
BIBLIOGRAPHIC DATA SHEET 
ii II'l" AND iSU Ir~'LE (240) 

1.CONTROL N UM,
PN-H.A-600 

1 
• 

2. SUBJ KCT CLASSI HCATON (69)
?P30-1440-o000 

-, 

A rapid method of hand crossing cowpeas 

:,ONAL AUTwIIOIs (100) 

ktchik*, K. 0.; Rawal, K.; Franckowiak, J.D. 

C.CORPORATE AUTHORS (101) 

Int. Inst. of Tropical Agriculture.
 

6. DOCUMENT DATE (110) j7. NUMBER OF PAGES 120) 8.ARC NUMBER (170) 

1978N 6p. 633.33.R119
11.
ItEF11ENCE ORGANI7 \TION (130) 

IITA
 
0.SUPPLEMENTARY NOTES (500)
 

(In Technical bulletin no. 2)
 

1.ALSTRACT (950)
 

.1.SCUIP'TORS (920) 

Cowupeas Grain legumes 
13. PROJECTNUMBER (150) 

1"]ant genetics Plant breeding 931030900 

14.CONTRACT NO.(140) 15.COPNTPAC 

I AID/ta-G-1491 
TYPE (140) 

JI6.TWE OF DOCUMEW (160) 

il'5,0.7 (10-79).. 



//c i Q
 

A 
RAPID METHOD OF 
HAND CROSSING 
COWPEAS 
by 
K.0. Rachie, 
K.Rawal and 
J. D.Franckowiak 

or 

S- Technical Bulletin No 2 

International Institute of Tropical Agriculture 



1st Published 1975 

Reprinted 1978 

ILO. Rachie, K. Rawal and J.D. Franckowiak 
were plant breeder and program leader, botanist 
and visiting plant breeder (8/43 - 12/73) respectively 
in IITA's Grain Legume Improvement Program. 

Single copies free. Additional copies 250 (US) frow 
Nigeria.Communications and Information Office, IITA, PMB 5320, .badano 



A Rapid Method of 
Hand Crossing Cowpeas 

K.0. Rachie, K.Rawal and J. D.Franckowiak 

INTERNATIONAL INSTITUTE OF TROPICAL AGRICULTURE
 
IBADAN, NIGERIA
 



A 	Rapid Method of Hand 

Several factors limit successfl 
hand emasc,,lation ard pollination in 
grain legumes: 

1. 	 Flowers are small orhave twisted 
keels and are difficult to mani
pulate. 

2. 	 A high rate of abortion normally 
occurs, particularly after me
chanical manipulation of deli
cate 	floral organs. 

3. 	 There is, selective receptivity; 
some genotypes make better 
seed parent. than others. 

4. 	 Insect pollinators often contami
nate flowers immediately after 
crossing and are difficult to ex-
clude under field conditions, 

5. 	 Seeds produced per cross are 
few, ranging from one or two in 
soybeans to eight or ten in beans. 

Cowpeas are generally easier to 
cross than other grain legumes. Cow-
pea flowers are large and easy to 
manipulate, the keel is straight, 
beaked and not twisted. There are 
only a few floral nodes per raceme, 
which tend to have a lower rate of 
abortion than many other species, 
and 8- 12 seeds are usually produced 
per cross. Nevertheless, conventional 
crossing methods are slow, insect 
contamination does occur, especially 
in the field, selective receptivity is 
a limiting factor and a high rate of 
abscission of manipluated flowers 
occure under some conditions. Pre-
mature flower drop and bud abortion 

Crossing Cowpeas 

.
 

are greatest when the seed plant 
nears maturation, when the two 
gamates are incompatible and when 
temperatures are high and humidities 
low. 

