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INTRODUCTION

In the production of cotton, adequate stands of healthy seedlings
are necessary if the full possibilities for yiekd sre to be realized.
Present methods of seed testing frequently are inadequate for the
detection of seed weaknesses that may eause poor stands in the field.
In this investigation it has beeome apparent that the failure of some
sceds to produce healthy seedlings in the field is due to certain struc-
tuffil characteristics of the seeds, which under adverse conditions may
hifkier or prevent the normal physiological processes necessary for
germination.

“The mature cottonseed embryo is enclosed in a semihard covering
or,seed d@it. The general anatomical structure of the seed cont has
bezn sty@fed and described by numerous investigators, but no
defhiled study of the specialized areas near the micropyle and chalaza
he§ beensgeported. The structure of these areas appears to be of
importante in interpreting some of the physiological phases of seed
goerminatiag,

: pr
; %ﬁ:ﬁ;ﬁ?ﬂfﬁ ;f’:ﬂtﬁgii\qﬁ 2? 'I;?I.:.%Ek, of the Agriceluiral Expwrimnent Siation of the Unicersity of
Tenbessed, for the data presented In wable 3,

YSince the prepamtion and submission of this mrnoseript, a contributlon entitled *Telation of the
Structure of tha Chalazal Portion of e Cotton Sed Cont te Hapture Durioe Giznine, " by Dir, Nonea L
Peagson, has been pubiished in the Jourpal of Agriouinral Besearcl, Vol 38, No. 1L, p. 863873, June 1939,

Inramuch a3 the present Paner was writien witholiP oppmriatity of reference to Do Pearcon’s article, the
iatler is not inehuded in the jist of Hiterature cited,
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REVIEW OF LITERATURE

Among the papers ¢oncerning the anatomical structure of the seed
coat of cotton are those of Von Bretfeld (1),* Hanausek (4, §), Reeves
(10), Reeves and Valle (11), and Winton (/6, 17). The five layers—
epidermal, outer pigment, colorless, palisade, and inner pigment—have
becw described and illustrated. Most recent investigators (8, 10)
describe the palisade layer as being one cell in thickness, tha cells
containing the remains of a nucleus and apparently divided by
transverse thickenings radiating from the walls inward. Reeves
and Valle (Z1) and Kondo (8) found varieties of cottonseed to differ
in the proportion of cellulose and lignin in the palisade cells. Kondo
discussed the structure of the funicuius. Reeves (7) coucluded that
the fringe cells arise from the inner epidermis of the inner integument.
Von Bretfeld (1) referred to the “polster” and FHanausek (5) “polster-
chen” at the chalazal region as an enlarged area of the inner colored
lnyers composed of spengy or star-shaped parenchymalike cells, but
did not describe the region in detail.  Von Bretfeld illustrated the
membrane and the inner colored and outer colored lavers as thicker
at both the chalazal and micropyle regions, and the palisade layer as
continuous over the micropyle and chalaza, but with shorter cells
in these regions.

The present investigation was planned with reference to the prob-
lems of cottonseed germination, ireluding seed viability, dormancy,
induced dormaney, and deterioration. It has been found with
seeds of other plants that germination may be affected by (1) inherent
qualities in the embryo itself; (2) anatomy of the seed cont mechan-
ically influencing the opening or splitting at the time of germination;
(3}, mechanical structures or chemical inclusions in the seed coat
which influence permeability; (4) permenbility of special membranes
to water and other liquids; and (5) exclusion of oxygen by the seed
coat or membranes (2, 8, 12, 14).

STRUCTURE OF THE SEED COAT

The general aratomy of the mature seed eoat of cotton (fig. 1) on
the whole is similar in all species and varieties studied, although
slight differences are found in the volume of certain tissues and in the
detail of the types of cells, The variations in the structure of the
micropyle and chalazal regions appear important as points of water
absorption and gas excliange, and as foral points of infoction. There-
fore, detailed descriptions of their structure are of interest.

Axarony oF THE MICROPYLE Recrox

The micropyle is located at the small pointed end of the sced and is
completely covered by the funiculus, which extends out from the seed
and is continuous with the raphe. The epidertnis is continuous over
the sced around the funiculus inte which the buwdle of the raphe
extends.  The cells of the outer pigment layer make up the greater
part of the funiculus {fig. 2, 1, b; B, b). This layer, composed of com-
pact brown tissue, is thicker at the micropyle than at the sides of the

¢ Italie numbers in parenlheses refer to Literature Cied, p. 23,




STRUCTURE OF THE COTTONSEED COAT 3

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

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

Figurg 1.—Diagram of the layers of the cottonseed coat: a, Epidermis; b, outer
pigment; ¢, eolorless; o, palisade; e, juner pigment; e!, differentisted inner
pigment; ¢¥, chalazal eap; f, funiculus; g, micropyle; &, fringe.

inward to one point. Thus the micropyle is lined with incurved rows
of palisade cells, the outer walls being in contact (fig. 2, 4, d; B, d}
and completely closing it~ -nicropyle.

At the termination of “ue palisade layer the cells are very short end
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 broader than
those at the sides of the sced and have thinner walls. Lumen occurs
throughout the full length of the cells near the micropyle, in contrast
to those toward theside where the lumen occurs only in'the upper third
of the cells. The cells lining the micropyle are embryonic; those sur-
rounding it are in various stages of development.

At the base of the palisade cells {fig. 2, B, ¢) around the micropyle, a
group of specialized cells stand out from the adjacent inner pigment

Fietre 2.— .1, (ross sectivn of the base of the funienlus and the tip of the
micropyle: a, Epidermis; &, outer pigmant tissue; ¢, colorless layer; d, palisade
eells, X 70. B, Mcdian section of the micropyle region: o, Fuuicnlus; &, outer
i;(iﬁ_rlgcnt layer; ¢, colorless luyer; d, palisade cells; ¢, spreinlized group of cells.

