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indeterminate cowpea seed
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International Institute of Tropical Agriculture, I’ MR, 5320,
Tbadan, Nigeria

(Received 17 December 1975)

SUMMARY

Field experiments were conducted at the Internavional Institute of Tropieal Agricul.
ture (ITTA), Ihadan, Nigeria, for four seasons to evaluate the effect of harvest interval
on yield, quality and viability of indeterminate cowpea (Vigne wnguicalate (L) Walp.)
seeds, Deereasing harvest frequencey from every week to every 4 weeks reduced seed
viekd, quulity and viability. Rate of yield losses was highest at close spacing and inter-
mediate at wide spacing during tho first rainy scason, and lowest at wide spacing with
supplementary irrigation during second rainy season. ‘T'ime of harvest study conducted
with six cultivars indicated that these yield losses were attributable to reduced seed
weight and inereased pod losses after mature pods were exposed to weathering for more
than 1 week. The reduction in seed quality and viability was assoeiated with a high de-
gree of fungal and bacterial infection in the seed. Varietal differences in resistance to
weathering were noted among the cultivars tested. F'Vu 2616 P-01D, that has thick,

leathery pods and smooth, tan seed coat was the most resistant to weathering.

INTRODUCTION

Harvesting cereals at optimum maturity is
necessary for obtaining high grain yield and quality
(Nangju & Do Datta, 1970; Morse et al. 1968), but
in most grain legumes including cowpeas, the
problein is not when to harvest but how often to
harvest ripe pods to obtain high yield of high
quality. Cowpea cultivars can be divided into two
major groups: (a) determinate cultivars that
flower and produce pods within a short time, and
(b) indoterminate cultivars that flower and produco
pods over a long period. Most cowpea cultivars
belong to tho latter category, Out of 6837 acces-
sions described in the IITA Cowpea Germplasm
Catalog (ITTA, 19740), 9829 are indeter-
minate.

During a favourable, long growing season, in-
determinate, day-length-insonsitive eultivars gener-
ally outyicll determinate cultivars (1ITA, 1974,
1975). But to obtain high yields, indeterminato
cultivars should be harvested several times in con-
trast to one or two harvests for determinate culti-
vars. This paper reports the effeet of harvest fre-
quency on sced yield, quality and viability of in-
determinate cowpeas.
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MATERIALS AND METHODS

The experimental site and crop management

Fiold experiments were conducted at the Inter-
national Institute of Tropical Agriculture, Ibadan,
Nigeria. Ibadan is located at latitude 7° 34’ N and
altitude 220 m with an average maximum tem-
peorature of 31°C and minimum temperature of
21 °C. Averago relative humidity ranges from 789,
in the dry scason to 899 in the wet season. Total
rainfall during the yecar is about 120 em. Tho rain-
fall pattern is generally bimodal. The first (carly)
rainy scason is from April to August while the
sccond (late) rainy season is short, starting late
August and onding in late October. Inall the expori-
ments, fertilizers were applied at planting at the
rate of 30 kg N and 30 kg P/ha in the form of urca
and superphosphate, respectivoly. Plots were hand-
weeded at 10 and 25 days after planting (DAP).
Insect pests wero controlled with weekly applica-
tions of dimethoate and Gardona mixture or
monocrotophos alone.

Leperiment 1
To study the effeet of interaction between spaeing
and harvest frequency, indeterminate cultivars of
AGS 87
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Fig. 1. Rainfall pattern during the harvesting poriod in 1973, 1974 and 1975.
Arrows indieato harvesting period.

Palo Green and Tran Crey were planted at two
spacings, 156 by G0cem and 15 by 120 ¢m, on 28
April 1973, Pale Creen is insonsitive while Tran
Grey is moderately sensitivo to daylength. Both
cultivars havo tan, smooth seed coats but the pods
and seeds of Iran Groy are larger than those of Pale
Greon, The plants were harve .. . at 1-, 2, 3- and
4-week intervals starting when 509 of the plants
had produeed their first ripo pods, A total of 9, 5, 4
and 3 harvests wero made from cach interval re-
speetively. The experiment was laid out as a split
plot design with cultivars in main plots, spacing in
subplots aud harvest interval in sub-subplots.

‘There were four replieates arranged in blocks. The
sub-subplot size was 3-6 by 4:0 m and arca sampled
was 2:4 by 3-0 m. The first harvest was on 29 June
and the last harvest was on 24 August. The rainfall
pattern during tho harvesting period is depicted in
Fig, 1.