A rapid and effective method of 
hand emasculating and crossing cow
peas was developed at IITA. This 
consists of removing the upper half 
of the petals starting with a partial 
cut opposite the stylar and staminal 
section. Following pollination with 
a freshly opened flower the crossed 
bud remains uncovered. The process 
of emasculation and pollination can 
be accomplished at the rate of one 
to two a minute with an average of 
only 10-207 success. This means a 
minimum of 2 to 10 minutes per cross 
(5-10 ihdividual flowers crossed) 
to assure success. However, synchro
nizing flowering under low tempera
tures and high humidity conditions 
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increases the success of hand cross 
~~ing 'toi50%. Normally at least 8-10 

seeds are produced pr developed 
fruit, Attempts 'on male sterile (s 2 
In) p'lants produce a much higher 
percentage of success (70-80. on 
an'?average) and' they,' require only- ~pollinationoeaclto..~ ~ 

o 

UTHE TECHNIQUE 7 ~frits&or 

When possible actual crossing is 
done inmesh house or greenhouse. 
This' effectively7 'reduces the insect 
pollten vectors~mostof the' majorpests("ec 0lypdjbrers) and nearly"all: 

tile important 'diseasesand nematodes.' 
it alsojpermits control of watering, 
staing, ipplying nutrients and regu-K 
latin-g p'nt deveIopi entand facili-, 
tates mov0%ing plants for easier mnani-
pulation during crossing""opera ti ons. 
flowLver, potted plants are small and 
nLher Of ok p: . is low. 

..-

Afesb hous; In tropical climates an 
cpensive greenhouse is not essen-' 

tial for crossing purposes. Commonly 
;Mvilable wvire mesh over a simple 

W'ool frame serves well" lowever, it 
K. ' ~ is d~esirable to have a ceiling 2.0-

5M high to permit staking of spread-
ig or climbing cowpea types as 
jblihtlyreduced light promotes the 
climbing tendency in many Vigna 
species. Peaking the' roof somewhat' 

chroazzation :of flowering although 
substantial differences between geo 
types do occunr"nd stagg ered'planlt
ings of' early p rents, paticularly 
when used as femiales,' is usually 
desiraable., ,
 

'~ '' ea nfoeig"cnb
elay inm! floweigcnb
achieved on a' limited scale by' nip

ping off the develupn fzowersan' 
more severe pruning of the~ 

P ': :culant.' plants iargsi arleaNe 

plantigts areiesw 'iata 

iii. flats of~coarse sand. Cover-,theI 
flats. with plastic to maintain high 
hunidities around the 'developinglet. .... 

~ ':" , 7''T 
Cuttings taken from plants during 

active fruitiingwill flower almost im- '7< 
n	mediately on resuming active vegeta
tive growth but they 'are often poor
 
pod setters. They are however effc
 
tive as pollen parents. fc 
 "s 

,plant 

/The first developing buds on the 
plin tend to set pods more easily 
than later developing buds. It is 
desirable to remove other buds on the 
saine raceme and peduncl leaving 
only one for crossing purposes. This 
diverts Lill assimilates in the ped
uncle iiito one pod ind avoids confu-. ' 
sion in labeling. 

Emasculation:7ln~all the flowers. of 
Vigna species studied under lbadan 

helps shed heavy rains 'ut even with :conditions:thesis took' place just 
a flat roof the mesh 'disperses rain 
drops and minimizes splashing during 
heavy downpours.' 

Synchronizing flowering., consil-
erable proportion of Vigna germplasm 
is day-length sensitive. Inclusionoiof 
such types 'in the cro!simgprogram 
creates' problems: because of asyn-
chronous flowering. At !bada. (7030' 
N Lat.) planting late August through 
early February results in good syn-

