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I~TRODLCTIO~ 

In the production of cotton, ade(Jllate stands of healthy seedlings 
are necessary if the full possibilitIes for yiC'ld are to be realized. 
Present methods of seed testing frequently are inadequate for the 
detection of seed weaknesses that may cause poor stnnds in the field. 
In this inH>stigation it has become apparC'nt that the failure of some 
seeds to produce healthy seedlings in the field is due to certain struc
tt~l charncteristics of the seeds, which under adverse conditions mny 
hi!l~r o~ prevent the normal physiologicnl processes Ilecessnry for 
ge.anmutlon. 

:]'he ma~ure cottonseed embryo is enclosed in a semihilrd con~ring 
or.seed ~t. The genernl nnntomicni structure of the s('C'd coat hns 
beCn sttrined and described by IlumNOUS innstigators, but no 
de§tiled Study of the specinlized arens DC'nr the micropyle find chnlaza 
h~l:!. beenoreported. The structure of these areas appears to be of 
importan~ in interpreting some of the physiologicnl phases of seed 
g&Jninat~1.

9 ;""C 
I Receiwd fftJblication January 29, 1!MO. 
2 '!'he authors arc indehted to X. l. Hancock, (,f the.\griculturul ~:'<(lerirnl'nL:-:ta!ilJn of the T:niwrsityof

7erWcssc(', fur the data prcs(mtcd in wblp 3. 
'"Since the pn'parurion and subrn;,<ion of this manuscript. a ('omrihulion entitle,l "Relation of the 

Structure of th" Chalalal Portion of toe Cotton ~l'e'l Coa~ to RupLilre During (Hnni",!." h)'Ur. Xonnn [" 
Pe~n, has Iwen puhlished in the Journal of A.~ri(llltllral Rffi'arch. VoJ.~, Xo. II, p. SfJo')-S73, Jlln.> 1939. 
rn~uch RS the prrs{'nt paper was written withOut opportunity of ro,crellee to Dr. l'{'arEon's article, the 
lattcs· is not included in the Jist of litcru(lIl"1!' cited. 

1 
23-1375°-40--1 
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REVIEW OF LITERATURE 


Among the papers concerninO' the anatomicnl structure of the seed 
coat of cotton are those of Von~retfeld (1),4 Hnnausek (4,5), Reeves 
(10), Reeves and Vnlle (11), and Winton (16,17). The fiye layers
epidermal, outer pigment, colorless, palisnde, and inner pigment-have 
bec" described and illustrated. 1\lost rec('nt investigators (8, 10) 
describe the palisnde layer ns being one cell in thickness, the cells 
containing the reml1ins of a nucleus and npparently didded by 
transverse thickenings rndinting from the walls i.lIwnrd. Reeves 
and VaUe (11) and Kondo (8) found vllrieti('s of cottonseed to differ 
in the propoltion of cellulose nnd lignin in the pnlisnde cells. Kondo 
discussed the structure of the funiculus. Reews (9) concluded that 
the fringe cells arise from the inner epidermis of the inner integument. 
Von Bretfeld (1) referr('d to the "polstN" and Hnnaus('k (5) "polster
chen" at the chalazal region ns nn enlm'ged nren. of the inner colored 
layers composed of SpOi1g-y or star-shaped parenchymnlike c('lIs, but 
did not describe the regIon in detnil. Von Bretfeld illustrated the 
membrane and the inner colOl"('(1 and outer color('d lnvers ns thicker 
at both the chalaznl nnd micropyle r('gions, nnd the ptliisade Inyer as 
continuous oyer the micropyle and chnlaza, but with shorter cells 
in these regions. 

The present investigation was planned with reference to the prob
lems of cottonseed germination, ieduding seed ,-iabilitv, dormancy, 
induced dormnncy, and det('rioiution. It has been ~ found with 
seeds of other plnnts that germination mny be nff('cted by (1) inherent 
qualities in the embryo itself; (2) anntomy of the s('ed cont mechan
ically influencing the opening or spl itting n t the time of germ ination ; 
(3) mechanical structures or chemienl inclusions in the seed coat 
which influence permeability; (4) pernH'ability of special membranes 
to water and other liquids; and (5) exclusion of oxygen by the seed 
coat or membranes (2,6,12, 14). 

STRCCTURE OF THE SEED COAT 

The general ar.atomv of the mature seed coat of cotton (fig. 1) on 
the whole is similnr in nU speci('s nncl vari('ti('s studied, nlthough 
slight differences are found in the volume of certnin t.issu('s and in the 
detail of the types of c('lls. The ytlriations in the strueturc of th(' 
micropyle and~chnlnznl r('g-ions npp('flr importnnt I1S points of wl1ter 
absorption and gns excilang(', and ns f(wnl points of infection. There
fore, detailed descriptions of tlll'ir structure are of interest. 

A"'ATO:\IY OF THE ~lJCROPYLE REGIO", 

The micropyle is locat('d at the smaU pointNIl'THI of the' s('ed and is 
completC'iy COY('I"('(I by tll(' funieulus, whieh ('xtNHls out from the seed 
and is continuous with the' rflpiIp. The epidpl"mis is continuous ov('[" 
the s('('d around the funiculus into which the bundl(' of the l"npil(' 
('xt('nds. The c(llls of the out('l' pigment InyPl' make up the g-rent('I' 
part of the funieuills (fig. 2, L1, b; B, b). This 111.'"<'r, composNI of com
pnct bl'Own tisslIP, is thick<>r at the' mic!"Opyle than at the sides of the 

, Italic numbers in llar~Dtheses refer to Literature Cited, p. 2:1. 



3 STRUCTURE OF THE COTTONSEED COAT 

seed (fig. 2, B, b). The colorless cells continue to tIw tip and extend 
into the funiculus (fig. 2, A, c; B, c). 

The palisade cells are shorter toward the micropyle (fig. 2,. B, d:), 
the rows, with their long axis perpendicular to the seed surface, curving 

FIGURE I.-Diagram of thc layers of thc cottonseed coat: a, Epidermis; b, outer 
pigment; c, colorless; d, palisade; e, inner pigment; e I, differentiated inner 
pigment; e 2, chalazal cap; f, funiculus; g, micropyle; h, fringe. 

inward to one point. Thus the micropyle is lin('d with incurved rows 
of palisade cells, the outer walls being in contact (fig. 2, A, d; B, d) 
and completely closing ~J" -:Ilicropyit>. 

At the t('rmination of '.tlC palisade layer the cells are very short it,nd 
flattened. The irregularity is probably caused by the pressure of the 
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cells on all sides. The palisade cells at the micropyle are brov.der than 
those at the sides of the seed and have thinner walls. Lumen occurs 
throughout the full length of the c(,lls near the micropyle, in contrast 
to those toward the side where the lumen OCCUl'S only in the Uppt'r third 
of the cells. The cells lining the micropyle are em.bryonic; those sUr
rounding it are in vurious stag('s of deY('lopment. 

At the base of the palisade cells (fig. 2, B, e) around the micropyl(" a 
group of specializ('d c('lIs stand out from the adjac('nt inner pignwnt 

FIGCHE 2.- ~t, Cro:;,; s('('lioll of lhL: base uf the funicillus :Llld the tip of the 
micropyle: a, Epidermis; b, outer piglIll)llt tissue; c, colorless layer; d, palisade 
cells. X 70. B, Median section of the micropyle region: fl., Funiculus; b, ou!('r 
pigmcnt layer; c, colorless layer; d, palisade cl'lls; e, specializl'd group of eclb. 
X 60. 

cells. Th('y haye titick('r walls, lack the brown pigment, and slain 
much more readily with snfrnnin. These c<'lIs arc d('finitply a pUJ·t of 
the inner pigm('nt layC'r; in mnny ways th('y app('ar more embryoni(,. 