[N

cells. They have thicker walls, lack the brown pigment, and stain
much more readily with safranin. These cells are definitely & part of
the inner pigment layer; in many ways they appear more embryonic.
The inner-pigment layer under the micropyle forms a wide eap
over the whole tip of the embryo (fig. 1, ¢, e?). ~The outer six to eight
rows are made up of large, regularly shaped cells, almost square in
cross section, filled with brown pigment and protoplasm. The inner
three or four rows are less pigmented, lack contents, are long and
narrow, are arranged in strands, and are eloscly appressed laterally.
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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 sced and in the micrepyle

“leeke 3.—.1, Median seetion of the chudazal tap tip and the tissues covering it:
a, Lpideris with hair cells; b, dense outer pigment eells; 52, Ught vuter pigment
eclls with large latereelinlar spaces; &, radisting cowpaet outer pigment; e,
colorless laver; d, palisade cells; ¢, chalazal cap tip. < 90. B, Surface view of
fringe eells in three stuges of developiaent: £, and [ X 370. €, Median section
of chaluzal cap base: ¢, Compuct pigmoent cells of cap; ¢, lower differentiated
pigment eclls; f, {ringe eells, g, speemdized group of cells &t base of eap; i, mem-
bhrape, X OO

region.  Thus the membrane enclosing the embryo is attached to the
secd coat only at the chalazal eap.

AxATOMY GF THE Cravszan Recroy

The broad end of the cottonseed at the termination of the raphe may
be termed the chalazal region. The Inyers of the seed coat and inner
membrane at this point are Hiustrated in figure 3. Over this region
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the epidermal Iayer is continuous {fig. 3, 4, @} 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, 4, b retain
the compact, regular arrangement of those of the side wall, contain the
characteristic brown pigmen$ of the layer, and terminate at the edge
of the chalazal tip. The outer portion {fig. 3, 4, 5, b!) is continucus
over the chalaza and is composed of loosely arranged intertangled
strands of cells with very large intercellular spaces. Other arcas of
delicate, loosely arranged cells are present in the outer pigment layer
over the vascular bundles and raphe. The cells of the celorless layer
(fig. 8, A4, ¢} tend to be smaller and have thinner walls than those of
this layer in the side walls.

The palisade layer extends from the side-wall areas into the chalazal
region but terminates with the ¢olorless layer at the tip of the chalazal

i %

e

1 &, cap tip;

Ficure +.—Cross section through chalizal region: @, Chalazal cap
¢, inner piginent laver; d, palisade layer. X 135.

cap. The layer is composed of long cells oriented so that their long
axis is perpendicular to the surface of the sced. Palisade cells are
shorter over the cap than in a median section of the sced. They are
progressively shorter from the sides of the cap toward the center. At
the region of the cap tip the palisade cells are approximately one-third
the length of those of the side wall and are broader in proportion to
their length, the lumen extends to the base of the cell, and the wall
thickenings are lacking (fig. 3, 4, ¢}). The staining reaction is that of
cellulose in contrast to the lignin in the palisade layer of the side wall.

Directly underlying the palisade layer at the chalaza is the enlarged
area of the inner pigment, the “polster” of Von Bretfeld {7} and
Hanausek (#), which may be referred to as the chalazal cap.” The
nearly circular cap is convex on the outer surface and conenve on the
inner, much thickened in the center, and gradually becoming more
narrow toward the sides, where it is continuous with and indistin-
guishable from the inner pigment layer (fig. 4, ¢) 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 chalazal cap the rows of pigment cells
extend into a special group {fig. 3, C, ¢} compactly arrangcj , 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 dircct contact with the pigment cells than
with the cells of the membrane. They may be considered undeveloped
cells that, have lost their eontents. This group is similar to the group
under the micropyle. The cap is directly attached to the membrane
{fig. 3, €, k) in this region,

The gencral anatomical structure of the chalazal region of the seed
coat differs from that of the side walls principally in the looser arrange-

FigrrE 5.— Cross section of the raphe side of the sced cont over the chalazal eap:
a, Epidermal eells; b, compact outer pigment cellg; ¢, lonse outer pigment over
vascular bundle; d, vascular bundle; ¢, loose outer pigment tissue broken apart;
[, colorless laycr; ¢, palisade cells; b, siecle of chalazal cap. X 70,

ment of the cells of the outer pigment, the absence of the colorless and
palisade layers over the chalsza, the presence of thin-walled non-
lignified palisade cells around the chalnzs, and the thickened eaplike
differentiation of the inner pigment layer.

A small portion of the cap and the tissues covering il are shown in
detaill in figure 3. The chalazal cap is c()mpos{-(}7 of dark-brown
pigmented cells.  In longitudinal view the cells are somewhat rectan-
gular, united end to end in long rews, or strands.  In the upper several
rayels of the cap the cells are compact and closely appressed. Rows,
or strands, of cells extend from the base to the tip; others radiate
from the center outward, curved similarly (o the shape of the cap.
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Toward the onter edwes of the cap tie eclls are bes compaet, fon<ely
avvangel with ntercellular spaces shmilar (o spongy parenchying,
The eells i evoss section are irvecitlar, lohed, or star-=laped,  The
lower two or three rows of the eap extending ontward contiin lows
pirent than vhe oilier colls of the cap and reset (o the =tan dilfor
eathve The ecll<are tarroser sod Tneeer and e fon < apparaed.
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shehtly above its base fie 007 The stazos sy anvelopi s
“howne i dienve 350 20 b F the endls oabilat the thoekenn o of 1he
wallss the bvakine down of proroplasio; o £l conter e L o
disinieeried ) sde watls o iI‘I'-"_'iliuli_\' thaekenen ard i £ e ey
swalls dave dienboed away and frine D e Phickeninege osteis] fron e
b andd ~tede wall-,
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As is shown in figure 5, ¢, the loosely arranged outer cells over the
chalazal cap breask apart readily when subjected to moisture. In
figure 6 is shown a scries of seetions cut tangentially at the broad end
of the sced directly across in relation to the eap. The vascular
bundles (fig. 6, £} in the pigment layer join in this area of the seed
and are surrounded by loosely arranged cells. Cross sections (fig. 6,
B) show the compact pigment cells adjacent to the palisade layer,
which converge from the central loose aren, and (fig. 6, C) the palisade
surrounding_the cap tip. TUnderneath the palisade cells, pigment
cells (fig. 6, D) of the cap converge toward the tip.

In the presence of sufficient moisture the chalazal end tends to
open.  The opening may be in the form of a pinprick hole or a larger
aperture caused by the splitting apart or dissolving away of the
epidermal and outer pigment tissue. The epidermis and the outer
pigment cells in this aren separate from cach other and the surround-
ing tissue and essily disintegrate or flake off.  Likewise, the outer
pigment in the raphe region is very loose and separates readily (fig.
5,¢). i many sceds the tissue over the cap is a powderlike mass of
disconnected cells held in place by the epidermis.  When the epidermal
cells loosen, the eells underneath drop out and leave a small smooth
hole over the cap tip.