2 

priorito, or simutltaneous with, the 
opening of,papilionaceous, corolla. 
Hace, flowerbds destinedto open 

emasculation (Plate 1). -These beuls 
have..reached their ma..imum ni oipened 
size anId have sta to ale slightly . 
from the deep rich green of, earlier . 
development. Eamasculation' and pol- ' 

lination canbeIdoneatalmost any, 
time of the day.Uider Ibadan cocdi- > 
tions emasculation and pollinamtio 



bythumnthanineifne 
~~~~~Ao flwrbdredmaclrtn 

done in te late afternoon wereighly,successful. Apparently,* coalnights
theioof~ thel fro itprovide condations, fornfertilih 

zation than terei daytimees; 

The:: bua; se lect~ orfemasea la
io n its grasped firmly but gentlyin" 

th frgieattachment ofthe: bud 'nd 

=" ..id~ith: of the unopened ~bud is made~t"'" in" 

stagtege:.-(Th e opposit e !, curved 

d:'Lissectin ":..... org scissors , scalpels e'ven 

ofteebetter 

: ... 

free (Parain 

hottere 

. .. .. .. . 

successful. nits::alchol spparntlybceo 

of the ' fold etailsisi ithe rse 

cutireaboutltngthirdthah shoueld-dr 

i{i!ior !hookedi,!!;; 1, !i i:I!e-stylc4 e:'gc¢!:enclosesrh ..... 
Sow expose/i. a-ndi stnmens;,, whih inu!t not be 

done-n therinjuredI~i'))i3.i!S 'a. 1 li, finely poincedforceps,-ill;l~''i l : I ~; lii 
pr5d b9tter toofacilitate removal ofoi iiiL iiii!ii!i)iii~ 

airo wr hissors ori'';l,:; I ;i :' ~ ,I-=;'l;:l'l
beedi tiosses for tani 

z nti agre thipped o dma Suri 
e s l nt emtaced prorat 

tponlntig gpiis emauationprocei 

e a cut 213 thewidthb of bnod..a - 2 smas o 5 ' 

the!&entero1 the>bud! s'i.l from,.i 
Sstaight edge!'.' he:~opsit c .ud 



care is essential to prevent damage 
to the stigma and to avoid contamina
tion. 

One flower can be utsed to polli
nate 4 or 5 emasculated buds. only 
the obliquely arranged disc-shaped 
stigma at the tip of the style is re
ceptiv. (not the hairy portion beneath). 

Remove other buds on the raceme. Under IITA conditions, anthers usu
ally dehisce before or around sunrise. 

Pollination. The emasculated flower Pollen grains are somewhat sticky 
is pollinated the following morning if and tend to form clumps that can even 
emasculated in the evening. If cross- be seen with the naked eye or with 
ing is done in the greenhouse, collec- the aid of slight magnilication. 
ting freshly opened male flowers is 
no problem and pollen remains viable 
for 12-15 hours after anthesis.Pollen 
to be used from several hours to one 
or two days later can be viably stored 
in a plastic bag (refrigerated). 

Some genotypes are superior 
pollinators whereas others are better 
seed parents. Unless special genetic 
studies are to be made, time and 
efforts in crossing are better spent 
utilizing the most efficient parental 
donors. It is usually more convenient, 
and reduces risks of coatamination, 
to remove the flowers of the male 
parents and use them to brush pollen 
on the stigmatic surface. To expose Pollinate th! emasculated bud. 
the anther sacs the innermost petals 
of mature open flowers are remcved A small tag listing the cross and 
or slipped downwards and the mass date is affixed to the raceme or pe
of pollen on the hairy-necked style duncle beneath the pollinated bud. 
can be used as a brush to deposit Hands, instruments and other foreign
pollen grains on and immediately objects should not touch the recep
under :he green circular disc-shaped tive portion of the stigma and the 
stigma (Plate 6). dehisced anther sacs. The crossed 

flowers are left open and uncovered 
Another technique for pollination as risk of contamination is minimal 

involves removal of the mass of pollen in a well managed mesh house or 
grains from the hairy-necked style greenhouse. However, crawling and 
with a thumb nail. For effective flying insects must be excluded from 
transfer the thumb nail is applied the plants during and immediately 
gently to the stigma of the receptor. following pollination. Even ants, 
With this technique, however, extreme which are often attracted to the nec

4 



taries, can cause selfing. To reduce 

thrips and other insects likely to 

carry pollen an insecticide can be 

applied at regular intervals, 

