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Cow-pea has been known and cultivated- all over IndIn since very
remote times. ‘We find an indigenous name for it in all the native languages
of India (Watt, 1808). me-paﬂ cultivation was introduced into China and
other Eastern countries {from India in very ancient times. Africa is con-
sidered. to be the original home of this plant, since the wild forms are found
only there. Till recently its spread was confined to Africa, india, Burms,
Chind, Malaya Peninsula, Java and other Asiatic countries,. On aceount of
its use as an excellent green manure crop and also as a mixture in hay and
fcdder its cultivation has now spread to the warm temperate zones and
tmglcal possessions of all the civilized countries of the world, The name
cow-pea was. first used for this pulse in America. The earliest known
English name.s 'Cavalance’ used flirst in the West Indies. ;

' In India cow-pea has been grown mostly as a pulse crop, The grains
are either made into flour or eaten as dhal or whole without being broken.
The young pods are used as vegetable. A long podded variely is grown in.
gardens specially for the vegetable market (Duthie and Fuller 1882. Watt.
l. ¢). Mukerji (1915) menlions two kinds of cow-peas grown, one tender
'legumed barbate and the othér harsh legumed ghangra.

Avykroyd (1938) gives the following composition of cow-peas (Vigna
catjang).

Cow-gram Rawan
‘Moisture 12'0% 127%
Protein din 1 ’ 2467 234%
Fat ’ 0:7% 13%
Mineral matter 32Y 2:9%
Fibre 38% —
Carbobydrates 55 7% R 4
Caleinm C Ceee 0-07% R4
Phosphorous v 0499 ' 0 43%
*‘Irom .. = : o s . 435
Calorific value ner lﬂ[} grms. 327 Sid
Camtene Hutema:lonnl
vitamia A uaits per 100 } (8] —
grams.)

Vitamin B, (International 7~
units per 100 grams,) 3
Vitamin B, T pond source, -_
w. .C mgs. . } "
per 100 grams.

_—

The work reported in this poper was done during 1935—45.'u::der the direcs
tiuﬂ Gf thﬂ thEn Mi"Et 5P:Ciﬂli5t-., I.":I-i_ﬂ' l.i:lhullur L;: N, H““E“E“'“ini
Avyapgor.
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Niyogl et al (1932) remark thel ™ ol the Ihree pulses—Lens, esculento,
Vigna cotjang, Phoseolus nuamﬂfﬂ!fum-—‘hﬁqm has 4 high biclogical valus'.
They give the composilion of the qrain as Ash—399; Ether E-:r.tracts*- 124;
Crude [ibre—4'38; Crude Protein Nx6'25—26 D‘E Catbﬂmdralas {b}r
difference)—64'37; and true protein (delermined* sqmratalﬂ 2474

The net prolein values of the several pulses sludied b:.r them are as
follow : =

" ‘Dalichos biflorus 1:]-43
Cicey ariatfnnn w1668
Deolfehos lablab ' - . 10°65
Lens esenlonta . 12:86
Vigne eoljang e 3 1105
Phasdolus aconitifolizim o o4

Cow-pea is'considered fo be inferior to .urid or mung as &' tood, peing
difficult of digastiun and apt to be heating (Duthie & Fuller 1. c.).

While in India it is cultivated mostly for its grain, in America-it forms
one of the most successful and largely cullivated {odder crops. Mann
(1216) has found that this crop gives excellant yields under’ Indian con-
ditions also, both as a pure crop and in mixtures.  He recnmmnnds ils
areater cultivation as a gresn fodder .as- well as hay. It is very rich in
proteins and makes'a very suitable baIancmg mixture wlth cereals

Extensive experiments in the cullure and m the faaqu values or cow-
pea have been conducted by a host of workers in America, Australis ete.
Cow-pea hay is considered to be very nulritious and nearly equsl to wheat
bran as part of ration. It can be fed to work or milch-cattle. - Piper (1214)
gives the following analysis of completely dry cow-pea hay. .

Cut w.hen
in full-bleom pods forming pods formed

¥ o % A A
Ether extract (fat ete.) ' A4 306 i 501
Proteids _ : 1786 = 1993 2138
Digestible carbohydrates ete. 52‘_25. 5058 T 3259
Fibre ' ) 1829 : 18'52 ' 29'05
Ash . 7°43 - . 701 1197

The proteids increass siter the pods are formed. The. costficients of:
digestibility in cow-pea are as follows {Voorhees) :—

Dry matier " 6B
Ent S9%
Proteids ' i C 76
Digestible corbohydrates wie . B1¥%
Fibre . " ﬁﬂx

Thus there is practically no waste in {eeding ¢aw-paﬁ fodder. For
convarsion into hay, the crop is cut when the first pods are well formed.
Curing the hay is difficull, since with too much drying the leaves may drop
off. So it has to be stacked as soon as the leaves wilt (Piper 1931). Cow-
pea hay has been used with success to enrich maize or sorghum silage
\Piper, L. ©.; Leppan and Bosman, |, a.)
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Gultl!&tiﬂn Cow-pea forms a common member in the mixed cropping
Dractis&d in the dr-,- lands of India. ' As such the preparation of the seed-
bed ‘elc,, is tha same as for the ganeral sowing of the mixed crops. It is
gcarcely. grown. by itsell.