The imH'r-pigment luy<'r untiC'r the mi('ropyle forms a wide cnp 
oyer the whole tip of the embryo (fig. 1, e, e 1). The outc'r six to eight 
rows are made lip of larg<', ngulurly sllilpl'<i ('('lis, almost squure in 
('ross s('ction, fill('d with brown pigmC'nt and pl'Otoplnsrn. The inll('r 
three or four rows arc ](,8S pigmC'ntC'd, ]n('k: contC'nts, nr'C' long alld 
nnrrow, nre un'unged in strands, und ure closply appresscd laternlly. 
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In the mature cottonseed the fringe cells, which compose the outer 
row of cells of the inner membrane, break away from the inner pigment 
layer of the seed coat at the sides of the s(led and in the micropyle 

FlGl"Iu,: :3.-.1, ;\Iedilln S('CtiOll uf the: chalazall'ap tip anci the tiS8lll'S co\·('rill.~ it: 
a, Epidermis with hair n·lIs; b, dense outer pigment cells; bl , light uuter pigment 
cells with large intl'rcellull1r SPUl'('S; b!, radiuting compact aliter pigment; c, 
l'olorless In.yer; d, palisade cells; e, ehalnzall'ap tip. ;< 90. B, Surface\'icwof 
fringe cells in three stages of de\'elopllIcll t:1JI, andp. X 8iO. (', l\!t'dian s('('tion 
of chalazal cap base: e, Compllct pig1l1('nt cells of cap; el , lower dilfercntilltpd 
pigment cells; f, fringe cells; g, specialized group of cells at b!l!lc of cap; /I, mem
brane. X 00. 

l'('gion. Thus thC' nlC'mbranC' (Inclosing the C'mbryo is attnched to the 
serd coat only at the clmlnznl cnp. 

A:"'ATOlIY OF THE CHALAZAL HEGIO:\' 

The broad C'nd of the cottonseed at the tt'rminatiOIl of tilt' rup!Je mny 
be tC'rmed the chalazal ],t'gion. The Inyt'rs of the sl'l'd cont nnd inner 
ml'mbrane at this point 1)1'(' illustrnt"t\ in figurp 3. 0\,('1' this region 
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the epidermal layer is continuous (fig. 3, A, a) and is similar to the 
epidermis of the side wall. The outer pigment layer is thickened and 
is differentiated into two areas. The inner cells (fig. 3, A, b2) retain 
the compact, regular arrangement of those of the side wall, contain the 
characteristic brown pigment of the layer, and terminate at the edge 
of the chalazal tip. The outer portion (fig. 3, A, b, bl ) is clOlltinuous 
over the chalaza and is composed of loosely arranged iniiertangled 
strands of cells with very large intercellular spaces. Other areas of 
delicate, loosely arranged cells are present in the outer pigment lay('r 
over the vascular bundles and raphe. The cells of the colorless Iny('r 
(fig. 3, A, c) tend to be smaller and have thinn('r wnlls than. those of 
this layer in the side walls. 

The palisade layer extends from the side-wall areas into the chalaznl 
region but terminates with the colo1'l('ss layer at the tip of the: chalazal 

FIGURE 4.-Cross sech.;n through chalazaI region: a, Chalazal cap; b, cap tip; 
c, inner pigment layer; d, palisade layer. X 15. 

cap. The layer is composed of long cells oriented so that t1wir long 
aA-is is perpendicular to the smface of the seed. Palisade cells are 
shorter over the cap than in a median s('ction of the seed. Tll('Y are 
progressively short('r from the sid('s of the cap toward the cenb~r. At 
the region of the cap tip the palisnde cells are npproximntely one-third 
the length of those of the side wnll Imd are bronder in proportion to 
their length, the lumen extends to the base of the cell, and the wnlI 
thickenings are Incking (fig. 3, A, d). The stnining r('nction is that of 
cellulose in cont1'nst to the lignin in the pnlisade InYl'r of the side wall. 

Directly undprlying the pnlisl1de laypr at the chl11nza is til(' ('nlarg('d 
area of the inn('r pigm(lnt, the "polstpr" of Yon Brptfpld (1) and 
Hanausck (5), which may be reft'ITed to as the chnlnznl cap. The 
nearly circular cap is COll\'('X on the outer surface and concnve on the 
inn('r, much thickened in the center, and gradually b('coming more 
narrow toward the sides, where it is continuous with and indistin
guishable from the inner pigment layer (fig. 4, c) of the side walls. A 
disklike tip (fig. 4, b) is present near the center of the outer surface. 
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At the center base of the chalaza! cap the rows of pigment cells 
extend into a special group (fig. 3, C', g) compactly arranged, bricklike, 
regular cells. Whether this specialized group of cells is a part of the 
membrane or of the inner pigment could not be determined. The 
cells seem to be in more direct contact with the pigment c('lls than 
with the cells of the membrane. They may be considered undeveloped 
cells that have lost their contents. This group is similar to the group 
under the micropyle. The cap is directly attaclH'd to the membrane 
(fig. 3, C, h) in this region. 

The general anatomical structure of the chalazal region of the seed 
coat differs from that of the side wnlls principnlly in the 100s('r arrnnge

FiG1:RE 5.-Cross section of the raphe side oi the srrd coat over the chulazal cap: 
a, Epidermal cells; b, compact aliter pig;rnrnt cells; c, loose outrr pigment over 
vaecular bundle; d, vuscular bundle; e, loose outrr pignl('llt tiSR1Je broken apart; 
j, colorless layer; g, palisade cells; h, side of chalazaI cap. X 70. 

m('nt of th(' c('Us of tit(' ouipr pigment, tite ~bs('rH'(, of tit(' colorless und 
pulisade la.y(IJ's OY('J' the chnluza, the pn's('Il(,(> of thin-wnlied 11on
lignified pnlisude cells nrolind the ehalnzll, und the thickell('d cnplike 
differentiation of the inner pigmcnt lu,Yer. 

