachic and Roberts, 1974) favour an African origin.
The range of diversity of the crop in India is much larger, and this made Vavilov (1951) list the
pigeonpea as of Indian origin.

Africa harbours only one close wild relative of pigeonpea, C. kerstingii Harms, the other wild
relative is the widespread C. scarabacoides (L..) Thouars which apparently arrived in Africa relatively
recently, since its distribution is limited to coastal arcas (van der Maesen, 1979). India and Myanmar
(formerly Burma) account for 16 related wild species, one of which, Cajanus cajanifolius (Haines)
van der Maesen, could be considered as a progenitor. Cajanus volubilts (Blanco) Blanco, a species
related to C. crassus (Prain ex King) van der Maesen, is restricted to some islands of Indonesia
and the Philippines.

Australia, with 15 wild species of which 13 are endemic is another centre of diversity. Any
direct role of this area in the origin of pigeonpea has to be ruled out since the island continent
separated from Asia in the Upper Cretaceous, while contacts in the Pleistocene era via the Indone-
sian archipelago were limited. Cajanus progenitors must then have evolved along different lines
in Australia and Asia, as almost no species is common between these continents. In drier parts
of the southeast Asian islands a few species occur, including one only found in the Philippines
and Indonesia. Cajanus spp., barring an occasional pigeonpea, are not found in the humid tropics.

ARCHAEOLOGICAL REMAINS

Many references point to the presence of pigeonpea seeds (as Cajanus indicus=C. cajan) in an
Egyptian tomb of the 12th Dynasty (2200-2400 BC) at Dra Abu Negga (Thebes) (Schweinfurth,
1884), but this concerns only a single seed in a grave offering of several agricultural seeds, such
as faba beans (Vicia faba 1.), and dried grape skins. The seed, which has not been inspected
recently, is probably in the Cairo Museum. Schweinfurth saw the seed in the museum then at
Boulak, in a glass case containing the mentioned funeral offerings. Pigeonpea seeds are not so
conspicuous as some other pulses, so scrutiny for more evidence is required. The pigeonpea seed
did not differ from those of plants with yellow flowers then grown in Egypt. At present pigeonpea
is still grown as a minor hedge crop by some farmers along the Upper Nile. Grain legumes are
not common in grave offerings, as they were considered unclean by the priestly class. Recently
some archaeological remains of small-sized pigeonpea from Bhokardan in Maharashtra, India
(Kajale, 1974) were dated from the 2nd Century BC to the 3rd Century AD, and hence do not
support a very ancient use in India. A lack of further documented finds makes conclusions on
this basis alone impossible. The absence of a very distinctive seed shape does not facilitate identi-
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fication of pigeonpea seeds from carbonized materials. Certainly with time more remains are likely
to come to light.

WRITTEN HISTORY AND THE PIGEONPEA’'S VERNACULARS

The name pigeonpea was first reported from plants used in Barbados where the sceds were once
considered very useful as pigeon feed (Plukenet, 1692). The name has been translated into Dutch,
French, German, Russian, and Spanish as one of the vernaculars in those languages.

The vernacular names of pigeonpea, of which about 350 have been recorded, including slight
orthographic variants (van der Maesen, 1986) do not allow us to draw conclusions as to whether
pigeonpea was first used in India or in Africa. Ancient written sources for African languages are
absent, and pigeonpea has not been identificd from Egyptian hicroglyphs. The African names are
quite old, although their age cannot be ascertained. 1t seems logical that they influenced pigeonpea
vernaculars in the Amcricas, but more details are needed.

In India, many Sanskrit names have their modern equivalents: Adhaki or Adhuku became
Arhar, the Dravidian Tuvarai or lTuvari, used in Sanskrit since 300-400 AD, became Tur (De, 1974).
Further searches in ancient manuscripts may reveal more about the earliest history and philology
of pigeonpea (K.L.. Mehra, personal communication). The erop has many ancient names in Indian
languages, and several Sanskrit names have their modern equivalents,

The names of pigeonpea in the American hemisphere are derived from African and European
tongues: an interesting subject for a linguist. The Portuguese “Guandu” and Spanish “Gandul”
may have been derived from the Indian Telugu word “Kandulu” (van der Maesen, 1986), or have
African roots, such as the Gabonese Fioffe “Oando”, alternative suggestions are that Guandu or
Gandul is a corruption of Cajan, that is the name pigeonpea took from the Malay Kacang (Vernon
Royes, 1976). The names Angola pea (pois d° Angole), Congo pea, Kachang Bali, Ads Sudani,
Cajan des Indes, Puerto Rican pea, Indischer Bohnenstrauch, and Lentille du Soudan all point to
purported origins. Most of the names in European languages, like the name pigeonpea itself,
were not framed earlier than during the l6th Century.

TAXONOMY OF CAJANUS AND ATYLOSIA

Pigeonpea, Cajanus cajan (L.) Millspaugh, is the only cultivated food crop of the Cajaninae subtribe
of the economically most important leguminous tribe Phascoleae, which contains the many bean
species consumed by man (e.g., Phaseolus, Vigna, Cajanus, Lablab, Macrotyloma). Within the tribe
Phaseoleae (twining, prostrate or erect herbs or subshrubs, usually pinnately trifoliolate leaves,
with stipels and stipules, flowers in panicles or pseudoracemes, calyx with 4-5 teeth, corolla
papilionaccous, stamens 9 fused and 1 free, pods 2-valved), the subtribe Cajaninae is well dis-
tinguished by the presence of vesicular glands on the leaves (usually more on the undersurface
of the eaves), calyx, and pods. Eleven genera remain in the Cajaninae, the larger ones are Rhynchosia
Lour. (130 spp.) and Eriosema (DC.) G. Don (200 spp.), other genera are Dunbaria W. and A. and
Flemingia Roxb. ex Aiton. The Cajaninae are a very natural group. The cultivated pigeonpea stands
alonc as a crop species in the subtribe, of which most species belong outside the pigeonpea gene
pool, or at the most in its tertiary genc pool, while several Cajanus species can be placed in the
secondary gene pool (Table 2.1). Harlan and de Wet's subspecies classification (1971) is not followed,
but their concept of gene pools is most useful. Lackey (1977, 1978, 1981) reviewed the Phaseoleae
as a group and realigned Bentham’s classical classification (Bentham, 1837; Bentham and Hooker,
1865) taking into account the genera described since the last century. Baudet’s (1978) classification
differs from that of Lackey in minor detail.
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Table 2.1. Gene pools of pigeonpea.

Primary gene pool Cultivar collections

Secondary gene pool  Cajanusacutifolius, C. albicans,
C. cajanifolius, C. lanceolatus,
C. latisepalus, C. lineatus, C. reticulatus,
C. scarabaeoides var. scarabaeoides,
C. sericeus, C. trinervius

Tertiary gene pool C. goensis, C. heynei, C. kerstingii (?),
C. mollis, C. platycarpus, C. rugosus,
C. volubilis, other Cajanus spp.(?), other
Cajaninae (e.g., Rhynchosia, Dunbaria, Eriosema)

The taxonomy of Cajanus DC. has recently been revised (van der Maesen, 1986). Its nearest
relatives, earlier commonly classified in Atylosia W. and A., do not differ sufficiently from Cajanus
to warrant generic status. Morphological, cytological, chemical, and hybridization data support
this merger, even if the needed taxonomic changes are inconvenient.

Morphology

The only remaining key character, the presence of a seed strophiole in Atylosia, which is absent
in Cajanus, is actually of little taxonomic importance. It is based on only two genes, a dominant
one, and one with inhibitory action (Reddy ¢t al., 1981). Several pigeonpea accessions (approxi-
mately 200 out of about 10 000) possess a small strophiole, and a few have a conspicuous strophiole.
Many hybrids of Cajanus X Atylosia are fertile, and do not deserve to be called intergeneric (McComb,
1975; see also De, 1974; Smartt, 1980). Since 1957 (Kumar ¢f al., 1958) therc have been several
reports of successful crosses between Cajunus and Atylosia spp. and several breeders (e.g., ICRISAT,
1986) utilize wild Atylosia species in their crossing programmes.

Cytogenetics

The cytological evidence supporting congenericity of Cajanus and Atylosia is considerable. High
degrees of homology between chromosomes, among species which hybridize, have been reported
(Deodikar and Thakar, 1956; Roy and De, 1965; Sikdar and De, 1967; Reddy, 1973, 198la, b, ¢;
Pundir, 1981; Dundas ¢t al., 1983, and 1.5. Dundas, University of Adelaide, personal communi-
cation). Somatic karyotype and pachytene analysis have both offered uscful methods to compare
pigeonpea chromosomes with those of the related species.

There is no discrepancy between the chromosome number reports: all authors found 2n=22
for Cajanus (sensu lato) spp and some Rhynchosia spp (van der Maesen, 1986).

Chemotaxonomy

The chemical constituents of Cajanus spp have not been investigated in a consolidated manner,
the major reason being unavailability of research material. Lackey (1977) found all the Cajaninae
he investigated, including seven species of Cajanus, lacking in canavanine, a compound mainly
found in seeds of Papilionoideae. Harborne et al. (1971) summarized some chemical constituents,
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but it is difficult to draw taxonomical or evolutionary conclusions based on this rather inadequate
information.

Seed protein electrophoresis might provide data that could be used to visualize evolutionary
pathways. Remarkable similarities between pigeonpea and wild species again confirm congenericity
(Ladizinsky and Hamel, 1980; Singh ¢f al., 1981; Pundir, 1981). The pattern of C. cajanifolius differed
much more from the C. cajan pattern than the variation between C. cajan cultivars. Cajanus platycarpus
and C. volubilis, both species with which pigeonpea does not produce hybrids, have patterns less
homologous than other species, while Riynchosia rothii was even more distinct. Krishna and Reddy
(1982) studied the esterase isozyme pattern of seven Cajanus species, showing, a closer homology
between pigeonpea and C. cajanifolius than when compared with other species. Ladizinsky and
Hamel (1980) suggested a polyphyletic origin of pigeonpea from several wild (Atylosia) species as
each band in the Atylosia species had a homologue in the standard profile of pigeonpea, or in one
of its variants.

Cajanus as here recognized now has 32 species. Some closely affiliated Atylosia species were
considered conspecific and lowered to the rank of varieties (Table 2.2).

A sectional division of the genus groups the species into six sections. Section Cajanus contains
pigeonpea, and its closest relative, C. cajanifolius. Crossing barriers between these two species are
not insurmountable. Sections Atylia Benth. and Fruticosa van der Maesen contain the remaining
erect species, sections Cantharospermum (W. and A.) Benth. and Volubilis van der Maesen cover the
climbing species, while Section Rhynchosoides Benth. has three trailing species resembling some
Rhynchosia spp, such as R. aurea DC. (Table 2.3). A comprehensive citation of specimens examined
is presented by van der Maesen (1983, 1986).

The genus Cajanus is distributed in the old world, with 18 species in Asia, 15 in Australia, and
one in Africa. All but two Australian species are endemic, the Indian subcontinent and Myanmar
harbour eight endemic species, with the other species occuring over larger areas. Apart from the
pigeonpea only one species, Cajanus scarabacoides (L.) du Petit-Thouars is common and widespread
throughout South and Southeast Asia, the Pacific Islands, and northern Australia. It has an endemic
variety, var. pedunculatus (Reynolds and Pedley) van der Maesen, in Australia. Table 2.2 lists the
species currently recognized, their most recent valid synonym, and their distribution. Pedley (1981)
depicted the distribution of the Australian species. Detailed distribution data are compiled in the
revision by van der Maesen (1986). Myanmar, Yunnan-China, and nerthern Australia are the areas
where the greatest diversity of wild species can be found.

Habitat

Some species occur in grassy habitats (Cajanus platycarpus, C. scarabaeoides), although most are
confined to open tropical semi-deciduous and wet forests, especially the fringes along open spaces.
Overgrazing of the palatable legume species obviously restricts Cajanus to more or less protected
habitats. All species of Cajanus grow at altitudes between 0 and 1500 m, except for C. trinervius,
C. rugosus, C. mollis, and C. grandiflorus, which are high-altitude species more common above 800
to 2000 m. Cajanus mollis is mainly found above 700-800m. Cajanus trinervius occurs above 850 m,
and has recently been found only above 1000 m in Sri Lanka and 2000 m in India.

Several species are rare. Even when searched for, C. villosus and C. clongatus in northeastern
India have so far eluded collection for germplasm purposes. The most recent Indian specimens
available in the herbarium date from 1895 for C. villosus, and from 1957 for C. elongatus. Two other
species not recently found in India are C. grandiflorus, and C. niveus from Myanmar, which might
also occur in Assam. Habitat destruction in accessible places is an obvious reason for retreat and

perhaps extinction.



Table 2.2. Species recognized in the genus Cajanus, their basionvms or most widely known synonyms, and their distribution.

Species Basionym or most common synonvm Distribution
1 Cajanusacutifolius (F. v. Muell.) van der Maesen Rhynchosia acutifolia FEv. Muell. ex Benth. Australia
2 Cajanus albicans (W. & A.) van der Maesen Ah;fmm albicans (W. & A.) Benth. S. India, SriLanka
3 Cajanusaromaticus van der Maesen Australia
4 Cajanuscajan (L.) Millsp. Ca;anuc indicus Spreng. Pantropic
5 Cajanus cammfolms (Haines) van der Maesen Atylosia cammfolm Haines SE. India
6 Cajanus cinereus (F. v. Muell.) E. v. Muell. Atylosia cinerea F. v. Muell. ex Benth. Australia
7 Cajanus confertiflorus Fv.Muell. Atylosia pluriflora F.v. Muell. ex Benth. Australia
8 Cajanus crassicaulis van der Maesen - Australia
9 Cajanus crassus (Prain ex King) van der Maesen Atylosia crassa Prain ex King S.,SE. Asia
10 Cajanus elongatus (Benth.) van der Maesen Atylosia elongata Benth. NE. India, Vietnam
11 Cajanus goensis Dalz. Atylosia barbata (Benth.) Bak. India, SE. Asia
12 Cajanus grandiflorus (Benth. ex Bak.) van der Maesen Atylosia grandiflora Benth. ex Bak. NE. India, S. China
13 Cajanus heynei (W. & A.) van der Maesen Dunbaria heyneiWw. & A. SW. India, SriLanka
14 Cajanus kerstingii Harms - W. Africa
15  Cajanus lanceolatus (W.V. Fitzg.) van der Maesen Aiwio‘:ia lanceolata W.V. Fitzg. Australia
16  Cajanus lanuginosus van der Maesen Australia
17 Cajanus latisepalus (Reynolds & Pedley) van der Maesen Awloqa latisepala Reynolds & Pedley Australia
18  Cajanus lineatus (W. & A.) van der Maesen Atylosia lineata W. & A. S. India, SriLanka
19 Cajanus mareehensis (Reynolds & Pedley) van der Maesen  Atylosia mareebensis Reynolds & Pedlev Australia
20 Cajanus marmoratus (R. Br. ex Benth.) E v. Muell. Atylosia marmorata R. Br. ex Benth. Australia
21 Cajanus mollis (Benth.) van der Maesen Atylosia mollis Benth. Himalaya foothills
22 Cajanus nivens (Benth.) van der Maesen Atylosia nivea Benth. Myanmar, S. China
23 Cajanus platycarpus (Benth.) van der Maesen Atylosia platycarpa Benth. Indian subcontinent, Java
24  Cajanus pubescens (Ewart & Morrison) van der Maesen Atylosia pubescens (Ewart & Morrison) Australia
Revnolds & Pedley
var. mollis Reynolds & Pedley var. mollis Reynolds and Pedley Queensland
var. pubescens Australia
25 Cajanus reticulatus (Dryander) E v. Muell.
var. granditolius (F. v. Muell.) van der Maesen Atylosia grandifolia (F.v. Muell.) Benth. Australia, New Guinea
var. reticulatus Ah;lo*;m retictelata (Dryander) Benth. Australia
var. maritimus (Reynolds & Pedley) van der Maesen Australia
26 Cajanus rugosus (W. & A.) van der Maesen A#ylosia rugosaW. & A. S. India, SriLanka
27 Cajanus scarabaeoides (L.) Thouars Atylosia scarabaeoides (L.) Benth,
var. pedunculatus (Reynolds & Pedley) vander Maesen  var. pedunculata Reynolds & Pedley Australia
var. scarabaeotdes Atylosia scarabaeoides (L.) Benth. S., SE. Asia, Pacific, coastal Africa
28 Cajanus sericeus (Benth. ex Bak.) van der Maesen Atylosia sericea Benth. ex Bak. S.India
29 Cajanus trinervins (DC.) van der Maesen Atylosia candolleiW. & A. S. India, SriLanka
30 Cajanus villosus (Benth. ex Bak.) van der Maesen Atylosia villosa Benth. ex Bak. NE. India
31 Cajanusviscidus van der Maesen - Australia
32 Cajanus volubilis (Blanco) Blanco Cytisus volubilis Blanco Philippines, Indonesia
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Table 2.3. Sections of the genus Cajanus (sensu lato).

Major characters

Section Habit Leaves Hairs Corolla Strophiole Species
1 Atylosia Benth. Erect Obovate torounded *+Dense Persistent Divided 7
2 Cajanus Erect Elliptic-acuminate Sparse Caducous Vestigial or 2
divided
3 Fruticosa van der Maesen Erect Lanceolate to rounded Absent todense Caducous Divided 9
4 Cantharospernum Climbing, Obovate, apexacute Sparseto + dense  Caducous Divided 5
(W. & A.) Benth. creeping torounded
5 Volubilis van der Maesen Climbing Rhomboid to rounded %+ Dense Persistent Divided 6
6 Rhynchosoeides Benth. Trailing Elongate torounded Sparse Caducous Horseshoe 3

AWONOXVL ANV ‘NOILLNTOAZ ‘AYOQOLSIH ‘NIDRIO :VAINOIDII

| 4



L.J.G. VAN DER MAESEN

KEY TO THE ASIAN AND AFRICAN SPECIES OF CAJANUS
(van der Maesen, 1986)
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Erect shrubs ... ... 2
Climbing or creeping plants ... 8
Widely cultivated for seed, sometimes an escape to the wild; ripe seeds without strophiole
or with small vestigial strophiole ..................... 4. C. cajan
Occurring wild; ripe seeds with conspicuous strophiole ... 3
Leaflets elliptic-acuminate ... 4
Leaflets obovate, tip rounded or acute ........cooiii 6
Leaflets with acute tip, indumentum greyish short .......................................... 5
Leaflets thick, with rounded tip, indumentum golden brown, copious, long on leaf margin
(S. India, Sri Lanka, hill tops) ..o 29. C. trinervius
Leaflets short-elliptic; pod wall thick, sutures 1 mm wide, tipped by ca 10-mm style (W.
ATICA) o 14. C. kerstingii
Leaflet as long-elliptic; pod wall thin, sutures inconspicuous, tipped by ca 2-mm style
(E. Central India) ... 5. C. cajanifolius
Leaves pinnately trifoliolate, leaflets rounded-obovate, whitish below; pods 4-6 sceded
(MYanmar) ..o e 22 C. niveus
Lcaves digitately trifoliate, leaflets obovate-oblong, glaucous-green below ............... 7
Leaflets broad, with acute to rounded tip, stipules short, 2-3 mm (India, W. Ghats)..
.................................................................................................. 18. C. lincatus
Leaflets narrow, with rounded tip, stipules long, above 5 mm (India, W. Ghats, E. Ghats)..
.................................................................................................. 28. C. sericeus
Annual creeper in grass, pods flat, broad, papery ... 23. C. platycarpus
Perennial creepers or twiners, pods narrower, more rounded and thicker ............... 9
Leaves pinnately trifoliolate ...............ccoiiiii 10
Leaves (sub)digitately trifoliolate .................... 16
Leaflets membranaceous, thinly puberulous, pods with long caducous hairs ......... 1
Leaflets thick, more or less short indumentum .................o 12
Calyx with few conspicuous bulbous-based hairs (Philippines) ........... 32. C. volubilis
Calyx with fine hairs (India, Sri Lanka) .............oocooiiii 13. C. heynei
Leaflets small, elliptic or obovate-obtuse, twiner in grasses (Asia, Africa, Australia) ..........
........................................................................................... 27. C. scarabaeoides
Leaflets larger, obovate-acuminate, climber in shrubs and trees .......................... 13
Flowers large, ca 25-30 mm (NE. India, China) corolla persistent, calyx with bulbous-based
hairs Lo 12. C. grandiflorus

Flowers generally smaller, less than 15-28 mm long, calyx hairs not bulbous-based .. 14
Indumentum fine, spreading, green, bracts very hairy; corolla not persistent (India, SE.

ASIA) o 11. C. goensis
Indumentum short, dense and grey or golden brown below, bracts short-puberulous;
corolla Persistent ...........c.ooiiiiiiiiiii 15

Leaflets semi-coriaceous, densely grey-hairy below, end leaflets longer than broad; pods
8-10 seeded; flowering after the monsoon (Himalaya foothills above 800 m) . 21. C. mollis
Leaflets coriaceous, brown-pubescent below, end leaflets broader than long; pods 3-5
seeded; flowering the first months of the year (India, below 800 m, SE. Asia)...

..................................................................................................... 9. C, crassus
Leaflets obovate-rounded (5. India, Sri Lanka) .........cocovvniiiiiiiiiincee 17
Leaflets obovate-acuminate (NE. India) ..........cooooiiii e, 18
Strong climber in trees, leaflets silvery below; pods (3-) 5-6 seeded ....................n.

................................................................................................... 2. C. albicans
Twiner in grasses, leaflets reticulate, densely grey-hairy below, pods (2-)3-4 seeded) ..........

.................................................................................................. 26. C. rugosus
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a

Slender herbaceous twiner in grasses, woody rootstock; pods small 2-2.5 x 0.5-0.8 cm,

reticulate, 3-4 seeded, glabrescent ... 10. C. elongatus
More robust twiner; pods larger 2-3.5 x 0.8-1.1 cm, not reticulate, 5-6 seeded, densely
pubescent with long brown hairs ..........ooiiie 30. C. villosus

KEY TO THE AUSTRALIAN SPECIES OF CAJANUS

(van der Maesen, 1986)

1

2
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Shrubs, erect or with straggling branches ... 2
Prostrately creeping plants, branches twining at the ends ... 13
Cultivated, in Australia rather a new crop, or as an escape to the wild; ripe seeds without
strophiole or with small vestigial strophiole ... 4. C. cajan
Occurring wild, ripe seeds with conspicuous strophiole ... 3
Leaflets narrow-lanceolate, 3 (or 1) per leaf ... 15. C. lanceolatus
Leaflets rhomboid, ovate, obovate or rounded, 3 perleaf ... 4
Leaves digitately trifoliolate ... 7. C. confertiflorus
Leaves pinnately trifoliolate ... 5
Leaflets thin-coriaceous to membranaceous, pubescence very short, apex acute...
............................................................................ e O
Leaflets thick-coriaceous, pubescent, apex more obtuse ...........co..c 8
Shrub with straggling branches, leaves viscid ..., 31. C viscidus
Shrub erect, leaves glandular but not sticky ... 7
Leaflets elongate to rounded-ovate, apex acute, almost non-aromatic; pods (1-)24 seeded...
................................................................................................ 1. C. acutifolius
Leaflets broadly ovate, apex, acute aromatic; pods (6-)8-10 seeded ............................
............................................................................................... 3. C. aromaticus

Stems very thick also towards the apex, whitish-pubescent; leaves very thick..9
Stems thin also towards the apex, pubescence grey or brown; leaves reticulate, not

SO EhICK Lo 10
Indumentum white, very dense, covering stems and leaves; inflorescences much longer
(up to 14 ¢m) than the leaves (up to 7 cm) oo 8. C. crassicaulis

Leaves woolly, green with yellow-brown veins, young stems and peduncles visible through
the white hairs; inflorescence as long as the leaves (up to 89 com).

............................................................................................. 16. C. lanuginosus
Calyx teeth lanceolate or acuminate ... 11
Calyx teeth broad-acuminate .................ccooiiiiiiiin 17. C. latisepalus

Leaflets often large, rhomboid to rounded, to 12.5 cm long, tip acute to rounded, pu-
bescence relatively thin, hairs long, on new leaves and branches dense and conspicuously
golden brown, more rarely grey; calyx teeth linear-lanceolate, curved inopen flower .........
.............................................................................................. 25. C. reticulatus
Leaflets smaller, to 5 (-7) cm long, elliptic to obovate, tip obtuse, pubescence silvery grey
to brown; catyx teeth short-acuminate ...
Leaflets quite thick, upper side reticulate, veins concolorous, top leaflets with 5-6(-8) pairs
of major secondary veins, pubescence short, greyish below, not filling reticulations; pods

narrow, short, pubescent, sUtures NArrOW ..o
............................................................................................... 24. C. pubescens

Leaflets thick, upper side flat, veins whitish, top leaflet with 7-9 pairs of major secondary
veins, pubscence very short, close, velvety, filling reticulations; pods broad, grey-velvety,

pubescence very short, sutures broad ... 6. C. cinereus
Leaflets rounded, apex obtuse or emarginate or acuminate; pods flat, broad ...............
............................................................................................ 20. C. marmoratus
Leaflets obovate or lanceolate ...........oiiiiiiiii 14
Leaflets lanceolate; pods broad, flat, variegated with purple .......... 19. C. mareebensis

Leaflets obovate; pods small, more rounded, uniformly coloured .. 27. C. scarabaeoides
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ENUMERATION OF CAJANUS SPECIES

The species are enumerated here in alphabetical order, with their synonymy, as in the recent
monograph (van der Maesen 1986). A short descriptive phrase highlights the main features of the
species; for a full description reference should be made to the monograph. The protologues (first
descriptions) and abbreviated references in these paragraphs are not all repeated in the reference
list at the end of the chapter, following taxonomic usage.

1. Cajanus acutifolius (Ev. Muell.) van der Maesen, Agr. Univ. Wageningen Pap. 85-4:52 (1986).
Drought-tolerant shrub, 1-2m, with thin leaves and pointed leatlets, 2-3-seeded pods.

Basionym: Atylosia acutifolia F.v. Muell., Pl Fitzalan 9 (1860).

Type: Australia, N. Territory, Upper Victoria River, F v. Mueller s.n. (lectotype: K; isolectotype:

MEL). Paratype: Australia, N. Territory, Gulf of Carpentaria, F. v. Muell. s.n. (MEL).