The.seed-rate in mixtures is 7—10 |b, and as a pure crop 15-20 lb.
per.acre. !lissown in April and May or OC:iober and November. As a
pure crop it may be either broadcast or drilled. The lalter is preferable
since it can be inletouitivated,: The cow- pei does well on'a wide ra=ge of
soils; provided they =re well drained but it prefers loams. The best growth
of cow-pea is obfained on rich soils and therelfore the seed-rate has lo be
increased in lighter soils. The optimum planting distance between plants
is about 9", The visbility of the seéds does not last more than twe years..

Cuw pea produces fieely the bacterial root nodules and has a good
herhaqa It thus forms one of the best green manures. Fortunately it does
surprisingly well on' comparatively impoverished soils. The crop has to be
ploughed in before it is completely ripe’and whilst the soil is sulficiently
moist. It serves also to smother weeds. The tipe pods are usually hand-
picked. The life peried ol cow-pea s very varying. " In general early
varielies will mature their first peds in 70—80 days and medium ones in
80-—100days. Beyond this are all degrees of lateness.’” * (Piper 1931).

The'yield of grain is 300 - 400 lb. per acre (Woed. 1. c.) while the yield
of aresn fodder per acre . when growh under irrigation is about 12,000—
16,000 1b. and 10,000 lb. when grown in the rains (Mann. 1. e). Mukerji
(1, e.) gives 50 mds. of legumes {bﬂrbatﬂ'ﬂr 10 mds. of dal (ghangra).

+ Bystematics, Cow-pea is fruly a bean and not a pea: It is classified
under Phaoseolece, - Hooker (1879) places this genus under the subiribe 1V
Euphdseoleae of ‘his ‘tribe VIIl Phassolegs. He distinguishes two main
aubqenera (1) Vigna proper and (2) Plectotropis.

Gamble (1918) gives the following classification of Indian Spacies :—
Tribe VI Phasecleae
Leaves not gland delied
Leallalz stipzllsie. Style nol bearded below the stigma. 33, .
shutteria to 43 Pueraria
Style bearded below the shgma ; stamens diadelphous.

Sligma obligue :—
Keel spiral—44 Fhaseclus

Keel not spiral—45 Vigna.

45, Vigna Savi—Twining, rarely sub-erec!, herbs or under-shrubs.
Leaves pinnaiely 3-—{oliclale ; stipules basifixed or rarely pellate; stipels
subulate. Flowers in racemes at the end of an axillary peduncle, fascicles
on a nodosge rachis; bracis.small, deciduous; braclecles somelimes large,
and subpetsistant. -Cslyx campanulate, the teeth dislinct or the 2 upper
more or lass connate.. Corolla exserted ; standard orbiculer, auricled at
base; wings chovste fﬂlcale, slightly udnata o .the keel; keel petals
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equalling the wings, incurved, acute or if beaked, not cpirally. “Stamens
diadelphous; anthers unilorm. Ovary sessile. mnny-ovuled style’hl]lfcrm‘[
or thickened upwards, longitudinally bearded on the ‘inner face; stigmaf
oblique. Pod linear, straight or incurvad, usually acuminute:l septafe bet-
ween the seeds. Seeds reniform or subguadrate, the hilum short, lateral
strophiole O,
Keel not beaked, a sub-erect or iwining annual! with white, pink or
vellowish flowers and long glabrous pods with many seeds, '
Catjana: Walp.'
Kee] beaked but not gpiral as in Phaseolus:—
1. Vexillaia Benth
2. Wightii Benth
3. Pilosa Bak*®
4. Bourneae Gamble.

There are several synonyms for this plant:— Vignc‘z sinensis End. ex

Hassk ; Vigna unguiculeta (L) Walp ; Dolichus unguiculatus Linn'; Vigna
trangquebarica. D.

~ Piper (1914) describes. this plant as V. sinensis Endl. and discards
V. ungniculota (L) Walp. He distinguishes three varieties. -
(1) Vigna sinensis—Cow-pea.
(2) - » » var. cylindrica—Catjang.
(3)  » » var. sesquipedalis— Asparagus bean.

A communication from Kew however, prefers the name Vigna Ungui-
culata (L) Walp on the ground that Piper's statement that the type specimen.
in the Linnaean herbarium is Phaseolus antillanum Urban, is incorrect and
that only one plant oi this alfinily has been found in the herbarium which is.
undoubtedly the plant wiich has been called V. unguxculata (L) Walp.

The chief distinguishing characters of the three species .may be sum-
marised acgording to Piper (. c.) as follows :—

Cow-pea Catjang , Asputngus
Seed length 6—9 mm. 5—6 mm. 8—12 mm.
Seed shape Sub-reniform to Nesarly as thick as Reniform
sub-globose broad. oblong or
cylindric, slightly
! reniform )
Pod length 8—-12in. 3—5in. 1—3ft. “
Position'of pod Early becoming TErect orascending  Pendent, fleshy
pendent when green. Remain- brittle

ing so or becoming
spreading or deflexed -

- : when d;'y

Pod flabby or Neither Neither ’ - Inflated, flabby shrink-
inflated when - _ _ ing between seeds be-
fireen ; : fore drying

Enthesis and pollination. (1) Observations on. f}ower opening.
Haig and Lochrie (1929) made detailed observations on the production of
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the flowers: ~ They found.that under their experimental conditions the cow.
pea had a definite flowering periad, followed by a more or less non-flower-
ing perlnd which might again be followed by a second and even a third
ﬂowaring period. The irequanc? curves showed that the first flowering
period® had a mean of 23 days and the non-flowering 12 days. The period
from pollination of flowers to hature pod corresponded to this nun+ilowering
-‘parmd being 12—13 &a'fﬂ They remarked fuither that " flowering begins
-again when the first flush of pods has been fully developed, as by that time
the drain on the resources of the plant body has greatly lessened,” They
noted ‘also that only 3 — 4 pods set in any one head and all the other heads
pr%d.qcadf shed,

