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ABSTRACT

The influence of availabilitc¢y and activity of insect
poilinators on the degree of outcrossing in pigeon pea (Cajanus
cajan (L) Millsp.) were studied at six sites in Kenya. Suita-
bility of genetic markers and methods of estimating outcrossing
in pigeon pea are c¢ritically reviewed and discussed. Degrees
of outcrossing varied from 25.20 to 94.50% and it is directly
influenced by the number and activity of insect pollinators
at each site (r = 0,5%94; p = 0.001). Degrees of outcrossing
were not influenced by the quantity of pollen from plants with
the marker gene. Implications of high degrees of outcrossing
in pigeon pea are mentioned, -

INTRODUCTION

According to reports from various parts of the world,
pigeon pea (Cajanus cajan (L) Millsp.) outcrosses to a varying
degrees. Reports from India show that outcrossing in this
crop varies between 0.09 and &5% (2, 4, 6, 7, §, 13). Pigeon
pea was reported to outcross between 13.%68 and 15.86% in
Hawaii (15), and between 5.47 and 6.33% in Puerto Rico (1).

In Uganda, outcrossing varies between 8 and 22% (8). However,
an average fiqure has been estimated to be 20% (11).

In the past, two genetlc markers have been used in
studies of outcrossing in pilgeon pea. The most popularly
used one is flower colour (41, 15). This may not, however, he
a suitable marker for such a study. Where flower colour is
used in outcrossing studies in which insects are the main
agents of c¢ross—pollination, the pollinators may prerer one
flower colour to another, hence the preferred flowers will be
more freguently visited with a result that outcrossing will
be underestimated (42). Obtuse leaf mutant has also Dbeen
used as a marker (2). Normal leaf is dominant over obtus=
leaf. However, this marker is also not sultable since it has
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undesirable association with flcwer morphology. Flowers of
obtuse leaved plants trlp naturally and are therefore more
frequently visited by insect pcliinators then the normal
untripped flowers (14). tem colour in pigeon pea is monogeni-
cally lInherited, and puLpla is dominant ovar green (3).

Because stem colonv has rno undesirable Influence on foraging
habits of insect pollipators, 3t can be used as a suitable
marker in outcrossing studies.

The wide variation in outcrossing in pigeon pea '
suggests that it is influenced by one or mpre variable factors.
Availability and activity of insect pollinators of pigeon pea
at the International Crops Research Institute for Semi~Arid
Tropics (ICRISAT} have been reported (14j. However, the
influence of insect pellinators cn outcrossing in this crop
has not been reported as far as we are aweres Two experiments
were therefore conducted tc¢ determine the influence of insect
poilinators on outcrossing in plgeon pea in two different
planting arrangements at saveral sites in Kenya. This paper
reports the results of these exgeriments.

MATERIALS AND METHODS

Inbred lines WNPP 205/6 and NPP 199/10 with purple stems
(p) and green stems (g) respectively were used in these
investigations. These inbreds were selected for this study
because they have the same plant height and fiower colour,
and they flower at the same time at the test sites in Kenya. .
These characteristics should be the same in the inbreds used
to minimise selective foraging by insect pollinators. Two
different planting arrangements were used. These will be
referred to as experiments I and II.

For both experiments I and Il, activity of insect
pollinators at each site was determined during anthesis. A
small area measuring 2m x 2m was marked at the middle of each
plot and all insect pollinators visiting flowers in that area
within a period of 5 minutes were carefully counted between
8,00 am and 9.00 am. Three such counts were taken at 2-day
intervals for each site.

Experiment I

Three hundred seeds of each type of stem colour were
mechanically mixed thoroughly before randomly planting one
seed per hill at a spacing of 80cm between rows and 30cm
between plants within rows. Each plot was 12m x 12m and had
an initial plant population of approximately 600,

The crop was planted at six sites in various parts
of Kenya. Two plots were planted on 4.,11.76 at the Univer-
sity Field Station at Kabete, under normal and high insect
pollinator populations respectively. The crop was also
planted at the fnllowing agricultural research stations: at
Katumani on 2.11.76¢, Kampl ya Mawe on 18.11.76,Kibos on
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12.11,76, and Miwapa on 15,1176+ The high insect polli-
nator population plot at Kabd¥e was situated near a 30-bee °
hive aplary at the edges ¢f a forest which was well inhabited
by & wide range of other insect pollinators.