Homotypic synonyms: Rhynchosia acutifolia (F v. Muell.) E v. Muell. ¢x Benth., Fl. Austral. 2:264

(1864); Atylosiaacutifolia (E v. Muell. “ex Benth.”) Reynolds and Pedley, Austrobaileya 1:423 (1981).

Heterotypic synonym: Rhynchosia quadricallosa Domin, Bibliothek.

Bot. 89:782 (1926). Type: Australia, Queensland, nr Pentland, Domin I1T 1910 (holo: PR).

Flowering: Feb-Apr, Jun, Jul, Dec. (N. Territory); Feb., Apr-Sep. (Queensland).

Distribution: Australia, N. Territory, Queensland, W. Australia.

Ecology: near rocks, in stony soils, sand hills, riverbanks, in speargrass vegetations, in Acacia and

Encalyptus open forests, 0-600 m.

2. Cajanus albicans (W. and A.) van der Maesen, Agr. Univ. Wageningen Pap. 85-4:55 (1986).

A climber with obovate to rounded leaflets, grey-hairy below, flowers yellow, sometimes flag,
brown at the base, quite fertile when fruiting, pods 1.5-3.5 cm with short adpressed hairs, sutures
sturdy, 5-7 grey seeds with black mosaic.

Basionym: Cantharospernum albicans W. and A., Prodr. 256 (1834).

Type: India, Dindigul Hills, 2500 feet, Wight 759a (E, holotype; isotypes: B, C, E, G, ).
Homotypic synonym: Atylosia albicans (W. and A.) Benth. in Miq., Pl. Jungh. 1:243 (1852); Baker
in Hooker, Fl. Brit. India 2:215 (1876); Gamble, Fl. Madras 2:369 (1918), 260 (repr. 1967); Matthew,
Mustr. Fl. Tamilnadu Carnatic 182 (1982).

Heterotypic synonyms: Cajanus albicans Graham ex Wallich, nomen nudum, Wallich’s Cat. 5582
(E,G,K).

Cajanus wightianus Graham ex W. and A., Wallich’s Cat. 5583 (1831), nomen nudum, based on
India, Dindigul Hills, 1500-2500 feet, Hb. Wight, Wallich 5583 (BR, CAL, E, G, K, MEL, W),

Cajanus wightii Graham ex W. and A., Prod. 1:256 (1834), orthographic variant.

Flowering: Oct-Jan (-Apr.)
Distribution: Peninsular India, Sri Lanka.
Ecology: scrub vegetation, edge of dry deciduous forests.

3. Cajanus aromaticus van der Maesen, Agr. Univ. Wageningen Pap. 85-4:6]1 (1986).
Shrub up to 2 m high, with membranaceous aromatic leaves, very short hairs, flowers 6 together,
peduncles up to ca 4 cm, and oblong pods, 3-4 cm, with 8-10 brown to dark brown seceds.
Type: Australia, N. Territory, Nimbuwah Rock, 45 km E of Oenpelli, Maconochie 1600 (holo: NT;
iso: CANB, K).
Flowering: Apr-May.
Distribution: Australia, N. Territory.
Ecology: among broken sandstone boulders.
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4. Cajanus cajan (L.) Millspaugh, Field Columb. Mus. Bot. 2-1:53 (1900), Purseglove, Trop. Crops,
Dicot. 2:326-271 (1968); De, Evol. Studies World Crops (Hutchinson, )., ed.) 79-87 (1974); Westphal,
Pulses Ethiopia 64,71 (1974); Kay, Food Legumes, TP Crop and Product Digest 3:322-347 (1979);
van der Maesen, Agr. Univ. Wageningen Pap. 85-4: 65-91 (1986); van der Maesen in van der Maesen
and Somaatmadja, Prosea Handbook 1, Pulses: 39-42 (1989) (Figure 2.1).

A shrubby legume crop in cultivation, 1.5-4 m tali, under short-dav conditions short-statured
cultivars remain shorter than 1 m. Flowers bright vellow, sometimes with dorsally red flags or red
or purple veins, either in determinate inflorescences with flowers much at the same level and
flowering within a short period, or flowering indeterminate with tlowers along the branches
appearing over extended periods. Pods 4-9-seeded, narrow and well-filled (grain cultivars) or broad
and loosely filled (vegetable cultivars). Seeds globose or compressed, ellipsoid or rarely cowpea-
or bean-shaped, longest axis usually parallel to the longest pod axis, white, cream, brown, purplish,
or virtually black, plain or blotched with a contrasting colour. Seeds weigh 4 to 26 g per 100 seeds
with a greenish strophiole when immature, vestigial or disappeared at maturity.

Basionym: Cytisus cajan L., Species Plantarum 739 (1753).

Type: Ceylon, Cytisus racemis axillaribus erectis ttermedio longins petiolato Hermann Herb. 1, Fol. 14
(lectotype: BM).

Homotypic synonyms: Cytisus cayan L. ex Mill,, Gard. Dict. ed. 8, no. 11 (1768), orthographic variant.

Cajanus indicus Spreng,., Syst. 3:248 (1826), based on Cytisus cajan 1., Cylisus psendo-cajan Jacq.,
Cajanus flavus DC. and Cajanus bicolor DC. Under this name the pigeonpea has been mainly known
up to the 1940s, and even now this synonym crops up occasionally. For the many references see
van der Maesen (1986).

Cajanus strialus Bojer, Hort. Maurit, 109 (1837).

Cajan cajan (L.)Huth, Helios 11:133 (1893).

Cajanus cajan (L.) Merr., FI. Manila 255 (1912).

Cajanus cajan (L.) Druce, Rep. Bot. Exch. Cl. Brit. Isles 1916:611 (1917); Baker, Legumin. Trop.
Africa 459 (1926); Dalziel, Uscful Pl. W. Trop. Afr. 233 (1937); Raponda-Walker and Sillans, Pl
Utiles Gabon 248 (1961); Santapau, Fl. Khandala 3rd ed. 76 (1967).

Cajanus cajan (1..) Millsp. £ bicolor (DC.) Bak., Legumin. Trop. Africa 460 (1929);, Cufodontis,
Enumeratio, Bull. Jard. bot. Brux. 25-3:321 (1955).

Cajanus cajan (L.) Millsp. var. bicolor (DC.) Purseglove? and var. flavys (DC.) Purseglove?, Trop.
Crops, Dicot. 1:237 (1968).

Heterotypic synonyms: Cytisus pscudocajun Jacq., Hort. Bot. Vindob. 2:54, t. 119 (1772).
Type: Plate t. 119,

Cajanus bicolor DC., Cat. Hort. Monsp. 85 (1813); DC., Prodr. 2:406 (1825).

Type: plant cultivated at Montpellier from seed sent from India (G-DC, holo; microfiche 408.4).

Cajanus flaous DC., Cat. Hort. Monsp. 86 (1813); DC., 'rodr. 2:406 (1825).

Type: plant cultivated at Montpellier (G-DC, holo; microfiche 408.6).

Cytisus guineensis Schum. and Thonn., Beskr. Guin. PL no. 208 (1827).
Type: Guinea, Whyda, Isert s.n. (C, holo).

Cajamuan thora Rafin., Sylva Tellur. 25 (1838). Based on Cytisus pseudocajan Jacq.

Cajanus luteus Bello, Anal. Soc. Espan. Hist. nat. 10:260 (1881). As variety of Cajanus indicus
Spreng.

Type: Puerto Rico 231, Don Domingo Bello y Espinosa (B?).

Atylosia cajanoides Cordem., Fl. Reunion 397 (1895), van der Maesen, Agric. Univ. Wageningen
Pap. 85-4:213 (1986), is not a synonym of pigeonpea, but a hybrid between pigeonpea and Cajanus
scarabacoides, very similar to the hybrids obtained by crossing.

Cajanus indicus Spreng. var. bicolor (DC.) O. Ktze, Rev. Gen. Pl 1:167 (1891).

Type: Portorico, St. Thomas (NY?).
Cajanus indicus Spreng,. var. flavus (DC.) O. Ktze, Rev. Gen. Pl 1:167 (1891),

Type: India, Dekkan (NY?).
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Figure 2.1. Cajanus cajan: 1. Branch, x1;2. Flower, x14, 3. Flag, x2;4. Wing x2,5. Keel, xX2;6. Stamens,
x2;7 Pistil, x2; 8. Detail upper leaflet surface, x2;9. Detail lower leaflet surface, x2; 10. Largest leaf, x¥
11. Smallest leaf, x4; 12-18. Seed shapes: 12, x3; 13,14, x25 15, 16-18, x2; (1-9, van der Maesen 4212; 10,
ICP 9150 from Machakos, Kenya; 11, ICP 9880 from Andhra Pradesh, India; 12, ICP 7332, small, from
Madhya Pradesh, India; 13, ICP 9880, elongate, from Andhra Pradesh, India; 14, ICP 7568, square, from
Madhya Pradesh, India; 15, ICP 7977, cowpea shape, from Andhra Pradesh, India; 16, pea shape, from
Madhya Pradesh, India; 17, large, from Madhya Pradesh, India; 18, van der Maesen 4212, from Heho,
Myanmar).

Source: van der Maesen, Agricultural University Wageningen papers 85-4, 1986,
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Cajanus indicus Spreng. var. maculatus Q. Ktze, Rev. Gen. Pl 1:167 (1891).
Type: India, Bengal (NY?).

Cajanus pseudocajan (Jacq.) Schinz and Guillaumin, in Sarasin and Roux, Nova Caled. 1:159
(1920). Basionym: Cytisus pseudocajan Jacy.

Cajanus obcordifolia Singh, Indian ). Agric. Sci. 12:783 (1942).
Type: India, ex Gorakhpur, Bot. Garden Agric. Coll. Cawnpore (Kanpur), not preserved, mutant
form, several genotypes available in germplasm collections.
Flowering: (Aug) Sep-Mar (-Apr) on the Indian subcontinent, throughout the year in Indonesia
and probably in equatorial Africa, Jan, Apr, Oct-Nov in Puerto Rico, May-Aug in Kenya. Cultivars
may take 56 to 210 days from sowing to flowering, pigeonpeas are usually short-day plants.
Distribution: pantropical, with the main areas of cultivation in the Indian subcontinent, castern
Africa, and Central America. For details sce van der Maesen (1983).
Ecology: vegetative in the rainy season, fruiting in the dry season, semi-arid tropical cultivated
crop, rarely tound as an escape. Grown as an annual, sometimes persisting as a perennial in
hedges, garden situations, commonly so in Kenya.

5. Cajanus cajanifolius (Haines) van der Maesen, Agr. Univ. Wageningen Pap. 85-4: 91

The nearest wild relative of the pigeonpea, mainly differing by the densely white-pubescent
lower leaf surface and the clearly strophioled seed with the longest axis perpendicular to the pod
axis. The similarity to pigeonpea perhaps made the botanical collectors overlook this species when
collecting in eastern peninsular India. There are still only few entries in herbaria and gene banks.
Crossing with pigconpea is possible, but at a rate lower than within pigeonpea, and the choice
of the pigeonpea parent accession considerably influences the rate of success.
Basionym: Atylosia cajanifoliac Haines, J. Asiatic Soc. Bengal 1919 new series 15: 312 (1920); Haines,
Bot. Bihar and Orissa 3:273 (1922); idem 2:286 (repr.1961).
Type: India, forests of Orissa, Puri distr., Aran forest, Aitpur, Haines 3867 (K, holo; iso; BM, CAL).
Homotypic synonvi: Cantharospermunn cajanifolium (Haines) Raizada in Mooney, Suppl. Bot. Bihar
and Orissa 53 (1950).
Flowering: Nov-Apr.
Distribution: India, 5. Orissa and Bastar.
Ecology: tropical dry deciduous forest, in half shade and open grassland, tolerates high soil iron
contents (Bailadila 11ill),

6. Cajanus cinerens (F v. Muell.) E v. Muell., Census Austral. Pl. Suppl. 1-4:41 (1881); id., Second
Census Austral. PI. 1:71 (1889).

An erecl greyish shrub with velvety leaves, 3-7 yellow flowers per bunch, flag sometimes
dorsally brown striped, and oblong short-silvery hairy 3-4 cm pods with 4-6 reddish brown seeds
with black mosaic. Probably quite drought-resistant.

Basionym: Atylosia cinerea . v. Muell., Pl. Fitzalan 9 (1860); Bentham, Fl. Austral. 2:264 (1864);
Reynolds and Pedley, Austrobaileya 1-4: 242 (1981).

Type: Australia, N. Territory, (Upper) Victoria River, E v. Mueller s.n. (holo:K; iso: K, MEL).
Homotypic synonym: Cantharospermum cinereum (E v. Muell.) Taub. ex Ewart and Davies, FI. N.
Territory 152 (1914).

Flowering: Apr-Aug.

Distribution: Australia, West Australia and Northern Territory, N of the Tropic of Capricorn.

7. Cajanus confertifiorus E v. Muell., Pl. Fitzalan 9 (1890); id., Census Austral. Pl. Suppl. 1-4:41
(1881); id., Second Census Austral. PI. 1:71 (1889).
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Erect branched shrub, silvery hairy. Leaves coriaceous with conspicuous reticulate veins having
medium long silvery hairs below. Flowers 5-10 per inflorescence, only 1-2 developing into oblong
ca 3-cm pods, densely covered with long and short silvery hairs,

Type: Australia, Queensland, Burdekin Expedition, Magnetical Island, Fitzalan s.n. (holo: MEL?;
iso: K?). Paratype: Australia, Rockhampton, Thozet 528 (MEL, P).

Heterotypic synonym: Atylosia pluriflora F. v. Muell. ex Benth., Fl. Austral. 2:264 (1864); Bailey,
Queensland Fl. 2:439 (1900); Reunolds and Pedley, Austrobaileya 1-4: 423 (1981). Lectotype:
Austraha, Queensland, Burdekin Expedition, Fitzalan s.n. (holo: K; iso: MEL). Paratypes: Australia,
Broad Sound Robert Brown s.n. (E, K, MEL); R. Brown 4207 without location (E, K); Rockhampton,
Thozet (MEL, P); nr Princhester, Bowman 46 (MEL); Thozet’s River, Dallachy (K, MEL).
Flowering: Dec-Apr, Jun-Jul, Sep, Nov.

Distribution: Australia, Queensland.

Ecology: in open Eucalyptus forest, grazing land, open exposed hillsides, on stony or coarse sandy
alluvial soils.

8. Cajanus crassicaulis van der Maesen, Agr. Univ. Wageningen Pap. 85-4:103 (1986).

Erect shrub, up to 1.5 m with short whitish-velvety very dense hairs, and thick branches also
at the end. Leaves very thick and hairy. Flowers 10-25 on long peduncles (to 14 ¢m), and pods
sturdy, oblong, ca 3.5 cm, less hairy than stems, with 4-5 blackish sceds. Species newly described,
only few specimens extant.

Type: Australia, N. Territory, 53 km W. Victoria River H/S, Latz 5307 (holo: NT; iso: CANB, DNA, K).
Flowering: May-Jun

Distribution: Australia, N. Territory and W. Australia, N of 20° S latitude.

Ecology: in skeletal soil, sandstone hill.

9. Cajanus crassus (Prain ex King) van der Maesen, Agr. Univ. Wageningen Pap. 85-4: 105.

Key to the varieties:

Pods short-puberulous (India, SE. Asia) ... Var. crassus
Pods with long semi-caducous golden hairs (Myanmar, Yunnan) ..................... var. burmanicus

9a. Cajanus crassus var. burmanicus (Collett and Hemsley) van der Maesen, Agr. Univ. Wageningen
Pap. 85-4:109 (1986).

A robust climber, differing from var. crassus by the long hairs on the slightly larger pods. Buds,
bracts, and flowers also are larger than those of the typical variety, at least in cultivation.
Basionym: Atylosia burmanica Collett and Hemsley, J. Linn. Soc. 28:49 (1890).

Type: Myanmar, Shan Hills, 5000 feet, Collett 95 (holo: K; iso: CAL).

Homotypic synonym: Cantharospermum burmanicum (Collett and Hemsley) Raizada in Mooney,
Suppl. Bot. Bihar and Orissa 53 (1950).

Flowering: Jan-Mar.

Ecology: climbing in trees, edges of dry forests or shrub vegetation, 1500-2000 m.

9b. Cajanus crassus var. crassus, van der Maesen, Agr. Univ. Wageningen Pap. 85-4:110 (1986).

A tall climber, to 10 m with rather thick coriaceous leaves, leaflets subtrapezoid and acuminate,
lateral ones oblique. Up to 20 vellow flowers in crowded racemes of 3-6 cm, pods pubcrulous,
2.5-5 cm, 5-6 black seeds with cream mosaig or cream-coloured. Quite common variety, does not
cross with pigeonpea.

Basionym: Atylosia crassa Prain ex King, J. As. Soc. Beng. 66:45 (1897); Cooke, Fl. Presid. Bombay
1:408 (1903, repr. 1958, 1967); ’rain, Bengal PL 272 (1903, repr.1963); Gagnepain, Fl. Gen. Indo-Chine
2-3:280 (1916); Haines, Bot. Bihar and Orissa 3:273 (1922), and 2:286 (repr.1961); Ridley, FI. Malay
Penins. 1:564 (1922).

Type: India, Wallich 5553, Dolichos crassus Grah. nomen nudum, Glycine crassa H. Ham. nomen
nudum , e Kalkapur 18 Dec. 1810 (holo: K).
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Heterotypic synonyms: Atylosia volubilis {Blanco) Gamble, Fl. Presid. Madras 2:369 (1918), and
1:260 (repr. 1967); Backer and Bakhuizen van den Brink, Fl. Java 1:636 (1964); Thuan, Fl. Cambodge,
Laos, Vietnam 17:111 (1979). Based on Cytisus volubilis Blanco, but that name | consider to be the
basionym for another species, Cajanus volubilis from the Philippines and Indonesia. Because the
altitudinal ranges differ, the varicties could well be regarded as subspecies.

Flowering: (Dec) Jan-Mar (India to the Philippines), Apr-Aug (Java).

Distribution: NW. Himalaya foothills, Central India, Assam, E. Ghats, Nepal, Myanmar, Thailand,
Vietnam, Java, Philippines, Malay Peninsula.

Ecology: in dry forests (sal, teak, pine) or shrub vegetation, along streams or on dry soils, alluvium,
loam schists, granite rocks 0-1000 (-1300m).

10. Cajanus clongatus (Benth.) van der Maesen, Agr. Univ. Wageningen Pap. 85-4:115 (1986).
Slender climber-creeper, membranaceous leaves, slender racemes with 2-5, most likely yellow

flowers, flattish-oblong pods with 3-4 brown or black seeds. Not found in recent years when

looked for, the most recent sample was found in 1957,

Basionym: Afylosia elongata Benth. in Miq., Pl Jungh. 1:243 (1852); Baker in Hooker, Fl. Brit. India

2:215 (1876); Thuan, Fl. Cambodge, Laos, Vietnam 17:112 (1979).

Type: Nepalia 1821, Wallich 5543 (holo: K; iso: BM, CAL, E, G, K, L) as Dolichos clongatus Grah.

ex Wall., nomen nudum.

Homotypic synonym: Cantharospermuim clongatum (Benth.) Raizada in Mooney, Suppl. Bot. Bihar

and Orissa 53 (1960).

Flowering: Jul-Nov.

Distribution: Bhutan, Myanmar, NE. India, Nepal, Vietnam.

Ecology: grasslands among low scrub, open hillsides, 1300-2100 m.

11. Cajanus goensis Dalz, in Hooker’s Kew ]. 2:264 (1850); Dalzell and Gibson, Bombay Fl. 73 (1861,
repr. 1973).

Very hairy climber, quite sticky, subcoriaceous leaflets, short-hairy above, flowers yellow to
orange-yellow, up to 25 together on up Lo 25 ¢m peduncles, pods linear-pointed, 3.5-5.5 cm, 5-8
light brown sceds with grey to black mosaic.

Type: India, W. Ghats, Goa, Dalzell s.n. (holo: K).

Hometypic synonym: Atylosia goensis (Dalz.) Dalz., J. Linn. Soc., Bot. 13:186 (1873); Cooke, Fl.
Presid. Bombay 1:409 (1903, repr. 1958, 1967); Gamble, Fl. Presid. Madras 2:369 (1918), 260 (repr.
1967),; Backer and Bakhuizen van den Brink, Fl. Java 1:636 (1963); Ramaswami and Razi, Fl. Bangalore
297 (1973).

Heterotypic synonyms: Dolichos barbatus Wall,, Cat. 5548 (1831-32), nomen nudum. Based on:
Myanmar, Kogun on Salween river, Martaban, Wallich 5548 (K).

Dolichos ornatus Wall., Cat. 5561 (1831-32), nomen nudum. Based on: Mvanmar, Phoroe, Nee-
doun, Martaban, Dolichos glutinosum Roxb. (K).

Rhyuchosia vestita Wall., Cat. 5505, nomen nudum. Based on: Myanmar, Kogun, Martaban 1827,
Wallich 5505 (K?).

Dunbaria barbata Benth. in Mig, Pl Jungh. 1:242 (1852).
Type: Myanmar, Kogun on Salween river, Martaban 1827, Wallich 5548 (holo: K), Dolichos barbatus
Wall, nomen nudum.

Dunbaria calycina Miq., FL. Ind. Bat. 1:180 (1855).
Tvpe: Java, Surakarta, Horsfield 1. 123 (BM, CAL, K, U).

Atylosia calycina (Miq.) Kurz, ]. As. Soc. Bengal 43:186 (1874), based on Dunburia calycina Miq.

Atylosiu barbeia (Benth.) Bak. in Hooker, Fl. Brit. India 2:216 (1876); Collett and Hemsley, |.
Linn. Soc. 28:48 (1890); Prain, Bengal Pl 272 (1903, repr. 1963); Gagnepain, Fl. Gen. Indo-Chine
2-3:279 (1916); Thuan, Fl. Cambodge, Laos, Vietnam 17:110 (1979). Based on Dunbaria barbata Benth.,
it is the most frequently used synonym.

Endomallus pellitus Gagnep., Not. Syst. 3:185 (1914); Gagnep., Fl. Gen. Indo-Chine 2:267 (1916);
Thuan, Fl. Cambodge, Laos, Vietnam 17:128 (1979).
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Type: Vietnam, Son-lu, Bienhoa Prefecturate, Pierre s.n. (holo: I; iso: I).

Endomallus spirei Gagnep., Not. Syst. 3:186 (1914); Gagnep., Fl. Gen. Indo-Chine 2:268 (1916);
Thuan, Fl. Cambodge, Laos, Vietnam 17:128 (1979).
Type: Laos, Luang Prabang, Spire 1561 (holo: P; iso: P).

Cantharospermum barbatum (Benth.) Koorders, Meded. Proefstat. Thee 90:15 (1924); Heyne,
Nuttige P1. Nederl. Indie” 1:831 (1927). Based on Dunbaria barbata Benth.

Atylosia siamensis Craib, Kew Bull. 19:65 (1927).
Type: Thailand, Saraburi to Muak Lek, 200 m, Kerr 10004 (holo: K; iso: BM).

Dunbaria thorelii Gagnep., Not. Syst. 3:194 (1914), pro parte.

Dunbaria stipulata Thuan, Adansonia ser. 2, 16-4:514 (1977).
Type: Thailand, Doi Pae Poe, 1400 m, Hansen and Smitinand 12895 (holo: P; iso: C).
Flowering: Nov-Mar (India, Indo-China), Jul-Sep (Java).
Distribution: Bangladesh, Myanmar, China-Yunnan, India, Indonesia-Java, Laos, Malaysia-Malaya,
Thailand, Vietnam.
Ecology: climber in shrubs and trees, tropical dry deciduous or slightly wet forests, particularly
near open spaces, (-1600 m.

12. Cajanus grandiflorus (Benth. ex Bak.) van der Maesen, Agr. Univ. Wageningen Pap. 85-4:125 (1986).
A tall climber, leaflets up to 10 cm long, large probably yellow flowers, the calyx with some
bulbous-based hairs, and sturdy pods, 3.5-5 cm, ca 6 brown seeds.
Basionym: Atylosia grandiflora Benth. ex Bak. in Hook., Fl. Brit. India 2:214 (1876).
Type: India, Uttar Pradesh, Bagesar, Kumaon 3000 ft, Strachey and Winterbottom (lecto: K; isolecto:
BR, GH, K). Paratype: India, Uttar Pradesh, Upper Garhwal, Madden 150 (E, K).
Heterotypic synonyms: Dunbarin pulchra Benth, ex Bak. in Hook., Fl. Brit. India 2:218 (1876).
Type: India, lower hills of Sikkim, 1-2000 ft, Hooker f. (holo: K; iso: K, P).
Pueraria seguini Le'vl., Bull. Soc. Bot. France 55:426 (1908); Léveillé, Fl. Kouy-Tcheou 241 (1914);
Gagnep. in Lecomte, Not. Syst. 3:205 (1916).
Type: China, prov. Kouy-Tcheou (Kweichow), nr Hoang-ko-chou, Seguin 2446 (holo: P;iso: E, P).
Flowering: Jul-Oct.
Distribution: Bhutan, Myanmar, China: Yannan, Kweichow, Anhwei. India: Himalayas. Probably
also in Nepal.
Ecology: climber on shrubs, rocks, near water, 1000-2700 m

13. Cajanus heynei (W. and A.) van der Maesen, Agr. Univ. Wageningen Pap. 85-4:129 (1986).
Climber with dark green, membranacecous leaflets, shortly pubescent above, veins sparsely
pubescent below, 6-12 pretty yellow flowers with flag dorsally reddish, pods sticky, with spreading
hairs, depressions developing late, 4-5 seeds, brown with black mottles to black.
Basionym: Dunbaria heynei W. and A. Prodr. 1:258 (1834); Bentham in Migq., PI. Jungh. 1:242 (1852);
Baker in Hooker, Fl. Brit. India 2:217 (1876); Prain, ]. As. Soc. Bengal 66-2:433 (1897); Trimen,
Hand-Book Fl. Ceylon 2:80 (1894, repr. 1974); Cooke, Fl. Presid. Bombay 411 (1903, repr. 1967);
Gamble, Fl. Presid. Madras 2:370 (1918), 261 (1967).
Type: India, 28 Dec. 1816, Wallich 5572 A. (holo: K; iso: K).
Homotypic synonym: Collaea (Glycine) gibba Grah. in Wall., Cat. 5572 A (1831), nomen nudum.
Heterotypic synonyms: Dunbaria oblonga Arm., Nov. Act. Nat. Cur. 18:333 (1836).
Type: Walker-Arnott Ceylon No. 207 (holo: E).
Cajanus kulnensis Dalz., Hook. Kew J. 2:264 (1850); Dalzcll and Gibson, Bombay Fl. 72 (1861).
Type: India, nr Kulna in Warree arca (W. Ghats), Dalzell s.n. (holo: K?; iso: CAL, GH).
Atylosia kulnensis (Dalz.) Dalz., . Linn. Soc. 13:185 (1873); Prain, J. As. Soc. Bengal 66-2:433 (1897).
Flowering: (Dec-) Jan-Feb (-Mar).
Distribution: India: W. Ghats, Sri Lanka, Vietnam.
Ecology: climber in trees or shrubs, in hedges and forest edges, 0-1000 m
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14. Cajanus kerstingii Harms, Feddes Repert. 14:196 (1915); Baker, Legumin. Trop. Afr. 460 (1926);
Verdcourt, Fl. Trop. E. Afr. Leguminosae, Pt.4:711 (1974); Hepper, Fl. W. Trop. Afr. ed 2.1:215
(1958); Berhaut, Fl. Sencgal ed. 2:30 (1967); id. Fl. Tllustr. Senegal 5:76-77 (1976).