: ﬁst&iled_pbsarvatinnﬁ on the flower opening and anthesis were made
.at the Millet Breeding Station, Coimbalore. Under this condilion we
observed that it takes 11—14 days for the {lower inilial to develdp and
bloom a.mi the flowers open’ betweeri 7 and 9 A, M., the maximum being at
about 8 A. M.- This seems lo vary slightly with varieties as is evidenced

by the following table.
, _ ' TABLE L

Cow-nea Date of ' Ma. of flowers opened at’ '
variat FN observa- 6-30 7 7-30 8 8-30 9 9-30 10
MYy NO. Tjan. . AM.  AM. AM.  AM. AM. AM., AM. A.M.

C. 521 '
Cow-pea 15-12-38 - 1 1 44 - -5 - -
Tvpe ' 16-12-38 -~ is 23 12 12 3 3 -
o 17-12-38 - - 10 " 6 15 7 6 1 -
_ Total - 26 30 71 19 14 6 -
C_r. 422 - .
Cylindricus 16-12-38 2 24 5 1 = - - -
Type . 17-12-38 6 6 8 3 7 - s - -
' Total = 8 30 .. 13 4 v - -

ik -
=

This is of course subject to further confirmation since it has been tested
on only two varielies, In the same wvariety the flowers may open from as
‘early as 6 A. M. to as late as 10 A, M.

(2) Anthesis. Though the blooming takes place between 7 and 8
B: M. it was obssrved that the anthers dehisce . much =arlier. This time of
dehiscence fluctuated from 10 P. M. on some days to as late as 0-45 A, M,
on certain other days This differen~s was noled to be in ro wsy conne-
cted with the progression of the days -of.the flowering period. So other
anvirunment&l factors were ezamined for the cause of this dwergence
This led 1o the rather inleresting conclusion that moon-light tends to hasien
‘anther dehiscence in the cow-pes. It was also noficed that on moon-lit
nights the anthesis is earlier if the sky is clear and the atmosphere warm
and dry than if it is cloudy, ¢cold. snd humid, The time of anthesis in rela-
tion to the phases of the moon observed during a period of 9 weeks in the
summer of fQS? is given below.
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TABLE II. Time of anther dehirconce
Time of Time al . s I‘:me of -
Date dehiscence Date .dehiscence ._,_.Da.fr_t dehlscencu
1-4-37 0-45 A, M. | 24-4-37 1115 2, M 17-5-37 11-55 P. M.
2-4-37 0-36 25-4-37 © 11-35" ., 18-5-37 1140 7,
3—4—3? ﬂ-ﬂn n. lz'q"""! "3?. b 11']5 ] | ]g—‘q 3? 11*45 i
4-4-37 0-15 ., 27-4-37 o 11-15 20-5~37 _.-10-30 ,,
5437 0-45 .. 28-4-37 O 11-45 . 21-5-37 Z 1045 -,
6-4-37, 0-30 ,, 29-4-37 = 1'-20 ', 22-5=37 8'-10-45 F
T-4-37 A 045 3-4-37 4 11-20 23-5-37 ': 10-45
B-4-37 © 045 ., 1-5-37 3 11-45 24=5-37 10-35 ...
9-4-37 @ 045 ,, 2-5-37 =2, 0-20A. M, | 25-5-37 O 10:45 .
10-4-37 = 0-45. ., 3-5-37 = p45 26-5-37 3-10-30 ,,
11-4-37 ® 030 .. 4-5-37 0-45 , 27-5-37 2 10-30 = .
12-4"'3? g ﬂ-sﬂ T 5-5‘-3? u'dﬁ T | 28"5"3? E 1']""4“. 1 '
13-4-37 3 045 6-5-37 g n-3n 29-5-37 " 10-45
14-4-37 Z 0:30 7-5-37 5 045 , | 30-5-37 ' 11-30 .
15"4—3? ﬂ"aﬂ £y 3_5“3? E- ﬂ"?ﬂﬂ wi 31—5—-3? ]I-S‘ﬂ i
16 -4-37 0-45 |, 9-5=-37 = 030 . 1-6-37 4 11-30
17-4-37 0-45 10-5-37 @ 045 ,, 2-6-37 O 0-15 A, M.
15--4-37 0-00 . 11-5-37 .. 030 , 3-6-37 2. 040 ,,
19-4-37  11-45 P, § 12-5-37 2 000 ., 4-6-37 = 030
20-4-37 11-30 13-5-37 %> 000 , 5-6-37 & 0-30 ,,
21-4-37 10-45 . 14 -5=37 11-35 P. M. 6-6-37 =2 040 ,
22-4-37 1-15 |, 15-5.-37 11-45 ,,- 7-6-37 Z 0-40 ,,
23-4-37 1-15 ,, 16-5-37 = 11-40 , §-6-37 & 0-40 .,

Remnrka 20— 4-37—clear moonlit night,
22-4-37 to 27 -4 - 37—cloudy and rainy mghtm
20-5-37 to 29 =5-37—clear moonlit nights,

