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Abstract
Heering, J.H., 1995. Botanical and agronomic evaluation of a collection of
Sesbania sesban and related perennial species. Doctoral thesis, Wageningen
Agricultural University, Wageningen, The Netherlands, x + 1 2 7 pp, English and
Dutch summaries.
The species Sesbania sesban has many attributes which make it attractive
as a multi purpose tree for different agricultural production systems. This thesis
focuses on the evaluation and classification of a S. sesban collection on
morphological,agronomic andnutritional characteristics. It provides information on
the chromosome numbers, breedingsystem and interspecific relations of S. sesban
and the related perennial species S. goetzei and S. keniensis. It also demonstrates
the multi disciplinary research approach which is required for the development of
multi purpose tree germplasm.
The three species have a chromosome number of 2n= 12 and are able to
produce viable seeds after interspecific hybridization. They are both self and cross
compatible, although outbreeding is thought to be the common method of
reproduction under natural conditions. The classification shows that the S. sesban
accessions inthe collection contain largevariation in morphological,agronomic and
nutritional characteristics. Through numeric analysis it is possible to identify
distinct groups of accessions within the collection. This group structure can be
used for the selection of accessions low in p o l y p h e n o l s and with a high
agronomic productivity.
The species is at the moment relatively underutilized and there seems to be
scope for a greater use of it, particularly in alley farming or for improved fallow. S.
sesban has definite potential for the highlands and could further be introduced to
the higher rainfall areas of the semi-arid zone and in some subhumid areas. It could
be very useful to reclaim some of the areas with saline and alkaline soils and could
also be grown in places prone to seasonal waterlogging and flooding.
The areas which require future research attention are among others, the
collection of germplasm,the identification of anti-nutritional factors andthe further
adjustment of the management techniques to the systems in which the species is
being used.
Key words: Sesbania sesban, Sesbania goetzei, Sesbania keniensis, agroforestry,
karyotypes, hybridization, reproductive biology, classification, morphology,
agronomy, fodder, seed production, HPLC fingerprints, p o l y p h e n o l s .
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General introduction

Chapter 1

General introduction
The use of tree legumes for livestock

Livestock and especially ruminants are an essential component of most of
the agricultural production systems in sub-Saharan Africa. The productivity and
sustainability of the livestock industry is influenced by technical and socioeconomic factors. One of the major constraints to increasing livestock productivity
in this region is the feed supply, followed by animal health and management
practices (Winrock, 1992). In the drier areas, the quantity of natural forages is
often insufficient, whereas in the wetter areas the feed supplies are usually ample
but their protein and energy concentrations are low and they are therefore of poor
quality. In both areas feed shortages and nutrient deficiencies occur mainly in the
dry season.
The increased utilization of leguminous and other tree and shrub species, fed
as a high quality supplement to the low quality natural pastures and crop residues,
has been recognized as one of the means of improving the forage supplies to
ruminants in pastoral and crop-livestock systems. Although awide range of shrubs
and trees has been identified as suitable for feeding ruminant animals inthe tropics
(Le Houérou, 1980; Topark-Ngarm, 1990) special attention has been given to
leguminous species (Brewbaker, 1986; 1989). There are many reasons for the
interest inthe use of tree legumes in animal agroforestry. The possession of a long
tap root enables the trees and shrubs to provide high quality green foliage even
during most part of the dry season and once established, recycle plant nutrients
from depths inaccessible to crops and pastures. Leguminous tree species can
improve soil fertility through nitrogen accumulation and help prevent soil erosion.
As well as providing forage they can also be an important source of fuelwood, a
commodity which is often in short supply especially in the areas with high
population density.
Most research on leguminous trees has been confined to the t w o species
Leucaena leucocephala and Gliricidia sepium, which are used to a large extent in
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alley cropping systems in the humid zone of sub-Saharan Africa (Atta-Krah and
Kolawole, 1987; Atta-Krah and Sumberg, 1988). Leucaena is however less
adapted to acid soils and to the arid and highland zones (Jones, 1979), whereas
the introduction and use of Gliricidia is limited by palatability problems (Simons and
Stewart, 1994). Several other species are therefore being evaluated for use under
these agro-ecological conditions. The infestation of L. leucocephala with a sap
sucking psyllid Heteropsylla cubana which caused considerable reductions in yield
and in some cases even severe mortality of the trees, has stimulated a further
effort to obtain species diversification (MacDicken, 1990).