A. small portion of the cnp and tIlP tissues covering it are shown in 
detuil in figure 3. The chulnzul cap is eompos(>d of dark-brown 
pigmented cells. In longitudinal vi('w the ('dIs arc sonlPwhat rectan
gular, uuitN} end to ('nd in long rows, or strftllds. In the uppl'r sl'Yl'ral 
laY(,I'8 of the cap the c(llis aJ'c compact and dos!'1y appr('$s('d. Rows, 
or strands, of cells ext('nd from the bas(' to tl)(' ti p; oU)('rs radiate 
from the center outward, curved similarly to the shape of til(' cnp~ 
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As is shown in figure 5, e, the loosely arranged outer cells over the 
{'halaza] cap bl'eak apart readily when subjected to moisture. In 
figure 6 is shown a series of sections cut tangentially at the broad end 
of thc seed directly across in rcla tiOll to tlll.' cap, The vascular 
bundles (fig, 6, ..to in thc pigment ltlyet' join in this an'a of the seed 
find arc SUI'I'Olmded by loost'ly arrnng('(1 cells, Cross sections (fig, 6, 
B) sho\" the compuC't pigmPIlt c(,ils udjnl'ellt to thc pillisade layer, 
which converge from the ('entL'alloose al'(~I1, and (fig, 6, r) the palisade 
sUl'roundiIlg the ('np tip, LndNneuth the pulisadc ('ells, pigment 
cdls (fig, 6, D) of the cap conH'rg<= tOWI1I'c\ the tip, 

In the preseIl(,C of suffieie'nt moisture the ehalazal end tends to 
ooell. The opening may be ill the form of a pinpriek hole or a larger 
aperture caused b)T the splitting apart or dissolving away of the 
epidermal and outer pigment tissue, The ('pidl'I'Inis and the outer 
pigment cells in this an'it s(,PI1I'1lt(' from el1eh other und the surround
ing tissuc and eusily disinte·grute or flake of!'. Likewise, the outer 
pigment in the l'nphe l'Pgion is wry loose unci sepum tes J'('udily (fig, 
5, c), ;n muny seecls the tissue onr th(' eup is a powdel'1ike muss of 
dis('onnected ('ells il('ld in pluee by the epi(iPI'mis, Wh('n til(' (,pidermal 
('ells loos('l) , the Cf'lls undel'1leath drop out und }Pave a smull smooth 
hole OYl'r tll(' ('ap tip, 

The palis!lcie la,nr tends to break away from the upp('r plll't of the 
efip 'Jig, 4), In fuet, separation of the lay(·rs mny take plaee in a 
mnture seed ht'foI'e any tI'('a tnwn t 01' fllI,tlH'r breuking is noti('eable, 
WIl('Il w('t, the palisa"de nnd outt'r pi~n1('nt ('('115, \"hieh ('onn'rgl' 
town1'(i the tip, may split npnrt in gI'OlipS (fig. n, B), In a ero"s 
se('tion pla(,ed in wntt'I' tlH' sWl'lling nnd ('xt(,Ilciing of the rows of ('ells 
and the splitting and brt'akin~ apnrt lnt('rally mny br ousl'rnd, 
SwpUing anti &plitting m!ly ('ontinul' lrntil a lur~e ca\~it.Y is fOI'Int'd onr 
til(' C'up, TIH' pi~nH'nt tis:;;ue of thi:, SWOll!'Il nrf.'it will furtht'r dis
integrate, In fuzzy s('rds til!' initialloos('nin~ of thr tisslIt' is nppllr('nt 
115 the' epidermal ('ells disint('~rll te lind slo\lgh off, lea \~ing a smnll 
urea without fuzz, 

EFFECT OF ACID DEU:-iTI:-;G ON THE SEED COAT 

Delinting with sulfuric H('id is an efl'ecti\'e method of relllo\'ing" 
external contamination from cottonseed, nnd freqllPntly is re('om'
mended ns a menns of seedling disease ('ontrol. In nddition to the 
I'emoyal of the fuzz and sterilization of tltc externlll pnrts, there is 
considernblc chemicnl action upon the seed ('ont. 

Some effects of a('id delinting on the stl'lIctlll'(' of the sl'ed cont nre 
illustrated in figure 7, 'With short n ppli('u tiolls of Heid, the fibers nnd 
their basnl ('('lis nre dissoh'ed and til(' ppic\prmnl and ollter pigment 
byers are brok£'n and distortpd, Th(' ('olori(,gs Inn'l' is nfI('('ted only 
ufter longpr exposure, With normnl Hcid dl'lintlIl~ of from 5 to '8 
minutes' ill1mE'rsion in the ucid, the tissues of the palisade Iflyer ap
parently arc unafJ'ec'ted. The a('tion of the acid is parti('u\il.r\y notice
able 011 the thick pi~Illent layer onr the el\nlnznl ('lIp. In many enses 
this tissue is disin tegrn ted I1lHl ~Ioughs off, lea \'ing the chalazal 
opening exposed; frequently, the pali~ade laver ::::plits open and curls 
baek, exposing the (,halnznI ('ap, SE'E'd lots ;:Iiffer ill the manner nnd 
degree of opelling, depending upon the firmness of the tissue around 
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the chalaza. Seeds with open chnlnzHs absorb water' fnster thnn those 
in which the chalazas are closed. 

Under most. conditions of soil moistUTe, acid-delinted seeds gl.'r
minate in 2 or 3 days less time than normal fuzzy seeds. R!lpidity of 

FIGL!{E i. .1, Diagram of a section of sced coat of normal COtlolls('pd. il, Spc
tion of acid-dclintcd seed coat showing (a) cpidf'rrnis brokell or gOIl(', Ib) (\lltt'r 
piglll('nt disturi)('d in patches, (c) \'asclI!ar blllldlc distorted and cell.~ c1i>;lnll'
grated, C, ('f'lIular detail of the slIrface of a norm:!l seed cllat, V, Surface of 
acid-delinted seed coat showing disint<'gra tion of epidermal cells, X 90, 

germiuu tion primarily is d lie to the more l'npid absorption of \VII ter. 
Closer con tnct with the Sll bstrn ta is possible beellU::lC of the abscl1ee 
of fuzz. The nbsellce of fuzz nppl.'urs to piny a more important par'l; 
in facilitating water absorption than does the disintegmtion of the 
epidermal und pigment layl.'J's. us nuked seeds not ncid tJ'!'uted ,!!I.'J'
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minate almost as fnst as those trent.ed with ncid. Seed lots nre occa
sionally encotmtered in which germinntion is nppnrelltly injured by
ncid delinting. 

ROLE OF THE SEED COAT IN GERMINATION 

A recent text on genernl botany (7) outlines certain conditions thnt 
must prevail before seed germinntion can occur. .Most prominent 
nmong t.hese are a supply of wnt.er, a supply of oxygen, and a favor
able temperature. Germination begins with the absorption of water'. 
This initinl absorption nnd digestion of food is necessnry to provide 
the mat,erinls for incrensed respimtion. In other words, the seed cau 
use oxygen only nfter it hns n bsorbed sufficien t moisture. Too much 
wnter, 1Iowen'r, interferes with the free pnssnge of air into the seed 
and mny prevent complete germinntion. It is reasonable to bplieve 
thn t these general conditions nrc npplicable to cottonseed. 

COURSE AND RATE OF WATER ABSORPTION TUUOUGU THE SEED COAT 

From the study of the structure nnd nnture of the chnJaznl and 
micropyle r('gions, it would S(,(,Ill thnt these 1'('gions of the seed mily 
gr('ntly illflu(,llce the pnssnge of wnt('r nnd exchilllge of gnses nnd be nn 
importnnt point of entrnHce for micro-orgnnisllls. 

In order thnt the 1'('lntions of the various s('ctions of the seed cont 
to wnt('r absorption might be studi('d, nn experim('nt wns designed to 
detNllline the course nnd rate of nbsorption in normnl fuzzy, normnl 
smooth, nnd ncid-d('linted cottons('l'd. S('('ds of fi\'e vnrietil's of cotton 
w('re used. To show the course of nbsorption, uqueous solutions of 
safl'llnin wNe used in place of wnter, as the stnin could be identified 
readily in the c('lIs of the seed cont. In this experiment, s('('ds of ench 
lot WNe sen\('d nt vnrious sections with pamfIin or c('llulose wnt('r
pl'Ollfing to difTer('ntinte the points and rnte of ubsol·ption. After 
sealing-, the se('ds were plnced in dishes of the stnining solution. 