Certain experiments were conducted with a view to ascertain whether
it is the presnnéa of the light or some. cther lunar radiations that influence
the anthasis, 1f the inflorescence is cul su{ficiently early complele with its
peduncle and kept in water the flowers behave similar to those undetached
as to opening, anthesis etc. Taking advantage of this, a few inflorescences
were cut on the previous evening and kept in dark chamber. The anthesis

oy

times were as follows:—

TABLE Il
. Time of anthesis
Date Moon-rise Moon-set In field Inside dark chamber
H. M. H. M, P. M, P. M.
23-5-37 17-12 414 9:45 10-30
24-5-37 18-1 4-56 9.35 10-45
25-5-37 18-51 " 542 9-45 10-45

In a second experiment two sets of inflorescences were cut and brought
to the laboratory. One set was kept in a dark chamber. whz!s: the other was
exposed to artificial light from ‘an" incandescent lamp of 60 C..P. from
& P. M, onwards.. The niaght was clear and 'moon-lil. The results are
given bzlow:—
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TABLE IV,
Time of unthesis
Dateof ~ Moonwrise - Moon-set ' In.laboratory-
observation In field in dark  Exposed to arti
. chumber ficial light
o H.M.  H.M, PoAL L PLM. P. M.
25-5-37 1851 - 5-42 9.45 10-45 . 9-45
26-5-37 o 19-40 6-20 9.30 1030 9.30
28-5-37 21-16 8.4 o.40 10-30 G-45 -

This experiment was repeated durmq dark nights. The hours of mosn
shma during the mqhts was nil - _

. ) TABLE V.
' Time of anthesis
Date of Maon-rise  Moon-set — I:: lnhm[-:ﬂm” 33
= _ ¢ Ao derk Lxposed to
ﬂlf-?ﬂrvhhun In Gield chamber - artificial light
CE H M. H. M. P. M. P. M CPM.
2-6-37 . 0.8 - 12-24 ~ 11-15 11-15 10-35
3-6-37 0-50 13-16 11-40 11-30 11-00
- 4=6=37 - 1-34 . 14-12 11-30 - 11-30. 10-30
5-6-37 - - 220 - 1510 11-30 11-30 1030
6-6-37 .3-10° 16-12 11-45 11-45 10-50
7-6-47 6 -, 17-16 11-45 11-45 1100
§-6--37 5-6 ©1s2t 11-45 11-45 11-00

It may be concluded from the above that shutting out the moon-light
delays the time of anthesisand that exposure to an artificis] light of good
intensily tends to make the anthers dehise earlier. The stimulus of artificial
light isseen to be & eifective even when there is total absence of the moon
during the time of anthesis. However 4t is intares’unq that with artificial
light also the dehiscence is early (9-30 to 245 P. M.). in the presence of
moon-liaht whereas it is much later (10-30to 11 P, M.) on a night without
moon.

The information za to the influence of lunar radiation on the activities
of the plant is very meagre. Ingen-Hans found that moon-light is not
intensive enough for the carbohydrate assimilation (Kostyts Chew 1923),
Tyler (1938)-finds that lunar influence is more one of belief than fact.
Denald et al (1937) and Ayyar and Panicker (1937) do not find any corre-
lation betwesn sexual precesses and lunar periodicity. * Foz (1932) finds
the iniensily of moon-light too weak to have any eiféect but is of opinicn that
“the moon may perhaps cause lunar cycle in reproduclion not through its
relatively small inlensily of light compared with the sun; but by the addi.
tional total number of hours of illumination  per 24 hours at full moon over
and above threshold light value™. Fox (1924), however, lested the possi-
bility of moon-light for phetesynthesis. Carton (1934) while lesling the
influence of light with light intensity, Hgiit quality, lenath of day end phote-
periodism, considered also the possible’ miluence of meoon-light.

Mote:=The timings are accoeding to old L. S, T,
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(3) Technigue of hyhbridization. W has been shown that the tlowers
open soma hours Jaler then the anthesis. Tharelure flowers for. hybndiza-
lion purposes musl be selected and anthers ramoved someﬁma before
. anthesis. This is besl done on the previovs day evening, Such buda as
are mature enough are larger in size, the back of the ﬂtandard Fel]c:rwish in
colour and the corolla yields .itsell to easy mampumli-:m Oliver {191{]]
(in Hayes & ‘Garber 1927) gives adeldiled account of-the methﬂd of
emasculation. A similar method wes ndopled in lhis station.alsos ' Hold
the bud between the thumb and the fore-linger with the keeled sice dpper-
most; then run a needle along the ridge where the two edges-of the stand-
ard unite. Bring down one side of the standard, securing it in position
with the thumb; then do the same with one of the wings which wl]l lsave
the keel exposed. -This must be slit on' the exposed side ahout T inch
from the stigma, which can be seen through the tissue of the keel. Bring
down the section of the keel and secure it under the end of the thumb.
This will expose the immature stamens, ID in number. With a pair of fine
pointed forceps seize the filaments of thé stamens and pull them out, count:
ing them as they are removed lo make certain that none are left, Allow
the disturbed parta_::i keel, wings and standard to assume their original
positions as far as poésible, Mext detach a leaflet from the plani, fold it
once, place it over the emasculated flower bud, and- securs il in position
with'a pin or footh-pick. This prevents drying out and gave large percent-
age of success’’. The pollination is'done the next morning., Pollen from
a protected freshly opened ilower is dusted - over the sligma and the flower
covered with the leaflet as before. ' h

‘Cow-pea Hlowers are lisble to be cross-pollinated to a high degree.
The growth form of the plant renders it convenient for the whole plant to be
enclosed inside a bag,  Further, cow-pea flowers are sensitive -and drop
off with the slightest mechanical disturbance or infury. Even though ' the
inflorescence” produces a number of buds only a few mature and set pods.
However, about 80 per cent of the buds mature and open into flowers and
about 67 per cent of the opened llowers set into pods: The pods form and
mahure at different times, conseguently much labeur and time have to be
gpent in obtaining enough guantity of Ba‘lfed seeds of a plunt

Inheritance of characters. (1) Xontha ‘seedlings. Ch]::nmphy]l defi.
ciencies are of rare ogcurance in the cow-peas. A lype of deficiency (xantha)
resulting in yellow seedling leaves was met with in the progeny of a n4d tural
hybrid. The green seedlings developed into normal planis while the
yellows died within a week after germination.. Whereas at the beginning,
all seedling leaves are more ‘or less yellowish, the normal ones change into
green very rapidly but the xanthas continue to remain yellow and eventu-

ally die.