The palisade layer tends to break away from the upper part of the
cap ‘fig. 4). In fact, separation of the layers may take place in a
mature seed before any treatment or further breaking is noticeable.
When wet, the palisade and outer pigment cells, which converge
toward the tip, may split apart in groups (fig. 6, B). In a eross
section placed in water the swelling and extending of the rows of cells
anct the splitting and breaking apart Interally” may be observed.
Swelling and splitting may continue until a large cavity is formed over
thie cap.  The plgment tissue of this swollen area will further dis-
integrate. In fuzzy seeds the initial loosening of the tissue is apparent
as the epidermal cells disintegrate and slough off, leaving a small
area without fuzs,

ErrecT oF Acip DeLINTING ON THE SEED Coat

Delinting with sulfuric acid is an effective method of removing
externgl contamination from cottonseed, and frequently is recom-
mended as & means of seedling disense control. In addition to the
removel of the fuzz and sterilization of the external parts, there is
considerable ehemical action upon the seed eont.

Some effects of acid delinting on the structure of the seed coat are
illustrated in figure 7. With short applications of acid, the fibers and
their basal cells are dissolved and the epidermal and outer pigment
tayers are broken and distorted. The colorless laver is affeeted only
after longer exposure. With normal acid delinting of from 5 to 8
minutes’ Immersion In the acid, the tissues of the palisade layer ap-
parently are unaffected. The action of the acid is particularly notice-
able on the thick piginent layer over the chalazal cap. In many cases
this tissue is disintegrated and sloughs off, leaving the chalazal
opening exposed; frequently, the palisade layer splits open and curls
back, exposing the chalazal cap. Seed lots differ in the manner and
degree of opening, depending upon the firmness of the tissue arcund

ZHITE—40—2
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the chalaza., Seeds with open chalazas absorb water faster than those
in which the chalazas are closed.

Under most conditions of soil moisture, acid-delinted seeds ger-
minate in 2 or 3 days less time than normal fuzzy seeds. Rapidity of

D

Fioene 7. .1, Diagram of a seetion of seed cont of normal cottonseed. 13, See-
tion of aeld-delinted seed coar showing () epiderniis broken or gone, th) puter
pigment disturbed in patches, (o) vaseniar bundie distorted and colls dismte-
grated. €, Cellular detail of the surface of o normal seed coat. £, Surface of
acid-delinted seed coat showing disintegration of epidermal cells. 2 90.

germination primarily is due to the more rapid absorption of water.
Closer contaet with the substrata is possible because of the absence
of fuzz. The absence of fuzz appears to play & more important part
in facilitating water absorption thun does the disintegration of the
epidermal and pigment layers, as naked seeds not acid treated ger-
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minate almost as fast as those treated with acid, Seed lots are oceca-
sionally encountered in which germination is apparently injured by -
acid delinting.

ROLE OF THE SEED COAT IN GERMINATION

A recent text on general botany (7) outlines certnin conditions that
must prevail before seed germination can occur. Most promirent
among these are a supply of water, o supply of oxygen, and a favor-
able temperature. Germination begins with the absorption of water.
This initial absorption and digestion of food is necessary to provide
the materials for mereased respiration. In other words, the seed can
use oxygen only after 1t has absorbed sufficient moisture. Too much
water, however, interferes with the free passage of air into the seed
and may prevent complete germination. 1t is rensonable to believe
that these general conditions are applicable to cottonseed.

Courkse AND RaTE oF WATER ABSORPTION THROUCH THE SEED COAT

From the study of the structure and nature of the chalazal ard
micropyle regions, it would secm that these regions of the sced may
greatly influence the passage of water and exchange of gases and be an
important point of entrance for micro-orgnnisms.

In order that the relations of the various scetions of the seed coat
to water absorption might be studied, an experiment was designed to
determine the course and rate of absorption in normal fuzzy, normal
smooth, and acid-delinted cottonseed. Seeds of five varieties of cotton
were used.  To show the course of absorption, aqueous solutions of
safranin were used in place of water, as the stain could be identified
readily in the cells of the seed coat. In this experiment, seeds of ench
lot were sealed at various sections with paraffin or cellulose water-
proofing to differentinte the points and rate of absorption. After
sealing, the secds were placed in dishes of the staining solution,

At mtervals, seeds were removed from the staining solution and
sectioned in several regions with & dry razor. From numerous ex-
amples of each seed lot, dingrams were made showing the location of
the stain. It was found thatin the five lots of sced, both acid delinted
and untreated, the course of absorption was the same, although dif-
ferences in the time required for the absorption were noted among the
sceds of different varieties and between acid-delinted and untreated
seeds.

In unsealed seeds (fig. 8} the presence of stain was observed in the
seed-coat tissues in the following order: 1, Epidermis; 2, chalazal and
micropyle regions of the outer pigment layer (fig. 8, A); 3, chalazal
cap and outer pigment (fig. 8, B); 4, inner-pigment layer, spreading
from the chalazal eap or micropyle region (fig. 8, ("; 5, fringe cells
(fig. 8, D), the region of stained {ringe cells following closely the stain-
g in the adjacent stained inner pigment cells.

n seeds sealed at the clmlnza[pond only, the stain entered through
the micropyle, spreading from this poirt to the inner pigment and
fringe cells and toward the chalazal end of the sceds. In these cases
the stain also entered the exposed epidermal cells and passed laterally
in the cuter pigment under the senl and toward the chalazal end,

In seeds senled at the micropyle only, initial entrance of the stain
was at the chalaza, from which it spread through the chalazal enp
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into the inner pigment and fringe layers. Somse lateral movement of
the stain was traced under the serl through the outer pigment layer
towsrd the micropyle, but this movement was noticeably slower than

Freore 8.—A, B, €, D: Diagrams of longitudinal scetions of the cottonseed
coat and membrane showing the progressive course of water absorntion as
indicated by presence of stain (stain represented by shading): a, Epidermis;
b, outer pigment; ¢, chalaznl cap; d, inner pigment; ¢, membrane.

the lateral movement from the chalazal 2ap through the inner pigment
and fringe layers.