At mtelTnls, seeds were remond from the stnining solution nnd 
sectionerl in s('wrnl regions with a dry rnzol·. From nurnel'Ous ex
nmples of ench seed lot, dingmms w('re mude showing the locntion of 
the stain. It wns found that in the fh-e lots of seed, both acid delint('d 
Hnd untrented, the course of absorption wns the snml', although dif
f'('renc('s in the time required for the ubsorptioll were noted nmong the 
seeds of diffNent varieties and between acid-delinted and untreated 
seeds. 

In unsealed seeds (fig. 8) tbe presence of stnin was observed in the 
seed-con t tissues in the follo\ving order: 1, Epidermis; 2, chalazal und 
micropyle regions of the outer pigment Inyer (fig. 8, A); 3, chalaznl 
cnp and outer piO'rnent (fig. 8, B); 4, innel'-pigment Inyer, spreading 
from the chnlazllf cnp or micropyle regioll (fig. 8, C); 5, fringe cells 
(fig. 8, D), the region of stained fringe c('lIs following closely the stnin
ing in the ndjacent stained inn('r pigm('nt c('lIs. 

In seeds s('aled at the cbnlnzal end only, the stain entered through 
tlle micropyle, spreading from this poi!~t to the inner pigment nnd 
fringe cells and townrd the chnlnzlll end of the se('ds. In these cases 
the stain also entered the expospd epidermal cells and pussed laterally 
in the outer pi¥ment uIltl('r the s(,111 und towal'(l the chalnzlll end. 

In seeds seuled nt the micropyle only, initial entrnnce of the stnin 
was at the chaluzn, from which it spread through the chnlazul cnp 

http:trent.ed
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into the inner pigment and fringe layers. Some lateral movement of 
the stain was traced under the seal through the outer pigment layer 
toward the micropyle, but this movement was noticeably slower than 

a 

:a+.;Hi4-e 
d 

FIGURE 8.-.,1, E, C, D: Diagrams of longitudinal sections of the cottonseed 
(loat and membrane showing the progressi\·e course of WII ter absorption as 
indicated by pre!lence of stain (stain represented by shading): a, Epidermis; 
b, outer pigment; c, chalazal cap; d, inner pigment; e, membrane. 

the lateral movement from the chalazn1 ~ap through the imler pigment 
and fringe layers. 

When both ends of the seed were scaled, the stain enten'd the seed 
coat through the exposed epidermal cells of the side walland passed. 
by means of the outer pigment layer, towRrd the chalazal end. From 
the chalazal cap the stain spr·eud to the inner pigment lay(·r and mem
brane. .Movement also occurred in the outer pigment layer toward 
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the micropyle, but at a much slower rate. The outer colorless and 
palisade layers did not become stained, a fact indicating that water 
does not readily pass directly through the side walls. 

Although all the seeds studied in the above experiments showed 
similal'ities in th" ~ourse of stain, there appearC'd differences in the 
rate of absOl·ption. An approximation of the time required for the 
pC11C'tration of the stain to the various layers of the seed coat was 
obtained by placing fuzzy sC'<,ds betwC'en filter papers saturated with 
Illl aqu<,ous staining solution (tnhlo 1). 

TAIlLE I.-Staining of seed-coat tisSltes at variolls timB inlervals in 5 lois of collon
lleed 1 

in~~~~II____ __ __ __._8_ee_d_c_o_at t_iss_U_('_S li_gt_e~!~~~~e_r_or_st_nl_n_ln_g_n~(~_pe_rc_e_nt~:o~:W~~i,nnt_io_n_ro_r- _ 

._ I,ht 1 __ Lot 2 t Lot 3 l.ot 4 Lot ij 
, --1'--·--------1---------.--______ 
I i_I 1},'uzz.:::::. '~~!~er~~s.::::J ~.~~:I~..::::::::J~.~~~._..:-::::::: .~_~~~.-:::_::::: Do. 

Epidermis. . Epidermis. ' Epidermis. IEpidermis.
Outer pigment. IOuter pigment. Ol1t'~r pigment_
Chalaza. 

24 hoUls. Fuzz ....... ___ • ; Fuzz ............ Fuzz ___ ........ Fuzz............ Do. 
Epidermis. Epidermi~. E~idermis. Epidermis. Epidermis.l
Outer pigment. Outer pigment. Outer pigment. Outer pigment. 
Chslaza. Chalaza. Chalaza. 
Inner pigment.

311 hours \JO llt'rCl'nt gl'Imi.!30 percent germi- 50 pHrent ~l'lmi· Fuzz ..••• __ •.... Fuzz. 
nated. nated. nnted. f;pidcrmis. Epidermis. 

I
, Outer pigment. OUla pigment.. 

Chalazn. Chalnza. 
411ars. 100 percent gl'r· 100 perc( nt gl'r· 100 percl'nt ger· 80 Ilt'rccnt ger· Fuzz. 

Ininated. ruinated. minatf~d. mmatlld. Epillenni!;. 
(lut"r pigml'nt. 1:, I ('hnlaza.
Inner pigment. 

5 days 
! ....- ...... I-~-·.--~_:..J _--.c ...~.-.~=~=~.~.--.~_.... ~~~:~~'~t_ ger· 

I Lots 1 to 5. inclusi\"l'. r~rl'r to samplL-s taken from ~ea Islllnd. Coker Wilds. Cleveland. Farm ReUer. 
and :>toneville 5. respectivI'ly. The~' are rerl~rred to as lots rather than vnril'ties Ilt'calL<;C or ImprobabUit)
that these limited sampJes lll}CCSSnrily repre&.'nt vurictal trnits. 

Whell secds were immersed directly in the staining solutioll, the 
staining was much more rapid in all spcd lots, and differences between 
varieties were more distinct. Fuzzy sl'eds absorbed the stain more 
slowly than acid-delinted seeds. At the C'nd of 5 hours, most ddintNI 
seeds showed the staill aU the way through the membrane, wh('l'C'as 
fuzzy seeds showed stain in most casC's only in the epidl'rmis and 
outC'l' pigment and at the micropyle and challUml ends. Fuzzy seC'ds 
required from 12 to 24 hours for the stains to reach the inn<'r membmnc, 
('xcept in lot 1, which had little fuzz. Differenc('s b(\bv<,<'n the seed 
lots WNe not('(l in rate of absorption. This ma.y be attributed to 
structural chamct('ristics in the s('('(1 ('oats or to di{f('rcncC's in struc
ture due to d<'grce of maturity, fiC'ld C'xposUj'(', 01' tr('atmC'nt of the 
various sced lots used. 

REspmATIO~ Dt;RI~G THE PERIOD OF GER~IE''''\TION 

Studics of the respiration of cottolls('pd sllow tha t carbon dioxide 
is evolvc·d in considerable quantitics during tho pC'11od of g(\rmina
tion. In l'ecent tC'sts, gC'rminating s('(·d at 30° O. constant tempNU
ture, during a period of 72holu's, gave off as much as 120 mg. of car
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bon dioxide per gram of seed. This gas at atmospheric pressw'e would 
have a volume equivalent to appl'o:ll.-imateiy 75 times the volume of 
the seed. In order that germination may take place, there must be 
an e..'i:change of oxyO'en and carb;)n dioxide through the seed coat. 
If cottonseeds are placed on a moist substratum in a suitable con
tainer and the air is withdrawn from around the seed, germination 
will not take place so long as o:ll.-ygen is excluded. 