Multipurpose tree selection and evaluation

There are several desirable agronomic characteristics of shrubs and tree
species that are relevant to their potential as livestock forage in agroforestry
systems. The trees should produce high yields of edible material, which is of good
quality in terms of protein and mineral concentration, palatability and digestibility
and remain productive under repeated cutting or grazing.They should be relatively
easy to establish, exhibit a rapid early growth and show good competitive ability
against weeds. They should also have adeep rooting system with efficient nutrient
uptake abilities and be resistant to local pests and diseases. Finally, they should
have an adequate seed production or be easily vegetatively propagated.
At present the selection of suitable multipurpose tree germplasm for a
particular use in agroforestry systems has mainly been at species level. Experience
with Leucaena leucocephala however, showed the large genetic diversity that
exists within a species and the high gain that is potentially available when
evaluation trials with different accessions or provenances are carried out (Bray,
1994). The basis of a forage development program therefore should be a wide
range of germplasm to be used for the selection and evaluation of promising
material. The plant genetic resources centres collect or acquire, characterize,
evaluate, maintain and disseminate plant germplasm which is adapted to the
various environments and ecosystems that are encountered and can provide the
basic material for selection and or breeding (Maclvor and Bray, 1983)

General introduction

Genetic resources information and documentation

The usefulness of such germplasm collections for researchers and breeders
is largely determined by adequate and relevant documentation and information
about the material it contains (IPGRI, 1993) and on a proper taxonomie
identification. The need for proper documentation on germplasm collections has
been outlined in several publications (Engels, 1986; Stalker and Chapman, 1989).
IPGRI now uses the following definitions in genetic resources documentation for
collection, characterization and evaluation:
1. Passport data (identifiers and information recorded by collectors);
2. Characterization (consists of recording those characters which are highly
heritable, can be easily seen by the eye and are expressed in all environments);
3. Preliminary evaluation (consists of recording alimited number of additional traits
thought desirable by a consensus of users of a particular crop);
4. Further evaluation (consists of recording a number of additional descriptors
thought to be useful in crop improvement).
The data obtained from the characterization and preliminary evaluation from
large groups of accessions are frequently subjected to numerical analysis to
understand the variation within that particular collection. In the maintenance and
use of large genetic resources collections some group structure is required so that
decisions can be made regarding the selection of material for evaluation, seed
multiplication and breeding. Although general descriptors of growth form are
available for most of the multi purpose tree species, there is often inadequate
information at the provenance level (Huxley, 1984).
In order to develop proper seed multiplication techniques to maintain the
genetic integrity in germplasm collections information on the cytogenetics, on
interspecific relations, and on the breeding system is essential. For many species
however, this information is lacking and this is a major constraint to the provision
of forage and multipurpose tree germplasm. Finally, information on the seed
production capacity of a species and a sufficient supply of seeds is essential for
its development and future utilization (Hopkinson and Eagles, 1980).

6

Chapter 1

General objectives and outline of the study

The overall objective of the present study was to provide some of the above
mentioned information which is required for the development of the multipurpose
tree species Sesbania sesban. The evaluation of the potential of multipurpose tree
genetic resources requires a broad based multi disciplinary approach. This study
ranging from the cytology and reproductive biology,

the morphological and

agronomic classification and to the in vitro characterization of chemical properties
of S. sesban is aimed to exemplify such an approach.
A description of the multipurpose tree species S. sesban its utilization and
properties isgiven in Chapter 2. Chapter 3 delineates the cytology and interspecific
relations of S. sesban with t w o other perennial species which might have some
potential as aforage resource, S. goetzei and S. keniensis. In Chapter 4 the flower
biology of these three species is presented. Chapter 5 deals with the evaluation of
six selected accessions with regard to seed, wood and forage production under
t w o different cutting heights and frequencies. Chapters 6, 7 and 8 report on the
characterization of a large S. sesban germplasm collection in terms of
morphological

attributes

and their

relation with

taxonomy,

agronomic

characteristics, polyphenolic concentration and HPLC fingerprints. Chapter 9 gives
a general discussion.
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Sesbania sesban
Introduction

Some of the perennial Sesbania species have considerable potential for use
in agroforestry as they show a rapid early growth, grow under various ecological
conditions and do not require difficult management procedures. In Africa, most of
the

collection

and

evaluation studies

that

have been carried out so
far were focused on S.
sesban. Five varieties of
S. sesban are recognized
botanically, but it is not
clear whether there is a
relationship

between

botanical differences and
their agricultural value. S.
sesban var. nubica Chiov.
is

the

most

distributed

widely

variety

in

S. sesban var. nubica
— — — S. sesban var. sesban
S. sesban var. zambesiaca
+ — +• — S. sesban subsp. punctata
• + T ,. t S. goetzei
.— .

S. keniansis

Africa (Figure 2.1). The
varieties

sesban

and

bicolor Wight & Arnot are
very similar except for
their flower colour. These
three varieties have been
noted

for

their

rapid

growth and high yields.

Fig. 2 . 1 . Distribution of three perennial Sesbania species in

The other lesser known

Africa {after Gillett, 1963; 1971; Evans, 1990).
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varieties arevar. zambesiaca Gillett, which in the most recent review of the genus
was considered to be synonymous with var. nubica (Lewis, 1988) and subspp.
punctata (DC.) Gillett. Very little is known about the properties of the related
species S. goetzei and S. keniensis which are also native to Africa and could have
potential for use in agroforestry. This section will therefore mainly concentrate on
the species S. sesban with particular emphasis on its environmental adaptation and
utilization.