. Unfertilized flowersPosI.pollination 
drop off within 24 hours after anthesis 

whereas the unfertilized ovary may 
48 hours afterremain attached for 

a good check onanthesis. Therefore, 
be madeof a cross can 


three days after anthesis. Moderate 

temperature and increased humidity 


the success 

to increase the percentage of appear 
in emasculatedfruit setting hand 

This reflects in a seasonal crosses. 
effect because at Ibadan the percent-

age of successful crosses is higher 

during the cooler humid months. 

An automatic misting system can 

be installed over the crossing benches 

to maintain high humidities and lower 
during hot periods,temperatures 

enor-The rate of setting varies 
mously with environmental conditions, 

genotype and manipulative technique. 
of this technique an

With the use 
average 50% success may be expected 

asspecific combinationswith some 
high as 90%. For unexplained reasons 

male sterile (ms2ms2)pJants as seed 

parents seem to produce a high aver

age set (75 -95%) under IITA green

house conditions throughout the year 

and in spite of variation in tempera

ture and humidity. Moreover, the male 

plants appear to accept andsterile 
fruits morehold hand-fertilized 

hand crossed fertilereadily than 
as manyplants, producing about 

as unmanicrossed fruits per plant 
pulated fertile plants of similar type. 

In crosses between fertileplants 
it is seldom practical to attempt 

or three crosses permore than two 
50% of the selfedplant or 30 to 

that plant.fruits normally set by 

However, immediate 
 removal of 

timely harvest ofselfed fruits and 
a flush ofcausescrossed pods 

be used for crossflowers that can 
not with the similar fre

although 
quency of success as the first flush. 

Pods are ready to harvest 18 to 22 

days after pollination at Ibadan. 
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A 	Rapid Method of Hand 

Several factors limit successful 
hand emasculation and pollination in 
grain legumes: 

1. 	 Flowers are small orhave twisted 
keels and are difficult to mani
pulate. 

2. 	 A high rate of abortion normally 
occurs, particularly after me
chanical manipulation of deli
cate floral organs. 

3. 	 There is selective receptivity; 
some genotypes make better 
seed parents than others. 

4. 	 Insect pollinators often contami
nate flowers immediately alter 
crossing and are difficult to ex-
clude under field conditions. 

5. 	 Seeds produced per cross are 
few, ranging from one or two in 
soybeans to eight or ten in beans. 

Cowpeas are generally easier to 
cross than other grain legumes. Cow-
pea flowers are large and ea"' to 
manipulate, the keel is straight, 
beaked and not twisted. Thera_ are 
only a few floral nodes per raceme, 
which tend to have a lower rate of 
abortion than many other species, 
and 8- 12 seeds are usually produced 
per cross. Nevertheless, conventional 
crossing methods are slow, insect 
contamination does occur, especially 
in the field, selective receptivity is 
a limiting factor and a high rate of 
abscission of manipluated flowers 
occurs under some conditions. Pre-
mature flower drop and bud abortion 

Crossing Cowpeas
 

are greatest when the seed plant 
nears maturation, when the two 
gamates are incompatible and when 
temperatures are high and humidities 
low. 

A rapid and effective method of 
hand emasculating and crossing cow
peas was developed at IITA. This 
consists of removing the upper half 
of the petals starting with a partial 
cut opposite the stylar and staminal 
section. Following pollination with 
a freshly opened flower the crossed 
bud remains uncovered. The process 
of emasculation and pollination can 
be accomplished at the rate of one 
to two a minute with an average of 
only 10- 20% success. This means a 
minimum of 2 to 10 minutes per cross 
(5-10 ihdividual flowers crossed) 
to assure success. However, synchro
nizing flowering under low tempera
tures and high humidity conditions 
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increases the success of hand cross- chronization of flowering although
ing to 0%. NNormally at least 8-10 substantia differences between geno