Erect shrub, 1-2 m, branches green or with anthocyane, whitish pubescent. Leaves rather like
pigeonpea, silvery-hairy below. Inflorescences short, ca 4-flowered, pods oblong, densely short-
hairy, margins sturdy, 3-4 seeds . The only wild Cajanus indigenous in W. Africa, where Eriosema
appears to be more common.

Type: Togo, Sokode to Basari, open savanna, Kersting 570 (holo: B, most likely burnt, sketch in K).
Flowering: Aug-Sep.

Distribution: Senegal, Togo, Benin, Ghana, Mali, Nigeria.

Ecology: open savanna or underscrub in forest, 50-500 m.

15. Cajanus lanceolatus (W.V. Fitzg.) van der Maesen, Agr. Univ. Wageningen Pap. 85-4:135 (1986).
Erect shrub, 1-3 m, with thick-coriaceous narrow-lanceolate leaflets, short silvery to pale golden

brown hairs. Pods oblong, ca 3-4 cm long, with 3-6 seeds. Interesting drought-resistant species,

very rare.

Basionym: Atylosia lanceolata W.V. Fitzg., |. Proc. Roy. Soc. W. Austral. 3:156 (1918); Reynolds and

Pedley, Austrobaileya 1-4:423 (1981).

Type: W. Australia, Mt Broome, Fitzgerald s.n. (holo: PERTH).

Flowering: Apr?, Jul-Aug,.

Distribution: W. Australia.

Ecology: wooded slopes, on rocky red loam, red earth on sandstone; probably below 800 m.

16. Cajanus lanuginosus van der Maesen, Agr. Univ. Wageningen Pap. 85-4:137 (1986).

Erect shrub, to 2 m, branches rather thick at the end, indumentum long, woolly, yellowish on
young parts to whitish elsewhere. Leaves thick, coriaccous and densely covered with short woolly
hairs. Corolla yellow, persistent, pods 2.5-3.5 cm long, woolly, with 4-6 brown sceds with black
mosaic.

Type: Australia, Queensland, nr Mary Kathleen, 22 km from Rosebud turning off Barkly Highway
en route to Fountain Springs, P, Catt 9138 (holo:CANB).

Flowering: Jul-Aug,.

Distribution: Australia, W. Queensland, endemic of Mt Isa.

Ecology: not reported.

17. Cajanus latisepalus (Reynolds and Pedley) van der Maesen, Agr. Univ. Wageningen Pap. 85-4:139
(1986).

Erect shrub, to 1.5 m. Branches grey pubescent, striped. Leaflets thick, very hairy underncath,
upper side reticulate with sunken veins. Calyx teeth broad, elliptic-acuminate, hairy. Pods hairy,
broad-oblong, ends obtuse, 2-3 (to 4) black seeds with pinkish-brown mosaic.

Basionym: Atylosia latisepala Reynolds and Pedley, Austrobaileya 1-4:425 (1981).

Type: Australia, Northern Territory, (upper) Victoria River, Ev. Mueller (holo: K; iso: MEL).
Homotypic synonym: Atylosia grandifolia (F. v. Muell.) Benth. var. calycina Benth., FL. Austral. 2:264
(1864).

Flowering: Mar-Jul (-Oct.).

Distribution: Australia: W. Australia and Northern Territory.

Ecology: rocky slopes, open grassland, near rivers or in watercourse, in sand or red volcanic soil,
or on brown clay, 60-5007 m.

18. Cajanus lineatus (W. and A.) van der Maesen, Agr. Univ. Wageningen Pap. 85-4:143 (1986).
Erect shrub, to 2.5 m, of open habit. Leaflets palmately trifoliolate, obovate, soft-coriaceous.
Corolla yellow, persistent. Pods small, oblong, ca 12 mm, hairy, 2-3 brownish or greyish seeds

with black mosaic.
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Basionym: Atylosia lincata W. and A., Prodr. Fl. Pen. Ind. Or. 1:258 (1834); Cooke, Fl. Presid.
Bombay 1:408 (1903, repr. 1958, 1967); Gamble, Fl. Presid. Madras 2: 367 (1918), 259 (repr. 1967);
Santapau, Fl. Khandala 73 (1966); Saldanha and Nicolson, Fl. Hassan Distr. 238 (1976); Matthew,
Materials Fl. Tamilnadu Carnatic 181 (1981).
Type: India, 28 Dec 1816, Wallich 5578 (holo: K).
Homotypic synonyms: Cantharospernnam lineatun (W. and A.) Raizada in Mooney, Suppl. Bot. Bihar
and Orissa 53 (1950),
Heterotypic synonyms: Glycine lincata Heyne ex Wall. nom. nud., Wallich Cat. 5578 (1831). Based
on India, Heyne, Wallich 5578 2nd sheet (K).

Atylosia lawii Wight, Tcon. 1. t. 93 (1840); Dalzell and Gibson, Bombay Flora 74 (1861); Dalzcll,
J. Linn. Soc. 13:186 (1873).
Type: Bombay (Ghats), Law s.n. (holo: K; iso: GA, K, OXF).
Flowering: Oct-Apr (Jun in Kerala).
Distribution: India, W. Ghats and Nilgiri Mountains, quitc common in some areas; once also found
in Sri Lanka.
Ecology: tropical dry or moist forest, in both shady and sunny places, forest and hill edges, along
roadsides, in undergrowth, 400-1600 m.

19. Cajanus mareebensis (Reynolds and Pedley) van der Macsen, Agr. Univ. Wageningen Pap. 85-4:149
(1986).

Prostrate trailing perennial herb, to several m long. Hairs short and sparse. L.caflets elongate,
pinnate, 4-10 cm long on petiole 4-13 em. Flowers few together, vellow, pods tlat-oblong, reticulate,
green and red mottled, with few long hairs, and 3-4 brown sceds with black dots. Strophiole
U-shaped.

Basionym: Atylosia mareebensis Reynolds and Pedley, Austrobaileya 1-4:422 (1981).

Type: Australia, Queensland, Granite Creck, 8 miles W. of Marecba, Pedley 2249 (holo: BRI, iso:
BRI, CANB, K).

Flowering: Apr.

Distribution: Australia, N. Queensland, very rare.

Ecology: on sand, among granite boulders, 400-600 m.

20. Cajanus marmoratus (R. Br. ex Benth.) E v. Muell., Census Austral. P1. Suppl. 1-4:41 (1881); id.
Second Census Austral. Pl 1:71 (1889).

Creeper, perennial, to several (6!) m long, sparsely hairy. Leaflets coriaceous, roundish, tip
emarginate to acuminate. Flowers yellow, 1-10 together, pods flat-oblong, to 3.5 cm, rounded both
ends, 3-5 (-7) brown seeds with black mosaic. Strophiole U-shaped.

Basionym: Atylosia marmorata R. Br. ex Benth., Fl. Austral. 2:263 (1864); Bailey, Qucensland FI.
2:438 (1900); Fitzgerald, ]. Roy. Soc. W. Austral. 3:156 (1918).

Type: Australia, N. Territory, Upper Victoria River, F. v. Muecll. (lecto: K; isolecto: K, MEL Victoria
River). Paratypes: Australia, N. Territory Islands in the Gulf of Carpentaria, R. Brown s.n. (E,
MEL); same location, id. 4206 (E, K); Sweers Isl., Henne s.n. (MEL); Queensland, Port Denison,
Fitzalan s.n. (MEL); Nebo Creek and Bowen River, Bowman s.n. (MEL).

Homotypic synonym: Cantharospermum marmorafum (R. Br. ex Benth.) Taubert ex Ewart and Davies,
FI. N. Territory 152 (1914).

Flowering: Jan-May, Jul-Sep.

Distribution: Australia, Queensland, N. Territory, and W. Australia.

Ecology: in grass, open Eucalyptus forest among basaitic boulders, on loose sands with Sorghum
and Bauhinia, on dunes, slopes, and along rivers, 0-700 m.

21. Cajanus mollis (Benth.) van der Maesen, Agr. Univ. Wageningen Pap. 85-4:154 (1986).
Sturdy climber, hairs short, brownish, Leaflets palmately trifoliolate, elliptic-obovate, densely
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grey-hairy below. Flowers yellow, persistent, pods oblong, to 4.5 cm, with 7-10 brown seeds.
Basionym: Atylosia mollis Benth. in Miguel, Pl Jungh. 1:143 (1852); Baker in Hooker, Fl. Brit. India
2:213 (1876) partly as to Collaca mollis only, King, J. As. Soc. Bengal 66-2:46 (1897); Prain, |. As.
Soc. Bengal 66-2:431 (1897); Collett, Fl. Simlensis 142 (1902, repr. 1971); Osmaston, Forest Fl.
Kumaon 177 (1927); Gupta, Fl. Nainitalensis 96 (1968); Ali, Fl. W. Pakistan 100, Pap. 220 (1977).
Type: Nepal, Wallich 5574, Coflaca mollis Grah. ex Wall. nomen nudum, Wallich Cat. 5574 (1831)
(holo: K; iso: BM, CAL, E, G, K, W).

Homotypic synonym: Cantharospernnon molle (as mollis) Taubert in Engl. and Prantl, Nat. Pflanzen-
fam. 3-3:373 (1894).

Flowering: (Aug) Sep-Nov.

Distribution: Himalaya foothills from Pakistan to India, Nepal, Bhutan and China (Yunnan).
Ecology: climbing in pine or broadleaf forest, scrub vegetation, open places, 700-2100 m.

22. Cajanus niveus (Benth.) van der Maesen, Agr. Univ. Wageningen Pap. 85-4:157 (1986).

Shrub, to 1.5 m, in appearance very close to the climbing C. albicans, but its erect nature,
rounded bracts, and longer rachis beyond the leaflet pair make it stand apart, and the areas are
widely separated.

Basionym: Atylosia nivea Benth. in Miquel, PL. Jungh. 1:243 (1852); Baker in Hooker, Fl. Brit. India
2:214 (1876); Collett and Hemsley, | Linn. Soc. 28:48 (1890).

Type: Myanmar, below Yeranghuen, 3 Jan 1827, Wallich 5381 (hololecto: K). Paratypes: Myanmar,
Prome, Wallich 5581 (other part)(K, BM, CAL, Q).

Homotypic synonyms: Cajanus nivens Grah. ex Wall., nomen nudum, Wallich Cat. 5581 (1831).

Cantharospermum nivewm (Benth.) Raizada in Mooney, Suppl. Bot. Bihar and Orissa 53 (1950).
Flowering: Aug-Dec (-Apr).

Distribution: Myanmar, China (Yunnan).
Ecology: open jungle, hill sides, 50-1350 m(?)

23. Cajanus platycarpus (Benth.) van der Maesen, Agr. Univ. Wageningen Pap. 85-4:160 (1986) (Figure
2.2).

Creeper or climber, perennial but usually dying within a year, sparsely hairy, to 1T m. Leaflets
membranaceous, ribs hairy below, blades thinly hairy above, ovate to rounded. Flowers up to 5
together, rather clongate, pale yellow to yellow, sometimes with purple veins or dots. Pods flat-
oblong, 2 to 4.5 cm long, surface reticulate, speckled with red, hairs short and long white and
yellow, not persistent. Seeds 4-7 brown to almost black, mosaic. Strophiole large, U-shaped.
Basionym: Atylosia platycarpa Benth. in Miquel, Pl Jungh. 1:243 (1852); Baker in Hooker, Fl. Brit.
India 2:216 (1876); Collett, FL. Simlensis 142 (1902, repr. 1971); Prain, Bengal Pl. 272 (1903, repr.
1963); Bamber, PL. Punjab 602 (1916); Haines, Bot. Bihar and Orissa 3:274 (1922), 2:287 (repr. 1961).
Type: India, Himalaya, 7000-8000 feet, Edgeworth 186 (holo: K).
Homotypic synonym: Cantharospernuan platycarpun (Benth.) Raizada in Mooney, Suppl. Bot. Bihar
and QOrissa 53 (1950).
Heterotypic synonyms: Atylosia geminiflora Dalz., |, Linn. Soc. 13:185 (1873). Type: India, W. Ghats,
Dalzell s.n. (holo: K; iso: CAL).

Cantharospermum ? distans Royle ex Baker in Hooker, Fl. Brit. India 2:216 (1876).
Type: NW. India, Royle s.n. (holo: CAL; iso: K).

Cantharospermum gentiniflorum (but as geminifolium) (Dalz.) Raizada in Mooney, Suppl. Bot. Bihar

and Orissa 53 (1950), based on Atylosia geminiflora.

Flowering: Aug-Sep (India); Sep, Mar (Pakistan); Mar-Apr (Java).

Distribution: NW. and Central India, Nepal, Pakistan, Java.

Ecology: Trailing in grasses, along roadsides, in pine forests, in cultivated fields, 50-2600 m.



L.J.G. VAN DER MAESEN

o PSS 1+ ¢ P

Figure 2.2. Cajanus platycarpus: 1. Branch x 1;2. Flag, X 2,3. Wing, X 2:4. Keel, X 2;5. Stamens and stigma,

X 2;6. Pistil, x 2,7 Seed, x 3;8. Strophiole of seed shown from above, x 5;9. Detail of upper leaflet surface,
% 2;10. Detail of lower leaflet surface, X 2 (1-10, van der Maesen 2873).

Source: van der Maesen, Agricultvral Universily Wageningen papers 85-4, 1986,
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24. C;Ijmzzzs pubescens (Ewart and Morrison) van der Maesen, Agr. Univ. Wageningen Pap. 85-4:164
(1986).

Erect shrub, to 1.2 (-2) m, hairs short, dense, silvery on leaves, brown on stems. Leaflets
thick-leathery, reticulate above, reticulate and hairy below, grey hairs below do not fill reticulations.
Flowers yellow, flag sometimes with red veins. Pods oblong, 2 to 3.5 cm, 4-6 dark grey seeds with
black mosaic. Reynolds and Pedley (1981) distinguish a var. mollis with long and spreading hairs
of stems and petioles. | have not seen the type, Cole et al. 9098 from near Ballara, Queensland (BRI).
Basionym: Tephrosia pubescens Ewart and Morrison, Proc. Roy. Soc. Victoria new series 26:163 (1912);
Ewart and Davies, FI. N. Territory 147 (1917).

Type: Australia, N. Territory, Top Spring, G. Hill 535 (holo: MEL; iso: K).

Homotypic synonym: Atylosia pubescens (Ewart and Morrison) Reynolds and Pedley var. pubescens,
Austrobaileya 1-4:427 (1981),

Flowering: Jan, Apr-Sep, especially Jun.

Distribution: Australia: W. Australia, N. Territory and N. Queensland.

25. Cajanus reticulatus (Dryander) E v. Muell., Census Austral. PL. Suppl. 1-4:41 (1881).
Key to the varieties:
1a. Erect shrub with horizontal or trailing branches, rust-brown hairs, leaves large when fully grown

.............................................................................................................. var. grandifolius
1b. Weak shrub, prostrate or trailing ............coiiiinii 2
2a. Leaflets rhomboid-ovate with acute or obtuse tip, pubescence golden brown . var, reticulatus
2b. Leaflets rounded to rhomboid-rounded, hairs greyish ..............cccooee. var. maritinus

25a. Cajanus reticulatus var. grandifolivs (F. v. Muell.) van der Maesen.

Erect shrub with large velvety, golden-brown hairy leaflets. Branches horizontal or trailing.
Flowers large, yellow with or without red veins. Pods oblong, to 3.5 cm, with 4-6 brown or black
seeds with grey variegation.

Basionym: Cajanus grandifolius Ev. Muell., Pl. Fitzalan 9 (1860).

Type: Australia, Signal Hill, Upstart Bay, Fitzalan s.n. (holo: MEL). Paratypes: Burnett Ranges,
Mr. Aug. Gregory’s Expedition, Ev. Muell. s.n. (MEL); Victoria River, Jan 1856, id. s.n. (K, MEL).
Homotypic synonyms: Atylosia grandifolia (F. v. Muell.) Benth., Fl. Austral. 2:264 (1864); Bailey,
Queensland Fl. 2:439 (1900); Verdcourt, Manual New Guinea Legumes 540 (1979).

Cantharospermum grandifolium (E. v. Muell.) Taubert ex Ewart and Davies, F. N. Territory 152

(1917).

Flowering: Jan - Oct.

Distribution: Australia: W. Australia, N. Territory, Queensland; Papua New Guinea.

Ecology: open grasslands c.g., Heteropogon spp., Eucalyptus forests, rocky places, hillsides, dry
riverbeds, on sandy loam, laterites or granite sand, probably below 1000 m.

25b. Cajanus reticulatus var. reticulatus, Agr. Univ. Wageningen Pap. 85-4:173 (1986).

Weak shrub, prostrate or trailing with leaflets smaller than in var. grandifolius, hairs also golden-
brown, flowers and fruits slightly smaller.
Basionym: Doliches reticulatus Dryander in Aiton, Hort. Kew. ed. 1,3:33 (1789); F. v. Muell., Census
Austral. Pl. Suppl. 1-4:41 (1881); id., Second Census Austral. Pl. 1:71 (1889); Bailey, Queensland
Fl. 2:438 (1900).
Type: Australia, Queensland, Endeavour River, Banks and Solander dd. 1770 (lecto: BM; isolecto:
BM, CANB, MEL, W).
Homotypic synonyms: Atylosia reticulata (Dryander) Benth., Fl. Austral. 2:263 (1864); Bailey, Queens-

fand Fl. 2:438 (1900).
Cantharospermum reticulatum (Dryander) Taubert ex Ewart and Davies, Fl. N. Territory 152 (1917).
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25¢. Cajanus reticulatus var. maritimus (Reynolds and Pedley) van der Maesen, Agr. Univ. Wageningen
Pap. 85-4:173 (1986).

Trailing shrub with greyish-haired rounded to rhomboid-rounded leaflets. As this variety grows
on white sand of coastal dunes, the status of a subspecies may also be assigned, as rightly pointed
out by Pedley (personal communication), restricted to coastal areas.

Basionym: Atylosia reticulata subsp. maritima Reynolds and Pedley, Austrobaileya 1-4:426 (1981).
Type: Australia, N. Territory, Port Bradshaw, Arnhem Land Aboriginal Reserve, Specht 714 (holo:
BRI; iso: AD, CANB, K}

Flowering: Jan-Jul.

Distribution: Australia, Queensland and N. Territory.

Ecology: white sand, coastal dunes, 0-100 m.

26. Cajanus rugosus (W. and A.) van der Maesen, Agr. Univ. Wageningen Pap. 85-4:179 (1986).
Climber-creeper, branches greyish-hairy, often thin at the end, leaflets thick, flowers 2-4 together

on peduncles 1-4.5 cm, yellow or flag the vague red stripes, pods oblong, 14-23 mm, up to 4 light

or dark brown sceds with dark blotches. Can be confused with Riynchosia filipes Benth. ox Bak.

Basionym: Atylosia rugosa W. and A., Prodr. 1:257 (1834); Fyson, Fl. Nilgiri and Pulney Hill Tops

1:120 (1915, repr. 1974);, Gamble, Fl. Presid. Madras 2:369 (1918), 260 (1967); Fernando, Wild Fl.

Ceylon 2nd ed. 39 (1980); Matthew, Material FI. Tamilnadu Carnatic 181 (1981); id., Hlustr. Fl.

Tamilnadu Carnatic 183 (1982).

Type: India, Nilgiris?, Wight 761 (holo: E; iso: BR, CAL, E, G, K).

Homotypic synonym: Cantharospermum rugosum (W. and A} Alston, Ann. Roy. Bot. Gardens

Peradenya 9:209 (1929).

Heterotypic synonym: Rhynchosia? velutina Grah. ex Wall., nomen nudum, Wallich’s Cat. 5501

{1831), based on Graham, Wallich 5501 (K).

Flowering: Sep-Apr, Jun-Jul.

Distribution: 5. India and Sri Lanka.

Ecology: Forests, low scrub, open spaces (downs) and roadsides, 1300-2400 m.

27. Cajanus scarabacoides (1..) Thouars, Dict. Sci. Nat. 6:617 (1817} (as Cajan scarabacoide) (Figure 2.3).
Key to the varicties:

Flowers almost sessile in axils, sometimes peduncles to 1-1.5 em long (Papua New Guinea), pods
narrowly oblong, tong-haired, 3-6-seeded ..................... var. scarabaeoides
Flowers on long peduncles of 1-6 cm, pods broadly oblong, 2-3-seeded (Australia) . var. pedunculatus

27a. Cajanus scarabacoides var. pedunculatus (Reynolds and Pedley) van der Maesen, Agr. Univ.
Wageningen Pap. 85-4: 188.

The long-peduncled variety with few-seeded broadly oblong pods, endemic to Australia,
Basionym: Atylosia scarabacoides (L.) Benth. var. pedunculata Reynolds and Pedley, Austrobaileya
1-4:421 (1981).

Type: Australia, Queensland, Parada nr Dimbulah, McKee 9363 (holo: BRI; iso: K).
Flowering: Jan-May, Sep.

Distribution: Australia, N. Territory and Queensland.

Ecology: Grassland, on farms, 0-500? m.

27b. Cajanus scarabaeoides var. scarabaeoides, Dict. Sci. Nat. 6:617 (1817), as Cajan scarabacoide.
Grey-green creeper-climber, supported by grasses and shrubs, winding at the end. Leaflets
narrow to broad, elliptic to obovate, thin-woolly and coriaceous. Flowers 1-6 together, yellow to
creamish yellow, flag sometimes with red veins. Pods oblong, hairy, to 2 cm long, with 3-6 greyish
seeds with black and cream mosaic. The name is from the scarab-like sced. This species is the
most widespread wild relative of pigeonpea, and is interfertile. It is a conspicuous drought-resistant
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Flgure 2.3 Ca}muu. scarabaeoides: 1. Branch, % 1;2. Branch of long- pcdundcd variant x 1;3. Flowers
x 2;4. Flag, x 2;5. Wing, x 2;6. Keel, x 2;7 Stamens, X 2;8. Pistil, X 2;9. Seed, x 3;10. Detail
upper leaflet surface, x 2;11. Detail lower leaflet surface, x 2;12. Fruit of var. pediiculalus (1,3-11,
van der Maesen 2881; 2, A. Floyd 5528; 12, McKee 9363).

Source: van der Moesen, Agricullural University Wageningen papers 85-4, 1986.
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element in the dry season, and shows off green in leafless Shorea robusta (sal) and Tectona grandis
(teak) forests with little undergrowth.

Basionym: Dolichos scarabacoides L., Species Plantarum 726 (1753); W.T. Aiton, Hort. Kew. ed. 2-4:294
(1812), Roxburgh, Hort. Beng. 53 (1814) (nomen as D. scarabacoides Roxb).

Type: Ceylon, Hermann 1:34 (lecto: BM). Paratypes: Ceylon, Hermann 2:60 (BM); Myanmar (Bur-
man?) in LINN 900.9 (LINN).

Homotypic synonyms: Rhynchosia? scarabocoides (L.) DC. (as scaraboeoides), Prodr. 2:387 (1825)

Rhynchosia biflora DC., Prodr. 2:387 (1825), based on Dolichos scarabaeoides Roxb., Cat. Hort. Bot.
Calc. 53 (1814); Nooteboom, Reinwardtia 5-4:442 (1961).

Stizolobium scarabaeoides (L.) Spreng,., Syst. 3:253 (1826).

Cajanus scarabacoides (L.) Graham ex Wallich, Wall Cat. 5580 (1831).

Dolichos medicagineus Willd. ex Roxb., Fl. India 3:315 (1832), transposed description of Dolichos
scarabacoides 1..

Atylosia scarabaeoides (1..) Benth. in Miquel, Pl. Jungh. 1:242 (1852); Miquel, F Ind. Batavae
1-1:162 (1855); Bentham, FI. Hongkong. 90 (1861); id., F. Austral. 2:263 (1964); Baker in Hook., FL.
Brit. India 2:215 (1876); Baker, Fl. Mauritius Seychelles 84 (1894); Trimen, Hand-Book Fl. Ceylon
2:79 (1894); Bailey, Quecensland Fl. 2:438 (1900); Prain, Bengal Pl. 272 (1903, repr. 1963); Cooke, Fl.
Presid. Bombay 1:409 (1903, repr. 1958, 1967); Duthie, Cat. Pl. Kumaon 50 (1906); Haines, Forest
Ft. Chota Nagpur 320 (1910); Harms, in Engler, Pflanzenw. Afrikas 3-1:665 (1915); Bamber, Pl
Punjab 602 (1916); Gagnepain, Fl. Gen. Indo-Chine 2-3:281 (1916); Gambile, FI. Presid. Madras 2:369
(1918), 261 (1967); Parker, Forest Fl. Punjab, Hazara, Delhi 165 (1921); Collett, Fl. Siml. 142 (1921);
Ridley, FI. Malay Peninsula 1:564 (1922); Haines, Bot. Bihar and Orissa 274 (1922), 287 (1961); Baker,
Leguminosae Trop. Africa 460 (1926); Sharma and Sharma, Obs. Fl. Chandigarh, Res. Bull. N.S.
Punjab Univ. 17-3/4:390 (1966); Gupta, I'l. Nainitalensis 95 (1968); Verdeourt, Fl. Trop. E. Afr. ed.
2,1:707 (1971); Berhaut, FlL. Nllustr. Senegal 5:64 (1976); Saldanha and Nicolson, Fl. Hassan Distr.
238 (1976); Walker, Fl. Okinawa 592 (1976); Huang and Ohashi, Fl. Taiwan 3:179 (1977); Ali, F1. W.
Pakistan 100:219 (1977); Shah, Fl. Gujarat 1:184 (1978); Verdcourt, Manual New Guinea Legumes
540, 542 (1979); Nguyen Van Thuan, Fl. Cambodge, Laos, Vietnam 17:112 (1979); Matthew, Materials
Fl. Tamilnadu Carnatic 181 (1981).