When both ends of the seed were sealed, the stain entered the seed
coat through the exposed epidermal cells of the side wall and passed,
by means of the outer pigment layer, towsard the chalazal end. ” From
the chalazal cap the stain spread to the inner pigment layer 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 secds studied in the above experiments showed
similarities in the course of stain, there appearcd differences in the
rate of absorption. An approximation of the time required for the
penetration of the stain to the various layers of the seed coat was
obtained by placing fuzzy seeds between filter papers saturated with
an agueous staining solution (table 1),

Tarre L.—Staining of seed-coat tissues at varfous time inlervals in 5 lois of cotton-

seed L

_Time
interval

Eocd eont tissoes Jisted in order of sialning nnd percentago of porminntion for—

ﬂn 1

Tot2

;

Lot 3

Lot 4

Lot &

2 haurs

5 hours.

24 howuts,

36 Tipurs

4 days,

Furr. . ... oia...

Epidermis.

Fur. ... .

Epidermis.

Quier pigment,

Chalaza,

Fugz.. ...

Epldermis,

Outer pixment,

Chsainza.

Inner pigment.

B pereent gezmi-
nateil,

100 perecnt ger-
minated,

Fpidermis.
i Quter plement,

fPuzz ...

Epldermis. .
Quter pigment.
Chataza,

¥ perewni germi-
nated.

W proeont gor-
minated.

Fuzz .|

FAPOUY : | S

Hpitium_}is.-
Outer pigment.

Fuzz ... .. ...

Enidermls.
Onter pigment,
Chalaza,

& perecat rermi-
nnkeel,

100 percent ger-
minatsd,

Fazz.. ... ... ;

Puze.. ... ...
Epidermis,
Cuter plpment,

LATES

Ypsdermis,

Quter plpment,

Chalaza.

- ;merccnt ger-
minated,

Fuzz.
Do.

De,
Epldermis,

Fuzz,
Epddermis,
Cuter plement,
Chalaza,

Fuzz,
Epidermis.

uter pigment.

Chindnza.

Inaer pigment.

108 pereent ger-
minsled,

arlays s

! Lats § iy 5, inclusive, refer to samaples taken from Sen Istasd, Coker Wilds, Clevelnnd, Farm Retief,
ani dtoneville 5, respectively. They are referrod to ns lig rather than varictics because of irmprobability
that these Emited satnples necessarity reprosent varkeial traits,

When sceds were immersed directly in the staining solution, the
staining was much more rapid in all sced lots, and differences between
varieties were more distinct. Fuzzy seeds absorbed the stain more
slowly than acid-delinted seeds. At the end of 5 hours, most delinted
sceds showed the stain all the way through the membrane, whereas
fuzzy sceds showed stain in most cases only in the cpidermis and
outer pigment and at the micropyle and chalazal ends. Fuzzy seeds
required from 12 to 24 hours for the stains to react: the inner membrane,
except in ot 1, which had litie fuzz. Differences between the seed
lots were noted in rate of absorption. This may be attributed to
structural characteristies in the seed eouts or to differences in strue-
ture due fo degree of maturity, field exposure, or treatment of the
various seed lots used.

RespmraTioN Durine tHE PERIOD OF GERMINATION

Studies of the respiration of cottonseed sliow that carbon dioxide
is evolved in considerable quantities during the period of germina-
tion. In reeent tests, germinating sced at 30° C. constant tempera-
ture, during a period of 72 hours, gave off as much as 120 mg. of car-
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bon dioxide per gram of seed. 'This gas at abmospheric pressure would
have 2 volume equivalent to approximately 75 times the volume of
the sced. In order that germination may take place, there must be
an exchsnge of oxygen and carbon dioxide through the seed coat.
If cottonseeds are p?aced on & moist substratum in a suitable con-
tainer and the air 18 withdrawn from around the seed, germination
will not take place so long as oxygen is excluded.

Toole and Drummond {15, p. 287} observed in their studies of
sensitive seeds that:

A few exceptional samples have been encountered which behave in a peculiar
meanner when tested by the prewetting method. In these samples, many of the
seeds remain in a dormant condition in the germinator, as they do when soaked
too long in water. In these eases, the total germination is greater by the stand-
ard method.®

As poor germination may be brought about in the laboratory by
prewetting or oversoaking, it is logical to assume that in these scod
lots the too rapid absorption of water, with the consequent water-
logged condition of the seed coat, prevents the nermal interchange
of gases and induces a type of dormancy or retards germination.
With ample moisture and a favorable temperature for the develop-
ment of seed-borne or soil micro-organisms, retarded germination of
the seed would offer & very nearly perfect set-up for sced deeay.

ReraTioN oF SEep-Coar MaTuriTY To MoLps

The rapid development of rhizopus and penicillium molds on samples
showing low germination and on sensitive seeds is of common ocour-
renee, but samples from vigoreus germinating lots may be unaffected
even when germinated in towels heavily contaminated with such
micro-organisms. Toole and Drummond (15} and Del Curto (8)
aseribe the susceptibility or resistance of the seeds to the velative
vigor of germination of the sced lots.

At Knoxville, Tenn., sceds were obtained from bolls of known age,
varying from 35 to 54 days from flowering. These secds were dried,
acid-delinted, and placed in small dishes for germination. The very
immature seeds failed to germinate, bub promptly developed heavy
orowths of molds. The mature seeds germinated nermally, with very
little fungus growth. In the series of seed lots the molds were pro-
gressively more active on the more immature seeds.  Full maturity
of the sceds in this instance was reached in from 48 to 54 days after
flowering, the time varving for different varieties.