The progeny of this natural hybrid gave 40 greens and 11 yellows.
Qut of 15 selections carried forward, 1;:'}:115r 2 segregaled again for green
and vellow (9 arcen and 3 yellow; 7 grecen and 9 yellow respectively).
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‘Further selections trom these two tamilies gave Y44 green to 253 yellow
-and.346 green‘'to 129 yellow seedlings respectively—thersby proving - -that
the xantha chnmn;:ter iz & simple recessive lo green. (total green -1,290;
yellow 382; P>0'02), A fsctor Xn produces green seedlings and its
allelnmurph xn produces xantha Bsedlings and proves lethal.

{2] Cotyledon colour. The cotyledons in cow-pea are usually greenish-
w.hité' in colour when fresh and turn white on drying. A few lypes were
noted which showed cotyledons lurning -purple towards drying and the
colour persisling in the dry cotyledons, They were at first noted. in certain
types collected from Africa (Nigeria, Kenya and Uganda). These three
happened to have purpie or black colour in the seeds. Later, however,
more types were obtained in which the sesds were brown.

& cross between C 577 (purple co[yledan} and C. 57 (white coty Iednn'l
gave an F; with purple cotyledons. The F3 gave 161 plants with purple
Cﬂhlflerinns and 61 with white' cotyledons, (P>030 for 3:1- ratic), Fj con-
formed to the monogenic segregation.  The factors may be désignated as
Peot—purple cotyledon and peot—white cotyledon.

(3) Buds in oxils of cotyledons, Usually in the cow-peas the buds in
the axils of the cotyledonary leaves remain dormant. Similarly in the first
seminal leaves the axillary bud is suppressed. In one instance (C. 121—
a variely from Vizagapatam), the dormant buds became activated. These
axillary branches produce one large simple leat and ancther similar but
smzll one. When selections from this lot were carried forward they gave
(in two of them, C. 121 and 121 B ) a segregalion for dormant and aclive
axillary buds (146 dormant buds, 41 active buds). An Fz of 15 selections
gave six pure for dormant buds, 4 pure for active buds and 5 segregating
giving a total of 200 dormant to 70 active. [t is evident from this that a
single factor inhibits the activity of hud_s in the axils of the cotyledons, (total
dormant’ 346 : active 111; P>0-70). The factor Ax inhibits the bud
growth and with ax the axillery buds are activated into growth,

(4) Ribbon leaves. The leaves of the cow-pea are trifoliolate. The
terminal leaflet is ovate, the basal leaflets are ovale asymmetrical. Of the.
many African varieties of cow-pesa, one from Tanganyike, C, 525, had leai-
lels that were very long and lanceoclate. This was crossed with the
ordinary local ovate type. The F was lanceolste and in the Fi (family
C. 660) there was a monogenic segregelion of 82 lanceclale lo 24 ovale
leaflets. (P>050). The Fz confirmed the Fa behavicur. The lanceolate
s}inpe of the leat 'L, "' is thus a simple monogenic dominant to the more
common ovate leaf shape ‘1, The first seedling leal which is simple
end not trifoliolate ehows this characler and it is therefore possible’ to study
its inheritance even in lhe very early stages.

"(58) Leafsize and peduncle Jength A single plant zeléction from
Tanganyika (C. 527) had smail lesves: Measured with the planimeter the
average area of the leaf was lound to be 2 gq. in.  The length of the pedun-
cle wes 10 cms. Generzally the large leaved plants hava a leaf area vary.

ing from 3 o 7 sq. in. and & peduncle length of sbove 15 cms. |
®
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A cross was made between the small leaved type and. a large-lsaved

type. The F; gave an average leaf area {:r‘f 5 sg. in. and lenqth of pacluncle
15 ems. The-behaviour of the progeny iz given balow.:—

Table VI .
‘L i l;rngeny
; arge en Small leaf
Selection Long .+ Short Long Shaort
peduncle peduncle peduncle peduncle

F2 Large leaf, 73 20 26 9 P>05for 9:3:3:1 ratio

long peduncle wy o, b '
F3 do . do . 202 74 62 27 P>05  ‘do. do

{total of 7 families) - . y L

F3 Large leaf,short - ... 145 47 P>*9 for 3: 1 ratio
peduncle (total of g ;
4 families) . =
F3 Small leaf, long ... 104 37 P>'7 do.. da,
peduncle (total-of
3 fomilies) - :
F3 Large leaf, long Pure s -
preduncle (3 , .
iamlllrzs} .o :
F3 Small leaf, Ehﬂtt oo Pure
peduncle (2 -
fomilies)

It iz evident from the above that the length of peduncle is inherited
independently of the area of the leaf blade. The factors may be assigned
_as:— Pn—Long peduncle, pn—short peduncle ; Ls- Larae leal;, Is—amall
leaf.