Cantharospermum scarabaeoides (“scarabacoiderm”) (L..) Baillon, Bull. Soc. Linn. Paris 1:384 (1883),
based on Cantharospermum pauciflorum W. & A. and Atylosia scarabacoides (L.) Benth.; Merrill, FIL.
Manila 255 (1912); Mooney, Suppl. Bot. Bihar and Orissa 52 (1950).

Cantharospermum scarabaeotdes (Benth.) Kds, in Koorders- Schum., Syst. Verz. 1. Fam. 128:68
(1911).

Heterotypic synonyms: Glycine mollis Willd., Sp. Pl. 3-2:1062 (1800); Hepper, Kew Bull. 28-2:319
(1973).
Type: Guinea, probably Ghana, Isert s.n. (holo: B, Herb Willd. 13446 IDC microfiche).

Dolichos scarabaeoides Roxb. ex Grah. in Wall. Cat. no. 5580a (1831), nomen nudum, based on
India, Wallich 5580 A(K).

Glycine scarabacoides Hb. Ham. et HBC ex Wall., nomen nudum in Wall. Cat. no. 5580 B (1831),
based on India, Kattipur 30 Aug 1810, Mungger (Monghyr) Hills, and 16 Sept 1811, Bot. Gard.
Calcutta 2 Jan. 1815 (K).

Hedysarum biflorum Wild. ex Wall., nomen nudum in Wall. Cat. no 5580 C (1831), based on
India, in itinere Travancoras Oct 1814 (K).

Cajanus scarabaeoides Thouars ex R. Grah., Wall. Cat. no 5580, according to Index Kewensis 1:312
(1895).

Cantharospermum pauciflorum W. & A., Prodr. Fl. Penins. Ind. or. 1:255 (1834); Royle, lllustr. Bot,
Himal. 192 (1833-1839) (as “paucifolium”); Dalzell & Gibson, Bombay Fl. 73(1861, repr. 1973).
Type: India orientalis, Wight 758 (holo: E; iso: BM, C, CAL, E, G., K, WU).

Dolichos minutus Roxb. ex W. & A, Prodr. Fl. Penins. Ind. or. 1:256 (1834).

Type: Roxburgh drawing E. Ind. Comp. Mus. Tab. 252 f.1 (CAL).
Atylosia pauciflora (W. & A.) Druce, Rep. Bot. Exch. Club Brit. Isles 1916:607 (1917). Based on
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Cantharospermum paucifiorum W. & A.

Atylosia scarabaeoides (L.) Benth. var queenslandica Domin, Bibliothek. Bot. 89:227 (1926).
Type: Australia, opp. Pentland, Domin “4870” (holo: PR).
Flowering: end of rainy scason well into dry season, or during summer, depending on the country.
Distribution: S. and SE. Asia, Queensland, Pacific Islands, Zanzibar, Madagascar, Mauritius,
Coastal W. Africa, Jamaica.

Ecology: open grassland, dry scrub vegetation or (semi-) deciduous monsoon forests, trailing or
climbing, 0-1000 (-2000) m.

28. Cajanus sericeus (Benth. ex Bak.) van der Maesen, Agr. Univ. Wageningen Pap. 85-4:195 (1986).
Erect shrub, to 1.5 m, branched, grey-green, leaflets palmately arranged, white-hairy, oblanceol-

ate, quite narrow. Flowers 1-3 in leaf axils, pale yellow, pods 1.1 to 1.3 em, with 2-3 (mostly 2),

grey to black seeds with cream mosaic.

Basionym: Atylosia sericea Benth. ex Baker in Hooker, Fl. Brit. India 2:213 (1876); Cooke, Fl. Presid.

Bombay 1:408 (1903, repr. 1958, 1967); Gamble, Fl. Presid. Madras 2:369 (1918), 260 (repr. 1967);

Santapau, Fl. Khandala, Rec. Bot. Surv. India 16-1:72 (1966); Shah, Fl. Gujarat 1:185 (1978).

Type: India, Concan, Stocks s.n. (Iectotype: K; isolectotype: GH). Paratypes: India, ?Ritchie 156(E);

India, Concan, Ram Ghaut, Ritchie 156/2(K).

Homotypic synonym: Cantharospermum sericeum (Benth. ex Bak.) Raizada in Mooney, Suppl. Bot.

Bihar and Orissa 53 (1950).

Flowering: Sep-Jan.

Distribution: India: W. Ghats, Mount Abu, rare in Satpura Mts and E. Ghats.

Ecology: dry deciduous monsoon forest, grassy ficlds, open hill slopes, 500-1300 (-2000) m.

29. Cajanus trinervius (DC.) van der Maesen, Agr. Univ. Wageningen Pap. 85-4:199 (1986).

Erect shrub to 2 m, densely hairy, golden brown at the top, leaflets thick, soft, ovate to
long-ovate. Flowers 1-2 on short peduncles and pedicels, vellow with red-purple and veined flag.
Pods oblong, 2-4 ¢m, sticky and hairy, with 5-7 dark brown seeds.

Basionym: Collaca trincrvia DC., Mem. Leg. 6:247, t. 41(1825).
Type: India, Nilgiri Mts. Leschenault (holo: P; iso: P).
Homotypic synonyms: Odonia trinervia (DC.) Spreng., Syst. ed 16 Suppl. 4-2:279 (1827).

Cantharospernmuon trinervium (DC.) Taub. [as (Spreng.) Taub.] in Engl. and Prantl, Nat. Pflz. fam
3-3:373 (1894).

Atylosia trinervia (DC.) Gamble, Fl. Presid. Madras 2:368 (1918), 260 (repr. 1967); Fyson, Fl. S.
Indian Hill Stations 1:170; 2:131 (1932); Sharma et al., Bull. Bot. Surv. India 15-182:56 (1973);
Fernando, Wild Fl. Ceylon 2nd ed. 39 (1980).
Heterotypic synonyms: Rhyochosia? Wightiana Grah. ex Wall. nom. nud., Wallich’s Cat. 5500 (1831).
Based on India, Herbarium Wight (K).

Atylosia Candollii W. & A., Prodr. FL. Penins. Ind. Or. 1:257 (1834).
Type:India, Wight 763 (holo:E).

Atylosia candollei W. & A, orthographic rectification, Baker in Hooker, Fl. Brit. India 2:212 (1876);
Fysoﬁ, Fl. Nilgiri Pulney Hill-Tops 1:120 (1915, repr. 1974); Trimen, Hand-Book Fl. Ceylon 2:78
(1894, repr. 1974).

Atylvsia major W. & A., Prodr. FL. Penins. Ind. Or. 1:257 (1834). Type: India, Wight 762 (holo:
E; iso: CAL, G, K, MH, ).

Atylosia trinervia (DC.) Gamble var. major (W. & A.) Prain ex Gamble, Fl. Presid. Madras 2:368
(1918), 260 (repr. 1967), based on A major W. & A.

Flowering: throughout the year, less in the rainy season, fruiting mainly Jan-Mar.

Distribution: S. India and Sri Lanka, hills and hilltops.

Ecology: scrub vegetation, open forest, grasslands, between boulders at altitudes of (850-) 1400-
2650 m. The introduced leguminous shrub Cytisus sconarius (L.) Link is more common and conspicu-

ous in this habitat,
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30. Cajanus villosus (Benth. ex Bak.) van der Maesen, Agr. Univ. Wageningen Pap. 85-4:205 (1986).
Creeper-climber, to 1 m. Leaflets subpalmate, ovate to obovate, hairy below, thinly hairy above.

Flowers to 5 together, yellow, peduncle short to 6 ¢cm, pods oblong, 2-3.5 cm, covered with

spreading brown long silky hairs, with 5-6 blackish seeds. Only collected 8 times, this species has

not been found since 1895.

Basionym: Atylosia villosa Benth. ex Baker in Hooker, Fl. Brit. India 2:214 (1876); Nguyen Van Thuan,

Fl. Cambodge, Laos, Vietnam 17:112 (1979).

Type: India, Sikkim, lower hills, 4000 ft. Hooker fil. 376 (holo: K; isotypes: GH, K, P).

Flowering: Sep.

Distribution: India: Sikkim and Darjecling Terai.

Ecology: in grass and low shrubs.

31. Cajanus viscidus van der Maesen, Agr. Univ. Wageningen Pap. 85-4: 207 (1986).

A spindly viscid shrub, ca 1 m, sparsely hairy, membranaccous lecaflets, and yellow flowers,
maroon in bud, to 15 together on slender peduncles, 6 to 15 ¢m, 3-4-seeded thinly pubescent,
viscid pods. A newly described, presumably rare species, sticky at touch.

Type: W, Australia, Camp Creek, Mitchell Plateau, W. Kimberley, Kenneally 4807 (holo: K; iso: K,
ex PERTH).

Paratype: Mitchell Falls, Kenneally 5018 (K, PERTH).

Flowering: Jun.

Distribution: W. Australia.

Ecology : on sandstone, necar scasonal(?) water.

32. Cajanus volubilis (Blanco) Blanco, Fl. Filip. ed 2: 417 (1845); van der Maesen, Agr. Univ.
Wageningen Pap. 85-4:210 (1986).

A climber with thin membranaceous leaflets, rather large (yellow?) flowers with some bulbous-
based hairs on the calyx, and pods with short pubescence and a few long hairs, falling in due
course. The name has been confused with Cajanus crassus.

Neotype: Philippines, Pantay Antipolo, Species Blancoanae 142, Merrill (US; isotypes A, BM, CAL,
GH, K, L, W).

Flowering: Nov.

Distribution: Philippines, Indonesia (Sulawesi).

Ecology: forests and thickets.

EVOLUTION OF THE PIGEONPEA

The pigeonpea evolved as a crop from at least one wild progenitor. This process, generally more
rapid than natural evolution, is called domestication. Human beings sclected from the wild those
seeds that were already larger than average, relatively tasty and easily obtainable. The wild pro-
genitor would have had pre-adaptation with advantages over other related species (Plitmann and
Kislev, 1986). From the available evidence, less abundant than for some other pulses, it is as yet
impossible to disprove the conclusion that pigeonpea was domesticated later than most other
pulses. 1t is, however, evident that the crop is more primitive than most pulses (Smartt 1976, 1978,
1980). The changes under domestication were relatively small, whereas in Phaseolus the trends of
change have been considerable.

We can well imagine the automatic or deliberate early selection pressures applied by man before
2000 BC in India to the plant from which he collected seeds in nature. He started to domesticate
the tall bushy plant, quite like Cajanus cajanifolius, with relatively low yield, and few edible seeds
per pod. The seed size, judging from the present-day wild species, was already quite attractive
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(up to 4.5 g 100" seeds in C. cajanifolins, and 6 g 100" seeds in C. platycarpus). Even today pigeonpea
is a rather unsophisticated tall and laborious crop, but it serves the farmer well, and it is not
unsuited to modern agriculture. The transformation through scientific breeding into a modern,
Iow-stgturcd, high-yielding crop only started during this century. Only since about 1925, has
scientific attention been paid to improvement, mainly within India, where also the major enhanced
emphasis on improvement is now centred at the Indian Council of Agricultural Research, the
International Crops Research Institute for the Semi-Arid Tropics, and in various agricultural uni-
versities. Throughout the tropics appreciation of the crop, and consequently, plant breeding
activitics vary considerably. The pre-1940 efforts in Hawaii (Krauss, 1932), did not yield the expected
results and the use of pigeonpea as a combined green manure and pulse crop has almost completely
ceased in that area.

Following Harlan (1975), Schwanitz (1966), and Smartt and Hymowitz (1985) the processes of
adaptation during domestication can be described.

Plant Habit

Most pigeonpeas are perennials and tend to grow very tall, up to 4 m or so, as often found in
Africa or in tribal areas, particularly in castern and northeastern India. Perenniality is considered
a primitive character (Hutchinson, 1965). Pigeonpea is almost exclusively grown as an annual, in
rows and/or mixed with many other crops such as cotton, sorghum, millets, and groundnut which
arc harvested several months prior to the pigeonpea. The pigeonpea plants are cut down when
most of their pods have ripened, often when green leaves are still present. Pressure for annuality
has therefore probably been limited. Among the grain legumes only the pigeonpea has not been
subjected to a radical change in life form,

Some short-statured mutations have essentially lost their ability to sprout again when the rains
come. These modern short-duration cultivars do produce well if densely sown and protected with
insecticides, not vet an cconomical practice in most areas, bul may soon become so in some. These
cultivars (e.g., cv. Prabhat) are likely to disappear without human intervention. Tall pigeonpeas
supply farmers with valuable browsing and fuel stocks. The only relative, C. platycarpus (Benth.)
van der Maesen, which is usually annual, is almost the most distantly related one, but even this
species perrennates when conditions are favourable.

A spreading or erect habit, important for cultivar classification, seems to have little relevance
to the farmer. Spreading forms are preferred if  space occupied by an  carlier-
harvested intercrop needs to be filled in. Erect cultivars may be useful for intercropping with other
crop species of similar duration, but have not proved better than spreading ones.

Crop Duration

There is a wide diversity in flowering data and maturity. African material, found close to the
Equator, flowers extremely late in India at 17 °N or more, when sown under long days. Short days
trigger flowering. If sown before or during the Indian winter, pigeonpea plants remain much
smaller than usual. Inafew areasin India (Dangs, Gujarat; Bihar) “rabi” (post-monsoon) pigeonpeas
are grown, but no special selections seem to have been made for this purpose. The determinate
flowering (in time, not as inflorescence type) cultivars have a shortened, more synchronized
flowering period and flower early, or are of medium duration. This is a typical derivation from
the usually indeterminate cultivars that flower for a long time, and are able to compensate for
eventual losses however these are incurred.
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Photoperiod Sensitivity

The pigeonpea did not lose photoperiodic sensitivity, but a few very recent selections e.g., QPL
1 or mutations show a reduced response to long days. There is diversity in sensitivity, so less-
sensitive lines e.g., Prabhat (ICP 7220) and L 3 (ICP 7630) can be selected from the germplasm.
When grown in the rainy season, flowering in India is triggered by short days after the rains cease.
In northern India low temperatures in the post-monsoon period further delay flowering, and this
has led to adaptation as long-duration cultivars.

Flower Number and Inflorescence Size

There is no discernable pattern regarding flower number. A higher number may be expected when
pulses continue to evolve (Harlan, 1975) but in manry Cajaninae tlowering is very abundant and
fruit set is rather low, a mechanism that enhances the ability to compensate. The inflorescence
size in pigeonpea is larger than in several related creepers and shrubs, but smaller than in other
related species. Among wild species, flower size is largest in Cajanus grandiflorus (Benth. ex Baker)
van der Maesen. In pigeonpea, accessions with the largest leaflets and seeds also have the largest
flowers and pods (e.g., PR 5449 from Tanzania).

Fruit and Seed Size

Wild relatives have smaller seeds, although some approach those of pigeonpea. Obviously large
seeds were preferred and selected. Medium-sized seeds are preferred for dhal milling. Large-
podded and large-seeded pigeonpeas are selected for vegetable use in Africa, and the Caribbean.
Enlargement of plant organs is often due to an increasc in cell size (Schwanitz, 1966). Larger pods
require stronger stems for their support, and many small-seeded wild species are climbers, that
are weaker than the cultivated pigeonpea. Pigeonpea’s possible progenitor, C. cajanifolius, has
rather weak, spreading branches, but in many pigeonpea cultivars this habit suffices to bear heavy
pods.

Seed Colour

Taste

This is an important market consideration, as is seed size. Even for dhal preparation, which
includes removal of the testa, white seed colour is often preferred, or at least a uniform brown
colour. Dark purple, variegated, or mixed colours arc often found in mixed populations grown
by tribal people e.g., in eastern India.

Locally some types are preferred to others, but this has rarely resulted in cultivar name differences.
Wild pigeonpeas are often somewhat bitter when eaten raw, while fresh pigeonpeas are usually
free from bitter substances. Vegetable pigeonpeas that are to be eaten freshly cooked need to be
sweet, while bitter substances are not detectable in dry pigeonpeas. Dry or split pigeconpeas differ
in fragrance and taste, and this gives rise to local preferences.
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Indehiscent Pods

In most wild legume species the pods shatter their seeds, as a means of natural dissemination,
and have to be harvested daily when cultivated. Cajanus cajanifolius shatters its seeds quite late.
If cultivated pigeonpea is left unharvested after maturity, the pods will ultimately shatter. A study
of dispersal would be interesting; but it is sufficient here to say that the relatively large seeds are
not carried very far, and this may have contributed to the rather localized small populations
remnant in forests and untouched hillsides. This suggests that these legumes may have been more
common and widespread in bygone eras.

Loss of Seed Dormancy

Virtually all known pigeonpea germplasm accessions are non-dormant. Only two or three have
very hard seed coats that prevent imbibition and delay the germination of fresh seeds. By contrast,
most wild species have dormant seed, at least for some months, and are routinely scarified to
ensure uniform germination when grown at ICRISAT Center (Rao et al., 1985).

Seedling Vigour

Larger sceds produce large seedlings, but in pigeonpea any advantage disappears within the first
4 to 6 weeks after emergence.

In the carly stages of growth (2-3 months) pigeonpea and many of its relatives are not very
competitive with weeds. The deep taproot develops well, but the crop can be harmed if competition
is considerable. For wild species this perhaps does not matter much, since most reach above the
grass level, or climb in shrubs or trees. Cajaninae are not weedy. Ultimately, the most vigorous
plants contribute most to the next generation.

Habitat

Most Cajaninae are found near the forest edge, in open places within the forest, or in grassy
habitats. Climbers use trees and shrubs for support, and flowering occurs in the light. They favour
tropical savannahs with a marked dry season. Some species only occur at higher altitudes. Distri-
bution tends to be scattered in suitable ecological niches, with the exception of the rather ubiquitous
C. scarabaeoides. The progenitor C. cajanifolivs was found earlier at only three locations in the Bastar,
Puri, and Kalahandi districts of eastern India, but more locations were recently spotted when a
proper scarch was made. It is still a rare species and may have become scarce and isolated due
to habitat reduction, and this is perhaps also true of several other of the less-common wild species,
rather than due to slow propagation alone. By contrast, in a crop situation the pigeonpea tends
to be shaded during its early growth, and faces full sunlight later on.

Biochemical Constitution

Seed protein of wild species has a poorer solubility than that of pigeonpea, and this indicates an
increase in solubility under domestication, and perhaps improved nutritional quality in this grain
legume (Ladizinsk); and Hamel, 1980). Trypsin and chymotrypsin inhibitor activity of several wild
species, but not C. cajanifolius, was considerably higher thanin pigeonpea (Singh and Jambunathan,
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1981), the in vitro digestibility of wild species was quite similar to the values found for pigeonpea,
but Rhynchosia rothii was much lower in digestibility. The appearance of typical wild species bands
in some clectrophoretic variants of Cajanus cajan suggesls that there is still a gene flow between
pigeonpea and its wild relatives.

CONCLUSIONS

Pigeonpea may have originated from Cajanus cajanifolius, but several other “Atylosia” ancestors,
now considered congeneric with Cajanus, may have contributed by introgression. Pigeonpea is
only now being moulded into modern crop cultivars. These are of short duration and stature,
have many large seeds per pod, yield well, allow dense populations, and possess resistance against
diseases and pests. The plant is perennial. A true annual will put all its reserves into seed, but
so far no form of pigeonpea is truly annual. Subsistence and modern farmers still grow rather
primitive landrace cultivars or selections thercof. The tall, long-duration cultivars are valued for
browsing and fuel in poorer rural societies. Present cultivars are well adapted to existing husbandry,
but even in intensified mixed cropping and mechanical harvesting some can be used. New cultivars
must do even better and cater to improved cultivation practices (Hutchinson, 1965).
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PIGEONPEA: MORPHOLOGY

L.J. REDDY

Plant Breeder, Legumes Program, International Crops Research Institute for the
Semi-Arid Tropics (ICRISAT), Patancheru, Andhra Pradesh 502 324, India.

INTRODUCTION

Pigeonpea |Cajanus cajan(L.) Millspaugh], known by several vernacular and trade names such as
red gram, Angola pea, Congo pea, no-eve pea, and yellow dhal belongs to the tribe Phaseoleae
and subtribe Cajaninae under sub-order Papilionaceae of the order Leguminosae. Cajaiius has been
treated as a monotypic genus by most of its researchers although another African species, Cajanus
kerstingil was described by Harms (1915). However, C. kerstingii should have been placed under
the genus Atylosia because of the persistent nature of its strophiole. The genus Cajanus closely
resembles members of the genus Atylosia in vegetative and reproductive characters, and some of
the Atylosia species can produce fertile hybrids when crossed with the cultivated pigeonpea
(Deodikar and Thakar, 1956; Kumar et al., 1958, 1966; Roy and De, 1965; Kumar and Thombre,
1958; Reddy, 1973; De, 1974; Reddy et al., 1981a). Based on their observations some of these workers
suggested merger of Atylosia with Cajanus, and in 1986 van der Maesen finally revised the taxonomy,
and merged these two genera following systematic analysis of morphological, cytological, and
chemo-taxonomical data which indicated the congenenicity of the two genera.
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The genus Cajanus now comprises 32 species including 17 from the Indian sub-continent, 13
endemic to Australia, one endemic to West Africa, and one ubiquitous species, C. scarabacoides
(van der Macsen, 1986).

In this chapter a complete description and development of various morphological parts of the
cultivated species Cajanus cajan (pigeonpea), the influence of environment on its morphology, and
inter-relationships between various plant characters are reviewed and discussed. Various mor-
phological mutants that have arisen either spontancously, or been created through hybridization
and mutagen treatment are also described.

GENERAL DESCRIPTION OF THE GENUS CAJANUS

Following van der Maesen (1986) the salient morphological features of the revised genus Cajanus
are given below.

“Perennial, rarely annual, crect bushes, 0.5 to 4 m, or creepers, or climbers, strong or weak.
Pubescence various. Leaves pinnately, sometimes digitately trifoliolate. Leaflets with vesicular
glands below, membranaceous or rather thick. Stipellae present or absent. Flowers in axillary or
terminal pedunculate or almost sessile racemes, yellow, or lined with red, or flag dorsally reddish,
up to 3 cm long. Bracts small or large, caducous, bracteoles absent. Calyx teeth acute, acuminate
or elongate-acuminate, two upper ones more or less connate. Corolla persistent or not, vexillum
obovate-orbicular, reflexed, clawed, auriculate. Wings obliquely obovate, auriculate, keel rounded-
oblique, obtuse. Ovary subsessile, ovules (2-)3 to 10. Style thickened above the middle, upcurved,
upper part glabrous or slightly hairy, not bearded. Stamens 9 connate, vexillar stamen free, anthers
uniform. Fruit a pod, lincar-oblong, apex obtuse or acute, compressed, bivalved, depressed bet-
ween the seeds with transverse lines, more or less septate between the seeds. Seeds reniform to
suborbicular, shiny, white, brown, grey, purple or black, variegated or not, strophiole conspicuous
or vestigial”.

MORPHOLOGY OF CAJANUS CAJAN

The morphological variation in pigeonpea (Cajanus cajan) is greatest in Asia especially in India, its
place of origin. Several researchers working in India (Mahta and Dave, 1931; Shaw ¢t al., 1933;
Pathak, 1970; van der Macsen, 1986; Sheldrake, 1984) have described the morphology and studied
the variation available within pigeonpea. Similarly Westphal (1974) studied the morphology and
variation of the pigeonpea types available in Ethiopia.

On the basis of flower colour, seed numbers per pod, length of stipels, de Candolle (1813)
distinguished two species under Cajanus viz., C. bicolor and C. flavus. Later workers (Purseglove,
1968) reduced these two species to botanical varieties. Variety flavus (DC) is characterised by early
maturity with shorter stature, yellow standard petals, green glabrous pods, lighter in colour when
ripe, and usually 3-seeded. Variety bicolor (DC) is characterised by late maturity, large bushy stature,
red or purple streaked standard petals, and hairy pods blotched with maroon, or dark coloured
with 4 to 5 seeds, that are darker coloured or speckled when ripe.

The above varietal distinctions appear to be of doubtful taxonomic validity since the two varieties
are readily crossable, and a range of combinations of the above distinguishing features occurs in
the present-day varieties.

Based on the morphology, Shaw et al. (1933) distinguished 86 different pigeonpea types from
collections throughout India, while Mahta and Dave (1931) recognised 36 types from Madhya
Pradesh State alone. Recently Remanandan et al. (1988) measured the variability in more than
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11,000 germplasm accessions assembled at ICRISAT Center from 52 countries. They recorded 40
morpho-agronomic traits, of which 22 traits were entered in the computer-based cataloguc. A
detailed morphology and anatomy of various traits and discussion on the influence of environment
on the development of these traits are presented here.

Structure, Development, and Influence of Environment

Seeds

In pipeonpea, four seed shapes; oval, pea, square, and elongate (Figure 3.1) are recognised. The
most common shape is oval. Pea-shaped seed is usually found in late-maturing varicties with
large seeds, but not all the late-maturing, large-seeded vaneties have pea-shaped seeds. This (rait
is very rare in early-maturing varieties. Pea-shaped seeds are preferred in areas where pigeonpea
is used as a green vegetable.

The seed coat (testa) colour in pigeonpea ranges from white to almost black. Although the
seed coat colour variation is continuous, it has been suggested (IBPGR/ICRISAT, 1981) that 10 seed
base colour classes (Table 3.1) and five colour patterns are used to achieve uniformity in recording,.