Lxperiment 2

‘the objective of this exporiment was to study
the effect of harvest frequency on sced yield, quality
and viability of cowpea grown with supplementary
irrigation in the sccond season. Tho experiment
was planted on 7 September 1973. Five indetor-
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minate cultivars of Pale Green, Iran Groy, Now
Era, Hanbru and TVx 33-5C wore planted at a
spacing of 15 x 125 m and wero again harvested at
four intervals as in Iixpt 1. Harvesting began on
7 November when 50 9 of the plants had produced
their first ripe pods and continued up to 19
December. This allowed 7, 4, 3 and 2 harvests to
be made from the 1-, 2., 3. and 4-week intervals
respoctively. Cultivars were in the main plots and
harvest frequency in the subplots of a split-plot
design with four replications arranged in blocks.
The main-plot size was six rows 5 m long and tho
subplot size wasg one row 5 m long. The two border
rows of each plot were disearded. The sample area
was 6 m?. Thore was no rain after 29 October and
tho experiment was sprinkler irvigated with about
20 mm ot ‘vater evory week.

Ixperiment 3

The indeterminato cultivars of Pale Green and
Iran Groy wero choson to study tho fuctors re.
sponsible for sced yiold losses at different harvest
periods. Beeauso it was difficult to detormine what
happened to mature pods when they were not
harvested on timo since the pods were hidden
beneath tho dense canopy at close spacing, hoth
cultivars were planted at wide spacing (100 x
125 em). Ten plants from each treatment were
harvested at intervals of 1, 3 and 6 wecks after
509 of the plants had ripe pods. Harvest duration
was only 6 weeks beeauso of a heavy attack by
anthracnose, A split-plot design with cultivars in
main plots and harvest interval in subplots was
used, Thero wero five replications arranged in
blocks. The numbers of shattered and rotted pods
wore recorded every week from individual plants,
Pods were considered shattered when they had
dehisced, and rotten when the colour was dark and
the sceds were mouldy.

Experiment 4

Further study was made in the first scason of
1975 to determine whether there are varietal
differences in the susceptibility of cowpeas to
weathering, and to assess the timo that cowpea
pods start to deteriorato in the field. For this study,
six eclite enltivars were selected from among the
promising lines of cowpeas (IITA, 1975). These
cultivars were VITA-1 (TVu 201-1D), VITA-3
(TVu 11900), TVu 1977-0D, TVu 2616P-01D,
TVu 4557 and TVu 3629 (Ifo Brown). The pod
walls of tho first four cultivars are thick, while
thoso of the last two cultivars aro thin, The sced
coats of TVu 4557 and T'Vu 3629 aro rough, whilo
the rest of the cultivars havo smooth seed coat.
The seed coat colours were as follows: VITA-1,
brown; VITA- 3, red; TVu 1977-OD, creamy white;
TVu 2616P-01D, tan; TVu 4557, white; and I'Vu
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3629, brown, The pods of these cultivars woro
tagged at optimum maturity, i.e. when tho pods
had just matured. Many pods from each cultivar
wero tagged so that triplicato samples of 50 pods
each could be harvested each week for a period of
5 weeks. Tha six cultivars were harvested at the
samo time starting from 24 June to 12 August. 'Tho
rainfall pattern during this period is shown in Fig, 1.

Both pods and seeds were analysed soon after
they were harvested, Pod damage by fungi was
scored from L (most resistant) to 5 (most suseep-
tible). Tho main fungi associated with cowpen pods
were identified by the grain logumo pathologist,
R. J. Williams, as Cercospora sp., Corynespora 8Py
Lusarium sp., and Chounephora infundibulifera
(Currey) Sace., tho first two fungi being moro pre-
valent in tho first season eausing hlack discolora-
tion on thoe pods. Holes observed in cach pod as a
result of the entry of Maruca testulalis and Laspey-
resia ptychora larvae were counted in cach sample,
The threshed seeds wero counted and weighed, and
then classified into four groups: («) smooth, elean
seed, () discoloured seed, (c) shrivelled seed, and
{d) seed with holes or damaged by pod borers. Each
type of seed was counted and expressed as o per-
centage of the total seed in 50 pods. Between 25 and
50 seeds of each group were tested for gormination
at 30 °C, The number of seeds germinated, and
infected by fungi and bacteria was recorded at tho
end of 6 days. Tho germination test was carried
out in sterile petri dishes.