At the onset of flowering in each plot, excess (p)
plants or (g) plants were rogued cut, leaving equal numbers
of each type. The crop reasched 50% flowering on January
10, 13, 14, 15, and 28 at Kibos, Katumani, Mtwapa, Kabete
and Kampi va Mawe respectively. The plots were harvested
on March 3, 5, 8, 12 ard 18 at Katumani, Kibos, Kampl ya
Mawe,; Kabete and Mtwapa respectively.

Experiment IX

The aim of this experiment was to increase the quantity
of pollen grains of (p) plants many times above those of (q)
plants per plot, without altering the insect pollinator popu-
lation at each site. Assuming that pollen yields per plant
in the two inbred lines were about the same, it was decided
that a ratio of 1(g) plant : 50(p)plants be used. In this
experiment, a plot layout in which each (gl)plant was surrounded
by 3 rows of (p)plants was used. The spacing was 80 ¢m between
rows and 40cm between plants within row.

The crop was planted in single plots measuring 15m x
15m at 3 sites in Kenya. The crop was planted an 7.4.,77 at
the University Field Station at Kabete, under high insect
pollinator population, at Katumani on 14.4.77 and Kibos on
164.4.77. The crop reached 50% flowering on July 2, 4, and
10 at Kibos, Katumani and Kabete respectively, and it was
harvested on September 15, 24 and 26 at Kahete, Katumani and
Kibos respectively. Although there should have been 700
plants per plot, the ratios of (p)plants to (g)plants were
658:10 and 626:13 for Kibos and Katumani respectively. Un-
fortunately, pest damage was so severe at Kabete that there
were not enough seeds for scoring for degree of outcrossing.

In both experiments I and II, the (g)plants were
marked by means of pegs, and the plots were not sprayed
against insect pests. Only pods from (g)plants at each trial
site were harvested,

Outcrossing for each trial site was scored in a glass-
house at Kabete between 18.5.77 and 15.10.77. Where there
was sufficient seed, uptc 4 seed lots of 500 seeds each were
taken from each site and were planted in 4 replicates in sand
boxes. Where the seed was not sufficient, fewer replicates
were used. The sand boxes were watered everyday and the degree
of outcrossing was scored 14 days after planting. Scoring
was done by counting the total number of seedlings in each
box, then expressing the number of (pl)seedlings as a percentage
of the total, and this will be referred to as %(p).
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RESULTS AND DISCUSSINN

Experiment 1

The estimates of %{(p. for si» sites in Kenya are

presented in Table 1. These results show that %(p) variles
from 12,60 at Kibos to 45.21 at Kabete under high insect
pollinator population. However, according to planting arrange-
ment used in this experiment, these %(p) values may not be
accurate estimators of degree of outcressing in this crope.
The experimental model used in this study only measures out-
crossing between (piplants and {¢iplants as indicated in the
following equation:

. u
300 (p)plants g 300 (g)plants eeceses (1)

v

This equation is assuming that u = v, hence no selective
foraging by insect pollinators. But since ocutcrossing was
only measured in the (glplants, it means that only u was
determined. This ig equivalent to 300 plants out of appro-
Xximately 600. Moreover, equation (i) does not take into
account outcrossing among 300 (m)p]ants or 300 (g)plants
which may be presented as follows

u

150 (p)plants »:::24> 150 (plplant8 eeeeceeoo(il),
v
1

and similarly for the (g)plants:
_ u
150 (g)plants :;::3$> 150 (g)plants cceeeos (114).

Va

According to equations (4i) and (1ii), % of outcrossing was
not measured in each case. Hence, %(p) values which are shown
in Table 1 only estimate % the values of actual outcrossing
for each site. Because of this argument, the mean ¥(p) for
each site should be multiplied by a factor of 2 to give the
degree of outcrossing for that site. When thils 1is done,
better estimates for outcrossing of pigeon pea at each site
are obtained, and these are presented in Table 2.

The estimated values for ocutcrossing in pigeon pea
shown in Table 2 range from 25.20% at Kibos to 94,50% at
Kabete under high insect pollinator population., These values
are quite high when compared to most of the values reported
in literature., The main reason for these differences may
lie in the methods used by various people for estimating
outcrossing in this crep. It would seem that the majority
of the methods used have underestimated outcrossing in
pigecn pea. Mowever. the values reported in this paper point
to the possibility that this crop may be improved by popula-

. tion improvement methods like zn open-pollinated crop (8).
This approach was attempted in our pigeon pea improvement
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project at Katumani. By employing 4 cycles of Stratified
‘to Gardner (5), progress per