Ecology

S. sesban can be found in areas with a semi-arid to subhumid climate, with
a rainfall between 500-2000 mm per year. In the regions with low precipitation
however, they occur primarily on poorly drained soils which are subjected to
periodic waterlogging or flooding. Because of its good tolerance to low
temperatures (but no frost!) it can be grown up to an altitude of 2300 m.
S. sesban is adapted to awide variety of soil types, ranging from loose sandy soils
to heavy clays. It has an excellent tolerance to waterlogging and flooding (Shelton,
1994). The only experiments that have been carried out with regard to its nutrient
requirements, studied the effects of phosphorus application which in most cases
had a positive effect on growth and nodulation (Dutt and Pathania, 1984; Siaw et
al., 1993).
It is particular tolerant to both salinity and alkalinity. Ghai et al. (1985)
reported that seeds of S. aegyptica (Syn. S. sesban) showed no reduction in
germination up to an electrical conductivity level of 11 mmhos/cm ( 0 . 7 % salt
concentration) beyond which there was a drastic reduction to 6 7 % and 2 5 %
germination at EC 15 and 18 mmhos/cm respectively. Hussain (1990) reported that
S. sesban tolerated salt concentrations from 0.4-1.0% at seedling stage and from
0.9-1.4% as it reached maturity. In a trial by Hansen and Munns (1985) it was
demonstrated that the plants are less sensitive to salinity after germination and
seedlings could tolerate NaCIconcentrations of 10OmM with only aslight reduction
in growth. The germination of seeds was positively effected under alkaline
conditions up to pH 9.0, with only a small reduction in germination at pH 10.0.

Sesbania sesban
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Beyond this pH levelthe germination was decreased aswell asdelayed (Ghai
et al., 1985). Kumar (1983) revealed that S. sesban could even grow at pH 9.9,
although the yields at 104 days after germination were reduced by 8 2 % when
compared to the control trees which were grown at pH 7.6. At pH levels 9.4 and
9.6 the reductions in forage yield were 19% and 6 0 % as compared to the control.
Little is known about the adaptation of S. sesban to acid soils, though a screening
trial by Mugwira and Haque (1993) showed that some accessions yielded
reasonably well when grown in a clay loam soil with pH 4 . 1 .

Nutritive value

The leaves of S. sesban are high in protein, ranging in general between 202 5 % of the dry matter (Table 2.1).

Table 2 . 1 . Chemical composition (g/kg DM) of foliage from S. sesban.
crude
protein

fat

ash

264

68

213

88

306

53

103

265

9

100

260

26

76

156-287*
152
213
201-275**

crude
protein

ADF

lignin

169

30

387
369
272
122
144
113-286

16

86

8-53
353

80

219

153

84-142

160-295

136-188

35-54

174-249

40-84

263-401

244-300***
194

NDF

75

36

329

* range of 6 accessions
** range of 12 accessions
*** range of 11 accessions
+ References: 1. Akkasaeng et al. (1989); 2. Brown et al. (1987); 3. Gohl
(1981); 4.ILCA (1989); 5.Lampreyet al. (1980); 6.Norton (1994)7.Nsahlai
et al. (1994); 8.Siaw et al. (1993); 9. Singh et al. (1980).

reference+

M
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The in vitro dry matter digestibility often exceeds 6 5 % because of a
relatively low fibre content. The phosphorus and calcium concentrations in the
edible portion are in general adequate for animal nutrition (Table 2.2). All the above
mentioned properties indicate the potential of this species as a high quality fodder
source. Anti-nutritional factors such as polyphenols and saponins might have an
adverse effect on its nutritional value, but their role is not clearly understood.

Table 2.2. Mineral concentration (g/kg DM) in the foliage of S. sesban.
N

S

42.2
48.9
42.4
41.6
16.0
39-48*
31.0

2 7

P

Ca

K

Na

reference+
1
2
3
3

2.4
3.3
4.3
2.7
2.8
2 .4-4
0.9

0

21.5
27.8
11.1
22.1
8 .0-12 7
14.2
14.2

18.4
21.9-25.5

0.7

4
5
6

* range of 11accessions.
+References: 1.Ahn et al. (1989); 2.Brown et al. (1987); 3.Gohl (1981);
4. Lamprey et al. (1980); 5.Siaw et al. (1993); 6. Singh et al. (1980).

No acute toxicity has been reported when the foliage was either fed as a
supplement to sheep (Reed et al., 1990), as a sole feed to goats (Singh et al.,
1980) or grazed by heifer cattle (Gutteridge and Shelton, 1991). When fed to non
ruminant animals (especially chicks) however, there were reports of high mortality
(Topark-Ngarm and Gutteridge, 1990). In conclusion it can be said that the most
efficient and safest means of using S. sesban foliage is as a supplement to low
quality roughages for ruminants.

Soil improvement

S. sesban has also been used to some extent as a green manure in alley
cropping systems. The incorporation of its foliage to the soil has contributed to an
increase in productivity of several crops. Weerakoon (1990) obtained a rice grain

Sesbania sesban

yield of 3.9 t/ha after the incorporation of 4 . 4 1 DM/ha of green manure, compared
to 1.9 and 4.4 t/ha of grain for the control and 96 kg N fertilizer applied per ha
respectively. It was further stated that its decomposition is fast with 71% of the
leaf material decomposed after 14 days.
Onim et al. (1990) found that the incorporation of up to 13 t DM/ha of S.
sesban mulch (adding 448 kg N/ha/year) improved the soils nutrient status
considerably and thus gave a significant increase in the yield of maize and beans
with residual effects lasting up to 3 years.