The major colour classes are orange, cream, reddish brown, and light brown. Of the tive different

colour patterns (Figure 3.2) plain is predominant followed bv motlled, speckled, and mottled +
speckled. The ringed seed colour pattern is rare.
Sceed mass (weight) is an imporlant yicld component and varieties vary widely in this trait

Figure 3.1. Pigeonpea variation in seed shapes: a. Oval; b. Pea; c. Square; d. Elongate.

Source: Remanandan ef af., [U55,
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Table 3.1. Pigeonpca sced colours.

Colour RHSCCN'

White Yellow white 158C
Cream Greyed white 156C
Orange Greyed orange 163C
Light brown Yellow orange 22C
Brown Brown 200D

Light grey Grey brown 199B
Grey Greyed green 197A
Purple Greyed purple 187A
Dark purple Greyed purple 1878
Black® Black 202A

1. RHSCCN = Royal Horticultural Society Colour Chart Number.
2. Black, with a purple shine that lessens as the sced ages.
Sovrce: IBPGR ICRISAT, 1981,

Figure 3.2 Pigeonpea secd colour patterns: a. Plain; b. Mottled; ¢. Speckled; d. Mottled and
speckled; e. Ringed.
Photo: ICRISAT.
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(Figure 3.3). The mass of 100 seeds ranges from 2.8 to 22.4 g. However, the majority of varieties
possess a 100-seed mass between 7.0 and 9.5 g, Large seeds arc preferred by consumers partly
because with seed size the pericarp percentage reduces, and dhal out-turn increases. There is a
definite preference for large-seeded types where these are used as green peas. However, in the
large-seeded types pod setting is generally poor because of a high rate of ovule abortion.

The number of seeds per pod is an important yield component that is remarkably constant
within a genotype, although there is large variation among genotypes (Sheldrake, 1984) The
average seed number per pod ranges from 1.6 to 7.6. However, majority of varieties possess 3 to
4 seeds per pod. Vaneties with more seeds per pod are preferred in areas where pigeonpea is
used as a vegetable.

The seeds of pigeonpea are nonendaspermic and contain two massive cotyledons which fill
most of the seed. The cotyledons are hinged to an axis (tigellum) thal represents the future axis
of the plant. The parenchymatous cells of the cotyledons contain large starch grains and numerous
protein bodies. Vascular strands run throughout the ground tissue of the cotyledons.

As in other Jegumes, the pigeonpea seed coat comprises an outer palisade layer of sclereids,
and a subepidermal layer of “pillar cells” (Figure 3.4a). These two layers are separated by large
intercellular spaces. Below the subepidermal cells, a thin layer of collapsed parenchymatous cells
and the remains of the endosperm can be seen. In the hilum region, a hole in the seed coat leads
into a “tracheid island” (Figure 3.4b). The tissue outside the seed coat al the hilum, known as

Figure 3.3. Pigeonpea variation in seed size and colour.

Source: Remanandan el al., 1988.
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Figure 3.4. Transverse section of pigeonpea (T21): a. Seed coat, x 174, showing outer layer of sclureids
(5C) and inner layer of pillar cells (PC); b. Seed in the hilum region, x 236, showing funicular tissuce (FT)
and the tracheid island (arrowed).

Source: Bisen and Sheldrake, 198).

funicular tissue, includes a palisade layer adjacent to that of the sced coat (Bisen and Sheldrake,
1981). The funicle 1s extended to a long raphe above the hilum. An external structure around the
hilum, a rim-aril, referred to as the strophiole, is seen on developing seeds: this strophiole usually
shrivels completely when the seeds are ripe. However, in some genotypes the seeds show a more
or less well developed seed strophiole. The strophiole has a lengthwise groove that divides the
structure into two parts. It js a conspicuous, regular rim-aril in Gunn’s (1981) terminology.

Seedling

Pigeonpea seeds do not have dormancy, and germination is generally good except under cool
conditions. Laboratory studies have revealed a broad optimum temperature range (19-43°C) for
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germination, with the most rapid secdling growth occurring between 29 and 36°C (de Jabrun cf
al., 1981). Germination is hvpogeal, and the cotyledons remain underground (Figure 3.5). Under
suitable field conditions the seedlings appear above the ground in about 5-6 days. On the second
day, the testa splits open near the micropyle, and the tip of the radicle elongates and emerges
from the seed coat. On the third day the hypocotyl appears as an arch and continues to grow
upwards. The hypocotyl developes a light purple colour and becomes straight. The secdling
cpicotylis light green, green, or purple in colour. The first pair of leaves are simple.and oppuosite.
The epicotyl elongates to 3-7 em before the first trifoliate leaf emerges. The first pair of leaves
generally drop off within 30 to 40 days, but they may remain longer.

When the voung plumules or axillary shoots are damaged, secondary shoots develop from the
cotyledonary axils of the seeds, resulting in multiple shoots. This phenomenon helps the plant
to overcome germination and establishment problems under harsh environmenta) conditions. The
occurrence of secondary shoots is often mistaken for twin seedlings in pigeonpea. Reddy and Rao
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Figure 3.5. Stages in the hyvpogeal germination of pigeonpea seed. Seedlings aged: a. 2 days;
b. 5 days; c. 10 days; and d. 15 days.
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(1975) reported variation in maturity, leaf size, flower, pod and seed size, and plant pigmentation
between secondary shoots developed from the same seed.

Large-seeded varieties produce bigger scedlings than those of the small-seeded types, but
these differences disappear as the plant grows (Narayanan ¢f al., 1981).

Root System

Nodules

The root system in pigeonpea consists of a decp, strong, woody tap root with well developed
lateral roots in the superficial layers of the soil. Under certain conditions the roots can go more
than 2 m deep, but the most extensive development takes place in the upper 60 cm of the soil
(Sheldrake and Narayanan, 1979; Natarajan and Willey, 1980). Normally root depth ranges from
30 to 90 cm and is influenced by the date of sowing and the availability of moisture in the soil
profile. Root growth continues during the reproductive phase and the total root length approxi-
mately doubles after the onsct of flowering (Sheldrake and Narayanan, 1979). The root system
appears to be closely related to plant habit. Tall, compact varieties produce longer and more deeply
penetrating roots, whereas spreading types produce shallower, more spreading, and denser root
systems (Pathak, 1970).

In a dormant seed, the radicle measures 0.2 em below the cotyledonary node. Before the first
pair of simple leaves unfolds, the radicle grows to a sufficient length with a clear demarcation
between the tap root and the hypocotyl region. The radicle comes out through the hilum within
1.5-2.0 days. In about 5 days the radicle attains a length of 4-6 cm. From the third day onwards,
lateral roots make their acropetal appearance.

The primary structure of both the tap root and secondary roots is tetrarch. Young roots possess
parenchymatous pith that is disorganised at the onset of secondary growth. The epidermis of the
young root is single-layered with a thin layer of cuticle. The wide cortex is parenchymatous, and
consists of numerous rhomboidal crystals. The endodermal cells do not show casparian thickening
on their radial walls. The pericycle is multilayered. Older roots with secondary growth appear
more or less eccentric. Secondary growth occurs through the activity of a vascular cambium. The
development of this cambium is typically dicotyledonous. The cork consists of a few layers. In
the secondary phloem some dilation of phloem rays is observed (P. Venkateswara Rao, un-
published). Within the phloem region, secretory ducts containing a tannin-like material are present
(Bisen and Sheldrake, 1981); these ducts are also present in stems and other aerial organs.

Mycorrhizae are often present in cortical cells of the roots, and occasionally mycorrhizal fruiting
bodies can be observed (Bisen and Sheldrake, 1981).

Pigeonpeas are nodulated by rhizobia of the cowpea group, usually by a slow-growing Rhizobium
species, although fast-growing rhizobia also have been isolated from pigeonpea nodules (Nambiar
et al., 1988).

Nodule formation in pigeonpea is initiated by infection thread development in root hairs (Kapil
and Kapil, 1971). Nodules grow through the activity of a meristematic zone arching around the
apical end, and the medulla contains numerous bacterioid-filled cells. Sometimes the latter are
highly vacuolated (Bisen and Sheldrake, 1981). The nodule is exogenous in origin. A mature nodule
shows a well-marked bacterioid zone, an apical meristem, and a vascular zone. Uninvaded cells
can be observed in the bacterioid zone (Arora, 1956). The bacterioid zone of pigeonpea nodules
may be pink or brown in colour. In certain cases deep purple to black pigmentation is also observed
in this zone. The vascular bundles may be collateral, inversely collateral, or bicollateral. In later
stages they develop secondary elements. Unlike the herbaceous nodules present in other legumes
such as chickpea and groundnut, pigeonpea nodules possess a sclereid layer in the cortex, a diffuse
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area of tissue degencration, and an inconsistent oriculation of xylem and phloem (Arora, 1956).
The nodules differ in size and shape. The size may vary from 2 mm to 2 cm, and the shape may
be spherical, oval, clongate, or branched (sce Chapter 10).

Nodule formation and development are affected by the soil type, season, and the duration of
the cultivar (Thompson ef al., 1981). Most nodules are formed on the secondary roots and are
located in the top 30 em of the soil profile. Smaller nodules are frequently found in the 120-150
cm zone and may occur at even greater depths (see Chapter 10). The nodules continue to form
up to 120 days after sowing and start to senesce approximately 30 days after sowing.

The first two leaves are simple, opposite, and caducous. They are narrowly ovate with a cordate
to truncate base, and an acute to acuminate apex. The apices may have a small mucro. The stipules
are lanceolate and conspicuously forked. Rarely, the second and third nodes, show either a simple
leaf or a compound leaf with only two leaflets.

Subsequent leaves are compound, pinnately trifoliate, and arranged in a 2/5 type of spiral
phyllotaxy. A pair of free lateral, lanceolate stipules is present at the pulvinate base of the petiole
that bears the leaflets. In a fully developed leaf, petiole length ranges from 2.4 to 6.0 cm and is
prominently grooved on the adaxial side. Lateral leaflets possess one stipel each, whereas the
terminal leaflet has a pair of stipels. The leaflets are lanceolate or elliptic, with acute or obtuse
apices. Terminal leaflets are mostly symmetrical, but the side leaflets are broader at the side furthest
away from the terminal leaflets. Terminal leaflets are usually bigger than lateral leaflets.

Genotypic differences exist for leaf size and shape (Figure 3.6), and are also influenced by the
environment. Under extended daylength conditions the leaflet size considerably increases (Figure
3.7). The leaf surface area varies from 13.0 to 93.5 cm’ in various genotypes (Murthi and van der
Maesen, 1979) whereas in a minute [eaf variant the total leaf surface for three leaflets only measures
6 cm®. The lengths of the petiole and rachis also vary greatly, but the petiolule length is not so
variable. The stipellae vary from traces to 4 mm.

In the midrib region of the leaf, the vascular tissue in the ventral half occurs in a continuous
arched band with phloem on the outside and xylem inside (Bisen and Sheldrake, 1981). Two
distinet strands mostly consisting of phloem are seen on the ventral side. The centre of the dorsal
part of lhe midrib is occupied by fibres capped by collenchymatous cells (Figure 3.8).

The leaf lamina comprises a distinct palisade layer, and in the lower part of the leaf a spongy
mesophyll with large air-filled intercellular spaces (Figure 3.9). There are far more stomata on the
lower surface of the leaf than on the upper surface. Stomata are distributed between and over the
minor veins, but not over the major veins. Mature stomata are either anomocytic, diacytic, or
paracytic. Paracytic stomata are predominant (P. Venkateswara Rao, unpublished).

The venation pattern consists of the mid vein and conspicuously arranged secondaries which
end at the leaf margins. The major veins form regular meshes, each of these is further divided
several times with free vein endings (Figure 3.10). The vein ends have tracheids that are often forked.

The petiole contains a number of distinct vascular strands above which lie fibre bands (Figure
3.11). Occasionally some of the xylem vessels of the petiole are filled with a darkly stained tanin-like
substance. Pulvini are found at the bases of the petiole and the leaflets. These are responsible for
leaf and petiole movements. Under drought stress conditions when the sunlight is intense the
leaflets exhibit paraheliotropy i.e., they take up a position parallel to the incident light. Similarly,
during the night the leaflets are folded vertically upwards into the “sleep” position. Most of the
pulvinus consists of cortical tissue (Figure 3.12). Changes in the turgor of these cortical cells are
responsible for the movements of the pulvini.

As the leaves approach senescence, an abscission zone develops at the junctions between the
leaflets and the petiole, and between the petiole and the stem. The cells in the abscission zone
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Figure 3.6 Diversity in pigeonpea leaf size and shape, lcft to right: largest; normal; ovate; retuse;
scsame; and minute types,

Source: Remanandan ¢f rnl., 1981,

show divisions parallel to the plane of abscission. The weakening of the walls of these cells results
in an easy separation of the abscission zone, and consequently the leaflet or petiolc falis.

Trichomes

The leaves are pubescent, more so on the Jower than on the upper surface (Bisen and Sheldrake,
1981). There are two main types of trichomes, simple and glandular. Simple trichomes are eglan-
dular, uniseriate, either filiform, or with a large terminal pointed cell. Glandular hairs are clavate,
capitate and fusiform. They contain a yellow oily substance which probably imparts fragrance to
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the vegetative parts of pigeonpea. These fluid-filled sacs appear to develop from the short, multi-
cellular glandular hairs found on young leaves. Simple and glandular hairs are also seen on all
aerial parts of the plant, with the exception of some flower parts such as the petals and stamens.

Stems are ribbed, up to 15 cm diameter, show enormous secondary growth, and become woody
with age. In early-maturing types stem girth seldom reaches 3 cm, whereas in late-maturing, types
it ranges from 4 to 10 cm at the base of the plants. Four different stem colours, dark purple, purple,
sun red, and green (the most common) are recognhised (Remanandan ¢! al., 1988).

The internodes of the stem develop by elongation of the tissue between the Jeaf initials in the
apical meristem (Bisen and Sheldrake, 1981).

The primary vascular tissue of the stem is organised in strands connecting the nodes. Fach
strand is associated with a ridge on the stem, that is distinctly visible even in old, secondarily
thickened stems. Collenchymatous bundle caps underlie the epidermis of the ridges.

6979 1CRY- 6974 1cPgF 7214

1cP
Figure 3.7 Leaf sizes of some pigeonpea genotypes grown under normal daylength (above) and
extended daylength (bclow).
Phate: ICRISAT,
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In young stems, the xylem and phloem are organised into fairly distinct strands. However,
towards the exterior of the phloem the fibres are not confined to these primary vascular strands,
but form a continuous ring covered by a layer of thin-walled cells.

The stem thickens as a result of vascular cambium achivity that produces a continuous ring of
xylem inside, and phloem outside (Figure 3.13a). Within the xylem the vessels are either solitary,
or in radial, or infrequently, tangential mulhples (Figure 3.13b). The vessels are surrounded by
parenchymatous cells, and tangential bands of parenchyma run between the vessels. Much of the
remainder of the xylem tissue between the medullary rays consists of xylem fibres (Bisen and
Sheldrake, 1981).

During the vegetative phase, the xylem parenchyma and the medullary rays contain large
quantities of starch. During the reproductive phase, these starch reserves disappear, but when
the flowers on the plant are continuously removed, the starch reserves in the stem arc not depleted,
indicating that these reserves are mobilized due to pod development (Bisen and Sheldrake, 1981).

Figure 3.8. Transverse section of a pigeonpea (ST 1) leaf in the mid-vein region, X 202, showing xylem
vessel (XV); fibre (F); secretory duct (SD); phloem (P); spongy mesophyll (SM); palisade tissue (PAL); and
collenchyma (COL).

Source: Bisen and Sheldrake, )98).



PIGEONPEA: MORPHOLOQGY 59

Secretory Ducts

Cells containing densely staimng niaterial, probably polvphenolic or tannin-like in nature, arc
found within the phloem region and also in the outer parts ol the pith near the primary aylem
tissue of the stem. These cells are elongated and joined end-to-end forming ducts. Such secretory
ducts differentiate at an early stage within primary tissues and are also formed within secondary
phloem tissue. In addition to the stem, these ducts are also found in leaves, petioles, roots, flowers,
and pod walls.

When pigeonpca tissues are damaged, a colourless exudate from the secretory ducts oozes out
and turns red on exposure to the air. This exudate, that has an extremely astringent taste, may
play a role in protecting the plant against pests and/or diseases (Bisen and Sheldrake, 1981).

Height, Branching, and Habit Groups

Plant height is influenced by maturity duration, photoperiod, and environment. Late-maturing,
long-duration varieties are gencerally tall, because of their prolonged vegetative phase. Similarly,
short-duration or early-maturing varicties are comparatively short in stature due to their short

Figure 3.9. Transverse section of a pigeonpea (ST 1) leaf lamina X 692, showing: palisade tissue (PAL);
and spongy mesophyll (SM).

Source. Bisen and Sheldrake, 1981,
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vegetative growth phase. At [CRISAT Center the plant height at maturity in over 8,520 germplasm
accessions ranged from 39 cm to 385 cm in June/July sowings (Remanandan et al., 1988). Howevecr,
the majority of the germplasm fell in the plant height range of 150-200 cm. Plant height can be
substantially increased through prolongation of the vegetative phase by exposure to long-day
conditions. So, this trait is influenced by both Jocation and time of sowing. Although several
factors influence plant height in pigeonpea, the ranking of varicties for this trait mostly remains
unaltered within a given environment, and the germplasm can be readily classified into three
groups; short, medium, and tall.

Initially the plant grows slowly and branches start appearing from the 6th to 10th nodes.
Varieties differ greatly in the number and angle of their branches when grown at fairly wide
plant-to-plant spacings.

In over 8000 world germplasm accessions the average number of primary branches at harvest
time ranged from 2-3 {o 66 with a mean of 13.2. Similarly the number of secondary branches
ranged from 0 to 145 with a mean of 31.8 (Remanandan ¢t al., 1988).

Based on the angle of branching, alone or in combination with such other traits as plant height
and number of branches, pigeonpca varietics have been grouped into different classes (Table 3.2).
Reddy et al. (1981b) classified the pigeonpea germplasim into 10 groups based on angle of branching,
plant height, flowering habit, and maturity. Based on various agronomic and morphological charac-

Figure 3.10. Surtace view of a cleared pigeonpea leaflet, X 500, showing the pattern of venation. Note the
minor veins with tree ends (arrowed).
Source: Bisen and Sheldrake, 1981.
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tenstics, Akinola and Whiteman (1972) classified 95 accessions of pigeonpea into 15 groups. How-
ever, for agronomic purposes only three broad classes viz., compact (= erect), semi-spreading
( = semi-crect), and spreading types are recognised.

In all varicties, branching is reduced in dense sowings, and in intercropping systems where
the pigeonpea is shaded by faster-growing companion crops such as sorghum and maize (Sheldrake,
1984). However, the semi-spreading types are reported to possess higher branching-habit plasticity
than the compact and spreading types, and this makes the former types more suitable for inter-
cropping syslems (Baldev, 1988).

On the basis of flowering, two habit groups, determinate and indeterminate are recognised.
As pointed out by van der Maesen (1986) these terms do not conform to basipetalous and acro-
petalous as used by Rachie and Roberts (1974). In the determinate tvpes flowering duration is
short, the flowers occur more or less in the same plane, and the apical buds of main shoots develop
into inflorescences. In the inderterminale types, (lowering duration ss longer, and flowers occur
in axillary racemes spread over considerable lengths of stem. In both determinate and indeterminate
types flowering within the racemes is always acropetalous. In indeterminate types tlowering on

Figure 3.11. Transverse section of pigeonpea (T 21) petiole, x 202, showing vascular bundles. Note some
xylem vessels filled with densely stained material (arrowed); xylem vessel (XV); phloem (F); and fibre (F).

Source: Bisen angd Sholdrake, 1981,



the branches is also always acropetalous. In determinate types flowering on the branches is usually,
but not necessarily, basipetalous (L.[. Reddy, unpublished). Some researchers (Remanandan ¢f
al., 1988, Sheldrake, 1984) felt that flowering on the branches of determinate types is always
basipetalous and they described another type, “semi-determinate” where flowering starts at nodes
below the apex and proceeds both acropetally and basipetally. However, in the authors’ opinion,
recognition of “semi-determinate” is not justified since all the determinate types occasionally show
both ucropetalous and basipatalous flowering on their branches. Recently, a true-breeding, semi-
detcrminate plant type has been observed at ICRISAT Center (Figure 15.1). In this type the apical
buds of the main shoots develop into inflorescence as in a determinate type, but the mode of
flowering on the branches is always acropetalous as in indeterminate types.

Figure 3.12. Transverse scection of pigconpea (T 21); petiolar pulvinus, X 96, showing: xylem (X);
phloem (P); and cortex (C).

Source: Bisen and Sheldrake, 1981,
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Days to Flowering and Maturity Duration

Days to 50% flowering and maturity duration in pigeonpea are very highly and positively correlated.
Maturity duration is a very important factor that determines the adaptation of varieties to various
agroclimatic arcas and cropping systems (Sharma et al., 1981). A broad maturity classification of
carly (<150 days), medium (151 to 180 days), and late (>180 days) has been in vogue for a long
time in India. With the development jin recent years of several early-maturing pigeonpea varicties,
the All India Coordinated Pulse Improvement Project (AICPIP) has further subdivided the early
group into three classes viz., extra, extra-early (=100 days), extra-carly (101-120 days), and early
(121 to 150 days). Pigeonpea breeders at ICRISAT have developed o maturity duration scale consist-
ing of 10 classes based on days to 50% flowering (Table 3.3). In the world germplasm collections
studied at ICRISAT Cenler the number of days taken to 50% flowcring ranged from 55 to 210
days, and maturity duration from 97 to 260 days (Remanandan ¢t al., 1988). On the basis of the

Figure 3.13. Transverse section of young pigeonpea: a, Secondarily thickening stem, x 95; b. Woody main
stem, x 142, showing: pith (P1); cambium (CAM); secretory duct (SD); xylem vessel (XV); phloem (P); fibre
(F); collenchyma (COL); and medullary ray (MR).

Source. Bisen and Sheldrake, 198).
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Table 3.2. Classification of pigeonpea based on growth habit.

Classes Basis of classification Reference

Very erect (30°) Angle of branching Mahta and Dave, 1931;
Erect (40°) Pathak, 1970
Semi-crect (50°)

Spreading (60°)

Erect (30-40°) Angle of branching Baldev, 1988

Semi-erect (40-507)
Spreading (60-70°)

Erect and compact Angle of branching IBPCR/ICRISAT, 1981
Semi-spreading

Spreading

Trailing

Tall compact Plant heightand angle Sharmactal., 1971
Tall open of branching

Medium-height compact
Medium-height open

Dwarfbushy
Compact Angle of branching and Remanandanctal., 1988
Spreading number of branches

Semi-spreading

Table 3.3. Maturity classification of pigeonpea when sown at the beginning of the
rainy season (June/jJuly), ICRISAT Center, India.

Maturity Days to 50% Reference
group flowering cultivars Description
0 = 60 Pant A3 Photoperiod insensitive
| 61-70 Prabhat, Pant A2 Extra early
II 70-80 UPAS 120, Baigani
I 81-90 Pusa Ageti, T21 Early
v 91-100 ICP6
\Y% 101-110 No.148, BDN 1 Medium
VI 111-130 ICP1,1CP 6997,
ST1,C11
Vil 131-140 Hy 3C, ICP 7035 Late
VI 141-160 ICP 7065, ICP 7086
IX > 160 NP(WR) 15,
Gwalior 3, NP 69

Source: ICRISAT, 1978, Sharma ¢t al., 1981.

above scale, a large number of accessions from the world germplasm collection fell into maturity
groups, VI, VI, and VII.

Photoperiod and temperature exert profound influcnce on days to 50% flowering and maturity
duration in pigeonpea, which is considered to be a quantitatively short-day plant. Genotypes
differ in their response to photoperiod.

In general, carly-maturing types are relatively photoperiod-insensitive compared to the
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medium- and late-maturing varieties. Other factors such as soil moisture status and nutrition also
influence maturity duration to some extent. Days to 50% flowering by a variety vary from location
to location, and season to season. For instance, Hy 3C took 138 days to 50% flowering at Patancheru,
India whereas it took only 86 days in Puerto Rico, and 64 days in Kenya {(Sharma ¢f al., 1981).
Similarly, depending on the genotype, days to 50% flowering can range from about 60 to more
than 200 in sowings made prior to the longest day at 17°N (Whiteman et al., 1985). Most photoperiod-
sensitive cultivars flower more readily when sown after the longest day.

Both low and high tempcratures delay flowering in pigeonpea (Whiteinan etal., 1985). Flowering
of all maturity groups occurs sooner in modcrate temperatures (22°-30°C) even under relatively
long days (12.5-16 h).

Light affects inflorescence development and pod setting. Under dense crop canopies no pods
are set. Bright, dry days are favourable for fertilization, while cloudy, damp weather results in
excessive flower drop (Howard et al., 1919; Mahta and Dave, 1931).

Flowers

The flowers are borne in short racemes (Figure 3.14a). In the world germplasm collections the
number of racemes per plant ranged from 6 to 915 (Remanandan et al., 1988). Peduncles are (0-)
1-8 cm, long. Pedicels are thin, 7-15 mm long, downy, and covered with hairs. Flowers (Figure
3.14b,¢) arc predominantly yellow. Bracts (Figure 3.14d) are small with a thick medium nerve,
triangular or ovate-acuminate scales, 1-4 mm long; their margins curve inwards to form a boat-like
structure, and enclose 1-3 very young, flower buds. The calyx tube (Figure 3.14¢) is companulate
with numerous glandular hairs with bulbous bases, the tube dorsally gibbous, about 5 mm long,
with five subequal, narrowly triangular lobes 4-7 mm long. The smaller upper lobes are paired,
free or partly connate, and the lower one is the longest.

The corolla is highly zygomorphic, papilionaceous, and generally yellow in colour. The petals
are imbricate in the bud. The standard petal (vexillum, flag) is erect and spreading (Figure 3.14f),
more or less orbicular, 14-22 mm long, 14-20 mm wide, base clawed, biauriculate, with two
callosities. Madhusudana Rao et al, (1979) reported both right- and left-handed flowers in pigeonpea
with regard to contortion of the vexillum petal either to the right or to the left. Wing (aloe) petals
(Figure 3.14g) are obovate with a straight upper margin, clawed base, asymmetrically biauriculate,
15-20 mm long, 6-7 mm wide, with a callosity. Keel petals (Figure 3.14h) are boat-shaped, 14-17
mm long, 5-7 mm wide, clawed, entirely split dorsally, ventrally split near the base, left- and right-
lengthwise furrowed, glabrous, and more greenish than other petals.