Harvesting process

Except for Expt 4, only maturo pods were
picked by hand at cach harvest. Pods were con-
sidered mature when they turned brown, Pods
wore oven dried at 40-50 “C for 3-4 days. After
drying, pods wore weighed and the threshed seeds
wore again veighed to obtain threshing pereentage,
Lo tho ratio between seed and pod woight, A
random sample of 50-100 ¢ seeds was taken from
seed yield samples to evaluate tho percentage of
bad seceds (the proportion of sceds which are
different from the normal appearance, shapo and
size}. Bmergence tests from the samples were also
made in the glasshouse by planting 100 seeds at
2:5 em depth. The temperature in the glasshouse
ranged from 25 °C in the morning to about 39 °C
in the afternoon. Tho soil was kept moist through-
out the test and counts were made after 10 days,

RESULTS AND DISCUSSION

Seed yicld

In Expt 1, ths narvest duration lasted noarly
2 months for both Pale Green and Iran Groy.
In contrast, the period from planting to tho

15-2
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appearance of the first flowers ranged from 36 days
for Pale Green to 41 days for Iran Grey. Irrespee-
tive of harvesting interval, aceumulativo seed yield
incrensed with time until tho plants died (Fig. 2).
Yiold inercaso per unit time was highest during the
carly part of pod ripening and lowest us plants

D. NaxNgJU

wero sonescing. In both cultivars 509, of the total
possible yield was achioved within the first 20 days
of harvest. Harvest interval had a highly significant
effect on yield, tho effect being more pronounced
when the cowpoeas were planted at 15 % 60 em than
at 15x 120 e, and more consistent with Pale

Pale Green
20~ 15%60 cm B 15120 cm
T,
16 - o T,
// Ty
12} B T
4
08 }- »
04~ / =
_’E‘
f= 0 i 1 1 J 0 1 ] 1 i
3 0 20 40 60 80 0 20 40 60 80
-
b Iran Grey
? 20p 15 60 cm 20 15% 120 cm
T,
16 |- 16 - T
T,
T] T;
12 12
T,
T,
08 Tiggl-
04 -
0 1 1 ! 1
0 0 20 40 60 80
Duys to first flower
Fig. 2. Sced yield of Pale Green and Iran Groy at four harvoest intervals and two spacings during the

firat rainy scason, 1973 1, 1 wi uol\, Ty, 2 weoks, Ty, 3 wooks, Ty, 4 woeks. L.8.D. (12=0-05) for comparing

the final aceumulatod yiold is 0-22 t/ha,
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Green than with Iran Grey. The interaction be-
tween harvest intorval and spacing was significant
but tho interaction botween havvest interval and
cultivar was not. In general, increasing harvest
intorval from 1 to 4 weeks progressively redueed
toteld sced yields of Palo Green and Iran Grey. With
weekly harvest, increasing row spacing from 60 to
120 em did not significantly affect total sced yield
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of Pale Green but increased total sced yield of the
moderately daylength-sensitive and leafy cultivar
Iran Groy. Harvesting at 4-weck intervals, wider
vow-spacing inercased  total sced yield of both
cultivars indieating that yicld losses vesulting from
delayed harvest were greater at close spacing than
at wide spacing perhaps as a consequenco of rapid
deterioration of pods under dense ennopy condditions.

Table 1. Lffect of harvest interva’ »n seed yield of five indeterminate cultivars, sccond season 1973

Cultivars

Harvost p A )

interval Palo Iran Now TVx

(weeks) Gireen Grey Era Hanbru 33-5C Mean

Seed yiold (t/ha)

1 1-49 1-30 1-17 1-17 1-14 125
2 143 128 127 1-18 1-21 1-27
3 1.22 1-14 0-949 0-88 107 106
4 1.22 1-08 083 091 0949 101

For comparison of harvost intorval means: 8,13, =0-00,
For comparison of harvest intorval within the samo cultivar: s,.5,=0-11.
For eomparison of cultivars at tho samo or differont harvest intorvals: s, =014,

o
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a
=
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én
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541
50 | 1 | { 1 [} 1
61 68 75 82 89 96 103

Time of harvest (DAD)

Fig. 3. Effoct of time of harvest on threshing percontago of five indetorminato cultivars in tho second
rainy scason, 1973, O, Pale Groen; A, Iran Groy; @, Now Era; A, Hanbru; x, TVx 33-6C.
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Table 2. I5ffect of harvest interval on percentage of bad seed in Pale Green and Iran Grey cowpen