Immaturity or undevelopment of sceds may result from drought,
insect attack, frost damage, or other factors causing the cessation of
growth or premature opening of bolls. Immaturity of the seed coat
may contribute to susceptibility to molds, In the development of

* The standard technic for the germinution of cattonsecd, ag adapled by the Associntion of Seed Analysi:
of North Americs, stated briefly, is as follows: From a thoroughly mized sample of coltonseed, 2 loks of
5 sewids ench nre takon st tandom.  The dry serds are hut betweoen folds of moist colton fionnct o shsorbent
paper toweling and piacet in the perminator at the gsual aitornating tempermtures of 2° 1o 30° O, The
Lest should be Rept in the 30° temperature for 6 ta 8 honrs end in the 2)° temperature for the remalnine part
of the day. The sprouted seeds should be counted and removed on the thizd end A0h dayvs. Tesis are
considered completed at the end of 7 dayy,  The prewetting method dilfers from that entlined above In
that the sped samples are stirred or shaken in water untll the fupey covering of the seeds is wet, anet the
geeds are then placel oo ke moefst substrats for germination.  Tlho vacuum merhod of testing as nsed by
the authors differs from the standard technic as foltgws: {13 The sced samptes ore first delinled with soi.
furie aeld apd thoroughly washed apd dried.  (2) The delinted seeds are placed in a suitable container
and covered with water; Lhe aperture of the container s then attached to a suction line and the contents
suhjected Lo 2 negative pressure of 27 inches of mercury for 5 .ninutes. {3} The sevds ace temaved frem the

vontainer, draine! of surug water, and placed immedistely un moist paper toweling for germinailon i
the ehambers at ¢he usus) 20° to 30° alteroele temporstures, os in the standard method.
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the seed cont the hardening or lignification of the cell structure takes
place as the seed matures. The softer sced coat of an immature seec
would be more easily penetrated by micro-organisms than would the
fully developed and hardened seed coat of a mature sced.

The seed coat of an immature seed may furnish nutrients more
suituble for the growth of micro-oreanisms tf:an are found in a mature
sced. Reeves (J0) found large quantities of starch in the two integ-
uments of the developing ovule, but it disappeared before the ovule
reached maturity. He stated that the ecll walls of the epidermis
are composed chiefly of cellulose, but that they also contain varying
proportions of lignin and cork. Further, that the walls of the fringe
tissue and colorless layer are highly lignified at maturity, and that
the two pigment layers, at maturity, arve highly suberized. He found
that they also frequently give tests for small quantities of lignin and
cellulose, and that the palisade cells of the seed coats consist chicfly
of ecll walls, the lumina being small and thwir contents scanty. Their
walls are composed chiefly of lignin, cellulose, and cork.

Dormancy

Cottonseed from freshly opened bolls usually show a degree of
dormancy (13) and must pass through an after-ripening process
belore prompt germination can be obtained. This initial dormaney
usually is removed after drying and a short period of storage.  Under
some conditions, however, dormancy may persist in certain varietics
for several months after harvest.

In 1937, at Knoxville, Tenn., boll samples were obtained from
several varieties for sced-germination tests,  All bolls were taggeed
on the day of beginning of opening and harvested 14 days later
{October 15).  Boll samples were dried and stored undoer laboratory
conditions until the latter part of February, when germiuation tests
(table 2) were made of each variety, with nornal fuzzy seed, acid-
delinted sced, acid-delinted seed vacuum treated in water, and on
embryos with seed coats removed.  Striking differences in the rute of
germination were apparent between the varieties, although the total
germinations after 14 days in the germinator were approximately the
same.  Acid delinting hastened initial germination but did not
materially affect the rate of germination in other respects.  Secds
that were acid delinted and subjected to reduced atmosplieric pros-
sure while immersed in water showed initial germination in 2 days,
but the tendency to delayed germination or dormancy was actually
increased, In contrast to these results, embryos from which the secd
coats had been removed gave complete germination in 2 days irre-
spective of variety or previous tendency to delaved germination.

Further evidence of varietal differences in doinancy was obtained
from boll samples of these sime varietics collected at Lubhock, Tex.
Farm Relief and Stoneville 5 had many dormant seeds, but Wikls 3
and Cleveland (Wann.} germinated very promptly, similarly to seeds
of these varieties grown at Kunoxville.  These data indicate that
dormancy may be a condition imposed hy the secd cont upon the
embryo.
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TaBLE 2.—Effect of acid delinting, ecid delinling and vacuum lreatment, and sced-
coal remoeval on dormancy end rale of germinalion tn nine varielies of collonseed

NORMAL FUZZY SEED

Seed germinated after being in the germinator for—

Variety \ ; s
a | 3 L P DR - U N T I TS O - T I CR P
duys | days | dars | duys | days | doys | days | days | days | days [ deys |70
Fer- | Per-| Per- | Per- I Per- | Per- | Per- | Per- | Per- I Per- I Per- ' Per-
cent | cent | cend | cent | cent | cent | cent | cent | cent ! cenlt . cent  cent
Farm Relief____.._...... | .. {._. ] 1B I3 15 & 0 94
SLonevitle §... AU R 18 8 ] 13 i 04
Mexican Big Boll. . N P 21 o 24 ] 3 al
Qualla________ R - 15 16 kil 10 T it
Cook 912. .. .1 30 2 19 13 [ 93
Rowden 2088 _ . _......| ..c..f oeee. 20 3 ki 9 2 3
Startex.._.. o 30 merooun 12 12 g4
Wilds 5, ..______. . - 86 G 1 | ™
Clavelond (Wanm oo eoo oo us fouee. a4 1 i 3 U R o7
ACID-DELINTED SEED
= LI 6 E oI 11 I T ¥ 4.
] i & 4. 15 16 14 fi
do ia w0y ] 2 2 1
17 6 1 P I | | 10 4 4. .
3@l W[ 15p 19 8 . PRI I
2 30 N 16 g 3 L., jemes
7 12 11 1/l B L] 4 |..._
. e . - e e T O
Cleveland (Woen.)...... ..|._.. .| 90 si o i T il S AR
ACID-DELINTED SEED VACUUM-TREATED IN WATER
Farm Relief. ____._________ 18 0 0 1 8 | 14 E 10 J 4 | § 6. 2 [ RE- .
Stoneville 5 . 1 4 {1 Gi g 45 18 Ut 20 | 1 . 143
Mauaxicun Big Iiclti. 24 8 0 I0; 18 g e e imea s 0
malls . . ..o w; =z I £ W6 1w 1w ] 18 g7 2.l o)
61 141 26 11 20 6! 2 8 +i. B
Py 4 g B 1] X L I S - . i
w4 {3 22 8| 8} 8] &I 2j.. ol
840 2 | 25 o .. - gr
6. & 8 [ . . . o
13 . __II - I l__ ___l — . __I . . I m——
EMBRYO WITH SEED COAT REMOVED
| ] ! ] i
. . . - o
cma .. - b1y
Ce e - . 114
- . - 100
[P - . 107
- - - 1
- wain A
o amew [
e e amam 100

1 10 percent of seed remnined apparently sound but vegerinionted we end of 14 doys.