Stamens are 10, diadelphous (9 + 1), 15-18 mm long, with 4-7 mm free parts, flattening towards
the base, tapering towards the lop, geniculate near the base, the staminal sheath (Figure 3.14i) is
about 12 mm long. Anthers (Figure 3.14j) are ellipsoid, about 1T mm long, dorsifixed, and light or
dark vellow in colour.

Aécording to Bahadur et al. (1981) pigeonpea stamens exhibit dimorphism. Of the 10 stamens,
four have short filaments and six, including, the odd posterior one, have long filaments. The odd
stamen has a groove for the passsage of nectar that is secreted trom the base of the filaments. The
long stamens are antiscpalous, and the short ones antipetalous. The anther lobes also exhibit
dimorphism, those of the shorter stamens have blunt lobes, and the longer ones pointed lobes.
The filaments of shorter stamens are thicker than those of the longer. Bahadur ef af. (1981) also
reported that growth and development in short stamens is faster than in longer ones. The maturity
of short stamens coincides with that of the stigma. The pollen produced by short stamens is used
for self-fertilization, whereas that produced by long stamens is used for outcrossing.

The ovary is superior, 5-8 mm long, sub-sessile, since it has a very short stalk, densely pubescent
and glandular-punctate, with 2-9 ovules. The stigma (Figure 3.14k) is capitate and glandular-
papillate. The style (Figure 3.141} is long, filiform, upturned beyond the middle, 10-12 mm long,

and glabrous.
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Flower Colour

Colour on the flower is recorded as base flower colour i.c., the main colour of the petals, and
secondary flower colour i.e., the colour of the streaks on the dorsal side of the flag. At ICRISAT
Center, six colour classes are used in base flower classification (van der Maesen, 1986): these
classes include light yellow, yellow, orange, red, and purple. More than 95% of the germplasm

Figure 3.14. Pigeonpea flowering twig and flower structure: a. Inflorescence; b. Side, and ¢. Front
view of flower; d. Bract; e. Calyx; f. Standard petal; g. Wing petal with detail of ‘pocket’; h. Keel
petal; i. Stamina!l sheath; j. Dorsifixed anther; k. Stigma; and 1. Pistil with disc.

Source: a,g8,h,i,k, and | Westphal, 1974 b.c,d,e,j Baidev, 1988; and  van der Maesen, 1986.
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accessions held at ICRISAT Center have yellow flowers. The wing, and especially the keel petals
are often paler in colour than the flag. Three classes of sccondary flower colour; none, purple,
and red occur in world germplasm collection, but most of the varieties are streaked with red. The
intensity of streaks on the flag varies (Figure 3.15) and five classes are recognised by IBPGR/ICRISAT
(1981). The classes are; no pigmented streaks, few streaks, medium streaks, dense streaks, and
uniform coverage of secondary colour.
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No streaks Few streaks Medium streaks

0 N/
I v

Dense streaks Uniform coverage

Figure 3.15. Patterns of streaks on the flag of pigeonpea tflowers.

Source: Remanandan ¢f al., TUSK

Microsporogenesis and Male Gametophyte

Microsporogenesis in pigeonpea is typical of the majority of angiosperms. Following Baldev (1988)
a brief description of the development of the male gametophyte is given here. The young anthers
consist of homogeneous meristematic cells surrounded by the epidermis. The anthers become
four-lobed. An archesporial layer of cells is differentiated and cuts a laver of parietal cells on the
outside. These divide further by developing periclinal and anticlinal walls to form a layer of
endothecium, a row of middle layer, and the innermost layer-the tapetum. The parietal cells
towards the inside cut off a primary sporogenous layer, that divides further to form a large number
of spore mother cells (Figure 3.16a). By this stage, the wall layers are well differentiated. The
outermost layer constilutes the epidermis, below which lies the endothecium, followed by the
two-celled middle layer. The cells of the tapetum at this stage are full of cytoplasm, uninucleate,
and quite distinct from the cells of the rest of the wall layers. The microspore mother cells are



Figure 3.16. Transverse sections of pigeonpea

anther, x 971, showing pollen mother cells (PMC) and tapetum (TAP); b. Developing anther, X 797 showing
early tetrads (T); c. Developing anther, x 790, showing well-formed teirads; and d. Anther, x 400, just
before anthesis showing pollen grains (PG).

Source: Bisen and Sheldrake, 1981,
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very prominent, rich in cytoplasm, and contain large nuclei. The division of microspore mother
cells is of the simultaneous type, where no cell wall is seen after the first meiotic division, and
the cell contents are separated into four parts after both the divisions are over, resulting in the
formation of tetrads containing four nuclei (Figure 3.16b). By this time no further appreciable
change occurs in the wall layers, exceplt that some of the tapetal cells become binucleate. Soon
the tetrads separate into four distinct cells (Figure 3.16¢), rapid changes occur in the anther wall
layers, and a thick wall develops. The tapetum completely degenerates by the time the spores are
fully developed. The newly formed microspore has dense cytoplasm with a centrally located
nucleus. This cell then increases rapidly in size and a vacuole is formed in the centre (Figixre 3.16d)
by pushing the nucleus to the wall. The microspore nucleus divides to give rise to vegétativc and
generative nuclei. The pollen appears to be shed at the two-celled stage when the thin-walled
cells break down at the incurved notch between the two locules. The generative nucleus probably
divides in the pollen tube.

Pollen Morphology

There are few studies on pollen morphology in pigeonpea. Srivastava (1978) studied pollen mor-
phology in three pigeonpea varieties and their hybrids. He described the mature pollen grains as
three-colporate with areolate (i.e., negatively reticulate) ornamentation. Bahadur ¢t al. (1981) from
their light and scanning electron microscopic studies reported that pigeonpea polien grains exhibit
dimorphism with regard to grain size and exine structure. In general, the pollen grains from
“short” stamens are larger than those from “long” stamens. According to Bahadur ¢f al. (1981) the
pollen grains from “long stamens” are monad, three-colporate, prolate sub-prolate. The colpi are
elongated with pointed ends. Ora are 5-7 um in diameter, and circular to elongated. Sexine is
eureticulate and heterobrochate. Lumina are of various sizes. Muri are simplibaculate and punctate.
Punctae and luminal bacules are scattered along the margins. Pollen grains from “short” stamens
are larger with shorter colpi (5-6.5 um), and blunt-ended with granulated membranes. QOra are
clongated with an annulus (porate) and lumina mostly polygonal. Punctae are numerous. Luminal
bacules are prominent, and are denser than those of the pollen from “long” stamens.

Megagamelogenesis

The embryo sacs in pigeonpea show monuosporic development and are of polygonum type, i.e.,
their development initiates from a single megaspore followed by three successive mitotic divisions.
The megaspore farthest from the micropyle divides and forms two nuclei that move to the poles
of the embryo sac. Fach of these nuclei then divides, and a final division produces a total of eight
nuclei, that are arranged in quartets at the micropylar and chalazal ends of the embryo sac. Three
of the nuclei at the micropylar pole become differentiated as cells and constitute the central egg
apparatus consisting of the female gamete (egg cell) flanked by two synergids. At the opposite
end of the embryo sac, three of the four nuclei differentiate as antipodal cells. The two remaining
polar nuclei migrate from the opposite ends of the sac to the central region of the embryo sac to
constitute the primary endosperm nuclei. The antipodal cells start degenerating soon after the
two primary endosperm nuclei fuse to form a diploid secondary nucleus. Thus, a seven-celled

embryo sac is formed.

Pollination and Fertilization

Pigeonpea flowers can be self-pollinated or cross-pollinated. Self-pollination occurs in the bud
before the petals open. When the petals are open insect pollination may take place (van der
Maesen, 1986). Only part of the flowers’ life cycle is cleistopetalous, and this condition is not
cleistogamous where the flowers completely fail to open. In Lord’s (1981) terminology this condition
is known as preanthesis cleistogamy. However, true cases of cleistogamy have been reported in
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pigeonpea by Mahta and Dave (1931) and Datta and Deb (1970). According to van der Maesen
(1986) this phenomenon is apparently induced by environmental factors, since under short-day
and lower temperaturc conditions more cleistogamous flowers are found.

In the young buds, the stigma lies above the level of anthers, and the style is so curved at the
tip that the stigmatic surface is directed towards the anthers. These are arranged around the style
in two groups, five above and five below. As the bud develops, the filaments elongate, bringing
the top five anthers to the level of the stigma. This stage is completed before the anthers dehisce
in the bud a day before the flowers open. Once a flower bud becomes visible, it takes about 15-20
days to bloom (Durga Prashad and Narasimha Murthy, 1963).

The duration of flower opening varies according to climate and environment. Mahta and Dave
(1931) observed that the flowers remained open at Pusa, Bihar, in northeast India for a day and a
half, while at Nagpur in central India they remained open only for 6 hours. In the northeastern
Indian state of West Bengal Reddy (1973) found that the pigeonpea flowers began to open from
0630 and anthesis continued until 1400 with maximum anthesis taking place between 1030 and
1230. The flowers remained open for 15 to 24 h. Anthers dehisced in 90% of the flowers before
they opened. Pathak (1970) reported that flowers that open in the evening usually remain open
throughout the night and close before noon on the following day.

Although the stigma is completely covered with the pollen of its own flower, considerable
outcrossing occurs in pigeonpea. Reddy and Mishra (1981) reported that the percentage of “selfs”
was negligible when flower buds were pollinated with foreign pollen without emasculation. This
indicates that foreign pollen has an advantage over native pollen in affecting fertilization. According
to Onim (1981), although anthers dehisce during the bud stage, they do not start germinating
until the flowers start to wither 24-28 h after dehiscence. It has also been found (Prasad et al.,
1977) that the receptivity of stigmas starts 68 h before anthesis, and continues for 20 h after anthesis.
Datta and Deb (1970) reported that pollen-tube growth in styles pollinated with the pollen from
the same flower is very slow, taking 54 h to reach the base of the ovary. These mechanisms provide
a sufficient gap for foreign pollen to be introduced onto the stigma, and thus favour outcrossing
in pigeonpea.

Many insect species have been reported to forage and affect cross-pollination in pigeonpea
(Williams, 1977; Onim, 1981). However, Megachile spp, Aphis florea, and Aphis dorsata scem to be
the most important pollinators (Williams, 1977; Pathak, 1970).

Several simply inherited morphological traits such as stem colour (green vs purple), lecaf type
(obtuse vs normal), seed colour (white vs brown), growth habit (determinate vs indeterminate),
and flower colour (yellow vs red) have been used to estimate the extent of outcrossing in pigeonpea.
Estimates of natural outcrossing vary between countrics, or at locations within a country. In India,
outcrossing estimates ranged from 0 at Badnapur, Maharashtra, to as high as 70% in Coimbatore,
Tamil Nadu (Bhatia ¢t al., 1981). Onim (1981) reported a range from 12.6 to 45.9% at various
locations in Kenya. Estimates of outcrossing ranged from 2 to 40% in Australia (Byth et al., 1982),
8 to 22% in Uganda (Khan, 1973), and 5.9 to 30% in Hawaii (Wilsie and lakahashi, 1934). While
the high rate of outcrossing in pigeonpea poses problems in the maintenance of varietal purity,
it offers opportunitics for crop improvement through the exploitation of hybrid vigour, and popu-
lation improvement schemes.

Saxena et al. (1987a) reported a case of cross-incompatibility in crosses between some interspecific
derivatives of C. cajan and C. scarabaevides with HPL 31 as female parent where cessation of pod
growth 3 weeks after crossing was followed by drying of the ovules and pod drop. They suggested
that the C. scarabaeoides transmitted a cross-incompatibility factor to HPL 31.

Pod Development

Pigeonpea produces large numbers of flowers, of which only about 10% set pods (Pathak, 1970;
Ariyanayagam, 1975; Sheldrake et al., 1979; Tayo, 1980; Pandey and Singh, 1981). In cach raceme
1-5 pods may mature; up to 10 pods per raceme are rarely observed.
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Figure 3.17

(GH), x 215;

Photo: ICRISAT.

Fertilization in pigeonpea occurs on the day of pollination, and seeds mature by 38-40 days
after pollination (Sehgal and Gandhi, 1986). In the first 3 weeks after anthesis, the pod wall grows
more rapidly than the voung seeds, but thereafter undergoes little further growth (Naravanan and
Sheldrake, 1975).

The pod wall is well supplied with secretory ducts that contain a tannin-like material. The
outer epidermis bears many stomata, and simple and globular secretory hairs (Figure 3.17a) that
contain a yellow oil, and are similar to those found on leaves (Bisen and Sheldrake, 1981). On the
pod wall, there are large numbers of a third type of hair that has secretory cells towards the base
and a long tubular neck (Figure 3.17b). Such hairs are only seen occasionally on vegetative organs.
Internally the pericarp is composed of three zones; the outer epicarp, the middle mesocarp, and
the inner endocarp. During the earlier stages, the outer zone is made up of 4-6 layers of paren-
chymatous cells that contain numerous plastids. The middle zane comprises 4-8 layers of elongated,
compactly arranged cells. The cells of the inner zone are large, parenchymatous, highly vacuolated,
and loosely arranged. The presence of large numbers of stomata in the outer epidermis, and
chloroplast-containing cells in the exocarp suggests that this zone of the pericarp is actively involved
in photosvnthesis (Sehgal and Gandhi, 1986).

Transverse sections of a pigeonpea pod coat showing: a. Simple (SH) and glandular hairs
and b. Glandular hairs with tubular neck (GHT), x 167
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The ovules are arranged in a row on a marginal placenta of the single carpellary ovary. At the
time of anthesis, the ovules are in an undivided space within the carpel, but within the first week
of pod development, cross-walls develop between the seeds, dividing the pod into locules. At the
time of fertilization the ovules are anatropous, but they usually undergo a curvature later to become
campylotropous.

During the first week after anthesis, the endosperm undergoes rapid development. The endo-
sperm in pigeonpea, as in other members of the Leguminosae belongs to the nuclear type. In this
type the first and subsequent divisions are not followed by wall formation, the nuclei usually take
up a parietal position, and a large vacuole forms in the centre of the embryo sac. The embryo sac
elongates at the chalazal region and forms the haustorium. The haustorium penctrates deep into
the nucellar tissue and is instrumental in absorbing food material that is utilized by the developing
embryo. By the end of the second week there are still large amounts of endospermous tissue, and
within the embryo, distinct cotyledons are apparent. Further development of the seed involves
rapid growth of the cotyledons, and almost complete degeneration of the endosperm. In the
cotyledons, the synthesis of starch and protein starts about 17 days after pollination and continues
for about 14 days (Sehgal et al., 1987). The initiation of starch grains occur earlier than that of
protein bodies. Only one type of large oval starch grains are observed in mature pigeonpea seeds,
but small, spherical starch grains are present in the hypodermis and procambial tissue.

The pods of most pigeonpea varieties are non-shattering, except when they are left on the
plant well beyond maturity.

Pod Shape, Size, and Colour

Pods are oblong, straight or sickle-shaped, laterally compressed, green when young, straw-coloured
when ripe, often streaked to various degree with purple. Based on colour, pods are classified as
dark purple, purple, mixed (green and purple), and green. In the world germplasm collections
90% of the accessions are of mixed pod colour (Remanandan ¢f al., 1988). Usually pod length
varies from 2 to 8 cm, but rarely 13-cm pods have been observed (Figure 3.18). Pod width generally
ranges from 0.4 to 1.0 ecm and occasionally to 1.7 cm.

Morphological Variants

A large number of morphological variants that have arisen either as spontaneous mutations or
due to hybridization or mutagen treatment are reported in pigeonpea. These variants may be
described under two broad categories; vegetative variants, and reproductive variants.

Vegetative Variants

Vegetative variants include those of seedling, leaf, and stem. Several seedling abnormalities were
observed by Reddy (1973) in interspecific crosses between Cajanus cajan and C. lineatus; and C.
sericeus and C. scarabaeoides var. scarabacoides. These include changes in the number and arrangement
of the first pair of simple leaves, and various degrees of suppression of lateral leaflets of the first
trifoliate leaf. He also observed twin seedlings and the “fasciata” type of seedlings. Such induced
twin seedlings (Kim and Faris, 1987) and spontaneous fasciation of the shoot apex (I’ Venkateswara
Rao, unpublished) have also been observed by other workers. Rajagopalan (1983) reported an
abnormal seedling with two bifid or obscordate cotyledonary leaves.

A number of leaf variants have been reported. Singh ¢f al. (1942) found a mutant with obcordate
leaves in Uttar Pradesh, India. This mutant had free and filiform keel petals, symmetrical wings,
and light yellow petals: Singh et al. (1942) erroneously described it as a new species. Kajjari (1956)
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Figure 3.18. Varialion in pigeonpea pod colour and «i/e.
Source: Remanandan ef al., 1988

found another mutant with obcordate leaflets with united keel petals in Karnataka, India. Patil
(1959) also reported an obcordate-leatlet plant in which one of the wing petals protruded beyond
the standard petal at the bud stage. Mutanls with round and “tiny” leaflets (Pandva et al., 1954),
oblong-ovate leaflets (Divakaran and Ramabhadran, 1958), and oval-oblong leaflets (Joglekar and
Deshmukh, 1958) have also been reported. Wanjari ef al. (1978) deseribed a “robust leaf variant”
whose leaves were very thick, dark green, and robust with rounded apices.

Murthi and van der Maesen (1979) working on the world pigeonpea collections at ICRISAT
Center observed two new leaf mutants with sesame-tvpe leaves and minute leaves, in addition
to the already reporled obcordate and round-leaf (broad-elliptic) variants. The minute mutant



74

L.J. REDDY

(Murthi and van der Maesen, 1979) differed from the tiny leaf mutant (Pandya cf al., 1954) because,
in the minute mutant the internode length is not suppressed, the rachis is short i.e., matching
the leaf size, flowering is not early, and leaf colour and epidermis do not differ from the normal
pigeonpea. Later Marekar (1986) also reported such minute-leaf phenotypes in an intervarietal
Cross.

In interspecific crosses of pigeonpea, Reddy (1973) observed a low frequency of tetrafoliate to
hexafoliate leaflets along with normal trifoliate leaves. Sengupta and Sen (1986) reported a variant
with 5-7 leaflets per leaf. Unifoliate mutants have also been observed (Jeswani and Deshpande,
1962; Wanjari ¢t al., 1978). Desai et al. (1981) reported a genetic abnormality designated as “brac-
tcomania”, where affected plants were stunted, and had fewer branches. They possessed simple
leaves with obtuse tips, and the flower buds on their inflorescences were clustered and remained
undeveloped.

Jeswani and Deshpande (1962) observed a sepaloid mutant that had simple leaves and sepaloid
flowers. They also observed another dwarf mutant with thin, wiry and straggling branches, and
simple leaves on the lower part of the plant, but none on the upper part that bore only rudimentary
floral organs.

Chlorophyll leaf mutants have frequently been observed in pigeonpea treated with mutagens,
and the frequency of such mutants has been taken as an index of mutagenic efficiency. In general,
chemical mutagens induced a wider spectrum of chlorophyll mutations than physical mutagens
such as gamma rays (Venkateswarlu et al., 1981b). The chlorophyll mutants observed in pigeonpea
include, viridis, chlorina, xantha, and virescent (Venkateswarlu et al., 1978, 1981b; Pawar ¢f al.,
1978). The chlorina and virescent mutants usually survived to maturity, but the xantha seedlings
only survived for a few days after emergence.

Prostrate-stem or creeping mutants have been reported (Deshpande and Jeswani, 1952;
Chaudhari and Patil, 1953). Such truc-breeding prostrate mutants have also been observed at
ICRISAT Center. These were considered useful for soil conservation, and for cover and strip
cropping. A corky-stem mutant characterized by dry, rough, brown-coloured bark with irregular
cracks on the stem and branches has been found at ICRISAT Center (Saxena ¢t al., 1988a). Apart
from its abnormal stem surface, this mutant had reduced height, fewer branches, and low pod
set. Histological study revealed that the mutant possesses a prominent periderm layer, characteristic
of many woody species, interior to the cortical fibre band. The periderm comprises three sections:
the outermost phellum of 30-40 laycers of dead, flattened, subcrized cork cells; the pellogin with
a single layer of cambial cells; and the innermost phellodum of 5-6 layers of large cells with deeply
staining cytoplasm, adjacent to the cortical parenchyma.

Bhatnagar et al. (1967) observed a spontanecous, genetic, fasciated mutant where the branches
were fused with the main stem at the point of emergence, and finally assumed a deformed and
flattened look. This mutant had purple, curved stems, and the flowers showed about 11% pollen
sterility. The flowers possessed bifid styles and usually developed two but rarely 3-4 fused pods
(Sinha ¢f al., 1976). Such 2- to 3-fused, deformed and curved pods were also noticed by Shah et
al. (1984).

Dahiya and Sidhu (1979) reported a nonbranching, spontancous mutant that differed from its
parent in leaf size, maturity, and plant height. A similar mutant associated with female sterility
was earlier reported by Deshmukh (1959).

Saxena et al. (1984a) reported a nonflowering uniculm mutant that did not produce any primary
or secondary branches, presumably due to apical dominance. Lack of floral induction in this
mutant was supposed to be due either to a longer juvenile phase, or a shorter daylength require-
ment. Alternatively, hormonal imbalance might cause lack of flowering.

At ICRISAT Center, the following seven distinct genetic dwarfs (Figure 3.19) have been identified
(D. Sharma et al., MARIF, unpublished). Agronomically types D, and D, appear to be promising.
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Figure 3.19. A normal pigeonpea plant (left) compared with various dwart plant types.
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D() Dwarf

Indeterminate, the shortest genetic dwarf with a height ranging from 25 to 40 c¢m,
with uniformly shortened internodes. The plants produce only a small quantity of dry
matter with 4-5 branches, and a few small pods.

D, Dwarf

Mid-late maturing, indeterminate plant type of plant height less than a metre (mean
82.0 + 9.7 cm). Its internodes are very condensed, and the branches appear to radiate
from a narrow region. Each plant has on average 75 * 1.87 primary branches that
form an acute angle with the main axis. The attachment of the primary branches to
the main stem is very weak, and branches break easily at the nodes in very windy
weather. Each primary branch bears several secondary and tertiary branches that have
leafy and tender apical growth.

D> Dwarf

Medium-maturing, semi-spreading, indeterminate plant type. Plants grow 150-cm tall.
Plant height is reduced because basal internodes are shortened. Unlike other dwarfs,
the angle between the central axis and main branches of D- is obtuse, resulting in an
open plant canopy.

Dy Dwarf

Compact, medium-maturing plant type. In this dwarf, plant height (142 + 6.9 ¢m) is
reduced due to abnormal condensation of the internodes confined to the top 25-30 cm
of the main stem. The rest of the plant stature resembles a typical compact type, with
the primary branches attached to main axis at an acute angle.

D, Dwarf

Late-maturing, about Tm high with few branches.

D5 Dwarf

Late-maturing, indeterminate dwarf with a distinct main stem, and few branches
characterised by the presence of rough, dark-brown bark.

D, Dwarf

Medium-maturing indeterminate plant type, with a mean height of 1Im. Plants produce
many secondary and tertiary branches.

Reproductive Variants

From a thorough search of over 7000 germplasm accessions and over 120 interspecific derivatives
of Cajanus, Reddy et al. (1977) identified the following five different types of reproductive variants.
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Ordinary Male Steriles

The anthers are small, pale yellow, apparently empty, and scale-like in appearance.
Pollen is scanty and pollen fertility ranges from 10 to 90%. Both pollen quantity and
pollen sterility are factors affecting reduced pod setting in this group. The "s;parse
pollen” type reported by Saxena et al., (1981) falls under this category.

Translucent Male Steriles

The anthers are white-translucent in colour, small and scaly in appearance, and devoid
of pollen. Such anthers do not dehisce, and die faster than normal ones. Histological
study of these translucent types (Reddy ef al., 1978) revealed that the pollen tetrads
were not released, and that they subsequently degenerated due to the persistent nature
of the tapetum. Under sclfing, the translucent types do not produce any seeds, but
under open pollination pod setting is normal.

Long-styled Types

The style is longer than the stamens and most often a groove on the bud is seen, that
docs not occur in normal types. They are partially pollen sterile.

Short-styled Types

The style is shorter than in normal types, but there is no change in the length of the
stamens. The stigma is completely enclosed inside the staminal column. Pollen is
partially sterile, and seced setting is very poor. Such short-styled types have been
reported earhier (Patil and Sheikh, 1957) and the “inscrted stigma” variant reported by
Wanjari ¢f al. (1978) falls under this category.

Incompletely Short-styled Types

Plants show both normaland short-styled flowers. Pollen sterility ranges from 5 to 60%.

Although sterile mutants have been reported carlier (Deshmukh, 1959) , these were apparently
also female sterile, so that the transluscent types reported by Reddy et al. (1977, 1978) constitute
the first true genetic male steriles identified in pigeonpea. Following this discovery several other
sources of male sterility have been identified. In Australia, Dundasef al. (1981) reported a male-sterile
source characterised by brown, shrivelled, nondehiscent, and arrowhead-shaped anthers. Unlike
transluscent-anthered male steriles, in this male sterile the anthers are completely devoid of pollen
grains because the pollen mother cells degenerate at the young tetrad slage. Venkateswarlu ¢t al.
(1981a) reported a male sterile with obscordate leaf shape. The male sterility in this line is associated
with a floral abnormality, wherein the keel petals are modified into thread-like structures, and
pollen sterility ranges trom 60 to 100%. A syngenesious male sterile in which all 10 fully developed,
pale yellow anthers were tightly united into a tube surrounding the style with the filaments
remaining free was reported by Gupta and Faris (1983). In this line, the anthers were nondehiscent.

Reddy and Faris (1981) reported a cytoplasmic-genctic male-sterile line from a cross, C.
scarabavcoides var. scarabacotdes X [C. cajan (1 21) x C. scarabaeoides var. scarabaeoides]. The male sterility
in this line is associated with two kinds of abnormalities. In one, the anthers are modified into
petaloid structures, and male sterility is linked with female sterility. In the other, the male sterility



78

L..J. REDDY

is associated with free stamens and heterostyly, and the anthers appear morphologically normal.
However, these normal-looking anthers are devoid of any viable pollen. Histological studies
revealed early degeneration of pollen mother and tapetal cells. The latter type of flowers produce
very few seeds, even if large numbers of pollinations arce carried out.