Establishment

S. sesban is normally propagated from seeds although research suggested
that it can be established from stem cuttings (Evans and Macklin, 1990) and by
tissue culture (Hanson, 1993; Zhao et al., 1993). Scarification of the seeds is
usually recommended to ensure auniform germination. The seedlings will normally
form root nodules with native rhizobia within 3-4 weeks after planting. Where the
effective rhizobia are absent and effective nodulation does not take place
inoculation with an appropriate Bradyrhizobium strain is necessary. Work by
Masafu, cited by Dart (1994) has demonstrated that S.sesban accessions respond
differently to particular rhizobium strains in terms of the effectiveness of the
symbiosis.
S. sesban grows rapidly and normally flowers and produces ripe pods within
the first year after planting. Flowering was found to be independent of day length
over the range of 11-13 hr, but was inhibited by warm temperatures of 33 °C by
day and 28 °C by night (Sedi and Humphreys, 1992).
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Karyotype analysis and interspecific hybridization in three perennial
Sesbania species(Leguminosae)
Abstract

The somatic chromosome number in Sesbania sesban var nubica, S. goetzei
and S. keniensis (Leguminosae; Papilionoideae) was found to be 2n = 12. These
findings were in agreement with earlier reports on S. sesban and S. keniensis. The
chromosome number 2n= 12 is a new record for S. goetzei. Similarities in
karyotypes were found in the three species. All species had one pair of long
metacentric chromosomes; the second pair was submedian, followed by four
smaller pairs of metacentric chromosomes. Nucleolar organiser regions inthe form
of satellites were found on the short arm of the fourth chromosome pair in S.
sesban and S. keniensis. Interspecific crosses in all possible combinations were
carried out, resulting in pod and viable seed formation for the crosses S. sesban x
S. goetzei, S. sesban x S. keniensis, S. goetzei x S. sesban and S. goetzei x S.
keniensis.

The t w o crosses with S. keniensis as a female parent were

unsuccessful. The hybrid plants established normally and produced viable seeds.

Introduction
The genus Sesbania Scop. [Leguminosae) encompasses about 50 species,
the majority of them being annuals,distributed inthe tropics and sub tropics. They
provide several products such asruminant fodder, fuelwood,construction material,
green manure and human food. Although the annual species have received some
attention, recent research has focused on the perennial species.
Of the three species under study, S. sesban var nubica is the most widely
distributed occurring in most of Africa (excluding the countries west of Nigeria)
over a broad range of altitudes (100 - 2200 m) and annual rainfall (500 - 1500
mm). It is found near streams, on borders of fresh water lakes and in areas with
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a high and frequent rainfall. S. goetzei grows in Kenya, Tanzania, Ethiopia and
North East Zambia in areas at altitudes ranging from 900 - 1900 m and with an
annual rainfall between 500 - 1000 mm. It grows on land liable to flooding and
close to alkaline lakes. S. keniensis occurs at higher altitudes (1200 - 2400 m) in
areas with annual rainfall between 700 - 1100 mm. It has the same habitat as S.
sesban (Gillett, 1963, 1 9 7 1 ; Russell-Smith, 1987).
Cytological studies in perennial Sesbania species have concentrated on S.
sesban (L) Merr. (= S. aegyptiaca Poir.) with 2n= 12 reported by many workers.
Several authors however, found a variation in the haploid chromosome number
with n= 6, 7, 8, 12 and 14 reported for the different varieties of S. sesban (Table
3.1). For S. keniensis Gillett, a somatic chromosome number of 2n= 12 was
reported by Gillett (1963). No reports were found for S. goetzei Harms. The
chromosome morphology of S.sesban (L.) Merr. varnubica Chiov. and S. keniensis
Gillett has not been reported and the chromosome number in S. goetzei Harms has
not beendetermined. Hencethe karyotypes and phylogenetic relationships of these
three species were studied.
Agronomic evaluation at the International Livestock Centre for Africa (ILCA)
has shown considerable variation within and between species in vigour, growth
form, productivity, coppicing ability and resistance to nematodes and beetles
(Mesoplatys ochroptera). Differences were also observed in nutritive value, protein
and polyphenolic content (Siaw et al., 1993). The presence of polyphenols
compounds at a high level can reduce the intake and digestibility of forages.
Selection and evaluation has therefore beenfocused towards accessions with high
agronomic productivity and low anti-nutritional compounds. The possibilities for
plant breeding in Sesbania aimed at exploiting genetic differences by combining
useful traits and broadeningthe genetic variation have hardly been examined. Few
unsuccessful attempts at artificial hybridization have been made in annual species
of Sesbania (Datta and Sen, 1960; Datta and Bagchi, 1971). These attempts of
interspecific hybridization were mainly carried out with species which differed in
chromosome numbers. In the present study interspecific crosses in all possible
combinations were attempted.
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Table 3 . 1 . Previous investigations on the chromosome numbers in S. sesban and
S. keniensis.
Species

Origin

S.aegyptiaca Pers.

India
India
India
Vietnam
India

S. aegyptiaca Poir.
S. sesban
S. sesban(L)
S. sesban Mill.
S. sesban (L)Merr.
(yellow flowered)
(purple flowered)

varbicolor (Wtand
Arn)FWAndr.