Itirst scason,

Second scason, First scason,

1973 1973 1974
r A - r A \ E A _
Harvost intorval Talo Iran Palo Tran Pale Iran
{woeks) Groen Groy Greon Grey Groen Groy
Bad seod (9
1 300 40-3 19:2 184 14:9 19:6
R 305 441 288 22.8 — —_
3 42.2 404 22.5 273 29-0 317
4 42.7 474 230 265 — —_
[ - - —_— — —_ 39-1 375
[ v J 8 — ) . ~ J
S.I, 2.3 2.5 2.7

Tablo 3. Percentage of emeryence of smooth, clean and bad seeds harvested at different harvest intervals

First season,

Second season, First season,

1973 1973 1974
r A— Al s A Y s A )
Pale Iran Pale Iran Palo Iran
Harvoest intorval Cireon Grey Greon Groy Green Groy
Emergenco of smooth, clean seods (%)
1 85-0 89-8 89-5 80-3 879 86-2
2 83-3 729 83-6 81-3 — —
B 80-0 688 783 817 65-2 69-6
+ 80-3 G639 747 76-2 — —
6 — — — — 60-2 61-0
w v — - v J | W y 7
8.1, 30 42 33
lsmorgence of bad seods (%
1 30-0 34-4 45-4 40-0 30-0 330
2 17:5 217 249 370 — —
3 158 16:3 204 350 13-9 1756
4 206 113 26-0 253 —_ —_
6 — — — — 7 14:0
- J AV v S — ~ J
8.1, 4.7 47 2:9

Relative humidity around the pods was probably
higher at closo spacings than at wide spacings.

In Expt 2, yield patterns at difforent harvest
frequencices were similar for the five indeterminato
cultivars (Tablo 1), Increusing harvest interval from
1 to 4 weeks gonerally reduced yield ; however, tho
total yiclds obtained at weekly intervals were not
significautly different from those obtained at 2-
wock intorvals.

Tho rato of yield loss for every week delay in
harvest was caleulated from tho two experimonts
and the results show that yield losses were hig hest
(249-4 kg/hafweek) when cowpeas woro plented
during tho first soason at close spacing, inter-
mediate (1442 kg/ha/week) whoen planted during
the first scason at wide spacing, and lowest (69-4

kg/hafweek) when planted at wide spacing in the
second  season with supplementary irrigation,
Theso results indicate that the extent of yield
reduction depended on rainfall intensity and distri-
bution, and on the density of leaf canopy. Ap-
purently, high rainfall and high relative humidity
were conducive to rapid deterioration of ripe pods
in the ficld. Yield reduction resulting from delayed
harvest would have been negligible in the second
season if supplementary irrigation was not used
bocauso relative humiditics would be lower and the
plants would be induced to ripen by lack of soil
moisture. Total seed yicld was lower in the sceond
season than in tho first season probably because of
the shorter growing season. Some indeterminato
cultivers could yield up to 2:5t/ha in the first
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goason but only about half of this in the sccond
soason in lbadan, Nigeria (11TA, 1974a, 1975).

Seed quality

In both Expts 1 and 2, threshing percentago
declined with time irrespective of harvest interval,
Figure 3shows thomagnitude of reduction of thresh-
ing pereentage in tho five indeterminate cultivars
grown in tho sccond season and harvested weekly.
The decline in threshing pereentage started at about
75 DAP. According to Booker (19G3), insect
damago ean causo & largo reduction in threshing
poreentago beeauso pods aro often partly filled and
abnormally short, and seeds are smaller. However,
this cannot bo the whole explanation in tho
presont oxperiments since the crop was repeatedly
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sprayed with insccticides. The decline of threshing
percontago is attributed to frequent handling of
plants during harvest, leaf seneseonce, inereased
incidence of Cercospora leaf spots and anthracnoso
in the susceptible cultivars, and in the cuse of
delayed harvest, pod rotting and shattering,

The effect of harvest intervalon pereentage of bad
seed was significant in all the experiments, Tho per-
centage of bad seeds inerensed with an inercase in
harvest interval, although the trend was not obvious
botween 3- and 4-week intervals (Table 2). In the
first scason, the percentago of bad seed was higlh (30-
409,) even when the pods were harvested weekly.
It was even higher than the highest percentago of
bad sceds (23-279;) obtained in the seeond season
when the pods were harvested every 4 weeks under

Tablo 4. Effec: of harvest interval on seed yield, pod quality and threshing percentage: first season, 1974