ScARIFIED SEEDS

Injury to seed germination by modification of the seed-cont strue-
ture 1s shown by the behavior of scarified cottonseed in seed-trentment
tests at Jackson, Tenn., in 1938, Normal fuzzy, acid-delinted, and
acid-delinted scarified seed of Acaln 44-5 and Deltapine were used.
Scarification was done after acid delinting on a commercial seed
scarifier, Crushed or broken seeds were removed from the scarified
lots before planting. The germination percentages (table 3) were
caleulated from actual counts of the number of seeds planted and of

b
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the scedlings surviving just prior to thinning, May 24. Tn both
varieties, seed scarification resulted in highly significant reductions
in field germination.

TarLe S.—Germination pereevtages fram Aeale 44-5 and Dellapine fuzzy, acid-
deitnted, and scarified seeds in seed-trealment lests, Javkson, Teun., 1938

! Grerminbiont Germinngion

Treatinent S Treatment i
¢ Delia- Aculs ; Delta-
pire | 443 ¢ pine

[}

!Pcrcmf Prereest 1| Pereert Percent
TS 83.3 b Acid delinted wnel searified .. MO MA
GiL 3 1 Ackd delisned nod searified+Hline A 3.0
H % 1), Acil delinte.d el senrifed+mer- :

B 3 cury cirloride . 3. 232
Acid delinted aned saeeiod-+nor-

wonnal (nzay4-lime o 7
Normeaifuzzy-Fniercary ehloride © T3
Noruml fuzey+hordenax .. . LT
Ackd deliated ..

Acid delinted-+lme..
Acid delinted-Fperenry chloride
Avid defiented -+ bordeanx

Slaiagn

> 8

|
deaus . L. 3 | 13.5
|

b Litlerence requiresd for sigoificance at whisof 99 to 3, §1.25.

Similar but less marked reductions in field germinations were
obtained at Jackson in 1937 from mechanically delinted seed of & lot
of Deltapine. Of normal fuzzy, acid-delinted, and mechanically
dlelinted seed of the same lot {table 4), mechanically delinted seed
gave lowest field germination. Under the conditions at Jackson,
significant improvement in germination was obtained from mercury
dust treatment. In a planting of these same seed at Knoxville
(table 4}, approximately equal germinations were obtained from
fuzzy and mechanically delinted seeds, and germination of acid-
definted seed was significantly higher. Under the conditions at
Knoxville no benefit was obtained from treatment with mercury dust.

Tarig 4.—PFiell germination of normal fuzzy, acid-delinted, and mechanically-
delinted seed in seed-lreatment tests at Jackson and Knogeille, Tewn., 1837

Javkson Krnxille

Field germination . Fislid permination
Trpa of seed . e — L T T ——

) 3 H
: : ! Einyt | TEe | | Ryt | e
[ Ethyl ¢ 200! Dnvénge ) - Ethy) ¢ Bl By erare
: [ n;rleal-_ tnerenry MHCTUITY [[ nireRi- mereury FHerCUry

o Sva . - [} Sa . phng-
| _(hlor:de' phate chioride ; phiate

Pereert Percent  Percent - Percent | Percet Perceat Percent v Fercent
xorn fuzzy : .z 7 I 5T i i N ET B
Mechanically delinted 3 ENr 2,4 N] &0 3. sihol .l
Acil-clelinted . , - HRO Hit 3 as.) AT, : 84 4 i 67.9

Avernge R LY s . @9 exT fi:.-lj

[ sipnificunee st {Between Lype averapre

DiTerenca reroiteed [Betwoen Lreaiment average
ospl 990 1 Hetween trestinents within types

The results of the experiments with scarified seed and with mechan-
Ically delinted seed indicate that changes in the structure or mechan-
ical mjury to the seed coat, under certain conditions, may contribute
to lowered field germination. These experiments illustrate the im por-
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tant role of the secd coat in the protection of the embryo during the
period of germination.

Seed-germination percentages obtained in the laboratory under
optimum conditions clogely approximate the total percentage of viable
seed In the sample. Figure 9 illustrates the comparative germirn-
tion of a number of cottonsead 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 laboratory-ger-
mination perceniages differ in thelr ability to produce seedlings under
field conditions. These differences in field efficiency nre due to seed
wenknesses not deteciable by the standard method of gerimination.
The similarity of the field behavior of the individual seed lots at the
two dates of planting indicate that the differences between seed
lots ave due to gualities within the seeds and not to soil or climatic
conditions.

DETECTION OF SENSITIVITY IN COTTONSEED

In germination tests with cottonseed, samples occasionally are en-
countered that germinate well under optimum conditions in the lab-
oratory buf that are practically worthless when planted under adverse
conditions in the field. These types of cottonseed have been studied
and described by Toole and Drummond {15) and Del Curto (3) and
are termed “sensitive,” The presence of sensitive or weak seed in
ordinary lots of cottonseed, however, has not been generally recog-
nized, because lesser degrees of sensitivity ave diflicult to detect in the
laboratory by thestandard method of seed germination and usunlly are
obscured 1n the field by the high secedling mortality from otler causes.
If secds that are comparatively free from disease contamination
are planted on velatively clean soil, weaknesses due to physio-
logical causes become apparent. Favorable conditions for determin-
ing physiclogical weaknesses of seed lots have existed at Nuoxville
during the course of these studies, as land not previously planted in
cotton has been available for field experiments.

It has been shown that germinating cottonseed are sensitive to
excess water under certain conditions of soil and temperature, and
that sensitivity may be incrensed by injury to the seed coat.. Observa-
tions of germinating seed under various laboratory conditions have
indicated that the water-oxygen relationship is extremely important in
germination and that any interruption of the normal process of water
absorption and respiration will affect the subsequent germination per-
centage. The application of these facts is involved in the vacuum
method of seed testing, used by the authors to detect sensitive seeds
in the laboratory (see footnote 5, p. 14).