(6) Scented flowers. Very few leguminous flowers are scented. Sweet
peas are the best example of legqumes with scent Among pulses no scenled
flowers are on record. Scent in the {lowers of the cow-pea has not been
mentioned so far. In the large collection at the Millet Breeding Station, a
selection, C 515, from a variely from the Sudan proved to. have flowers
that.emitted a jaaﬂina-'ike scent. The flowers are white in colour. The
plants are delicats in growth and the sestting and gEzrmmE‘hﬂn of the seed
are rather poor, so much so that the stand in the rows is always sparse.
The best time for examining the flowers for scent is between 7 and 9 A. M.
By 10 A. M. the scent fades oif. The stage at which scent is best felt is just
when the {lowers open oul. The wings had the sirongest scent, next the
standard, and then the keel. There was no scent in the dry petals. *No
other part of the plant is scented. Attempts to .cross this delicate vﬁnet}'
with sturdy loeal varieties proved futile, as the pods did not set and grow
well and 'the few ce=ds that were cbtained were very shmrallad.

Apart from thls variety from Sudan, two other varieties with purple
{lowers had a fainter scent and on a close examination traces of very . faint
scent céuld be made out in odd local varieties.

{7) Pigmentation of vegetative parts.  Harland (1919 and 1920)
found that the pigmentation in the vegetalive parts was due to the aclion ot
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a single main gene A. X'is a simple dominant to %, unpigmented type.
However, X was supposed to-act only in the presence of R a gene for red
seed- coat. - In addition to this, two other ssed coat colour factors’ viz. E
(New Era patlﬂrni and B {Blﬂc.’ﬁ. eyal also produce colouration on stem, leaf,
slalk e_tp. (Harland 1919), Eis without effect except when R is presant.

Sasaki (1923) reported three factors Z,. H; and Hs responsible for pig-
meniation in vegetative parls. Factor Z converls eye colour to solid, also
prodicas plant pigmentation The lactors Hy and Hs (Holstein factors of
Harland L e.) in combination with Z produce pigmenlation in -vegetative
parts:

Spillman and Sando (1930) give only one factor R, a general factor,
for oolour as also producing red ssed coat, They use the symbol X. for an
inhibitor of the factor T.(less dense speckling characleristic of the Taylor
variety), .They conclude that flcwer colour is correlated with colour in the
seed coat, peduncle, stipules, and petioles. ..

Harland et al (1926! and Haigh and Lochrie (1929) found that segre-
gation ratio from selfing of the X X plants showed a progressive variation
with age. - There was an excess ol recessives which gradually diminished
up to the 10th day after flowering when an excess of dominants were pro-
duced, . This persisted for 15 days: They edduced the deviation of 024
from the normal ratic in the dominants due to an excess of recessives caused
by the early flowers.

The anﬂmcyanm pigmentation cccurs in cow-pea as purple or some-
times purpla wash. An unpigmented group also occurs. An examination
‘of about 200 pure line selections at the Millet Breeding Station showed
that ths,plqmentai‘lcm ecould oceur in :

(a) Seedlings:— H:.-pcf:ntvL cotyledone, epicotyl, stipule. base and
main veins.of the {irst foliage simple leaf, _

_ (b) Adult plant:— ‘Stipules, petiole, petiolule, base and main veins
of the hifoholste leaves, axils, internodes, peduncles, calyx, corolla and
unripe peds. . .

. Based on the depth and disliibution of pigmentiation in the seedlmgs
‘the following greups could be made.—

TABLE VI
Class of pigmentetion in decreasing _ Non-
. Plant organs depths of eolour pigmented
I B P'! P:- w P - Fi Pe
Stipules P wush Pdots G G- P tip s

Petiole and puetiolules P wasgh P wash P wash P wash P wush

ool

do ends P P P P G
Leal base » P . P TP G G
Mein veing ' P P G G G

Between veins P G G G  Occosionally
: P

P==purple. ) G=green,
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When classified according to the seed colour it was seen. that these
pigmentalion groups may occur in all the seed coat colours. = A number of
crosses were made amongst the several pigmentation groups to - gtudy the
inheritance in detail, but the work had to be discontinued,

(8) Flower colour. Harland (1919) describes in -theé main: three
flower colours—deep reddish viclet, pale wviclet and white. Tha whn‘.e
flawer is found in seeds whité and with no palterns on the seed :mﬂt ‘This
type, he finds, can carry f-a::i.-nrs for dark colour of flowers, Watson- or Hol-
stein patterns of the seed coat and also for black eve. He'defines thethree
flower types as follows :—

) Dark (LL DD)—Anthocyanin deeply pigmented. - Flowers reddish violet
at throat, wings greatest, keel faintly streaked or 0.

Pale (LL dd)—Less than in dark ; standard almost white, wings streaked
faintly with violet, keel no colcur,

White (11 DD, 11 dd)—No anthotyanin. Flowers pure white except for
faint primose tinge on standard at the throat.

A gene L (para) is responsible lor pale flowers and has visible eitect in
types with Holstein and small eye patterns.

The Watson eye factor ‘W' and the black eye B *both have dark
coloured flowers. The allslomorphs are monogenic. ‘B also produces
colour in the ped tip.

Again (1919) he reports that " k" the New Lra pattern aiso.produces
nnthocyanm in flowers. But this factor has effect only in the presence of

. further that B, P.and E ell produce colour in «calyx, peduncle, and tip
c:-f ynung pods. P produces full colouration in ripe pods.
Sasaki (1923) gives the factor 'Z" as one. of those producing tlower

colouration;
Spillman and Sando (1930) however find that flower colour is corre-

lated with colouration in the seed -::::-at ete. They suggested that factor. ‘R’
is a genersl factor for colour and 'r' has white flowers.

