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THE Dh'VT:LOPMENT D AEATO OF THE COWPEA SEEDLING 

(VIGNA SINENSIS) 

IUTRODUCTION 

The literature on the co~~ea is not at all extensive although 

the plant has been cultivated since prehistoric times . Previous 

studies have been confined to methods of culture, utilization, 

variety testing , and disease resistance . The present study was under­

taken to describe the developmental anatomy of the cowpea seedline 

and especially to determine the rec;ion of root- stem transition. 

There are about sixty knovm species of Vigna, three of which 

are cultivated, namely: the Asparagus bean, Vigna sesquipedalis (L) 

w. F. Wieht ; the catjung, Vigna. catjung (Burm.) ,alp.; and the cowpea, 

Vigna sinensis (Stickman) Enlicher . Of these three species the co~­

pea is by far the most important . 

According to Piper (3) the correct nrune for the cowpea is Vigna 

sinensis (Stickman) Enlicher . Piper found that the specimen described 

by Linnaeus as Dolichos unguiculatus is actually Phaseolus antillanus . 

The name applied by Stickman in 1759 is therefore the correct one . 

Wight (6) stntes that the cowpea originally came from India, but 

Piper (5) concludes that the original home was Central Africa where 

the wild prototype, Vi~na. triloba, is still found ~rO?.•ing . 

In ei~her event the cowpea 
J 

"seems to have been first cultivated in India and to have spread 
in prehistoric times to China. the whole of the Malayan region, 
and probably much of Africa . It was known in Europe at least 
as early as the beeinning of t he Christian Era . n (3) 

The cowpea was introduced early into the est Indies and by 1775 it 

v,.ias well knovm in Carolina . (3) It is now the most important l egume 

grovm in the area where cotton is cultivated . (4) 

l 



~T ODS A1ID MATERIALS 

haterial from five different varieties of cowpeas was used in 

this study . The seed was obtained from the Oklahoma Experiment Station 

Farm where the varieties have been erown and tested for a number of 

years . The plants were grovm in sand in the College greenhouse . The 

followin~ varieties were used: Brabham, Early Buff, Groit , Iron, and 

Mew Era . 
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Entire plants of each variety varyine; from one to twenty- one days 

in age were killed and fixed in formalin- acetic alcohol . Each seedling 

vias cut into segments approximately ten millimeters long and fixed for 

at least ten days before dehydration . The material was cleared in xylol , 

imbedded in paraffin and sectioned serially at fifteen microns . The 

sections were stained in an alcoholic solution of safranin and light 

green in clove oil . Free- hand sections were used as an aid in determin­

ine the transition region and the leaf traces . 

Plate III v,as prepared by Eaylor ' s (2) method . Briefly this con­

sists of photographing the sections , enl arging the photograph and 

tracing with India i~k . The photograph is then faded out vrl.th a 

potassium iodide- iodine solution and the iodine is removed with a. 

sodium hyposulphite solution. 

EXPLAUATION OF TERUS 

liypocotyl - In this paper the term hypocotyl refers to that portion of 

of the stem between the cotyledona.ry node and the root . 

Epicotyl - That portion of the axis above the cotyledonary node is 

called the epicotyl . 

Collet - The swelling at the ground level which occurs just above 

the root is the collet . 



THE SEEDLING 

The seeds ger minate in about two days at a temperature of 80 to 

85 d~grees Fahrenheit . The radicle breaks through the seed coat at the 

nicropyle and elongates rapidly e.stablishing a permanent, primary root 

s stem. The hypocotyl also elongates rapidly arching and pulling the 

cotyledons out of the ground . The plumule remains between the folded 

cotyledons until the hypocotyl is approximately five and one- half 

centimeters long. The hard seed coat often adheres to the cotyledons 

for a day or two so that the plumule has great difficulty in escaping . 

The cotyledons never become leaf- like , but fall from the plant soon 

after the first true leaves be~in to function . The first true leaves 

stand at right angles to the cotyledons and are opposite and unifoliate . 