seeds are produced per developed types do occur and staggered plant
fruit Attempts on male sterile (ins2 ings of early parents, particularly
1i)s2 ) plants produce a much higher when. used as , females, is usually

o" percentage f'success 80,/ on adesirable.' (70 
an average) "nad; they req'uire'onlyi 
pollination - no emasculation. A delay i1n flowering cn ' be 

achiev4ed on n limited scale by nip- '' 
ping 'off thle developing flowers and 

TH[ TECHNIQUE fruits or more severe pruning of the 
plant,; New plants are easily started 

When possible actual crossing is by putting stem cuttings with a-leaf 
done in a mesh house or greenhouse. in flts of coarse sand. Cover the 
This effectively reduces the insect 'flats with' plastic to maintain high

Spollen vectors,most of the majorpests humidities airound' the developing
(especially pod borers) and nearly all plantlet. 
the important diseases and nematodes. 

, .. tti ngs takrnfrom. piants~durintalso.,pcermi tcs.-cn trol-owatering, .Cu 
staking, applying nutrients and regu- 'active fruiting will 'flower almost im
lating plant development,and facili- mnediately on resumiing active vegctai
tates moving plants for easier mani rive growth but they are often poor 
pulaaion during crossing operations. pod setters. They are however, effec-
However, potted plants are small and tive as pollen parents. 
number of pod.; per plant is low. 

The first developing buds on the 
_.. In tropical climates plant tend to set pods easilyMesh house. an more 

expensive greenhouse is not essen- than later developing buds. It is
 
tial for crossing purposes. Commonly desirable co remove other buds on the
 
available wire mesh over a simple same raceme aid peduncle leaving
 
wood frame serves well. However, it only; one for crossing purposes.]'his
 
is desirable to have a ceiling 2.0- diverts all assimilates in the ped
2. i5m uncle intohigh to permit staking of spread- one pod and avoids confu
ing or climbing cowpea types as sion in labeling.
 
slightly reduced light promots.the
 
climbing Wndency in,!.;many vigna Einasculalion: In all the flowers of
 
species. Peaking the roof somewhat Vigna species studied under Ibadan
 
helps shed heavy rains but even with -conditions tinthesis took place just
 
a flat roof the mesh disperses rain prior to, or simultaneous with, the
 
drops and minimizes splashing during opening of papilionaceous corolla.
 
heavy downpours., l-lnce, flower buds'destined to open


A"cosid- the following morning are ready for
 
Syncbroniziug flowering, A consid-emasculation (Plate 1). These buds
erable proportion of Vigna germplasm have reached their maximum unopened 

is day-length sensitive. Inclusion of size and have started to pale slightly

Suich types in the crossing program from the deep rich green of earlier
 
creates problems' because, of asyn-' development. Emasculation and pol
chronous flowering. At fbadan lination cansbe done at almost any
(7030 

N Lat.) planting late'August through, time of the day. Under lbadan condi
early February results in good syn- tions emasculation and pollination
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by the thumb and index finger and 
lifted outward tearing the upper por

tion of the petals free (Plate 3). 

in 

{iently le f-off the rU Jsegment. 

~~-

Make n cut 2 t3the width of the bud. 

Remove all nher - inc t, 

'J'}li' OI[tLv 
.+ 

t l tl$Ip r 1)(46011m Of 

reeptivh gpeln ,l d stll .I"crsur 
alil,!cxI3Ost to,facilita - revioval of 

the 10 arither ,sa-cswith a sc]ssr', or 
forceps (PhotoI ,c). Tlhe scissors r 

forceps -h,uld be dipped ill alcohlol 

i" Ij )C(lc c~rl cro)rots andlttile 

I .receptivegreell tipped] stipuatic stir

face should not be toucled prior to 

pollinating. This emasculation proce
dure should require not longer than 
15- 25 secolds per flower (Plate 5).
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Remove other buds on the raceme. 

Pollination. The emasculated flower 
is pollinated the following morning if 
emasculated in the evening. If cross-
ing is done in the greenhouse, collec-
ting freshly opened male flowers is 
no problem and pollen remains viable 