6

var picta Santapau

(yellow)
S.keniensis Gillett

12
12

Hague, 1946;Rao, 1946
Sampath,1947
Sarkaret al. ,1978
Tixier,1965
Baquar et al., 1965

12
6

Java
India
Java
India
India
India
Iraq

6
6
6
6

Nigeria
India

7,8
6,7 12

12
12
12
12
12
12
12

Lubis et al., 1981
Datta&Neogi,1970
Tjio,1948
Berger et al., 1958
Jacob,1941
Jacob,1941
Jacob,1941
AlMayah &AlShehbaz,
1977
Gill &Husaini,1985
Biret al., 1975

12

Sareen&Trehan,1979;
Parihar &Zadoo, 1987a
Parihar &Zadoo, 1987b
Baquar &Akhtar,1968
Baquar &Akhtar,1968

12

Gillett, 1963,-Goldblatt &
Davidse,1977
Gillett,1963
Bir &Sidhu,1966, 1967;
Parihar &Zadoo, 1987b
Bir et al., 1975

India
6
W Pakistan 6,7
W Pakistan 6,7,8
Kenya
NRhodesia
India
India

var sesbanLinn.

Authority

7

India

var concolor
(WandA)Baguar
var nubica Chiov.

2n

12
6
6,7,8,
14

India
India
7,8
India
India
6
W Pakistan 6,7,8

12

Sareen &Trehan,1979
Biret al., 1975
Sareen&Trehan,1979
Parihar &Zadoo, 1987b
Baquar &Akhtar,1968

12

Gillett,1963

12

Materials and Methods

Cytology
Sesbania germplasm was obtained from the ILCA genebank. S. sesban
accession ILCA 15019, collected in Zaire; S. goetzei ILCA 1278 originating from
Kenya and S. keniensis ILCA 13092 from Tanzania were used in this experiment.
Young and healthy root tips were taken from young plants that had been
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germinated in pots. The root tips were pre-treated for 3-4 hours in a 0.003M
8-hydroxyquinoline solution at room temperature, washed with distilled water and
fixed in 3:1 absolute ethyl alcohol :glacial acetic acid overnight. The root tips were
hydrolysed for 6 minutes in 1M HCl at 60°C, washed with distilled water and
stained in Feulgen's solution for 1-2 hours. Stained tips were squashed in a drop
of 1 % acetocarmine. Chromosome counts were made of 20 plants per species.
Cells with a good spread of chromosomes during mitosis were photographed and
prints were enlarged to a magnification of 3000 times. Karyotypes of the species
were made by cutting out individual chromosomes and arranging them in
homologous pairs in descending order of their length and arm ratio. The
chromosomes were classed by the arm ratio (long arm / short arm) as median =
1.00-1.63 and sub median = 1.64-4.26 as suggested by Levan et ai. (1965) and
refined by Adhikary (1974). The relative length of chromosomes was calculated by
dividing the length of each chromosome by the mean length of all chromosomes
in the complement.

Hybridization
Different accessions of S. sesban, S. goetzei and S. keniensis were grown
in separate plots at the ILCA seed multiplication site at Zwai in the Rift Valley of
Ethiopia. Flowers were emasculated at the bud stage, labelled and bagged with
polypropylene pollination bags. The next morning the emasculated flowers were
pollinated with fresh pollen from the desired parent. One week after pollination the
bags were opened and the number of pods formed was recorded. Pods were
checked regularly until they were harvested at maturity when they were opened
and the fate of each ovule was recorded. Three categories were recognised:
ovules which showed no sign of development, seeds that had started to develop
but failed to complete full development and fully formed seeds. The full seeds
when obtained were weighed. The results were compared with the seed formation
and seed weights in pods taken randomly after selfing the female parent plants.
The full seeds were then germinated on agar, planted in pots andtransferred to the
field. Ripe pods produced from the hybrids of S. sesban x S. goetzei, S. sesban x
S. keniensis, S. goetzei x S. sesban and S. goetzei x S. keniensis were harvested
and the seeds formed were tested for germination. The germination test was
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carried out with four replicates of 50 seeds on top of filter paper in petri dishes at
alternating temperatures of 20 and 30 °C.
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Fig. 3 . 1 . Metaphase complement of Sesbania sesban (a), S. goetzei (b) and S.
keniensis (c) with 2n = 12.

Results

Cytology
All three species under study were diploids and their somatic complement
was composed of 12 chromosomes (Figure 3.1 and 3.2).
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The longest chromosome pair of the complement was about double the size
of the shortest pair (2.0, 1.8 and 2.0 times longer for S. sesban, S. goetzei and S.
keniensis respectively). The first pair was much longer than the other pairs and
was metacentric, the second pair was sub median and the other four pairs were
metacentric for all three species. Two of these four pairs of short chromosomes
were almost of uniform length, and hence, indistinguishable from one another.
Nucleolar organisers in the form of satellites were found on the short arm of the
fourth chromosome pair in S. sesban and S. keniensis (Table 3.2).
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Fig. 3.2. Karyotype of Sesbania sesban (a), S. goetzei (b) and S. keniensis (c).
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Table 3.2. Chromosome length in //m of the three investigated species (m
number of metaphases measured).