Wlen cottonseed are immersed in water and subjected to greatly
reduced atmospheric pressure for several minutes, air is withdrawn
and water is absorbed rapidly, Fuzzy seeds subjected to this treat-
ment become water-sonked, and a large percentage remain in a dor-
mant condition if germination is attempted immedintely. 1f the seeds
are redried before germination is attempted, no apparent injury is
caused by vacuum treatment. With slick or delinted seeds, the effects
of the vacuum treatmens$ are less drastic, as the seeds are not sealed
by the water-soaked fuzz; in general, nonsensitive seeds are unim-
paired by vacuum treatment, but weak or sensitive seeds fail to ger-
minate after such treaiment.




20 TECHXICAL BULLETIN 734, U. §. DEPT. OF AGRICULTURE

Comparisons of regressions of standard and vacuum laboratory-
germination percentages on field-germination percentage are shown in
fizure 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 regressions with vacuum-labora tory-germi-
nation percentage than with those of standard-laboratory-germination
percentage. In all tests the correlation between vacuum-germination

100

-]
(=

b
[=]

nd
Q

8

m
Q

-~
-
=
wl
[
[+ 4
(1]
(1N
&
=
=4
=
<
=
F @
[+ 4
wd
(&}
>
&
O
-
ol
[ 4
=]
[+ +]
L8
|

B
o

,I
] ] y’ D ] | ] ]
60 [=1a] [v] 20 a0 60 80 100
FIELD GERMINATION (PERCENT)

Ficure 10.— Regressions of standard and vaeuum labaratory-germination per-
centages on field-germination percentage of cottonseed: A, Early planted gor-
mination test in 1937; B, second planting of germination test in 1937; €, 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 table 5 are highly
significant, exceeding odds of 99:1. Although correlation of the vac-
uum methed with field stand is better than the standard method, the
regression lines for the vacuum method show that the values for the
poorer samples are depressed abnormally.

These data indica‘e that more accurate estimates of field germina-
tion may be obtained in the laboratory by the vacuum method of ger-
mination than by the standard method now in general use. The
vacuum method is px. cularly 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 field germination.

Tasre 5.—Carrelation covflicients and standard errors of estimale for regressions
Jrom the daia used tn figure 10

: .
i CGrerminabion Lest (flg, 10}

Hegression fmethod of
pertnitiation} . a7

Sy 4 i Foo 8 :

Standard X fiekl, . X 1235 G 853 . 055780 ! 0. 6O
Vacuun X ek, , .o AT -5 025 LaTEd Ao LW LM r .Bias
; ;

1S, c=swmndard error of estinae, r=gorreintion cenfBeicnt.
SUMMARY

I these investigations the anstomical structure of the cottonseed
coat has been studied in relation to the germination of the sceds. The
semibard covering or coat of the mature cottonseed miy be divided
roughly into five layers; epidermal, outer pigment, colorless, pealisade,
and inner pigment.  The epidermal and outer pigment layers are con-
tinuous over the seed and around the funiculus. These lavers are
readily permeable to moisture and are highly absorptive. Vaseular
bundles radiating from the chalazal region oceur in the outer pigment
layer. The colorless layer is usually of one-cell thickness.

The palisade layer is composed of & single row of long, narrow cells,
highly lignified. In the side-wall arca these cells comprise approxi-
mately 50 percent of the total thickness of theseed coat.  The palisade
layer is not readily penetrated by moisture. The palisade layer is
discontinuous at the micropyle end of the sced, the micropyle being
lined with incurved rows of palisade cells, the outer walls of which
come inio contact and completely close the micropyle. At the chalazal
end of the seed, the palisade layer terminates at the tip of Lhe chalazal
cap, leaving & definite opening through which the outer absorptive
pigment tissue is in direcet contact with the chalazal cap, a part of the
mner pigment layer. The inner-pigment layer is continuous over the
inner surface of the seed coat.

In the mature cottonseed the membranous covering of the embryo
15 attached to the seed cont at the base of the chalazal cap, but other-
wise is free from the seed coat.  In gencral, the structure of the seed
coat is similar in all species and variceties of cotion upon which studies
have been made.  Differences are apparent in the thickness of the
palisade layer, especially around the chelazal opening and in the
proportion of cell length that is lignified,

Modification in the secd-cont structure ean be effected by sulfurie
acid delinting. Delinting by this method disselves the lint and fuzz
fibers of the sced coat and breaks and cistorts the epidermal and
outer pigment layer. Water absorption is more rapid in delinted
seeds than in fuzzy seeds, but the difference is primarily due to the
removal of the fuzz rather than to the disintegration of the outer
layer of the sced coat. The disintegration of the outer pigment fre-
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quently leaves the chalaza uncovered, and in many cases the palisade
layer splits and curls back from over the chalazal cap. The opening
of the chalaza facilitates the rapid intake of water,

The principal requirements for the initintion of germination in
cottonseced include o supply of water, a supply of oxygen, and a favor-
able temperature. Unless these factors are present and ave held
within proper relation to each other, germination will not take place.
The seed coab appears to play an important part in the reguiation of
the water absorption and gas exchange, which are necessary in seed
germination.

The principal point of entrance of water to the embryo is through
the chalnzal opening in the seed cost. Entrance may occur through
the micropyle but at a slower rate. Water does not readily pass
directly through the side wall.  ¥Water may enter the outer pigment
iayer at any point and move through the pigment layer to the chalazal
or micropyle opening.  Movement is more rapid toward the chalazal
end of the seed, possibly due to the vascular bundles in the pigment
layer, whieh converyge at the chalazal opening.  Differences in rate of
water abserption are apparent between seed lots, and rapidity of gor-
mination and rate of absorption are correlated.

Certain seod lots are sensitive to prewetting or oversoaking. Such
samples when placed In & too moist substrate remain in & dormant
condition or germinate very slowly. Too much water hinders the
passage of air inlo the seed and interferes with germination.  Respira-
tiont is high during the period of germination. In recent tests, ger-
minating sceds at 30° C. during a period of 72 hours gave off 120 mg.
of carbon dioxide per gram of secd.

Immaturity or underdevelopment of the sced coat may contribuie
to susceptibility of the sceds to the atiack of micro-organisms. The
softer secd cont of an immature seed would be more casily penctrated
and would likely furnish nutrients more suitable for the growth of
micro-organisms than would the semihard coat of a mature seed.