Capinpin (1935) finds single iactnr difference in flower colour as also
pod colour. He finds white flower and whiie seed and coloured seed  and
coloured flower closely linked. This is borne out in experiences at the
Millet Breeding Station, Coimbatore.

A new iype of flower colour in which the whole of the dorsal side of
the slandard is coloured was met with at this station. An examination of
about two hundred pure hnes showed that the purple colaurnﬁcn ol the
standard may be of three kinds :—

(1) The whole of the dorsal side of the petal coloured uniformly. (new
type),

(2) Pigmentation coniined to the apex ot the petal, the rest being

colourless.
(3) The whole of the dorsal surface unpigmented, the apex of the

‘petal greenish.



Tily 1945] Studies in Cow-Pea 157

. lt.was also seen that colour of the calyx is closely related to the colour
of thé'dorsal side of the standard, the first two types of standard hsving a
:':’rﬁ}pl'ﬁ calyx while the third has a green one.

“In'a‘cross m&dﬂ bétween class (1) and class (3) the Fi was like cless
{'1-}5 The F, gave a monogenic ratio which was confirmed in the Fa.

According to Harland the dark coloured flowers have the génic com-
position R D L, while pale violet {lowers are R'd ], the other combinalions
rasulting in white (Matsuura 1933). The factor D increases the pigmentation
in L. L and D are supplementary. A third factor ‘' G is responsible for a
tinging of the flowers and is hypostalic to D. A spreading fsctor ' St'
appears to be responsible for the full expression of the colour on the dorsal
surface of the standard pstal. Thus lhe full expression of standard cclour
is RD'L St and the apex colouralion is produced by R D 1 st while the com-
pletely non-coloured flowers by Rd1sh

(9), Colour of the immature pod. Generally in early stages the pod
*tip is'eoloured purple while the rest of the wall is green. At maturily pur-
ple splashes or streaks may appear on the pod wall. Types are present in
which the wall is fully coloured purple. Pods withoul any colouration also
existi The following types.were met with at this station.

(1) The whole pod as well as the pod tip coloured. .

. (2) the pod-tip alone coloured while the body is not coloured.

(3) the pod-tip not coloured while the body of the ped is splashed
with purple pigment,

(4)  Complete absence of pigment in the pod.

It was observed that as in the case of the cﬁlrx, the colour of the pod
tips is closely related to the colour on the dorsal surface of the standard.

Tabulated, the colouration on the standard, calyz and ped resolve
themselvea into the following five classes.

TABLE VIII
Class of '
Pigmen- Standard Calyx Pod
‘tion #ia
1 Apex Purple, whole dorsal Purple Tip purple, body
, surface porple purple splashed
1 Apex purple, dorsal Purple "
surface no colour
I . . Tip purple, body not coloured
v . ﬁpex end surfpnce no l:n]qur Green- Tip Green, body purple
splashed
W ' No colour Green Both green

The above characters behave as though closely correlated in segre-
gations between various classes of pigmenis. They behave as unit chara-
cters,

Harland (1819 and 1920) found {hal the pod colouration is produced
by several factors some of lhem being primerily eeed’ coal colour factors,
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B. Factor for black-seed cost, alao produces purple tip 1n yound poads
but less than in P.

E. iactor for New-Era patlern seed coat colour, procuces purple up m
young pods But the eolour s weaker than in B.

R, Basic.factor for pigment in seed coat, also pmduces purple 1n p:::-ds

P. ‘'has no elfect on seed coat colour but produces purple. m_ young
pods and inlense puiple (margon) in mature pods., This is the
most intense purple in pods. .

- b, e, p, r—produce green pods.

He is not, however, quite certain whether the purple pod is not dus to
more than one factor. - He finds evidence that B and P, and B and E &re
linked but suggests that B, P and E all may bslong fo a lriple series of

- multiple allelomorphs.

Spillman and Sando (. ¢ ) ascribe a sinale factor R lor' the ‘general
pigment in the plant.

Capinpin (. e.) tinds pod colour and seed coat colours .are loosely
linked. -

(10) Pod shape Spillman and Sando (1. e.) find thal eurvature in dry
pods is dus to a factor A.

(11) Dr}' -pod colour. Cow-pea pods exhibit three main kinds of
colouration on drying These colours are independent u{ the green colour

of the immature pod and also of any purple pigmentation that might occur
in the immature stages. These three types are (1) cocoa brown (2) siraw

yellow and (3) ivory yellow (Ridgeway, 1912).

Capinpin (l. ¢ ) has noted only two dry pod colours; black and white.
He obtained a monogenic difference between. them.

‘The following is the inheritance of the three pod colours studied at the
Millet Breeding Station.

(1) Farants ..Straw yellow % Cocoa brown
CFieees .......Cr.:::na brown
FaovereevennsCocon brown Straw yellow

416 134

P>0'7 for 3:1 ratio.,

The F3 heha\riou_r confirmed the F» figures..
(2) Parents............Ivory yellow X . Straw yellow

Fiviesissisnnsias. Straw yellow
Fz and Fs.......Straw yellow . - Ivory yellow
867 634

P=005 for 9 7 ratio.