for 12-15 hours after anthesis.Pollen 
to be used from several hours to one 
or two days later can be viably stored 
in a plastic bag (refrigerated). 

Some genotypes are superior
pollinators whereas others are better 
seed parents. Unless special genetic 
studies are to be made, time and 
efforts in crossing are better spent 
utilizing the most efficient parental 
donors. It is usually more convenient, 
and reduces risks of contamination, 
to remove the flowers of the male 
parents and use them to brush pollen 
on the stigmatic surface. To expose 
the anther sacs the innermost petals
of mature open flowers are removed 
or slipped downwards and the mass 
of pollen on the hairy-necked style 
can be used as a brush to deposit
pollen grains on and immediately 
under the green circular disc-shaped
stigma. (Plate 6). 

Another technique for pollination
involves removal of the mass of pollen 
grains from the hairy-necked style
with a thumb nail. For effective 
transfer the thumb nail is applied 
gently to the stigma of the receptor. 
With this technique, however, extreme 

care is essential to prevent damage 
to the stigma and to avoid contamina
tion. 

One flower can be used to polli
nate 4 or 5 emasculated buds. Only
the obliquely arranged disc-shaped 
stigma at the tip of the style is re
ceptive (not the hairy portion beneath). 
Under IITA conditions, anthers usu
ally dehisce before or around sunrise. 
Pollen grains are somewhat sticky 
and tend to form clumps that can even 
be seen with the naked eye or with 
the aid of slight magnification. 

Pollinate the emasculated bud. 

A small tag listing the cross and 
date is affixed to the raceme or pe
duncle beneath the pollinated bud. 
Hands, instruments and other foreign
objects should not touch the recep
tive portion of the stigma and the 
dehisced anther sacs. The crossed 
flowers are left open and uncovered 
as risk of contamination is minimal 
in a well managed mesh house or 
greenhouse. However, crawling and 
flying insects must be excluded from 
the plants during and immediately 
following pollination. Even ants, 
which are often attracted to the nec

4 



taries, can cause selfing. To reduce 
thrips and other insects likely to 

carry pollen an insecticide can be 

applied at regular intervals, 

Post-pollination.Unfertilized flowers 

drop off within 24 hours after anthesis 

whereas the unfertilized ovary may 

remain attached for 48 hours after 

anthesis. Therefore, a good check on 
can be madethe success of a cross 

three days after anthesis. Moderate 
temperature and increased humidity 
appear to increase the percentage of 

setting in hand emasculatedfruit 
in a seasonalcrosses. This reflects 

effect because at Ibadan the percent-

age of 	successful crosses is higher 
the cooler humid months.during 

An automatic misting system can 

be installed over the crossing benches 

to maintain high humidities and lower 
during hot periods,temperatures 

The rate of setting varies enor-

mously with environmental conditions, 

genotype and manipulative technique. 
the use of this technique anWith 

average 50%success may be expected 

with some specific combinations as 
high as 90%. For unexplained reasons 
male sterile (ms2 ms2)plants as seed 

parents seem to produce a high aver
age set (75 -95%) under IITA green

house conditions throughout the year 

and in spite of variation in tempera

ture and humidity. Moreover, the male 

sterile plants appear to accept and 

hold hand-fertilized fruits more 
than hand crossed fertilereadily 

plants, producing about as many 
crossed fruits per plant as unmani
pulated fertile plants of similar type. 

In crosses between fertileplants 
it is seldom practical to attempt 

than two or three crosses permore 

the selfed
plant or 30 to 50% of 

set by that plant.fruits normally 
However, immediate removal of 

selfed fruits and timely harvest of 
a flush ofcrossed pods causes 

can be 	used for crossflowers that 
the similar frealthough not with 

quency of success as the first flush. 

Pods are ready to harvest 18 to 22 

days after pollination at Ibadan. 
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