The first trifoliate leaf develops in about fourteen days . At the same 

node another trifoliate leaf develops somewhat later . There are two 

stipules at the base of each leaf and tv10 stipels at the base of each 

leaflet . Buds develop early in the axils of the cotyledons , unifoliate 

leaves and trifoliate leaves . Ordinarily, the buds in the axils of the 

cotyledons do not function . 

rnVESTIGATIOll 

The root of the cowpea is a tetrarch, exarch protostele . The 

protorJleo groups are just distincuishable one centimeter back of the 

root tip . Four oontimeters higher the meta.xylem and a weak endodermis 

have differentiated . The phloem of the root remains parenchyme.tous in 

character except for a few peripheral fibers lying next to the peri­

oyole and alternating with the protoxylem points . These fibers are 

differentiated when the seedling is nine days old . The pericycle is 

multiseriate and originates the lateral roots on the same radii as the 
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protoxylem points . The lateral roots are diarch exarch protosteles . 

Cambium initials differentiate very early in the root and at the collet 

a complete canbium ring has developed . The cortex of the root consists 

of several layers of parenchyma, an epidermis and an endodermis with 

,veak Casparian strips . The root is of the third Angiospermous type of 

Janczewski (1) . In this type a distinct plerome and pleriblem originate 

the stele and the cortex, respectively, while a third histogen, the 

dermatoe;en- calyptrogen, originates the root cap and the epidermis . 

Each xylem strand of the root forks by radial division. As each 

strand forks it swings out laterally at the collet until the protoxylem 

assumes a mesarch position. (Plate II, C) The lateral deve lopment of 

the xylem continues in the hypocotyl to just below the cotyledons ,vhere 

the halves of two of the original strands become widely separated . The 

four bundles which result have passed throuch a 180° turn and are com­

plotely endarch at the cotyledonary node . The halves of the other two 

original bundles do not separo.te and the protoxylem remains in a mesarch 

position from the collet to the cotyledons (Plate II. E)• These tr.o 

mesarch bundles are the cotyledonary traces . 

Two or three cent.:.meters below the oollet the metaxylem fails to 

lignify , This parenchymatous center soon breaks down completely so 

that the hypocotyl has a hollow center . Except for groups of fibers , 

the phloem of the hypocotyl remains parenchyma.tous and contains many 

large lacunae . 

Above the cotyledonary node there are six bundles . Four of these 

represent halves of "b.·Io of the orie;inal bundles and two are new traces~ 

These six bundles are grouped in threes, the groups beine; separated by 

the gaps of the cotyledonary traces . Higher in the epicotyl six new 

traces appear , tvro above the cotyledonary plane and two in the groups 
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on either side . (Plate II, F) Just below the unifoliate leaves three 

veins leave t he central stele on either side becoming the leaf traces . 

The t hree traces to each leaf unite into one bundle in the petiole of 

the leaf . Each stipule is supplied by one bundle . 

In the petiole of the trifoliate leaf a new trace has appeared 

and tvro bundles move to the peripheral ridges to become stipel traces . 

The tvro lateral leaflets of the trifoliate leaf are supplied by branches 

of "biro traces . These branches unite in the petiolule . The end leaflet 

is supplied by three traces which also unite in the petiolule. The 

stipels of each leaflet are each supplied by 0ne trace . (Plate II. H & I) 

No cortical fibers developed in the seedlings studied, but peri­

cyclic fibers cause the older stem and hypoootyl to become very hard . 

A complete cambium ring seems to function throughout the seedling above 

the collet . By the time the seedling is four weeks old a typical 

dictyostele rith collateral endarch bundles is developed in the epicotyl . 
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1 . 

2. 

Strut!ARY 

I 
The root of the cowpea is a tetrarch, exarch protostele . 

The center of the root becomes parenchymatous in nature. separating 

the metaxylem into four croups . 

3 . Cambium initials develop early between the protoxylem arms . 

4 . The pericycle is multiseria.te and produces the lateral roots on the 

se.me r adii as the protoxylem points. 

5 . The endodermis which extends only to the collet has very weak 

Casparian strips . 
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6 . The first evidence of transition occurs at the oollet when the radial 

development of the metaxylem causes tho protoxylem to become mesarch . 