Chromosome pair

Species
1
mean

S.sesban

2

3

4

5 and 6

SE

mean

SE

mean

SE

mean

SE

mean

SE

(m= 3)

long arm

2.53

0.17

1.94

0.13

1.50

0.09

1.35

0.09

1.22

0.07

short arm

1.73

0.11

1.12

0.08

1.25

0.07

1.14

0.07

1.00

0.06

0.53

0.03

3.02

0.19

2.22

0.13

satellite
total

4.26

arm ratio

1.46

1.73

1.20

1.18

1.22

rel length

1.46

1.05

0.94

1.03

0.76

S.goetzei

0.28

3.06

0.21

2.75

0.16

(m =8)

long arm

3.20

0.17

2.84

0.11

1.94

0.07

1.85

0.06

1.66

0.05

short arm

2.31

0.11

1.43

0.05

1.73

0.04

1.57

0.05

1.44

0.05

0.28

4.27

0.16

3.67

0.11

3.42

0.11

3.10

0.10

satellite
total

5.51

arm ratio

1.39

1.99

1.12

1.18

1.15

rel length

1.43

1.11

0.95

0.89

0.81

S.keniensis

(m=10)

long arm

2.80

0.08

2.20

0.07

1.53

0.03

1.46

0.04

1.34

0.05

short arm

1.87

0.07

1.27

0.03

1.40

0.03

1.25

0.04

1.16

0.04

0.62

0.08

3.33

0.16

2.50

0.08

satellite
total

4.67

arm ratio

1.50

1.73

1.09

1.17

1.16

rel length

1.45

1.07

0.90

1.03

0.77

0.15

3.47

0.10

2.93

0.06

Hybridization
The crossing of S. sesban x S. goetzei and S. sesban x S. keniensis resulted
in a 1 0 % and 1 2 % pod production (Table 3.3). Similarly, the S. goetzei x S.
sesban and S. goetzei x S. keniensis cross yielded a 8% and 9% pod production.
The S. keniensis x S. sesban cross was carried out with 86 flowers and the S.
keniensis x S. goetzei cross with 83 flowers, of which no pods were produced.
The final number of pods produced is significantly lower (P<0.05) in the
interspecific crosses and the percentage of pods that dropped is in all cases hioher
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than in the selfed parents, with the exception of the S. sesban x S. keniensis
cross.
The average number of non developed ovules was higher in all four crosses
that produced pods than inthe selfed parents (Table 3.3). The same applied for the
average number of partly developed ovules which were, except for the S. sesban
x S. keniensis cross, higher compared with their selfed parents. The average
number of fully formed seeds per pod was lower than after selfing in all crosses.
The calculated 100 seed weights were lower than those produced after selfing for
all the crosses.

Table 3.3. The pollination results,seed formation per pod and hundred seed weight
of the selfed parents and their interspecific crosses.

Parents

No. of
flowers
pollinated

No. of
pods
set

Final no.
of pods
produced

No. of

No. of

NDOVpod

PDOVpod

mean

mean

SE

No. o£
full
seeds/pod

100 seed
weight
(g)

SE
mean

SE

1.6
2.4
2.2

0.69
0.49
0.40

S.sesban x
S.sesban
75
S.goetzei
82
S.keniensis
60
Chi-squared prob.

25
14
8

18
8
7
P<0.05

10.6
12.1
13.4

1.2
3.0
2.0

2.2
12.7
1.4

0.5
4.4
0.8

23.4
11.8
12.9

15
4

7.4
11.6

1.1
3.1

3.1

0.6
3.1

28.6
0.4

1.6
0.3

1.07

20.4

5
P<0.05

8.0

1.6

14.0

6.6

19.3

9.6

0.81

15
0
0

4.7

1.2

5.3

0.8

25.3

1.5

0.97

"

"

"

"

"

"

S.goetzei x
S.goetzei
S.sesban

GO
52

S.keniensis
58
Chi-squared prob.
S.keniensis x
S.keniensis
S.sesban
S.goetzei

74
86
83

28
10
12

23
0
0

-

"

a)NDO = nondevelopedovules
b)PDO = partlydevelopedovules

The germination percentages of the fully developed seeds were 1 0 0 % for
the S. sesban x S. goetzei cross; 7 3 % for the S. sesban x S. keniensis cross and
8 4 % for the S. goetzei x S. keniensis cross. The S. goetzei x S. sesban cross
yielded four mature pods, but only 2 full developed seeds were found of which one
germinated. The young hybrid plantlets were transplanted to pots and after
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establishment transferred to the field where they developed normally. All hybrids
reached maturity and produced pods. The mean germination percentage of seeds
from the S. sesban x S. keniensis F1 hybrid was 9 1 % ; for the S. sesban x S.
goetzei hybrid seeds 8 6 % ; for the S. goetzei x S. sesban hybrid seeds 9 9 % and
also 9 9 % for the S. goetzei x S. keniensis seeds. In each of the above cases, the
random variation was within the tolerance limits given by Ellis e r a / . (1985). This
indicates that the estimates can be treated as reliable.