Toole and Dmmmond (15, p. 287) observed in their studies of 
sensitive seeds that: 

A few exceptional samples have been encountered which behave in a peculiar 
manner when tested by the prewetting method. In these samples, many of the 
seeds remain in a dormant ('oudition in the g<!rminator, as they do when soaked 
too long in water. In these cases, the total germination is greater by the stand
ard method.5 

As poor germination Dlay be brought about in the laboratory by 
prewetting or oversoaking, it is logical to assume that in these sepd 
lots the too rapid absorption of water, with the consC'quC'ut. water
logged condition of the st'('(l coat, prevents the normal interchange 
of gases and induct'S a type of dormancy or retards gl'rmination. 
With ample moisture and a favorable temperature for the den·lop
ment of seed-borne or soil micro-organisms, retarded germination of 
the seed would offer a very nearly perfect set-up for seed decay. 

RELATION OF SEED-COAT l\-L.\.TURITY TO MOLDS 

The rapid development of rhizopus and penicillium molds on samples 
showing low germination and on sensitive seeds is of common occur
rence, but samples from vigorolls germinating lots may be unnifccted 
even when germinatefl in towels het\,vily contnmina.ted with such 
micro-organisms. Toole and Drummond (15) and Del Cw'to (3) 
ascribe the susceptibility or resistance of the seeds to the l'elative 
vigor of germination of tllC seed lots. 

At Knoxville, Tenn., scc·ds were obta.ined from bolls of known age, 
varying from 35 to 54 days from flowering. These seeds were dried, 
acid-delinted, and placecL in small dishes for germination. The very 
immature s('('(ls failed to germinah', but promptly (/(>veloprd lwavy 
growths of molds. The mature seeds germinated normally, with Vl'!'y 
little fungus growth. In the s{'ries of seed lots the molds we're pro
gressivdy more active on the morc immature se('(ls. Full maturity 
of the seeds in this instance was reached in from 48 to 54 days after 
flowering, the time varying for diffel'cnt varieties. 

Immaturity or undevelopment of seeds may result from drought, 
insect attack, frost damage, or otlwr factors cansing the cessation of 
growth or pl'emature opening of bolls. Immaturity of the se('d coat 
may contribute to susceptibility to molds. In the development of 

'The standard technic Cor the gcrminaticn of cottonseed. a.~ adopted hy the Association of Seed Analyst 1 
of North America. stat('d bri(,n}', is as follows: From a thoroughlY mixed sample oC cntton:;e,'d. 2 lots or 
ffiseeds each arc taken at random. The dry seed~ are Pllt. betW('l'n lnllis o!mnist cotton flannel or ah~ort"'nt 
paper toweling and placed in the rcrminalOr at the usual alternating t(>mperntures oC 2()0 to 30° C. The 
test should be kept in th(' 30° tcm\l<'ratufC for 6 to 8 hours and in the 20° tl'mPl'raturc Cor the remaining part
01 the day. The sprouted st'l'ds should be counted and n'mowd on the third and filth days. Tests n,c 
considered completed at the ~nd of 7 days. The prew~tting method <IiIT,',s Crom that outlined above in 
that the seed samples are stirred or shaken in watl'r until the fuzty covl'ring of the seeds 13 wet, anI! tho 
seeds are then placed on the moist substrnta forgerminatloo. The vaCllum m~rhod of testing as 1L<ed by
the authors differs Crom the stan,\ard technic as follows: (I) The 5<'l'd samples are first dclinted with 8ul· 
Curic ACid and thoroughly washed and dried. (2) The delinted Sf'cds arc plac('{\ in a suitable container 
and covered with water; the aperture of the container Is th,., attached to a suction line and the contents 
subjecte'! to a negative pr~.s.<ure cl?l inches of mercury for 5 .ninut('s. (3) The S<'e<is are removed from the 
container. drainpd of surplus water, and plac..,d immediar.cly on mGist paper toweling for germination in 
tbe chambers at the usual 20° to 30° alternate t~m\l<',atures. as in the standard method. 
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the seed coat the hardening or lignification of the cell structw'c takes 
place as the seed matures, Thc softer seed coat of an immature seed 
would be more easily penetrated by micro-OI'ganisms than would the 
fully developed and hnrdeued seed coat of a mature seed, 

The seed coat of an immature seed may fmuish nutrients more 
suitable for the growth of micro-orgallisms than are found in a mature 
seed, Reeves (10) found hu'ge quuntities of stnrch in the two integ
uments of the developing ovule, but it disappearcd before the ovule 
reached mntllrity, He stnted thllt the cell WillIs of the epid('rmis 
arc composed chi('fiy of c('llulosc, but that they also contain vurying 
p..:'oportions of lignin and cork, Further, that the walls of tIl(, fringe 
tissue and colorkss byer are highly lignified at maturity, nnd that 
the two pigment layers, at maturity, are highly subel'ized. He found 
thnt they also frequcntly give tests for smull quuntities of lignin and 
cellulose, and that the palisnde cdls of the seNI couts consist chi('fiy 
of cdl walls, the lumina, bcing small and tlt(·ir contents scanty, Their 
wnlls am composed chi('fiy of lignin, cellulos(', and cork, 

DOR:\IA~CY 

Cottonseed from freshly opcned bolls usually show a degree of 
dormancy (13) and must pass through an aftCl'-ri pl'ning proccss 
bcfol'(' prompt gcrmination can be obtailwd, This initinl dormancy 
usually is J'cmoved after (!t'ying nnd a shol·t pcriod of stOl'llgl', Under 
some conditions, howcvor, dormancy muy persist in c('rtain vnrieties 
for sen'l'Ill months aft('r hnrvest, 

In 1937, at Knoxville, T(·nn., boll snmples \\'cl'e obtained from 
sev('!'l11 vnrieti('s for sl'cd-gNminntion tt'sts, All bolls wer(' tn~gt'd 
on the dny of beginning of oppning nne! hfllTPSlt·d 14 duys lutl'r 
(Octobpr 15). Boll SIUllpl(·s Wl'n' driNI nnd storpd undl'l' lnhoratory 
conditions until thc lnttl'r pnrt of Fl'bl'lllll'Y, wilpn g'l'I'mirllltion t{'sts 
(tuble 2) wcre mndc of ea('h vnricty, with nOl'll1nl fuzzy sped, Ilcid
dclintpd se('d, fi('id·dclintNI s('('(1 vncuum tr'('n{"NI in wnter, find on 
pmbryos with sPNI con ts J'('moy('(1. Striking' difi'('rcnc('s in th(' l'nt (' of 
g'C'I'minntion w('I'e fippart'nt bd\\'('t'n tilt' vuri('tip"" although tl\(' totnl 
germinations nft('l' ]4 dnys in the germinuto[' W('I'(' nppl'oximutt·ly th(' 
sump. .Acid d(·linting hnst<'nNI initinl g('I'minution but did not 
matt'riully nfi't'ct till' rute of g'prminntion in oth('l' l'{'sppds. St'('ds 
that wt're a(,id dplintpd and subjccted to rpdUCNI ntmosplwric pr('s
sure while immt'rsNI in wntt'r sho\\'('(1 initinl g('rminllti,on in 2 dnys, 
but the tendplI(,y to ddaypd g'crrnilllltion 01' dOl'lnllney WlIS netually 
increased. In contrnst to tht'st' r('slJlts, embl'vos from whieh the s('NI 
conts hnd bpPll TPmovpd gnTe complt'te g't'l'Iilinl1 tion in 2 duys irre
spl'ctive of vl1ridy or prcvious tl'ndpncy to ddll,v('d gPl'lllilln tion. 