In the Fa of the abova cross, seqregahnns were also obfained giving a
monogenic ditference between straw yellow and ivory yellow (straw yellow
117 : ivory yellow 42 (P>09 for 3:1 ratio),
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It is.evident that cmnpiementﬂ ry factors 1, Is give rise to straw yellm-r
colour. A factor.Cg: converts the straw yellow pod into cocoa brown so
that'this factor acts only in'the presence of [, Iz The genolypic constitu-
tions would be Cocoa brown—Cg; [, 12; Straw yellow—ce: |1 [2; Ivory
_ye'{luw—cm Tyig; CoriyTo; Cardsdei ene liviz;ope i [2; CBe Ty 2

[12] Pod length. As mentioned elsewhere cow-pea pods are distin-
quishahle into three classes, each characteristic. of a sub-species (viz.)
eylindricus (5—10 cm. long), the sinensis type (15—17 cm. long) and the
slesquipEduffs'(?S —27 cm. long). Apart lrom the lanth the 3 types could
be differentiated by the iollowing characlers.

TABLE IX.

Sesguipedalis %‘;;’;g:?ﬂ Cylindricus
Sead ' 812 mm. lopg~  6—9 mm. long 5—& mm. long
' ’ Kidoney shaoped sub-reniform to seed small, oblong

. sub-globose or cylindrical.
Seed ) } Seeds widely Closely prcked Closely packed.
arrangement separgted
Green pod Inflated Mat inflated Mot inflated
. and flubby or flabby or flabby.

‘With the help of these characters it has been found that phenotypes
can. be easily distinguished in the segregating families. '

A crosa between sesquipedalis type and cylindricus fype gave in the
F;, the sinensis type of nod ; a reciprocal cross also behaved similarly.

The F;-and Fy behaviour was as follows :—

TABLE X,
is g Sesqui- Cylin-
f‘wll:tle,nﬁlﬁ pedalis dricus
¥P type type
Total of 7 F, families . 453 152 204
Totel of 6 Fy families 213 73 95
Total .666 225 299 P>09 for 9:3: 4 ratio
Total of 6 Fy families 211 ‘68 P>0'9 for 3: 1 ratio
Total of 6 F; families 248 — 119 P>09 for 3:1 ratio

From fhs_’abwe it is eviden! that supplementary factors are responsible
for these three pod types. The genotypes may be represented as:—5, Cy -
Sinensis; Sp cy-Sesquipedalis; s, Cy-Cylindricus and s, ce-Cylindricus.

(13) Wrinklsd pods. Most of the varieties of cow-pea have their dry
pods fairly smooth on the cuiside., In these the pod'is thin and on Dres-
sure lha dry pod snaps essily at the sutures, There is another type chisfly
representszd h}r the long podzsd vegaiable variely, the sesquipedalis, in
whish the pod coat is thicker and the spaces belween the seeds are wider,
When dry this lype of ped presents a wrinkled appearance.
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Reciprocal crosses belween smocth ‘and wrinkled pod types made st
this slation gave Fis that had smooth pods. In the Fs these segregated
inta smooth, 736 and wrinkled, 503 (lotal of 14 families). . This indicales a
9:7 ratio (P>0'02), The F3 behaviour confirmed this. Twe factors which
may be designated as Pa, and Pas, complemeniary lo -each other are
{kerefore responsible for the pmducticm of smooth podsa.

(14) Pod chlorophyll, There is a dilference in the green colour ci
unripe pods. These may be green or light green. When the pod is g'EEn,
the colour of the calyx and the ridge tip of the back of standard are also
green. When the pod is light green these two places in the flower are also
light green., This behaviour is similar to the concurrent response of the
pod tip, calyx and standard tip to purple f[jigrgantéltiﬂm-

In crosses made belween green and light green, th green condition
proved a monogénic dominant to the light green condition. In'the Fa and
F., twenty-one segregating families gave a total of areen; 1,395 and light
green, 452, This approximates to a 3:1 ratio (P>008).

"A factor Ly produces green and I light green colour in the pods.

(15) Hollow seen‘g. The cow-pea: seeds are renilorm. The bulk of
the sead is made up of thickened cotyledons, These cotyledons are usually
two in number, Each is convex externally and plane internally. The plane
surlaces are closely. appressed. In a few cases seeds were noted in which
a hollow space was formed beatween the " cotyledons on drying. In trans-
verse sections the space appears lens-shaped and is best seen at the chala-
zal end.. It is of interest that the hollow seeds are sweeter than the normal
solid ones.

In across between .a typical hollow seed (C. 574—a veariety from
Nigeria) with a variety with solid seeds (C. 498) the F,'was found fo be
solid. The F4 gave solid seeds 92 and hollow seeds 39 indicating a single
tactor difference (P>0°20), Fs and Fy confirmed this behaviour. The
factor may be designated as H; solid seeds and h. hollow seeds.

(16) ° The Grip of the seed coat, The grip of the seed .coat on the
cotyledon is usually tight. In some varieties it is comparatively loose. This
looseness tends to go with the biager size of the seed, though smaller seeds
with loose seed coats could also be obtained. Under a good pressure

,between the thumb and finger, seeds with loose seed coat could be un-
‘husked. In the case of the tight seed coal, the coat can be removed only
by scraping with a pen-knife

In a cross between a varisty with loose testa (C. 577) and one with
hght testa (C, 57), the F, had seeds with a tight testa and in'the Frg there
was a simple segregation of 163 tight testa; 59 loose testa, - A tight seed
coat is thus a mofiogenic dominant to a loose ﬂeed coat. (P>0'50).
The factors may be designated as Li-tight testa; li-loose testa.

(To-be conllausd.)