Discussion

The somatic chromosome number of 2n= 12 as found in the study for S.
sesban var nubica and S. keniensis is in agreement with earlier reports on these
species (Gillett, 1963; Goldblatt and Davidse, 1977). The chromosome number of
2n = 12 is a new report for S. goetzei. The results in the present study confirm the
opinion that the base number of the genus is x= 6.
In the karyotypic study of S. sesban var. nubica nucleolar organisers were
found on the short arm of the fourth homogenous pair. This finding is in line with
earlier reports (Datta and Neogi, 1970; Sareen and Trehan, 1979; Parihar and
Zadoo, 1987a) as far as the number is concerned, but differs inthe position of the
nucleolar organiser. The first t w o publications report a nucleolar organiser in the
form of secondary constrictions in the longest pair of chromosomes, whereas the
latter authors observed satellites inthe fifth pair in homologues. Lubis era/. (1981 )
however, found t w o pairs of chromosomes with satellites and Jacob (1941)
reported as many as three pairs of nucleolar chromosomes in S. sesban.
Observing the karyotype of the three species in this study it can be
concluded that the general morphology of the complements is comparable. This
suggested that hybridization between these species may be possible. Datta and
Sen (1960) unsuccessfully crossed S. aculeata (4n race) with S. speciosa (2n race)
and attributed the main cause of seed failure as due to the genomic differences of
the t w o species. Similarly Datta and Ghoshal (in Datta and Bagchi, 1971) crossed
S. sesban (2n) with S. speciosa (2n) resulting in non viable seed formation and S.
sesban (2n) with S. aculeata (4n) which resulted in no pod formation. They stated
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that the diploid species were phylogenetically wide apart resulting in seed lethality
in the former cross and that the quantitative and qualitative imbalances between
the genomes led to seed failure in the latter experiment. Datta and Bagchi (1971)
gave the same reason for the failure of pod production after crossing S.
benthamiana (4n) with S.brachycarpa (probably 2n).The interspecific hybridization
in this study resulted in pod and viable seed formation for the crosses S. sesban
x S. goetzei, S. sesban x S. keniensis, S. goetzei x S. sesban and S. goetzei x S.
keniensis. No pods were produced in those crosses where S. keniensis was the
female parent. Inthese crosses the flowers would wilt and drop within one or t w o
days after pollination. No explanation can be given for this.
The results from both the karyotype analyses and the hybridization
experiment lead to the conclusion that the three species under study are
phylogenetically closely related. There is an overlap in the distribution of these
three species which indicates the possibility that natural hybrids may occur.
However, there have been few reports on the existence of natural hybrids. Lewis
(1988) in his review of the genus Sesbania stated that it seemed possible that
interspecific hybrids could be common. Further studies on herbarium specimens
and germplasm collected from areas where these species naturally grow together
are needed to identify natural hybrids.
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The reproductive biology of three perennial Sesbania species
(Leguminosae)
Abstract

The reproductive biology of Sesbania sesban, S. goetzei and S. keniensis
(Leguminosae; Papilionoideae) was studied. Fifty percent flowering was observed
at 102 to 153 days after germination for S. sesban accessions; 96 to 146 days for
S. goetzei and 131 to 176 days for S. keniensis accessions. Flowers opened in the
afternoon and remained fresh for 2 - 3 days. Bee species including Xylocopa sp.,
Apis mellifera, Megachile bituberculata and Chalicodoma sp. visited the flowers.
Hand pollination experiments showed that all three species were self compatible.
S. sesban and 5. goetzei were also cross compatible. The percentage of fully
developed seeds was greater in pods formed after cross pollination compared to
self pollination. No evidence was found for stigmatic or stylar self incompatibility.
Outcrossing is probably the common method of reproduction under natural
conditions, although in isolated trees substantial seed set by selfing might occur.
Pod production under natural conditions was 3 4 % for S. sesban; 4 9 % for S.
goetzei and 3 9 % for S. keniensis. Considerable variation was found in pod
production under open pollination between accessions of the same species.
Selective abortion was observed within pods, with more mature seeds formed at
the distal end of the pod.

Introduction

Knowledge of the pollination biology and breeding system is essential to
determine patterns of geneflow and genetic recombination within and between
populations. It is important to know whether a species is self or cross pollinated
as to determine the appropriate sampling procedure to collect the maximum
amount of genetic variation within a limited number of samples during plant
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collection. This information is also required to ensure that the characteristics of an
accession are reproduced as exactly as possible during multiplication and
regeneration for genetic resources conservation. The Forage Genetic Resources
Section of the International Livestock Centre for Africa (ILCA) maintains a large
Sesbania collection consisting of 400 accessions of 24 species. However,
information on reproductive biology of this multipurpose tree is very limited
(Brewbaker, 1990). Perennial Sesbania species are used in various agroforestry
systems around the world. The value of these species as a multipurpose tree in
agricultural systems for use as alivestock fodder, fuelwood and green manure has
recently beenemphasised (Evans and Rotar, 1987; Macklin and Evans, 1990). This
study aimed to provide some basic information on the reproductive biology in
three perennial Sesbania species, Sesbania sesban (L) Merr., S. goetzei Harms and
S. keniensis Gillett.