Furtllt'r cvidpnee of val'idnl difl'pI'Pllc('s in dOLllnllcv WIIS 0btnin(·d 
from boll snrnplps of tlH's(' Silme vnl'it'tips coll('ctt'll nt-Lubbock, 1\·x, 
Farm Rl'lipf nnd Stonp\'illp 5 hnd mnnv dOl'lllnnt s(,Nls, but lVilds 5 
and ('l('velnnd (\Vnnn,) germinntc'd n'IY promptly, similurly to s('l'ds 
of tlH'se vnrictips grown fit Knoxville, Tlwsp dula indicnte thnt 
dormnu('y mny bp a condition imposNI hy t hp s('('d ('on t IIpon the 
cmbryo, 
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T.-I.BLE 2.-Effect of acid clelintirig, acid clelinti1111 amI vacuum treatment, arid s<!ed
CQat removal on dormancy arid rate of germination. in nine varieties of cottollseed 

NORMAL FUZZY SEED 

Seed germinated after being In tbe germlnator for-

Variety 

d;yS Id;ys ld~'S Idl~YS id;YS·d~-:! d,?YS I~~~-s-:!:r~;·s Id!~-s Icrotal 

---------I-p- - _ Per- Per- Ptr- P.r- Per- per.!---;:: per-l Per-:- I Per· ;;::er
cent cent cent crnt cent Ct1lt cent cen( rent cent, ctnt ttnt 

Fnrm RelieL ____ •. _. __ . __ 15 13 15 8 10 9 7 11 6 9t
Stoneville 5_•••• _._._. __ .. _____ . __ .. 18 8 26 13 Hi t 6 j 2 ' I, 9t 
:Me.~iean Big BoIL.___ •• _______ . ____ _ 21 28 24 9 5 1 I I l' !IIQuallll______________ •_____ . __ • __ 

15 16 30 10 7 i 3 1 89Cook 912 __ •__________ • __ • 
30 2'21 19 1:1 6 3 1 1 :15Rowden 2088. __________ ._ 20:1:121 9 2 2 93 

Starte.~______ •____________ 30 15. ~>() 12 12 _________ ... ________ .. 89 
Wilds 5 _______________._._ 86 6! 1 1 __ •• _____ .. 94 
Cleveland (Wann.) ___ . __ _ St 11 t 2 ----_. ------ .- •• -- ------1 97 
----------------~--~--~--~--.~ 

ACID·DELINTED SEED 

Fnrm Relief __________ ._ •.1. ___ ._ :J:d 6! 95Stoneville5_ .•. __ •______ . ___ ._ 8- :3 1 97 
Me.~ican Big BoIL ____________ _ 30 15 9tQualls ..• _. __ .• _. ____ •________ _ 17 6 112Cook 012___ .• ,_._, ___ ,_. _______ _ 32 19 95Rowden2088_ ••_._._. ___ .. _____ _ 20 30 9~ 
Stnrte.~ ••___ •.•. _. ____ ••••._._. 21 12 95Wilds5_ •.. _.. ______ •.• ___ ._ ••. _ 96 1 Oi 
Cleyeland (Wann.) ..•.... _. __ 90 005 r 

JI.CID·DELINTED SEED VACUU:\!·TREATED IN WATEll 

Farm Relie!.._•.•_. _______ 201 81 HI 1O! 41 61 6: 2 o , 8~ 
Stoneville 5. ___ ._._•..._._ 4 6 I JO 1 4' 16, 10 20 I 6· 10 I ~n 
Mexican Big BoIL.._. __ • 8 18' ? 80QualIn .• __ •__ . _____._•. 2 16 10 i '10 1---i8-,'--'8'" 21 9t
C'ook912 ...•______ .. __ •__ 14 :1[1 20 61 2j 8 4!_ 100Rowden 2088________ •____ _ 4 20 !14 
Starte.~ __ .. ___ •___ .• ___ .. 4 4 f2 ~ I-'sr--8j-6 , - 21 ..:' 91
Wilds5 .. __ .. __ • ___ ._._ 2 2, 2 ..• ' 92 
Cleveland. (Wann_). 8, 6 \ 

j 00 , 8 I .·L.:_:.L____ 

Farm Relie!... __ ••• __ .....1 96·
I 

.,_ .. 
,
: ______ . _. 00 

:::~oneyil1e 5 .• _,," _~ _. ~ __ • _ 10')
:'ole.dean Big Bol!.. ___ . __ 

4_ 

• 10:):gg101) .:::::1::::::,'::':: •. _._Qualla . ___ •• _. __ ... _._ •• . _________ ._, __ ._ 100Cook 912 .• ______ ._._. __ 100·, __ • __._... _._.1 ... _ HK) 
Rowden 2088 "' ___ ''''_'_ 100I()(I: •.• _ ._.___ ._._ .. !._ .• 
Startex ________ ._. ___ ._ ••. J():J
Wilds 5 __ ._. __ ... _.• ____ '1 :~ ;:':-:-:'i-' . i lOll 
Cleveland (Wann_l .. ,._. ' 100100 i . -I -' I I' . --.-. ---- ·1 
-----------------_._...-

I 10 percent of seed remained apparently sound but ungerminated lit end of 14 days_ 

SCARIFIED SEEDS 

Injury to seed germination by modification of the seed-cont struc
ture IS sho\..'n bv the beIUl\-ior of scnrified eottonsN,'d in seed-treatment 
tests at Jackson, Tenn., in 1938. Normal fuzzy, acid-delinted, lind 
acid-delinted scarified seed of Acala 44-5 lind Deltupine were used. 
Scarification wns done after add delinting on a commercinl seed 
scarifier. Crushed or broken seeds were removed from the scarified 
lots before planting. The germination percentnges (table 3) were 
calculated from actunl counts of the number of seeds planted and of 
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the seedlings surviving just prior to thinning, May 24. In both 
vl1rieties, seed sCl1tificntion resulted in highly significant reductions 
in field germination. 

TARLE: 3.-Ge,milllztioll percentages from .(lcala 44-·j £twl Deltapi'1lc f1lzzy, acid
d"ii'flted, and scarified seeds in s/'etl-/reatment te.~I.~, J acksoll, Tenn., 19;38 

Germinntion 1-~-II,~:~:_i;~~:::,:.1Treatment 'I'reatment 
A""la ,! Delh)· 

, H-5 i pine :! H-5 ! Jllne 

-----------rpe!~~;' J~P~~'!: Ji----------
Peretl/f Puemf 

Xormal [uzzy+limc.•.•.. , , , d.~ I "".3 I Acid dclinted n,,,1 scarified, 31.0 i !!Il,S 
Xormal [uzzy+mercnry chloride; i9.3! 61. 3 Acid delinte,1 and smr.ili.,ed+.lime 3t~. 5,' 25.0Normal [uzzy+bordll'lll.·c. , I i2.5 4/j.3) Acid dclillle.1 nlHl scarified+mcr· 
Aci(\ delinted. ' i", 3 54.0 cury cillori<lc , 3i.5 !!g. 3 
Acid delinted+1illle. " il. 0 il. 0 Acid delillled nnd scarified+bor· 
Acid delinted+mercury chloride !?, ~ ~,O deaux." .......... , .. _ . , , 3i.3\ 13. S
Acid delinted+burdeaux .0.0' 53.0 

1 Oitference required [or significancent odd; 0[00 to 1. It.25. 

Similar but less marked reductions in field germinations were 
obtained at Jackson in 1937 from mechanically delinted seed of a lot 
of Deltapine. Of normal fuzzy, acid-delinted, and mechnnicalh
delinted seed of the same lot (table 4), mechanically delinted seecI 
gln-e lowest field germination. Under the conditio;ls at Jackson, 
significllnt improvement in g~rminntion was obtained from mercury 
dust treatment. In a plantlllg of these same seed at Knoxville 
(table 4), appro).:imately eClual germinations were obtnined from 
fuzzy and mechanically dehnted seeds, and germination of acid
delinted seed wns significantly higher. 'Lnder the conditions at 
Knoxville no benefit was obtained from treatment with mer'clll'Y dust. 