None of the above-mentioned male steriles, except the translucent types are useful for develop-
ing commercial hybrids in pigeonpea.

A variant consistently observed at ICRISAT, and designated a “recurring monstrosity” has been
reported by van der Maesen and Saxena (1984). In this variant the pedicels are very crowded, the
floral parts are modified into ovate or lineate-ovate bracts, and crowded together giving an im-
pression of a green capitulum similar to those found in Compositac. The bracts possess abundant
glandular hairs and vesicles. The plants are almost completely sterile, but occasional flowers occur.

Wanjari et al. (1978) reported a petaloid variant where the androcecium is petaloid giving a
multipetalous appearance to the flower. The plant was completely sterile.

A modification of floral morphology called “wrapped” flower character is reported in a variety
Royes and scveral other accessions in Australia by Byth et al. (1982). In the normal flower the
margins of the standard petal are slightly convolute, and open with slight pressure. In contrast,
the standard margins of the wrapped flower are strongly convolute. This expression is highly
variable among genotypes, and to a lesser extent within plants of a line. In some lines, the margins
overlap in opposite directions at the proximal and distal regions of the calyx, and appcear to act
in zipper-like manner. It was presumed that this character inhibits cross-fertilization, but later
(Saxena et al., 1987b) tfound it to be ineffective in preventing outcrossing in pigeonpea. Reddy
(1973) isolated a true-breeding line with modified flower structure known as the “free stamen”
line from C. cajan (T 21) x C. lineatus. In contrast to the normal condition where the anthers are
diadelphous (9 + 1), all the stamens in this line are free. In addition, the tip of the standard and
the wing petals are trapped by the keel. This results in a considerable delay in opening of the
flower. Eventually, in an open flower the standard unwraps but the wings still remain enclosed
within the keel and thereby almost complete self-fertilization is ensured. Studies at ICRISAT Center
on the extent of outcrossing in this line for several seasons revealed only 0.54% outcrossing (K.B.
Saxena et al., ICRISAT, unpublished).

Wanjari ¢t al. (1978) reported a plant with cleistogamous flowers with a cup-shaped calyx
enclosing the complete flower. The flowers remained closed, were sterile, and did net set any
pods. A similar weak-stemmed plant with large, thick, puckered leaves and cleistogamous flowers
where the standard completely enveloped the keel petals was reported by Jeswani and Deshpande
(1962).

From ICRISAT Center, Saxena et al. (1984b) reported a mutant that produces flowers with an
open carpel similar to those found in primitive plants such as gymnosperms. Histological studies
(Saxena et al., 1988b) of the mutant revealed that initial development of the carpel primordium is
normal, except that the margins of this horse shoe-shaped primordium are obliquely placed and
do not fuse. This abnormality hampers the normal development of the ovule primordium, and
results in gradual degeneration of the ovules. Finally, the carpel falls open due to nondevelopment
of a ventral suture but does not form any ovules.

Correlation of Morphological Characters in Pigeonpea

Knowledge on the association between various morphological characters is essential to concep-
tualize, identify, and develop ideal plant types through effective planning of recombinations, and
deployment of selection indices. Also, apart from its taxonomic significance, information on charac-
ter association is important in the classification of varieties into cultivar groups, that help to
properly identify and maintain cultivars. Such information is also helpful in grouping the
germplasm into various gene pools that can be cheaply and effectively maintained as mass reser-
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voirs. Various methods such as simple correlations, regression, and multiple and partial regression
ana]y:'«;es, and path coefficient analyses have been employed to determine direct and indirect
associations  between  various morphological characters .including grain yield. Phenotypic,
genotypic, and environmental correlation coefficients have been reported for various charal‘ters
by several workers (Table 3.4). Data from various reports cannot be strictly compared because of
the varying number and divergent nature of the material studied, and the different statistical
methods employed. However, (o gain broad impressions, the extent of correlations reported were
classified into two classes; (a) strongly correlaled (values =0.5), and (b) weakly to moderately
correlated (values <0.5), and the following inferences are drawn: 9 J

1. Seed yield is strongly and positively correlated with pods per plant, plant height, primary
and secondary branches, pod-bearing length, and number of pod clusters (racemes) per plant.
Strong, positive genotypic correlations for the above traits are reported, indicating that the
environment has relatively less influence on the above associations, Seed yield exhibits weak
to moderate, mostly non-significant, negative associations with 100-seed mass, days to
Aowering and maturity, pod length, and angle of branching.

2. Plant height shows strong to weak positive associations with primary and secondary branches,

plant width, days to flowering and maturity, pods per plant, sceds per pod, 100-seed mass,

and number of pods per cluster, These associations show high genotypic correlation coeffi-
cients.

Plant width (spread) shows mostly weak to moderate posilive associations with primary and

secondary branches, pod bearing length, pods per plant, and 100-seed mass, and weak negative

correlation with seeds per pod.

4. Primary branches show weak to strong correlations with secondary branches, pods per plant,
pod-bearing length, and number of pod clusters per plant, and both positive and negative
weak correlations with seeds per pod, 100-seed mass, and days to flowering and maturity.

5. Secondary branches show weak to strong positive correlations with pods per plant, pod-bearing
length, days to flowering and maturity, and number of pod clusters per plant, and both
positive and negative weak correlations with seeds per pod, and 100-sced mass.

6. Pod-bearing length shows weak Lo strong positive correlations with pods per plant, seeds per
pod, 100-sced mass, days to flowering and maturity, and number of pod clusters per plant.

7. Pods per plant exhibits weak positive correlations with seeds per pod, 100-seed mass, days
to maturity, internode length and leat arca, and both weak and strong positive association
with days to flowering, and number of pod clusters per plant.

8. Seeds per pod shows both positive and negative weak associations with 100-seed mass, days
to flowering and maturity, and number of pod clusters per plant.

9. 100-seed mass exhibits both positive and negative weak associations with days to flowering,
and number of pod clusters per plant.

10. Days to flowering and maturity are highly associated with each other, and they show weak
to strong positive correlations with number of pod clusters per plant, and internode length.

%]

FUTURE

The cultivated species, Cajanus cajan shows a wide range of diversity for various morphological
characters such as plant height, branching pattern, flowering habit, leaf, stem, flower, pod and
seed shapes, sizes, and colours. In addition, several vegetative and reproductive variants that
have arisen either spontaneously, or been induced through hybridization and mutagens have been
described by various workers. Genetic, climatic, and edaphic factors exert profound influence on
the expression of morphological characters, and the present knowledge on these factors is far from



Table 3.4. Correlation studies of seed vield with various morphological characters in pigeonpea.

Phenotypic correlation

Genotyvpic correlation

Positive Negative Positive Negative
Character <0.5 =0.5 <05 =05 <0.5 =0.5 <035 =05
Plant height 3%,(11)7, 2,4,(6), (1),(8) 2,3,4, 8
(16),17,19, 79,10, 712,15,
20,(21),22 12,15 16,18,20,
21,22
Plant width (D, (&), (), 6,7 4 718,21
(spread) (11),(21)
Primary branches 1,2,3,4,(5), (6),7.9, 2,4,5, 3,712,
8,17.(19), 12,15 8,21, 15,18
(21),(22) o9
Secondary branches 2,3.(11), 3,6,16, (N 14 3,5,16 22
14,17,(22) (19)
Pod-bearing length 1,3,(11) (6),7 3 718
Pods plant™ 2,17 1,3,4.5, 14 3,4,5,
(6),7.8. 78,12,
9,10,11, 13,15,
12,1415, 16,18,
16,20,21 20,21
Seeds pod™ (1),2,(3), 1* 1),@ 712, 13,18 3,422
(7),(12), 16,20,
(16),(19), 21
20.(21),(22)
100-seed mass 2,(4),(5). (3).{7), 4,5, 13,14, 3,7
{(6),(9), 8,{13), 21 18,21 8,16
(14),(17), (16),
20,(21) {19)
Days to 50% or 75% (3).4,(7). (8), 3.4,7, 21 8
flowering (9,(10), 21 (11, 12,15,
12,15, (19) 20,22
(20),(22)
Days to maturity 2,(3).4,5, {8), 3,57, 2,412, 8
(7),12,(20), 21 (1), 20,22 13,18,21
(22) (19)
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Table 3.4. Continued

Phenotypic correlation Genotypic correlation
Positive Negative Positive Negative

Character < 0.5 =0.5 < (.5 =0.3 < 0.5 =0.5 < Q.5 ={.5
Number of pod 3 7.14,15, 3 7,14,

clusters plant™ 16 15,16
Pod length (14),(17), 8 12,(16) 8,14,22 12,16

{(21)

Angle of branching 17 (6).(11)
Plant biomass 8 8
Number of (7) (4)

podscluster’
Pod breadth (17 8 8
Internode length (1

1. Numbers refer to the following references:

1. Shrivastavaetal., 1977 9.
2. Balvanand Sudhakar, 1985a 10.
3.  Kumarand Reddy, 1982 11
4. Sinhaetal., 1987 12.
5. Asawaetal., 1981 13.
6. Sharmacetal., 1971 14.
7. Maliketal., 1981a 15.
8. Mukewar and Mulev, 1974 16.

N

not reported.

Gunaseelan and Rao, 1976
Waghetal., 1983
Tiwarietal , 1978

Pateletal., 1988

Balyan and Sudhakar, 1985b
Singh and Malhotra, 1973
Veeraswamy ctal., 1973
Guptacetal., 1975.

3. Authors report different values separatelyv for ditferent maturity groups.

17.
18.
19.
20.
21.

22.

Figures in parentheses for phenotvpic correlations indicate that values reported are

Wakankarand Yadav, 1975
Maliketal., 1981b
Remanandanefal., 1988
Sidhuetal,, 1985
Dumbrectal., 1985

Bainiwal and Jatasractal., 1983

not significant or significance was

ADOTOHRIONW ‘VAINOIDIJ
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complete. Several statistical methods have been employed to study both direct and indirect associ-
ations between various morphological traits. There is a need to continue studies in this direction
by proper phenological stratification of the varieties, and by deployment of multilocational sites
to gain a better understanding of the effect of genotype X environment interactions on the expres-
sion of various morphological traits.

So far, pigeonpea classification based on morphology has been directed towards satisfying the
rather isolated interests of taxonomists and agronomists. In order to effectively and economically
maintain and utilize the world germplasm accessions, that now amount to several thousands, but
possibly include many duplicates, we need to develop a more comprehensive pigeonpea classifi-
cation based on both morphological and agronomic characters. For this purpose numerical classifi-
cation methods such as the MUITCLAS hierarchical program, and the Euclidean system of Burr
(1968) merit consideration.
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PIGEONPEA: GENETIC
RESOURCES

P. REMANANDAN

Botanist, Genetic Resources Unit, International Crops Research Institute for the
Semi-Arid Tropics (ICRISAT), Patancheru, Andhra Pradesh 502 324, India.

INTRODUCTION

Success in crop improvement work largely depends on access to well-classified and diverse genetic
resources. The world’s largest collection of pigeonpea germplasm is conserved in the ICRISAT
gene bank. This collection consists of 11,171 accessions from 52 countries and is freely available
to scientists all over the world. Small collections are maintained at various research centres of the
Indian Council of Agricultural Research (ICAR), a number of agricultural universities in India, and
at national research centres in several other countrics.

THE PLANT

Pigeonpea belongs to the genus Cajanus of the subtribe Cajaninae, tribe Phaseoleae of the sub-family
Papilionoideae, family Leguminosae. The plant is a perennial shrub but is often cultivated as an

89



90

P. REMANANDAN

Table 4.1. Number of accessions in the world collection of pigeonpea held
in the gene bank, 1CRISAT Center, by country, 1 April 1989.

Number of Number of
Country accessions  Country accessions
Antigua 2 Nepal 116
Australia’ 60 Nigeria 43
Bangladesh 73 Pakistan 14
Barbados 25 People’s Republic 1
Belgium' 2 ot China
Brazil 17 Peru 5
Cape Verde 6 Philippines 58
Colombia 5 I'uerto Rico 78
Dominican Republic 63 Rwanda 5
Ethiopia 14 Senegal 10
German Democratic 2 Sierra Leone 3
Republic' South Africa 4
Ghana 2 SriLanka 71
Grenada 15 St. Kitts/Nevis/ 6
Guadeloupe 22 Anguilla
Guvana 28 St. Lucia 17
India 9136 St. Vincent 22
Indonesia 12 Taiwan 3
Italy' 14 Tanzania 221
Jamaica 64 Thailand 17
Kenya 332 Trinidad and Tobago 112
Malagasy Republic 1 Uganda 1
Malawi 245 UK 3
Martinique 1 USA 3
Mexico 2 USSR 2
Montserrat 4 Venezucla 47
Mozambique 10 Zambia 74
Myanmar (Burma) 68 Unknown 10
Total 11171

1. Secondary source, original source not known.

annual crop. When sown at ICRISAT Center (18°N) soon atter the longest day (23 June), the
maturity of different cultivars ranges from 3 to ¥ months, and their height from 50cm to over 2m.
Pigeonpea is slowgrowing, for the first 45 days after sowing. It grows well during the rainy season,
and vields best when flowering and podding coincide with receding rainfall patterns. The plant
has a deep root system and produces a relatively high biomass with o low harvest index that
varies from 15 to 30% in most of the traditionally grown cultivars. Pigeonpea has a C; pathway
for carbon fixation, and it interacts with cowpea strains of Rhizobiun to fix atmospheric nitrogen.
Most traditionally grown pigeonpeas have an indeterminate flowering habit. However, there are
determinate genotypes that are often the products of plant breeding. The flowering period of
pigeonpea is usually prolonged, enabling the plant to recover from various stresses to which it
may be exposed. Pigeonpea is a quantitative short-day plant with a critical daylength of 13 h
(Sharma cf al., 1981).

India is considered to be the primary centre of origin and diversification of pigeonpea (van der
Macsen, 1980). Other important areas of cultivation include eastern Africa, the Caribbean Islands,
parts of South and Central America, and South and Southeast Asia. The crop’s evolution through
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natural hybridization, selection for adaptation to a wide range of agro-ecosystems, and selection
by man has resulted in numerous locally adapted landraces with a wide genctic base.

COLLECTION

The world collection of pigeonpea, consisting of 11,171 accessions from 52 countries (Table 4.1), is
conserved in the ICRISAT gene bank. The initial ICRISAT collection consisted of germplasm
donated by the Indian Council for Agricultural Research (ICAR) and various institutions in India.
Based on the centre of diversity, crop statistics, and representation in the collection, priority areas
for collection were identified. ICRISAT then embarked on a phase of systematic germplasm as-
sembly, and Tables 4.1 and 4.2 present the current status. The collection includes different categories
of germplasm such as landraces, established cultivars, breeding stocks with specific characters,
gene pools, etc. Special attention is given to the closely related wild species which form the
secondary gene pool of pigeonpea. In 1989 ICRISAT gene bank held 270 accessions of 47 wild
species belonging to six genera.

Table 4.2. Pigeonpea accessions in [ICRISAT gene bank originating from Indian
states, and developed at ICRISAT, 1 April 1989.

Number of Number of
State accessions  State accessions
Andhra Pradesh 2135 Orissa 322
Assam 102 Punjab 12
Bihar 675 Rajasthan 90
Daman 1 Sikkim 4
Gujarat 136 Tamil Nadu 383
Haryana 12 Uttar Pradesh 2137
Himachal Pradesh 4 Woest Bengal 107
Karnataka 265 Developed at ICRISAT 887
Kerala 47 Unknown 406
Madhya Pradesh 653
Maharashtra 628
Meghalaya 2
New Delhi
(Union territory) 128

Total 9136
MAINTENANCE

Maintenance of pigeonpea is a difficult and expensive operation. Though pigeonpea’ floral biology
favours self-pollination, some hybrid seed is usually produced as a result of bee visits. Megachile
spp are considered responsible for most of the cross-pollination in pigeonpea (Williams, 1977).
Pigeonpea outcrosses to varying degrees under field conditions (Howard et al., 1919; Mahta and
Dave, 1931; Deshmukh and Rekhi, 1963; Abrams, 1967; Ariyanayagam, 1976; Khan and Rachie,
1972; Onim, 1981). The outcrossing mechanism helps in the production of hybrid seed and in
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population-improvement breeding schemes, but it makes maintenance of the genetic purity of
cultivars difficult and expensive.

To preserve their genetic purity it is essential to multiply accessions under controlled pollination.
This can be achieved by covering the whole plant or individual branches with muslin or nylon
bags. Selfed seeds from about 30 plants per accession are bulked to constitute the next generation,
and to reconstitute the original population as closely as possible. Sowing pigeonpea close to the
shortest day of the year results in reduced plant height, and thus allows whole plants to be
conveniently covered with muslin bags. It is also possible to control pollination by covering the
whole plot using dismantleable frames covered with nets. When small numbers of cultivars are
to be multiphied for large-scale sced production, geographic isolation of about 100 m is desirable.
Acccessions are rejuvenated by resowing selted seed. However, it is desirable to restrict the number
of rejuvenations to the bare minimum to minimize the risk of genetic drift.

Harvested pods are sun dried before threshing and the moisture level of cleaned seed reduced
to 6% before storage in the gene bank. Airtight moisturc-proof aluminium cans are used at JCRISAT
to store seed in medium-term cold storage at +4°C and 25% relative humidity. Plastic cans can
also be used to store seed. Periodic germination tests arc carried out to monitor the viability of
stored seed, that generally remains above 90% for about 15 years under medium-term cold storage
conditions.

The entire world collection is presently maintained in medium-term cold storage at ICRISAT,
seed from this store is used for general distribution. Long-term cold storage at -20°C is currently
under test in the ICRISAT gene bank. A set of the world collection will be conserved in long-term
cold storage as a base collection. It is further planned to conserve a duplicate set of the world
collection at another location.

'CHARACTERIZATION AND EVALUATION

Characterization is the recording of distinctly identifiable, heritable, characteristics; while prelimi-
nary cvaluation involves recording a limited number of agronomic traits that are important in
pigeonpea improvement. Characterization data of the world pigeonpea collection, and the pre-
liminary evaluation data of a limited number of accessions have been subjected to statistical analysis
and a catalogue has been published (Remanandan et al., 1988a).

Systematic description of the accessions will eventually lead to classification into small and
well-defined sectors that will facilitate enhanced utilization of the germplasm.
The major objectives of characterization are:
to describe accessions, establish their diagnostic characteristics and identify duplicates;
to classify groups of accessions using sound criteria;
to identify accessions with desired agronomic traits and select entries for further evaluation;
to study interrelationships between or among traits, and between geographic groups of cultivars
(Chang, 1976); and
® to estimate the extent of variation in the collection.
ICRISAT follows a multidisciplinary approach to accomplish these objectives. -
The major exercise of characterization is carried out at ICRISAT Center, Patancheru, Andhra

Pradesh, India (latitude 18°N). Sowing dates, climatological details, and descriptions of soil type
are recorded. The location is ideal for characterizing medium-maturing, genotypes. However,
because early- and late-maturing accessions do not express their full potential at this location, in
addition to ICRISAT Center, early-maturing accesions are characterized at Hisar, Haryana, India
(29°N) and late-maturing accessions at Gwalior, Madhya Pradesh, India (26°N).

At ICRISAT Center, characterization is carried out on Vertisols (black soils), classified as fine
montmorillonitic, isohyperthermic, Typic, Pellustert (Swindale, 1982).
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Characterization is done in precision fields under adequate cultural conditions and insecticide
protection. Seeds are sown by hand in holes spaced 50 cm apart on ridges 75 cm apart. Two to
three seeds are sown per hole and the stand is reduced to one plant per hole by thinning. Reference
cuttivars of matching maturity are grown at regular intervals (Table 3.3).

For each accession 40 morphoagronomic traits are recorded, of which 22 are entered in the
computer-based catalogue (Table 4.3). The characterization data are recorded from unreplicated
plots which are subject to a variety of environmental factors. Therefore, the quantitative traits,
particularly yield, harvest index, shelling ratio, etc., are no more than rough indicators of the
genetic potential. However, such data are generally useful if compared with the nearest control
of similar maturity.

Table 4.3 details the various descriptors and descriptor states used in the characterization.
Elaboration of these arc given in the ICRISAT Pigeonpea Germplasm Catalog (Remanandan et al.,
1988a) and Pigeonpea Descriptors (IBPGR/IICRISAT, 1981). Salient features of the more important
characteristics in pigeonpca improvement are highlighted below.

Days to 50% Flowering

This term refers to the number of days from the cffective date of sowing to the date when 50%
of the plants in a given plot have at least one open flower. This is directly related to the days to
maturity of the accession. A wide range of duration to maturity exists in pigeonpea and is very
important in the adaptation of cultivars to various agroclimatic areas and cropping systems.
Pigeonpea breeders at ICRISAT have developed a scale of maturity groups with reference cultivars
for each proup (scc Table 3.3).

As mentioned earlier, pigeonpea 15 a quantitative shorl-day plant, and genotypes within a
maturity class vary in their duration depending on the sowing date, latitude and altitude, and
the climatic and other environmental conditons of a given location (Sharma et al., 1981). The data
are summarized in Figure 4.1 and Table 4.8.
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Figure 4.1, Frequency distribution for fime to 50% flowering (days).
Figures on top of bars indicate number of gene bank accessions in that class interval.



Table 4.3. Characterization descriptors and descriptor states used in ICRISAT Pigeonpea Germplasm Catalog.

Descriptor’ Descriptor states Descriptor’ Descriptor states
1. Daysto 50% flowering Number of days 13. Pod colour DP = Dark purple
[FLOW50%] o [PDBASCOL] G =Green
2. Daysto75% maturityff - Number of days - = M =Mixed, green and purple
(MATURITY] O ~ P =Purple
3. Base flower colour 21 =lvory 14. Number of seeds pod - Count (number)
{BASFLCOL] .. LY =Lightyellow [SEEDNR] :
+z OY = Orange yellow 15. Seed colour pattern - M =Mottled
- Y =Yellow [SEEDPATT] ~ MS = Mottled and speckied
4. Second flower colour - NO = None . P =Plain
{SECFLCOL] . Pu =Purple - R =Ringed
R =Red S =Speckled
5. Pattern of streaks - DS = Dense streaks 16. Base colour of seed B = Brown
[STRKPATT] 7. FS =Few streaks [SBASCOL] BL = Black
- MS = Medium amount of streaks C =Cream
" NO = None DB = Dark brown
- P =Plain, uniform coverage DG = Dark grey
6. Flowering pattern DT = Determinate DP = Dark purple
[FLOWPATT] NDT= Indeterminate G =Grey
SDT = Semi-determinate LB = Lightbrown
7. Growth habit C =Compact LC = Lightcream
[GROWHAB] S =Spreading LG = Lightgrey
SS = Semi-spreading O =Orange
8. Plantheightat Measurement (cm) P =Purple
maturity RB = Reddish-brown
[PLHTMAT] W = White
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Table 4.3. continued

Descriptor' Descriptor states Descriptor’ Descriptor states
9. Number of primary Count (number) 17. Seed shape E  =Elongate
branches [SEEDSHPE] O =Oval
[NRPRBR] P =Pea
10. Number of secondary Count (number) S =Square
branches 18. Seed mass 100-seed mass (g)
= [NRSECBR] [SEEDWT]
“¥1. Stem colour D = Dark purple 19. Harvestindex Grain yield:biological
- [STEMCOL] G =Green [HIY yield ratio (%)
P =Purple 20. Shelling ratio Dry seed:pod ratio (%)
R =Sunred [SHRAT]
12. Number of racemes " Count (number) 21. Protein percentage Proportion of protein
{RACEMNR] [PROTEIN] in whole seed (%)
22. Yield per plant Grain yield (g) .
[YLDPERPT] -

1. To measure descriptors 3, 4, 5, 6, 7, 11, 13, 15, 16, and 17 (qualitative traits) the whole plot is considered; descriptors 1, 2, 8, 9, 10

12, 14, 18, 19, 20, 21, and 22 are recorded from three randomly chosen plants. L
In addition to the above the following descriptors are also recorded; being of less-immediate utility, these are not yet entered in the

computer-based catalogue.

Vigour at 50% flowering (visually scored)

Days to flower initiation
Duration of flowering (days)
Leaf colour

Leaf size (cm)

Leaf shape
Source: Remanandan et al., 1988.

Leaf texture

Number of tertiary branches

Raceme length (cm)

Stem thickness (visually scored)

Pod length (cm)
Pod form

Pod texture

Seed second colour

Seed eye colour

Eye colour width (visually recorded)
Presence of hilum

Plant stand (number)

SAOUNOSTY DILANGD ‘VAINOIDIA
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Days to 75% Maturity

This refers to the number of days taken by 75% of the plants in a given plot to reach maturity. A
plant is considered to have reached maturity when about 75% of its pods are dry. Days to 75%
maturity is a difficult character to determine accurately, and is highly influenced by such environ-
mental factors as soil moisture and temperature.

R P A
AT .

Flowering Pattern

Most traditionally grown pigeonpeas have an indeterminate flowering habit (Table 4.4). The inflores-
cences develop as axillary racemes from all over the branches, and flowering proceeds acropetally
from base to apex, both within the racemes and on the branches. The flowering period is often
prolonged enabling the plant to recover from various stresses such as terminal drought, insect
attack, etc. to which the pigeonpea plant is exposed.

Table 4.4. Distribution of pigeonpea flowering pattern,
ICRISAT Center, 1974-1978.

Number of Frequency
Code  Flowering pattern accessions (%)
DT Determinate 341 3.19
NDT Indeterminate 10 220 95.81
SDT Semi-determinate 105 (.98

Some genotypes are morphologically determinate; i.c., the apical buds of the main shoots
develop into inflorescences. In these genotypes the sequence of inflorescence production is
basipetal.

There are genotypes intermediate between the two types described above, these are semi-
determinate. In semi-determinate genotypes flowering starts at nodes below the apex and proceeds
both acropetally and basipetally.

Most of the determinate genotypes have been genetically improved and are the products of
breeding programmes. They are generally short in stature and bear clusters of pods more or less
at the same height, at the top of the plant canopy, that mature at the same time. Hence, they are
easier to spray and mechanically harvest. However, they are prone to severe insect attacks and
therefore have a definite disadvantage when they are not heavily protected by insecticides (ICRISAT,
1976). The determinate habit confers no advantage in yield, or in the partitioning of dry matter
into seeds (ICRISAT, 1980).