7 . Two o.f the original xylem groups fork and swinE; out laterally passing 

through a 1800 turn in the hypocotyl . They become four endarch 

bundles just belov.• the cotyledons . 

8 .. The other t-wo orig;inal bundles remain mesarch throughout the 

hypocotyl and become the coti;ledonary traces . 

9 . Above the cotyledons other traces appear . The unifoliate leaves are 

supplied by three traces and their stipules by one ea.ch . The two 

lateral leaflets of the trifoliate leaves are each supplied by two 

traces while the end leaflet is supplied by three . Stipels are each 

supplied by one trace . 

10 . Pericyclic fibers develop in the stem and hypocotyl of four- week- old 

seedlings . 

11 . No anatomical differenceB bet-ween the varieties were noted . 
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EXPLANATION OF PI.ATE I 

A. Germinatins seed of the cowpea . The radicle is emerging . 

B. Two day old seedling . The arch of tho hypocotyl has almost been 

lost . 

C. Four day old seedling . The hard seed coat adheres preventing the 

first leaves from energing . 

D. Six day old seedling . The epicotyl has elongated and the two uni­

foliate leaves are functioning . 

E. Rine day old seedling. The cotyledons have fallen from the plant 

and the apical bud is developing . 

F. Twelve day old seedling . ote that both of the trifoliate leaves 

have appeared at the second node above the cotyledons , but that one 

is much slower in developin~ than the other . 



E 
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PI.ATE I 
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EXPLAlTATION OF' PLATE II 

In all diagre,1:1s, protoxylcm is indicated by solid black, meta.xylem 

by single ho.tching, phloem by shading and cambium by crosses. Only 

:xylerJ. is indicated. in figures E to I inclusive .. 

A. Transverse section of root six c:m. back o.f the root tip sh011,ri:ng; the 

four proto"''"Y lem groups. 

B. Transverse section of root l~ cn1e belovr the col let shoi;'u'ing the four 

proto:xylem groups betv:reen the four phloem areas. Note that the 

:mete.xylem in the center has failed to li0nify. 

C. Transverse section at the collet showi:cg extensive lateral deYelop­

mcnt of the syle:m which causes the proto:;,:ylem. to e.ssmhe a mesarch 

position. 

D. 'l'ransverse section of hypocotyl 2} cm.. above the collet. Ifote the 

co:mplete co.rnbium ring~ The parenchy:ma in the center has completely 

broken clo·wri. 

E. Trans~rerse section of the bypocotyl just below the cotyledons. The 

two bundles vmioh have failed to become enda.rch a.re the cotyledona:ry 

truces. 

F. Transverse section of the epicotyl one cm. above the cotyledonary 

node. Note that there are six large xylem areas and six secondary 

areas. 

G. Transverse section of epfootyl just below the unifoliate leaves. 

Bundles 1,, 2., and 3 a.re traces to one of these leaves. 

H •. Transverse section of petiole of trif'o1ia'be leaf just below the 

end leaflet. 

I. Transverse section of petiole of trifolia.te leaf. Bundles 1 and 2 

are traces to o:ne of ·the lateral lee.flets. Bundle 3 is a stipel 

trace. 
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E;XPL.t'l.lIATIOJJ OJ:? PLATE III 

A. Transverse section of root 5-l era. below collet. }Jote the ca.mbiur.1. 

initials and the groups of' phloem fibers. 

B. Tre,nsverse section of root 1} en. belovJ collet. Hote the paren­

ch:;,"ma tous cemter. 

C. Tra,nsverse nectio:n of' hypocotyl 3 ntm.. above the collet. !Tote 

the large lacunae ancl fibers in the phloer..i and the :mese.rch 

position"of the proto:xylem. 

D. Tre.nsverso section of epicotyl one cm. above the cotyledona.ry 

:node. 

Abbreviations used, cam . ., cambium; end., endodermis; epi, e?ider­

mis; l root., lateral root.; m xy, meta.xylem; par, parenchyma.; 

per., perioycle; ph, phloem; ph f, phloem fibers; proxy. proto­

xylern; u m x:y., unligni.fied meta.xylem. 
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