Materials and Methods

Five accessions of Sesbania sesban, three of S. goetzei and t w o of S.
keniensis were grown in separate plots at the Zwai seed multiplication site of ILCA
in the Rift Valley of Ethiopia. Dates to 5 0 % flowering were recorded. Individual
flowers were tagged and examined to record development. The time of day when
the flowers opened and time of pollen release were determined. Insect activity was
observed and insects visiting the flowers were identified.The breeding system was
examined by cross pollinating and selfing flowers from which insects had been
excluded by polyethylene pollination bags. The flowers used for cross pollination
were emasculated at the bud stage and pollinated the next day. Some flowers
were bagged and left untouched while control flowers were left untouched but
without bags. Self pollination was done bytripping the flowersjust before opening.
The number of pods formed was recorded. After ripening the pods were
opened and the fate of each ovule, numbered from the proximal to the distal end
was determined. Three categories of development were recognised as ovules
which showed no sign of development, seed that had started to develop but
aborted and fully formed seed.

Reproductive biology

Fertilization was estimated by both pod set and examining styles under the
fluorescence microscope. Styles and stigmas of self and cross pollinated flowers
were collected between 12 and 24 hours after pollination and examined for
compatibility. The styles and stigmas were fixed in absolute ethyl-alcohohacetic
acid (3:1) solution for 24 hours, softened in 4 M sodium hydroxide overnight and
stained in a 0 . 1 % solution of water-soluble aniline blue dye dissolved in 0.1 M
tri-basic potassium phosphate for 4 hours. The squashed stigma and styles were
examined under ultra violet light (Martin, 1959).

Results

Fifty percent of the trees of the S. sesban accessions started flowering after
102 days from germination for the first accession and 153 days for the last (mean
= 125). For S. goetzei flowering started between 96 and 146 days (mean = 115)
and for S. keniensis the first accession flowered after 131 days and the second
after 176 days. It took on average 7 days for a pin head size bud ( ± 3 mm) of S.
sesban to develop into an open flower. For S. groefze/this took 8 days and for S.
keniensis 10 days. The flowers were arranged in axillary racemes, which were 3
to 20 flowered in S. sesban; 2 to 4 flowered in S. goetzei and 1 to 2 flowered in
S. keniensis. Flowering in these racemes is indeterminate.
Flowers open mainly in the afternoon and remain fresh for 2 to 3 days, after
which the petals wither and the flowers either drop or the ovary enlarges and
develops into a pod. The development of the ovary into aripe pod took on average
63 days for S. sesban; 90 days for S. goetzei and 73 days for S. keniensis.
Abortion of set pods occurs mainly when they are young. After maturity the pods
split along the sutures and the seeds are released by gravity.
Sesbania has nine fused staminal filaments (diadelphous) and one upper
stamen which is free. Long and short filaments alternate so that the anthers fit
tightly around the stigma in a double ring. The style and stigma are glabrous in S.
keniensis. However, in some accessions of S. sesban and S. goetzei the style is
pubescent. The anthers dehisce and release their pollen in a lethargic way a day
before the flower opens. When examining buds in the late bud stage the highest
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percentage of dehisced anthers was found in the afternoon. At this stage the
stigma is already shiny and appears to be receptive. Examination of these buds
under fluorescent microscopy showed in a few cases that pollen had already
germinated on the stigma and had penetrated the style before the flower had been
open for pollination. Some flower buds were found to be infested with fly larvae
(Chloropidae) which were damaging the anthers.
Sesbania flowers at Zwai were visited by a variety of bees. The carpenter
bees Xylocopa

flavorufa kristenseni

Friese and Xylocopa somalica

Magretti

contribute to pollination because they are large enough to force the keel down and
enable tripping. Honey bees {Apis mellifera), mason bees (Megachile

bituberculata

Smith) and leaf cutter bees (Chalicodoma sp.) were also frequent visitors to the
Sesbania flowers. Occasionally bees were observed piercing the calyx in order to
rob the nectar which does not lead to tripping.
In S. keniensis no pods were formed after bagging without tripping (Table
4.1). Pod formation after emasculation and hand pollination was poor in this
species, both after self and cross pollination.Theflowers drop early in many cases,
even before anthesis is completed. Fluorescent microscopy showed a normal
germination of pollen grains and a similar growth of the pollen tubes through
stigma and style in both self and cross pollinated flowers of the three species.

Table 4 . 1 . Podproduction of flowers of S. sesban, S.goetzei and S. keniensis after
self and cross pollination.

Treatment

Natural conditions
(control)
Flowers tripped
and bagged
Flowers bagged,
without tripping
Flowers cross
pollinated

S.

sesban

S. keni ensis

S. goe tzei

No of
flowers

% of
pods
set

N o of
flowers

% of
pods
set

N o of
flowers

% of
pods
set

570

34

253

49

87

39

478

22

196

27

103

16

493

2

234

1

82

0

398

5

234

7

95

0

Reproductive biology

Marked differences were observed inpod production between accessionsof
the same species (Table 4.2). The percentageofflowers which produce pods under
natural conditions ranges between 23 and 4 5 . The accession with a low
percentage pod
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