Mass Selection (SMS) accordin
cycle of selection of 3,12,

83, 10.57 and 11.74 for number

of pods, total dry matter yield, number of leaves and leaf
area per plant respectively wers realised (10). This good
response to SMS supports the highier estimates of degrees of
outcrossing which are shown in Table 2,

Table 1: Estimates of %(p} from six sites in Kenya when the

number of (p!parents and (g)parents are the same

‘ Nc. of ssedlings  Replicate Site mean
Site Replicate ooy (g) {p) %(p) %(p) + SO
Katumani 1 354 309 85 21.57

2 376 316 60 15.96

3 347 291 56 16,14

4 395 327 68 17.22 17.72=2e62
Kibos 1 441 387 54 12.24

2 342 293 49 14.33

3 234 298 36 10.78

4 391 340 51 13.04 12.60:1.47
Kampi ya Mawe 1 405 32¢ 8s 20.99 . ’

2 269 220 49 18,22

3 400 322 78 19.50

4 377 282 95 25420 20.98:3.03
Mtwapa 1 414 320 94 22.71

2 391 308 83 21.23 21.97:1,05
Kabete (Low 1 142 122 20 14.08
pollinator pop)2 89 60 29 32.58 23.33:13008
Kabete (High 1 258 143 115 44,57
pollinator pop)2 218 115 103 47,25 45.91:1.90

Table 2: The estimated degrees of outcrossing at six sites

in Kenya

Site Site mean Estimated degree of
%(p) outcrossing (%(p)x2)%

Katumani 17.72 35.44

Kibos 12,60 25420

Kampi ya Mawe 20,98 41,96

Mtwapa 21.97 43.94

Kabete (Low pollinator pop)23.33 46.66

Kabete (High pollinator 47,25 94.50

POPe)

_AMXE DT sL. e



s bt et e i 2 e

216

. Counts of insect pcllinators which visited 4m2 of the
crop in a perlod of 5 minutes during anthesls between 8.00am-
and 9.00am, and their relationship with estimated degrees of
outcrossing are presented in Table 3.

Table 3: The relationship vetween insect pollinator activity ’

and degrees of outcrossing at s5ix sites in Kenva

No, of pollinators/ Estimated

Site 4w in S min. degree of
' (Mean ¢+ SD) outcrossing
%
Katumani 4,00 + 2.00 35.44
Kibos 3.00 ¥ 1.00 25,20
Kampi ya Mawe 7.33 ¥ 2,08 41,96
Mtwapa 8.67 ¥ 3,79 43.94
Kabete (Low pollinator poupe.) 9.00 ¥ 1.00 46.66
Kabete (High pollinator pop.)  22.00 * 3.61 94,50

Table 3 shows a wide range of insect polllinator activity
varying from 3.00 visits in 4m2 of crop area in 5 minutes at
kibos to 22,00 at Kabete under high insect pollinator activitye.
There is a close positive relationship between insect pollina-
tor activity and the degree of outcrossing at each site
(r = 0.994; p =0.001). This close relationship shows that
the number of insect pollinators in an area is the major
determinant of the degree of outcrossing in pligeon pea.

Experiment II

The %(p) values for experiment II are presented in
Table 4.,

Table 4: Estimates of ¥(p) when the number of (p)parents is

In excess of (g)parents 50 times

No. of seedlings Replicate Site

Site Replicate wg5eay (g) (p) %(p) Mean %(p)
' ‘ . 4 SD
Katumani 1 410 343 67 16,34
2 364 300 64 17.58 16.96+0.88
Kibos 1 402 343 59 14.68
2 379 328 51 13.46 14.07+0.86

Kabete (High ,
Pollinator pop.)- - - - - -

Although the data presented in Table 4 is limited, these
site mean %(p) values are very similar to those presented in
Table 1 for Katumani and Kibos. However, since the (p) pollen ‘
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‘was 50 times more abundant 1%yexperimént II as compared to

experiment I, much higher %(p) estimates were expacted.

Insect pollinator activity counts during anthesis in
this experiment were 5.33, 4.33 and 24.67 for Katumani, Kibos
and Kabete under high pollinator population respectively.
Since the insect pollinatcr activity at these sites were
quite similar for experiments I and II, these results are
interpreted to mean that it is not the abundance of pollen
from other plants in a pigeon pea population that determines
the degree of outcrossing, it is the abundance and activity
of insect pollinators which influence it directly.

The high estimates of outcrossing reported in this
paper imply that the breeding of pigeon pea and maintenance
of its cultures should be reconsidered, and the crop should
be treated largely as an open-pollinated one.
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