Harvest interval Seed yiold No. of No. of shattered  No, of rotted Threshing
(wooks) (g/plant) pods/plant pods/plant puds/plant percontngo

Pale Green

1 3440 102-7 12 78 740

3 1553 88:7 3.2 145 697

6 81-0 i 35 279 632
Iran Groy

1 305-4 82:0 {- 49 709

3 1840 758 2 1t-3 6353

6 7549 691 52 s 239 65-3

S.E. 32 56 08 45 1-3

¢ score due to fungi

o

Number of holes per pod

Pod dama,

—

0 1 2 3 4 5

0 I 2 3 4 5

Wecks after optimum pod maturity

Fig. 4. Effect of timo of harvest on pod damago by fungi and pod borors in six cowpea eultivars in the
first rainy season, 1975, @, VITA.1; A, VITA-3; m, TVu 1977-0D; O, TVu 2016P-01D; A, TVu45567;

3, TVu 3629.
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irrigation. This suggests that seed quality can be a
sorious problem i cowpea matures during thoe
rainy sensonn,

The pereentage of cmergenes of both smooth,
clean seed and bad seed was analysed separately
and tho results are presented i Table 3. Tn all
threo experiments there was a trend in the redue-
tion of pereentage of emergence in both types of
seeds with an inerease in harvest interval sugpes-
ting that prolonged exposure of sceds to rainfall
fluctuation, microbiological attack and inscet prsts
not only reduces its quality but also its viability.
The appurently healthy-looking seeds of Pale Cireen
and Iran Groy harvested at 3- to 4.week intervals
showed 5-259% lower cmergence than secds hav-
vested at 1- to 2.week intervals, This trend was
also observed with bad seeds. The pereentago of
emorgenee of bad soeds was significantly lower than
that of smooth, clean seeds, This emphasizes the
importance of cleuning and treating sceds before
planting. Bad seeds normally produced stunted
seedlings which had split or absent primary leaves,
and damaged cotyledons,

Factors affccting yield losses

LExperiment 3 conducted in the first senson 1974
was primarvily designed to observe ripe pods when
they were left in the field at different periods.
Results indieated that yield losses at longer harvest
intorvals (3-6 weeks) resulted from fewer pods per

D. NaxNcJU

plant and more rotted pods per plant (Table 4).
Pod shattering did not play a major role in yield
losses as shown by the low number of pods shat-
tered per plant even after the pods had ripened for
more than G weeks, Threshing percentage was in-
versely correlated with the number of rotted and
shattered pods per plant. Pod rotting and shatter-
ing genorally deereased the ratio of seed weight to
pod weight. The total number of pods per plant
decreased with an inerease in harvest intorval.
Pads rotted when left in the field for more than 2
woeeks, These rotten pods eventually fell down and
were not harvested, thereby reduceing seed yield,

Varictal differcnces in weathering susceptibility

Results obtained from Expt 4 confirmed the
observations made in the carlier experiments
(Figs. 4-7). F'ungal attack on cowpea pods gener-
ally increased as pods were exposed to weathering
from 1 to 5 weeks (IFig. 4). After 4 weeks the pods
beeame black and soft instead of the normal brown
and hard appearance at tho time of optimum
ripening, Pod damago by pod borers was significant
only at 5 weeks after optimum pod maturity
possibly due to the build-up of theso insect pests
during late maturity (Fig. 4). Increasing exposure
of pods to weathering deereased seed weight and
inereased pod losses partieularly after 2-3 weeks
{(I"iz. 5). These two factors were responsible for the
seed yield losses obtained at different harvesting

160
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‘% [
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60 [~ -
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40 1 1 1 ) ]
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Tig. 5. Effect of time of harvest on seed woight and pod losses (%) in six cowpea cultivars in the first
rainy season, 1975, @, VITA-1; A, VITA.3; m, TVu 1977.0D; O, TVu 2616P-01D; A, TVu 4557;

0, TVu 3629,
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intervals (Expts 1-3). However, among the six
cultivars, VITA-1, VITA-3 and TVu 2616P-01D
showed the least sced weight and pod losses,