Growth Habit

Pigeonpea cultivars differ markedly in growth habit and plant canopy characteristics. The growth
habit mainly depends upon the numbers of primary and secondary branches, and the angle of
branches on the stem on which they are borne - resulting in a continuous variety of forms, from
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upright compact to spreading types. Plant habit is an important factor that influences optimum
plant population, which varies from 6000 to over 300,000 plants ha' (Abrams and Julia, 1973;
Ariyanayagam, 1975; Saxena and Yadav, 1975). This character is also of critical importance in various
intercrop situations,

Pigeonpea accessions are classified into three categories of growth habit (Table 4.5).

Compact Accessions generally have few branches, borne at narrow angles to the stem,
resulting in a compact plant habit.
Spreading Accessions usually have many branches, resulting in a broad plant canopy.

Such types are often preferred in some intercropping situations where they
will cover the area vacated by a companion crop. However, they often fail to
make optimum use of solar radiation.
Semi-spreading  Most accessions belong to this group, which is intermediate between the above
two types.
Since landraces are not pure lines, there are often variations among individual plants in an
accession. For example, some accessions have both compact and semi-spreading plants.

Table 4.5. Distribution of pigeonpea growth habit, ICRISAT
Center, 1974-1978.

Number of Frequency

Code' accessions (%)

C 1291 12.10
C+5S 16 0.14
S 244 2.28
5+5S 1 0.01
5S 9097 85.27
S5+C 19 0.17

1. C=Compact, S=5preading,
5S=Semi-spreading.

Plant Height at Maturity

This trait is related to maturity, photoperiod sensitivity, and environment, and has low heritability
(Sharma, 1981). Long-duration pigeonpeas arc generally tall because of their prolonged vegetative
phase. However, their height will be substantially reduced if they are forced to flower early by
photoinduction. Similarly, short-duration pigeonpeas are comparatively short in stature because
of their short vegelative phase. Their height can be increased by prolongation of the vegetative
phase if they are exposed to long-day conditions. Thus, this character varies according to location
and time of sowing. But there are genctic dwarfs which retain their dwarfness when grown over
a wide range of environments. The classification presented here (Figure 4.2 and Table 4.8) is based
on measurements taken from June/July sowings at ICRISAT Center.
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Figure 4.2. Frequency distribution for plant height at maturity (cm).
Figures on top of bars indicate number of gene bank accessions in that class interval.
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Figure 4.3. Frequency distribution of number of primary branches plant™.
Figures on top of bars indicate number of gene bank accessions in that class interval.
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Number of Primary Branches

This tra.it is h.ighl){ heritable (Govinda Raju and Sharat Chandra, 1972) and has a highly positive
correlation with yield (Beohar and Nigam, 1972). It is strongly correlated with other yield com-

ponents such as the numbers of secondary branches and racemes (Remanandan ef al., 1988a). The
data are summarized in Figure 4.3 and Table 4.8.

Number of Secondary Branches

This refers to the total number of branches borne on all the primary branches. More secondary
branches occur on the primary branches of plants with a spreading habit, than on compact or
semi-spreading types. A high degree of plant spread is regarded as an effective attribute to grain
yield (Dasappa and Mahadevappa, 1970). Most of the profusely branching accessions belong to
medium to mid-late maturity groups.

In all cultivars, branching is greatly reduced in dense plantings and in intercropping systems
where pigeonpeas are shaded by companion crops (Sheldrake, 1984).

The data on this trait are summarized in Figure 4.4 and Table 4.8.

Number of Racemes

Pigeonpea produces many flowers, of which about 90% are shed without setting pods (Pathak,
1970; Ariyanayagam, 1975; Sheldrake ¢f al., 1979; Tayo, 1980; Pandey and Singh, 1981). Therefore,
the number of flowers produced cannot be regarded as a major yield component. The data on
this trait are summarized in Figure 4.5 and Table 4.8. In general, medium to nid-late maturing
cultivars produce large numbers of racemes.
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Figure 4.4. Frequency distribution for number of secondary branches plant™.
Figures on top of bars indicate number of gene bank accessions in that class interval.
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During flowering, pigeonpea is attacked by many insects and the plant has the inherent ability

to compensate at lcast partially for the resulting loss of flowers by producing more. However,
there are strong genotypic differences for this trait.
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Figure 4.5. Frequency distribution for number of racemes plant™.
Figures on top of bars indicate number of gene bank accessions in that class interval.

40 -
30
g
)
£ 20-
Z
2
49
10
25
0o |3 3 /)
1.6 20 24 28 32 36 40 44 48 52 56 60 7.6

Number of seeds pod’

Figure 4.6. Frequency distribution for number of seeds pod™.
Figures on top of bars indicate number of gene bank accessions in that class interval.
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Number ofSeeds per lPoc'l

Although there are large variations between genotypes in seed number per pod and also in seed
size, thesc are remarkably constant within a given genotype (Sheldrake, 1984). The number of
sceds per pod is considered an important yield component (ICRISAT, 1975). However, genotypes
that produce as many as seven seeds per pod have a reduced ability to fill their seeds.

In regions where pigeonpea is used as a vegetable, there is a strong consumer preference for

cultivars with many seeds per pod. The distribution of this trait is presented in Figure 4.6 and
Table 4.8.

Base Colour of Seed

Base colour refers to the main colour of the seed coat. Over 50% of pigeonpeas have orange seed
coats. Various shades of red and brown are predominant, and that is why pigeonpea is known
as red gram in India. The seed-coat colour does not affect the colour of the dhal (dry, split,
decorticated seeds). However, for some reason cultivars with light seed-coat colour are preferred
even in areas where pigeonpea is mainly consumed as dhal. In areas where the undecorticated
dry seeds or green peas are cooked whole, the consumer preference for light-coloured or white
seeds is fairly strong. The light-coloured seeds, are generally bright green at the pod-filling stage
and hence this trait is an advantage in vegetable-type pigeonpeas. In the Caribbean Islands,
vegetable types with broad pods (Figure 4.7) containing many green seeds are popular because
they are conveniently easy to shell.

Seed Shape

The most common shape is oval. The other shapes are elongate, pea (globular), and square. The
pea-shaped trait is preferred where pigeonpea is used as a green vegetable, but this trait is rare
in early-maturing types.

Seed Mass

Seed mass (weight) is an important yield component (ICRISAT, 1975). Cultivars vary widely in
this trait. Large-seeded types are generally poor pod setters. Most large-seeded types belong to
late-maturing groups. Large seeds are preferred by consumers (Gupta ct a{f, 1981) possibly because
the pericarp percentage reduces with increase in seed size (JC{{ISA'T, 1975). For vegetable-type
pigeonpeas, large pods with large seeds are strongly preferred (Figure 4.7) alnd ppds are harvs*s&ted
before they reach physiological maturity. Data on seed mass are summarized in Figure 4.8 and
Table 4.8. ‘

Seedlings from large seeds (100-seed mass about 16 g) are usuztllx larger and ()iteq RIow fuﬂslcr
than sccdlihgs from small seeds. However, there is no significant effect of secd-grading within a
genotype on yield (ICRISAT, 1976).

| N L IRG
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Harvest Index

The harvest index of pigeonpeas grown in traditional cropping systems is generally low (Sheldrake,
1984). Because it is strongly influenced by environmental conditions, harvest index alone is not a
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dependable selection criterion. It varies markedly under different cropping systems, spacing,
growing seasons, and availability of moisture. Nevertheless, repeated evaluations in different
agroclimatic regions have helped to identify accessions in landraces with comparatively high
harvest indexes (Figure 4.9). The data on harvest index are summarized in Figure 4.10and Table 4.8.

Shelling Ratio

Shelling ratio refers to the seed:pod ratio, expressed as a percentage based on mass, taken after
harvesting and drving. Shelling ratio data are summarized in Figure 4.11 and Table 4.8. In general,
when evaluated at ICRISAT Center, earty-maturing and late-maturing accessions have Jow shelling
ratios compared to medium to mid-late maturing types.

Figure 4.7 Broad pods that are an advantage in ‘vegetable type’ pigeonpea since they are easy
to shell.
Photo: ICRISAT.
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Figure 4.8. Frequency distribution for 100-seed mass (g).
Figures on top of bars indicate number of gene bank accessions in that class interval.

Protein Percentage

Analysis of the world collection for the pcrcentage of protein in mature whole sced has revealed
that there are genotypic differences in this trait (Figure 4.12 and Table 4.8). This analysis has
identified many sources of high sced protein useful in improving the nulritional quality of pigeon-
peas. In recent years, pigeonpea has become increasingly important in agroindustrics to meet the
protein/calorie requirement of poultry and animal fecd, especially in regions where the cultivation
of soybean is not successful.

Some of the closcly related wild species have still higher percentages of seed protein (up to
33%). This trait has already been successfully transferred to pigeonpea and stable lines with high
seed protein are now available at ICRISAT Center (ICRISAT, 19R4),
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Figure 4.9. An elite accession with a high harvest index identified during evaluation trials at
Katumani, Kenya.
Photo: ICRISAT.

CORRELATION MATRIX OF CHARACTERS

A correlation matrix of 12 agronomically important traits is given in Table 4.6.
The relationship of yield components to seed yield and amongst themselves is a subject of
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great interest to the plant breeder. The correlation matrix aids the effective querying of the database,
and helps to select accessions with a desired combination of traits trom the collection. When
requesting germplasm with a specific trait, users can also acquire an indication of the other traits
likely to be associated with the one under consideration.

There has been considerable work on this subject using a limited number of genotypes. How-
ever, for the first time a large (8582 accessions) and diversc collection has recently been subjected
to this analysis and the results and discussions of them presented (Remanandan ef al., 1988a). It
was concluded that the numbers of primary branches, secondary branches, and racemes are prime
contributors to sced vield, although plant height contributes sipnificantly by increasing all thesc
traits, which are themselves positively correlated.

30-
< 20-
)
>
z
b |
g
= 104
|
0 8 [}
0 S 10 15 20 25 30 35 40 45 50 65

HI (%)

Figure 4.10. Frequency distribution for harvest index (HI) (%).
Figures on top of bars indicate number of gene bank accessions in that class interval.
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Figure 4.11. Frequency distribution for shelling ratio (%).
Figures on top of bars indicate number of gene bank accessions in that class interval.
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Table 4.6. Correlation matrix of the important agronomic characters of 10 670 pigeonpea accessions evaluated
from 1975/76 to 1987/88 at ICRISAT Center.

-

MATURITY' 0.91°

PLHTMAT 0.41 0.40

NRPRBR -0.20 -0.16 0.17

NRSECBR -0.08 -0.08 0.19 0.47

RACEMNR -0.28 =0.23 0.09 0.42 0.70

SEEDNR 0.22 0.17 426 -—-0.21 -027 -—-0.25

SEEDWT 0.40 0.37 031 -026 —0.41 —0.50 0.50

HI —0.53 —0.55 -0.41 0.05 0.15 038 -0.23 —0.42

SHRAT -0.39 —0.45 0.00 0.21 0.24 0.29 -0.09 -0.21 0.63

PROTEIN 0.14 0.20 0.01 -0.08 0.00 -0.04 -0.17 -0.14 -0.10 -0.17

YLDPERPT -3 ~029 0.12 0.37 0.59 0.79 —-0.09 -0.31 0.50 0.45 -0.19
FLOW MATU PLHT NRPR NRSEC RACEM SEED SEED HI SH PRO
50% RITY MAT BR BR NR NR WT RAT  TEIN

1. See Table 4.3 for descriptor details.
2. Values of 0.3 or more are indicated in bold face. Significant value at 1% is 0.155.
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Figure 4.12. Frequency distribution for seed protein content (%).
Figures on top of bars indicate number of gene bank accessions in that class interval.

WILD SPECIES

Pigeonpea belongs to the genus Cajanus of the subtribe Cajaninae. Cajanus cajanifolius is the most
prubable progenitor of pigeonpea. Many spccies of Cajanus readily cross with pigeonpea. Intro-
gressed and backerossed progenies of the following Cajanus species with vanous elite pigeonpea
parents are now held in the collection at ICRISAT:
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Cajanus acutifolius C. lneatus

C. albicans C. reticulatus var. reticulatus

C. cajanifolius C. scarabacoides var. scarabaevides
C. confertiflorus C. sericeus

C. lanceolatus C. trinervius

C. latisepalus

The present collection of wild relatives consists of 270 accessions of 47 species belonging to six
genera (Figure 4.13 and Table 4.7). Evaluation of the secondary gene pool of pigeonpea has resulted
in the identification of several desirable traits such as resistance to diseases and pests, and superior
nutritional qualities (Remanandan, 1981). The wild relatives have also been evaluated for a few
important traits and have been subjected to screening against diseases and pests. Cajanus albicans,
C. lineatus, C. sericens, and C. crassus var, crassus are resistant to sterility mosaic (SM). Cajanus
platycarpus is resistant to phytophthora blight (Phytophthora drechsleri {.sp. cajani) and it flowers in
48 days. Cajanus sericeus is resistant to both blight and SM. A remarkable trait of these wild species
is that most of them have a high seed protein percentage (Remanandan, 1981). The maximum
recorded is 33.4% for C. mollis, while the mean seed protein percentage in pigeonpea is 21.8%.
The list of wild species in the present collection is given in Table 4.7 and includes some species
that are not readily crossable with Cajanus.

Figure 4.13. Wild relatives of pigeonpea: a. Cajanus cinereus; and b. Rhynchosia malacophylia.
Photo: ICRISAT.



108 P. REMANANDAN
Table 4.7. List of wild species related to pigeonpea conserved in the ICRISAT gene bank.
Number of Number of
Species accessions  Species accessions
Cajanus acutifolius (F. von Muell.) Dunbaria ferruginea W. & A. . /3. 7
van der Maesen 12 Dunbaria heynei W. & A. 5
Cajanus albicans (W. & A.)
vander Maesen 15 Eviosema glomeratum o
Cajanus cajanifolins (Haines) (Fuill & Pen.) Hook F. IR |
van der Maesen 4 Eviosema sporaleoides (Lam ) G. Don 2
Cajanus cinerens (F. von Muell))
Cnii.r:t::‘itr:g;:’:ﬁhtyru< F. von Muell ? Flemingia bracteata (Roxb.) Wight 2
Cdjzmz:.q I (I;rain ex King) F ienm;gnz u:acra;n"z_;;f!:: (willd.)
vander Y‘;/iaéqen var. crassus 10 Prain. ex Merrill 6
- e b time Flemingia nana Roxb., 1
Cajanus gocusis Dalz. 1 Flominei el
. ) B ‘ . : crnnia paiciiata
Cajanus lanceolatus (W.V. Fitzg.) A Wall. ex Benth. 1
van der Maesen ! Flenmtingia seminlatn Roxb, 1
Cffé{::};;{:j !{:f‘::;:’;rmi:es (Rﬁni?!*?s : Flemingia stricta Roxb. 1
Cﬁjmf:s {}.‘;:}C;;i‘z&f"r& ;‘:ltf’t n Flemingia strobififera (L..) Aiton 3
van der Maesen 10
Cajanus marmoratis Paracalyx scariosa (Roxb.) Ali 2
(R. Br. exBenth ) F. von Muell. 2
Cajanps mollis (Benth) Rhynchosia anrea DC. 6
van der Maesen 8 Rhynchosia bracteata Benth. ex Bak. 3
Cajonies platycarpus (Benth.) Rhynchosia cana DC. 5
van der Maesen 13 Rhwynchosia densiflora DC. 4
Capares reticulotus var. grandifolins Rlrynchosia filipes Benth. ex Bak. 2
(F. von Muell) van der Maesen 5 Rhynchosia lweynei W. & A. 1
Cajanus reticulatus (Dryander) Riynchosia liimalensis Benth. ex Bak. 1
F.vonMuell. var. grandifolius 5 Ritynchosia hirta (Andr.)
(F. von Muell.) van der Maesen Meikle & Verdec. 3
Cajanus reticulatus (Dryander) e Rhwynchosia malacophylla (Spreng.)
F. von Muell. var reticulatus R X Boj. 1
Cajanus rugosus (W. & A.) o Rhynchosia minima DC. 15
van der Maesen IR Rhrynchosia rothii Benth. ex Aitch. 10
Cajanus scarabacoides (L.) Rhynchosia rufescens DC. 5
Thouars var.scarabacnides 77 Rhynchosia suaveolens DC. 2
Cajanns sericeus (Benth. ex Bak.) e Rlynchosia sublobata (Schumach.)
van der Maesen o e Meikle 2
Cajanus brinervius (DC.) Riynchosia vemdosa (Hiern) Schum, 1
van der Maesen 3 Rhynchosia viscosa DC. I
Total Total 270
DOCUMENTATION

assport information and characterization data of the world collection of pigeonpea have been
documented and computerized using, descriptors and descriptor states jointly developed by
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ICRISAT and the International Board for Plant Genetic Resources (IBPGR) in consultation with
crop scientists (IBPGR/ICRISAT, 1981). The passport information consists of accession identifiers,
information on origin, and other data recorded by collectors. Characterization data includes 40
descriptors on morpho-agronomic traits, of which 22 are entered in the computer-based catalogue.
A computer programme, ICRISAT Data Management and Retrieval System (IDMRS) programmed
in the VAX-11 BASIC programming language under the VMS operating, system on a VAX-11/780
computer system is used at ICRISAT to store and retrieve data. This serves as.a live catalogue
which is frequently revised and updated as new information becomes available. IDMRS is an
integrated set of procedures that can record, store, process, and retrieve information. The system
allows data entry and editing, printing the entire or specific required descriptors, retrieving infor-
mation on a few selected descriptors, retrieving information on a desired set of accessions (either
with all the data on thesc accessions, or with information on only a few descriptors), and retrieving
information on the number of accessions belonging to a particular class (Estes and Ramanatha
Rao, 1989). It also facilitates manipulation of the stored data for statistical analysis to examine
patterns of variation.

To store and retrieve data on seed distribution a dBase Il programme on microcomputers is
used. This facilitates keeping track of the distribution of germplasm within and outside ICRISAT,
and is also used to follow up the utilization of distributed germplasm. The same system is used
to store and retricve data on seed viability.

GERMPLASM CATALOGUE

Genetic resources cannot be effectively used if the information needed by crop improvement
programmes cannot be readily supplied. Although the live catalogue maintained in the main-frame
computer at ICRISAT Center contains easily retrievable information, its physical availability does
not stretch beyond ICRISAT Center. The utility of the stored information largely depends upon
its accessability to germplasm users all over the world. To achieve this, ICRISAT recently published
and distributed the Pigeonpea Germplasm Catalog in two parts: Evaluation and Analysis, and
Passport Information (Remanandan ef al., 1988 a, b). In this catalogue, an attempt has been made
to classify the world collection into a number of natural and artificial groups together with several
short lists of accessions that have frequently required combinations of morpho-agronomic traits.

WORKING COLLECTION

To utilize the germplasm effectively an attempt has been made to classify the world collection
according to several criteria. These include; phenology, flowering pattern, growth habit, pod and
seed characteristics, quality traits, resistance to discases and pests, and origin from diverse ecolog-
ical zones. These are well-defined groups that contain few or many desirable traits. This led to
the constitution of a working collection of a limited number of accessions that contain most of the
genetic diversity available in the entire collection.

The working collection includes widely used landraces, released cultivars, lines developed at
ICRISAT, disease-resistant accessions, insect-tolerant accessions, partially day-neutral genotypes,
accessions originating from arid areas, acid soils, and high altitudes, accessions with specific traits
(e.g., determinate flowering habit) or a combination of traits (e.g., mid-late maturing, determinate
with large and white seed). In addition, there are gene pools composed of several landraces.

Multilocational evaluations carried out in different regions have resulted in the identification
of several elite accessions. Analysis of such experiments along with agroclimatological consider-



110 P. REMANANDAN

ations of the sites has helped to improve the predictive value of the performance of a given
accession at a specific agroclimatic region or location. Some of the elite lines identified during
evaluation in Kenya were found to perform well in Venezuela (Figure 4.14). The working collection
includes several such accessions.

Other important constituents of the working collection are genetic stocks with such unique
traits such as dwarfs, markers (Figure 4.15), modified determinate flowering, modified flowers
(cleistogamous and/or wrapped flowers), mutants, and genetic male steriles.

The working collection is maintained at ICRISAT Center as a dynamic unit. Based on the
availability of new data this collection is frequently reviewed and reconstituted.

Figure 4.14. An elite pigeonpea line identified during evaluation trials in Kenya that was recently
found to be well-adapted to conditions in Venezuela.
Photo: 1CRISAT.

EXPLOITATION

The ultimate purpose of genetic resources activities is to support present and future crop improve-
ment work that aims to improve the productivity and quality of crops grown by farmers.
Pigeonpea improvement started in India in the 1920s. Many lines have since been developed



PIGEONPEA: GENETIC RESOURCES 111

and released, mainly through selections from landraces. Since 1972, ICRISAT has made considerable
efforts through its multidisciplinary approach to systematically improve pigeonpea and strengthen
national programmes by the free flow and exchange of germplasm and elite breeding lines, and
information exchange between ICRISAT and national centres. There has been a concerted effort
to mobilize, ¢valuate, and utilize germplasm by emploving conventional breeding procedures.
Between 1972 and 1989, a total of 54,042 germplasm samples were used by various disciplines
within ICRISAT and 33,316 germplasm samples were distributed to institutions in 97 countries.

However, the efforts to improve pigeonpea are yet to result in a substantial increase in total
production. While in experimental fields yields over 5.0 t ha™ have been demonstrated, the average
vield in farmers’ fields in India is only 830 kg ha' (Government of India, Ministry of Agriculture,
1985). Most of the world’s pigeonpea is produced in India, and Indian farmers continue to grow
traditional landraces in the majority of the pigeonpea-growing areas. The gap between present-day
farm yields and potentially attainable yield is incredibly wide. The reasons for this need to be
critically investigated. A major reason has been attributed to the limited use of available germplasm
(Ramanujam and Singh, 1981) but this is now being corrected (Lal et al., 1989). Intensive plant
breeding leads to a narrowing of the genetic base of a cultivar (de Wet, 1989), so many developed
lines do not have stability of yield across years, and have only a narrow range of adaptation. The
ability of cultivars to adapt to a wide range of agro-ecosystems thus needs to be strengthened by
enlarging their genetic base.

Landraces are endowed with enormous variation created through natural hybridization, muta-
tion, and selection by nature and man. The pigeonpea plant which probably evolved under severe
pressure for survival due to various biotic and abiotic stresses, has developed several adaptive
measures such as the ability to produce a huge biomass, prolong flowering, and over-produce

Figure 4.15. Retuse leaflet (recessive over normal) a genetic marker
in pigeonpea.
Photo: ICRISAT.
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flowers, etc. As a result the present-day pigeonpea landrace is a primitive crop with a low harvest
index and perennial habit, but with a wide range of adaptation and survival mechanisms due to
its broad genetic base. The plant, therefore, offers tremendous opportunity for genetic improve-
ment.

The potential for improvement certainly exists within the germplasm as evidenced by the yields
attained in experimental fields. The contribution of germplasm to crop improvement falls under
two major categories: direct use as released cultivars; or as a source for a specific character such
as a yield component, resistance to a biotic or abiotic stress, a quality trait, adaptation etc.

Many germplasm accessions have been directly released as cultivars. Almost all the breeding
lines and released cultivars are selections from traditional landraces (Chandra et al., 1983). Recently
ICP 7035, a field collection from India, was released for cultivation in Fiji. ICDP 8863, a wilt (Fusarium
udum)-resistant selection from ICRISAT, has been released in Karnataka, India, and the Government
of Malawi released 1CP 9145, a landrace from Kenya.

As source of specific traits, the pigeonpea germplasm offers a wide range of variation (Table
4.8) for practically all yield components, quality traits, and adaptation. This variability needs to
be utilized in crop improvement programmes (Paroda, 1989). Genetic male sterility is now available
in many converted germplasm lines, and many centres have begun using these in hybrid pigeonpea
breeding programmes (Lal ¢t al., 1989). The availability of multiple-disease resistance and insect
tolerance can substantially contribute to yield stability.

Characterization, followed by preliminary evaluation and further evaluation by multidisciplinary
teams has resulted in the identification of several desirable traits and their pattern of distribution
across the germplasm. We now have the world collection classified into well-defined groups with
several combinations of desirable traits. Imaginative use of these could result in a breakthrough
in pigeonpea improvement.

Table 4.8. Range of variability in the pigeonpea germplasm held in
ICRISAT gene bank.

Number of
Character Minimum Maximum observations'
50% flowering (days) 55.0 237.0 10 670
75% maturity (days) 97.0 299.0 10 649
Plant height (¢cm) 39.0 385.0 10 614
Primary branches (number) 2.0 66.0 7 900
Secondary branches (number) 0.3 145.3 7 878
Racemes (number) 6.0 915.0 7 900
Seeds pod'1 (number) 1.6 7.6 10 501
100-seed mass (g) 2.8 25.8 10 561
Harvestindex (%) 0.6 62.7 7 860
Shelling ratio (%) 5.3 87.5 7 847
Seed protein percentage (%) 12.4 29.5 10 259

1. This indicates the number of accessions on which a specific trait has
been measured.

FUTURE

The world collection conserved at ICRISAT has a fair representation from the primary and secondary
centres of origin and diversification. Gaps in the collection include India, Bangladesh, Indonesia,
Myanmar, the Philippines, and Uganda. Wild species from India and Australia need to be secured.
Based on new information, pointed collections may be required to secure specific traits.



PIGEONPEA: GENETIC RESOURCES 113

Characterization and preliminary evaluation of new accessions need to continue, and further
evaluation should be organized with multidisciplinary participation. Efforts to identify and purify
accessions with less sensitivity to photoperiod need to be further strengthened. Multidisciplinary
efforts should be organized to screen germplasm accessions against such complex phenomena as
flower drop, and tolerance to abiotic stresses. Based on new data, the distributional pattern of
different agronomic traits across the germplasm needs to be re-examined. Constitution of gene
pools for specific traits will enhance the utilization of a larger number of accessions. Existing gene
pools need to be reviewed, and large gene pools need to be constituted in close collaboration with
breeders.

The database has to be expanded, and statistical analysis will continue-resulting in review of
the existing classification and the constitution of working collections. The new advancements in
microcomputer-based data management systems and the availability of compact disc (CD) tech-
nology may allow us to shift our vast germplasm data and its management to microcomputers,
thus increasing the availability of a computer-based catalogue to users.
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