TARI,E 4.-Fiel'Z germillatioll nf norm(ll fllzzy, acid-delill/I·d, alltl 1//(,C/UlIIiClllly
rltlilt/ul sl'p·l ill sprrl-irerrlmellt II·HI.~ at J(lcholl aflll Kno,l;L'illr, Tel/n .• 19·), 

J.lC'k<on F\:nolille 

Fielll.l!errnimltionI Fie;~1 ~~~min:~l~~.~ 
Typao[seed 

: ! Etbyl i Type \' : Eth,'] I Typp
l'ntreat- Ethyl i merell"" a,'cruge entreat.' Ethyl lll~rcUr'" n\'Cr,l~e 

'f • merr;>ury, t • wI" mert'ury . .J Ied ; dlloride • I' lOS e I chloride. phos-
I ' f phnte I phate 

Xorlllal fun},
:'Iechtlni("lly delinl cd 
Acid·tlelinted 

IWTerence required {Between treatlllent a.,·ernge 4 a... !
f ,r signiticanee at Between type n\~erage 7.7 , ~ :1 

(j hi, o[ 99 to I. Between IreullIlP-nts within types 13,41 .7.5 


The results of the experiments with scarified seed and with mechan
ically delinted seed indicate thnt chllnges in the structure or mechan
iClll injury to the seed coat, under certain conditions, may contribute 
to lowered field germination. These experiments illustrate the impor
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tant role of the seed coat in the protection of the embryo during the 
period of germination. 

Seed-germination percentages obtained in the laboratory under 
optimum conditions closely approximate the total percentage of viable 
seed in the sample. Figure 9 illustrates the comparative germir.n
tion of a number of cottonseed lots in the laboratory and in the field. 
It may be observed that the seed lots usually give lower germination 
percentages in the field and that seed lots of the same laboratorv-ger
mination :percentages differ in their ability to produce seedlings under 
field conditions. These differences in field efficiency are due to seed 
weaknesses not detectnble by the standnrd method of germination. 
The similarity of the field behavior of the individual seed lots nt the 
two dates of planting indicate that the differences between seed 
lots nre due to qualitIes within the seeds and lIot to soil or climatic 
conditions. 

DETECTION OF SE~SITIVITY IN COTTONSEED 

In germination tests with cottonseed, samples occasionally are en
countered that germinate well under optimum conditions in the lab
oratory but that are prnctically worthless when planted 1111de1' adverse 
conditions in the field. These tvpes of cottonseed have been studied 
nnd described by Toole and DrlIlllll10nd (15) and Del Curto (3) and 
are termed "sensitive." The presence of sensitive or wenk sC'ed in 
ordinary lots of cottonseed, ho\vever', has not been g£'nernlly recog
nized, becallse lesser degrees of sensiti\'ity are difTicult to detect in the 
laborntory by thestandllrd method of see(l germination nnd usually nre 
obscured in the field by the high seedling mortnlity from OtIl£,1" ('nuses. 
If seeds thnt nre compnrnth'ely free from disease contuminntion 
are planted on relntively clenn soil, wenknesses due to physio
logical cnuses become appnrent. Fnvornble conditions f(H" detNmin
ing physiologicnl weaknesses of seed lots hn\'e existed fi t Knoxville 
during the course of these stud ies, fiS land not previously plnntNl in 
cotton has been avnilnble for fi£'ld exp£'rill1{,llts.

It hns been shown thnt germinnting cottonseed nre sensiti\'e to 
excess wnter under certain conditions of soil nnd tempernture, and 
thnt sensitivity mnv be increased by injUly to the seed cont. Obsernl
tions of germinuting seed under various Inborn tory conditions hn\Te 
indicnted thnt the wnter-oxygen relntionship is extremely importnnt in 
germination find that allY interruption of the normal process of water 
absorption nnd r£'spiratioll will nffect the subsl'quent germinntion per
centage. The applicntion of these fncts is involved in the yncuum 
method of seed testing, lIsed by the authors to detect sensith'e seeds 
in the laboratory (see footnote 5, p. 14). 

'When cottonseed are immersed in water find subjected to greatly 
reduced atmospheric pressure for se,-ernl minut~s, air is withdrawn 
and wnter is absorbed rapidly. Fuzzy seeds subjected to this treat
ment become water-soaked, and It lnrge percentage remain in a dor
mant condition if germinntion is attempted immedrllteiy. 1£ the seeds 
nre redried before germination is attempted, no apparent injury is 
caused by vacuum treatment. \Vith slick or delinted seeds, the efrects 
of the vncuum treatment are less drnstic, us the seeds are not sealed 
by the water-soaked fuzz; in genernl, nonsensitive seeds nre unim
paired by vncuum treatment, but weak or sensitive seeds fail to ger
minate after such treatment. 
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Comparisons of regressions of standard and vacuum laborator,y
gennination percentages on field-germination percentage are shown III 
figure 10. Standard error of estimate for these regressions and corre
lation coefficients derived from the data used in figure 10 are given in 
table 5. In all four germination tests, lower standard errors of esti
mate were obtained for the I'egressions with vacuum-laboratory-germi
nation percentage than with those of sttUldard-laboratory-germination 
percentage. In all tests the correlation between vacuum-germination 
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FIGURE 10~-Regre:;sions of standard and vacuum laboratory-germination per
centages on field-genuinatioll percentage of cottolli5eed: A, Early plnnted ger
mination test in 1937; E, second planting of gcmlination test in 1937; C, seed
treatment test in 1937; D, germination test in 1938. 

percentage and field-germination percentage was higher than between 
standard and field. All correlation coefficients in tnble 5 are highly 
significant, exceeding odds of 99:1. Although correlation of the vnc
uum method with field stnnd is better thnn the sttUldard method, the 
regression linea for the vnclIum method show thut the ynllles for the 
poorer samples are depressed abnormnlly. 

These data indica".e thnt more accurate estimates of field germina
tion may be obtained in the laboratory by the vacuum method of ger
mination than by the standnrd method now in general use. The 
vacuum method is pit. .iculnrly useful in detecting seed lots that are 
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highly sensitive to adverse germinating conditions. Neither method is 
adequate for predicting the possible effect of seed-borne. or soil micro
organisms on fi('ld germinatIOn. 