Tho cffeet of timo of harvest on seed quality is
shown in Figs. 6 and 7. Increasing the exposure of
the pods to weathering reduced the percentago of
smooth, eclean sced primarily as a result in tho
increaso of the .porcentage of diseolourcd seed
(Fig. 6). Pereentago of wrinkled or shrivelled seed
wus not associated with weathiering of the pods,
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whilo sced damage by inscet pests was significant
only in 5-weolk-old pods. Percentagoe of seed infec-
ted by fungi and bacteria gonerally increased with
ago of the pods in both smooth, clean seed and
discoloured seed, the latter type of seed being more
soverely attacked by fungi and bacteria as would
ho expected (Fig. 7). No attempt was made to
identify the different species of fungi and bacteria
found in the seeds, Esuruoso (1975) has identified
22 fungal species associnted with cowpea sceds

100 r
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§ 60
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% 40
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20
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6 1 2 3 4 5
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Fig. 6. Effect of time of harvest on seed quality of six cowpea cultivars in the first rainy season, 1075,
@, VITA-1; A, VITA3; @, TVu 1077-0D; O, TVu 2616P-01D; A, TVu 45657; [J, TVu 30629,
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obtained from the research farms, loeal farmers and
markets in Western Nigeria, Two of tho specics,
Aspergillus flavus Link ex. Fr and I’homa spp.,
wero the most common,

Pereentago of germination and emergonce of
seed declined with agoe of the pods possibly due to
tho inercase in the fungal and bacterial infeetion in
tho sced {Ifig. 8). Seed viability was extrerely low

D. Naxaiu

whenmature podswereleftin the field for moroe than
3 wecks. However, varietal differences did exist.
Figures 6-8 consistently show that T'Vu 2616P-
O1D was more resistant to weathering than the
rest of the cultivars. Tho sced of this cultivar has a
tan, smooth sced coat. This type of seced was also
fiund by R. A, Luse to be resistunt to weathering
in an earlier experiment conducted at 11TA (11'TA,

—
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[=}
L

o0
(=]
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40

fungi and bacteria (%)

Clean seed infected with fungi and bacteria (%)
Discoloured sced infected with

4 2 1 1 L ]
O0 1 2 3 4 5
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Fig. 7. Effeet of timo of harvest on fungal and bactorial infoetion in both smooth, clean seed and dis.
coloured seed in six eowpea cultivars in the first rainy season, 1975. @, VITA-1; A, VITA-3; m, TVu
1977-0D; O, TVu 2616P-01D; A, TVu 4657; 7, TVu 3629,
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Fig. 8. Effoct of timo of harvest on
the first rainy soason, 1975. @,
3, T'Vu 3629.

percontago germination and emergenco of six cowpea cultivars in
VITA-1; A, VITA-3; @, TVu 1977-0D; 0, TVu2616P.01D; A, TVu 4557;



Effect of harvest frequency on indeterminate cowpea

1975). Theso results suggest that there may be a
range of resistance to weathering among pod and
soed types within tho broad range of genetic
diversity in cowpea.

Progpect for growing cowpea in the lowland, humid
tropics

Cowpea is moro adapted to the semi-arid regions
than humid regions (Sellschop, 1962). In Nigeria,
this grain legune is more widely grown in tho north
whoro rainfall is lower than in southern Nigeria,
Introducing cowpen to the lowlaud, humid tropies
not only presents harvesting and drying problems
but also increases the incidence of diseases as rain-
fall and relative humidity are high. Disease prob-
lems can be solved by incorporating nultiplo
disease resistanco into the high-yielding cultivars,
Many multiplo discase resistant cultivars have heen
idontified at TITA (ILTA, 1974, 1975). The harvest-
ing and sced quality problem may be more difficult
to solve unless farmers are willing to accept low
yield of high-quality sced by planting cowpea
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in tho sccond scason when rainfall is low and
unpredictable,

The other possibilities of overeoming the harvest-
ing problems in cowpen are (1) to develop high-
yielding, determinato cultivars that can ripen
uniformly, particularly for commercial production
where labour ean be n limiting factor (12boug, 1971),
(0) to develop dual-purpose eultivars which ean bo
grown as a vegetable in the long rainy season, and
as a pulse during the short rainy scason (pods
harvested green are less sensitive to weathering
although frequent and timely harvests would still
be necessary), (¢) to breed for pods and seeds of
pulse types which are resistant to weathering,

O the three appronches, the first two are proh-
ably more realistic. The third approach will involve
a laborious examination of pods and =eeds, Bven if
we do find resistant imaterial, it may only delay the
weathermg  process, Al ripe pods  eventually
deteriorate completely when left in the field for
more than 3 weeks. Furthermore, there might bo
incompatibility between weathering resistance and
cooking quality and consumer’s preference,
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