TABLE .5.-Correlation 	coefficients (l1j(1 slandard errors of e8timllie for regressiolls 
frolll the dalal/sec! hI figure 10 

Grrminatirm h'st (fig. 10) 

H!'!!fession (mNhod of 
gt-rlllinution) ,I R D 

s. z 

Slundard X fi,-Itl. 
Vacuum X field•.. 

S. 17 
7.47 

O. 8:!SO 
•S,'iii5 

12.:!S 
U.25 

O. 71~H 
.~ij"a 

-'? 73 j- O.~~7~ .~I- O.6!JO.l 
.1. mi' [H.• I.!: 13. II. .8155 

1 S,.,~=stllndard (~rror of (':;tiUllltll. 

SVMMARY 

III these jnYl'stigations the ann tomicul structure of the cottonsl'l'd 
coat hns bet'n studied in reIn tion to the gl'rminntion of thl' sPt'ds. The 
spmihnrd con'ring or coat of the mntuJ'c cottonsl'l'd mny be di\~idcd 
roughly jnto fi"e lnycrs; epi<i('nnnl, outer pigment, colorIl'ss, pnlisade, 
and inner pignwnt. The ('pidt'rmnl and out('r pigmellt lny('rs are con
tinuous O\'P1' the sl'ed and al'Ound the funiculus. Tlu'se luYers nl'e 
rendily pet'menble to moistul'e and are highly absorptin. Vasculnr 
bundles rndiating f!'Om the chn.lnzal region oc('ur in the outpr pigmellt 
layer, The colorless lnyer is usunlly of one-cell thicknt·ss. 

The pnlisade layer is composed of a single row of long, llllrrow cells, 
highly lignified. In the sid('-wnll al'PI1 these cells comprise approxi
mately 50 pereent of the total thickness of the seed cont, Th(' palisnde 
luyer js not l'('udily p('nptl'l1ted by moistuI'l'. The pnlisalil' lll'yl'r is 
discontinuous at the micropyle ('m] of the seed, the mieropyle being 
lin('d with inC'urved rows of palisade cdls, the out('r wnlIs of which 
come jnlo contnet and eompletdy close the minopyle. At thp chalnzul 
end of the s('('(I, the palisade 1ny('1' t('rminut('s at the tip of the chnlazal 
eap, leaving a ddinite opening through whiC'h the outel' absorptive 
pigment tissue is in din'ct contact with the chalaznl ('ap, 11 part of the 
inner pignlPnt lay('r. The jnn('r-pigmC'nL laypr is eontinuous o\-('r the 
inn('r surface of the s('('d coat, 

In the mature cottons('('d th(' memhrnnous eOVl'ring of th(' C'mbryo 
is attach('d to the s('('d {-oat at HI(' huse of the chnlaznl cnp, but other
wise is frpc from the st'ed coat. In gerH'rnl, the stmetu/'e of the s('('<1 
coat is similar in ull sp('('i('s !lnd vnridi('s of cotton upon whieh studies 
hnve be('n mudc. Diff('I'('n('('s are apparpnt in the thickllPSS of the 
palisade luyrr, ('sppcially around the chalazul op('ning and in the 
proportion of c('lllength that is lignified . 

.Modification in the s('ed-('ont struetu['(' ean \)p ('ffeeted by sulfuric 
acid d('linting, D('linting by this ml'tilod dissoln's the lint and fuzz 
fibers of the s('('d cout and br('nks and distorts the ('pidf'I'mnl and 
outer pigmPllt layer, ,\Yatt'I' ubsorption is more rnpid jn dc·linted 
seeds thnn in fuzzy se('ds, but the ditf('n'll('c is primnrily due to the 
rcmovnl of the fuzz rnth('r than to the disintegrntion of the out('1' 
layer of the seed coat, The disintegrntioll of the outer pigment fre
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quently leaves the chalaza uncovered, and in mnny cases the palisade 
layer splits and curls back from over the chalazal cap. The opening 
of the chalnza facilitates the rapid intake of water. 

The principal requirements for the initiation of germination in 
cottonseed inelude a supply of \\"uter, a supply of oxygen, and a fayor
able temperntlll"e. Unless these factors arc present and arc held 
within propCl' reltltion to each otht,[" germination will not take place. 
The seed COllt appears to pinyan importnnt PUl't hl the regulation of 
the water absorption and gns exchange, which nre necessnry in seed 
germination. 

The principnl point of entrance of water to the embryo is through 
the chalazal opening in the st'ed coot. Entrnnce may occur thl'Ough 
the micropyle but ut a slower rnte. WatN' does not readily pass 
directly through the side wnll. 'Wnter may enter the outer pigment 
layer at any point and mo\'e thl'Ough the pigm!'nt lay('r to the chalaznl 
or micropyle opening. ~rO\'('n1('llt is more rnpid toward the chnlaznl 
end of the seNI, possibly due to the vascular bundles in the pigment 
layer, which conY('rge at the chnlaznl o[H'ning. Diffe['encl's in rute of 
water ubsorption arc apparent bptwN'n sPNllots, and rnpidity of g('r
mination and rate of abso['ption are cOITelated. 

Certnin se('d lots are sensitin, to prewetting or oYel'Soaking. Sueh 
samples when plaeed in a too moist substrata remain in a dormnnt 
condition or g('rminate Vl'ry slowly. Too much water hin(jprs til(' 
passnge of nil' into the seNI and interf('r('s with germination. Rpspil'ft
tion is high dlll'ing the period of gt'l'mi1lI1tion, In recent. tests, ger
minating s('('ds at :30° C. during a period of 72 holll's gaye off 120 mg. 
of carbon dioxidl' pl'r gram of seed. 

Immaturity or llndl'rdpyplopnwnt of the serd COllt may rontribut(' 
to suscI'ptibility of the seNls to the attnck of micro-organisms. TIl(' 
softer sepd coat of an immnture S('l'el would hI' more easily penrtrntcd 
and would likply furnish nutrients more suitable for the growth of 
micro-orgnnisms than would the selIlihard coat of a mature seed. 

Sepds of differpnt Ynril'ties, grown und('r id('ntical conditions. 
differed ill rapidity of gl'rminatioll and degn'e of dormancy. S(,l'ds 
from these same lots with seed COlltS l'1'moYl'd showed no tenden(T 
to dormancy whatsoeyer. Fipld l'xpl'riments haye shown thnt modi
fication of the sepd-coat structure by scarification or nH'ehani('ul 
delinting may result in lowered gprmination p('rc('ntage undl'r ndn'rsp 
conditions. Apparently, in tilt' gNmination of ('ottonsN'd, any eon
dition of the seed coat or of till' substraLllm that induct,s an over
soakpcl or waterlogged condition nnd exe\udl'S oxygl'n will prohablv 
result in lowcl'l,d germinntion percentage, • 

SpNls that g('rminate wl'11 in the' labornlory but thn!:. nre highly 
sensitive to adyprse eonditiolls in til(' fidel fn'quently are ellcOllntpr('(1 
in germinntion studi('s of cottons('('d. A Yllcuum mpthod of d!'tl'eting 
sensitive sl'l'ds in the laboratory hns bet'n used by the authors wilh 
better rpsults than ha\'e bl'ell possible with the standnrd mdbod of 
gl'rmination. Essmtially, till' ml'thod consists in sllbjPcting ucid
delintl'd sl'C'ds to rNlucpd ntmospheric presslll'C whileimm('I'Spd ill 
water, after which germination tpsts arc mndc as in the slandunl 
method. 
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