Seeds of different varietices, grown under identical conditions,
differed in rapidity of germination and degree of dormaney, Seeds
from these same lots with seed coats removed showed no tendency
to dormancy whatsoever. Fivld experiments have shown that modi-
fication of the sced-coat structure by scarifieation or mechanical
delinting may result in lowered germination percentage under adverse
conditions. Apparently, in the germination of cottonsced, any con-
dition of the seed ceat or of the substratum that induces an over-
soaked or waterlogged condition and excludes oxygen will probably
result in lowered germination pereentage,

Seeds that germinate well in the laboratory but that are highly
sensitive to adverse conditions in the field frequently are encountered
in germination studies of cottonseed. A vacuum method of detecting
sensitive seeds in the laboratory has been used by the authors with
better results than have been possible with the standard method of
germination.  Essentially, the method consists in subjecling acid-
delinted seeds to reduced atmospheric pressure while immersed in
water, after which germination lests are made as in the standard
method.




STRUCTURE OF THE COTTONSEED COAT

LITERATURE CITED
BrerreLp, vow.

1887, ANATOMIE DES BAUMWOLLE- UND KAPOKSAMENS. DNTERSUCHUNG-
EN ZUM 2WECKE DER CONSTHUCTION VON VERPILSCHUNGS-,
IENTIATS-  UND gUaLiTXrspiagxosex. Jour, f. Landw., 33
129] 54, itins,

Crecker, Winniam,
1906, #OLE OF KERED ¢OATS IN DELAYED grRMiNaTionN. Boi. Caz, 42-
265241, il
Den Corro, J. M,
1927, mug GERMINATION OF corrossiep,  Tex. Dept, Agr. Bind, 86, 20 B
Hawavses, T. K,

IS8, 2UR  MIKHOSKOPISCHEN CHARAKTERISTIE DER  BATMWOLLEPRG-
puere,  Zischr. Albr Osterr, Apoth, Ver, 26: BB0-572, 541505,
Hins.

1903, saMEN. UDERSICIY DER GEWACHSE DEREN SAMEN TECHNISCH
BENULZT weRBEN,  [n Wiesaer, )., Die Robhstoife des PHanzen-
reiches. Aull 2, v, 2, pp. BT 754, s, Leipzip,

Huaouxarox, Groner T., wnd (Crocker, Winnia.

T923, STRUCTUHE, PUYSICAL CHARACTERINTHS, AND COMIGSITION OF THE
DERICARP AND INTEGUMENT OF JOHNSUN GUASS SEED IN HELATION
TO s PIvRioLoGy.  Jour. Apr. Hes. 231 193-222, illus.

Hinn, . Bex, Overwones, Lee O, and Poer, Hexuy W
P93 ROTANY, A TEXTBOOK FOU COLLEGES, 672 pp, Hius, New York,
Koxod, Masrandg.

1925, RER BIS IN DEH LANDW IRTSCHART 1APANS GERRAUCIITEN SAMEXN,
(FONFrE MITTRILENG]  BESONDERS PRER  MALVACEENSAMEN.
Obara Tust. f. Landw, Forsel. Ber. 20 [359)-595, ilhs.

REevEs, K. (.
1033, ORIGIN OF FRINGE T1S5UE OF COTTON SEEG.  Bat. Gaz 97: 178- 181,

itlus,

HEG, rOMPARAYIVE ANATOMY OF THE SEEDS OF COTFONSE AXD THER

MALVACEQUS pLants,  Awmer, Jour. Botl. 28: 261-204, fligs.
ated Vaung, (. Q.
1932, ANATOMY AND MICROCHEMISFRY OF THE COTTON SEED. Hof. Cinz.
931 250277, ilus.
S, Caanles ALsRr,
ISI1. THE GXVUEN MINIMUM AND THE CERMINATION OF XANTHIUM SEEDS,
Bot, Gaz. 52: 433- 177, Nus.
Sieeson, DM,
B30, DORMANCY AND MATFWIFY OF COTTONSEED  .Jour, Apr. Hes, 56
429 434,
Taare, W, .
1333, PEVELOPMENTAL ANATOMY AND RELATIVE FEEMEANILIFY GF HARLEY
SEED coaTs, Bot. Gaz, 071 240 974, ilhas.
TooLk, Feax W, and Devayess, Peann .
TO24. TIE GERMINATION OF COTTONSEED. Jour. Apr, Hes. 28: 295 202,
Hius,
Wisrosn, A L.
HOBL 7HE ANATOMY OF CERTAIN OIL SEEDS WITH SPECIAL HEFERENCE T
THE MICROSCOPIC EXAMINATION OF CATTLE FooDs,  Conn, Stute
Agr. Fxpt, St Upt. (19033 27: 175-198, illus.
Wixrox, Axprew [
1906, THE MICROSCOPY OF VEGETARLE FOODS, WITH SPECIAL HEFERENUE
TO THE DETECTION OF ADULTERATION AND THE DBILAGNOSIS OF
smixwrres, 701 pp., ius. New York.



http:l'll\�SIOI.Oo

ORGANIZATION OF THE UNITED STATES DEPFARTMENT OF AGRICULTURE
WHEN THIS PUBLICATION WA ST PRINTED

Secrelary of Agricullure Criups R, WICEARD,
Under Secretary Paor H. AprLEBY.
Asséstant Secretary Groves B, Hivp.
Director of Information M. 8. ErsexnowEeR.
Director of Eriension Work AL 1. Wisox.
Director of Finance W. A. Junr.,
Director of Personnel Roy F. HenpnicesoN.
Direcior of Research_ o ___ ... ___ - James T. JaArRDINE,
Director of Marketing Miro R. PERKING,
Selicilor MasTin G, WaITE.
M. 8. Eisennowen,
Office of Plant and Qperations Artnur B. Tuarcres, Chief.
Office of C. C. C. Activitics Frep W. MorrEeLL, Chief.
Office of Exrperiment Stations Jases T. Jarpise, Chief,
Office of Foreign Agricultural Relations Lesuis A. WazsgLER, Director.
Agricultural Adjustment Administration R. M. Evaxs, Administrator.
Bureau of Agricultural Chemistry and Engi- Hexry G. Kxiaut, Chicf.
neering.
Bureau of Agriculivral Economics . B. R. ToLreY, Chief.
Agricultural Marketing Service C. W. Xircugy, Chief.
Bureau of Antmal Industry_______________. Jonn R. Mourer, Chief.
Commadily Credil Corporation CarL B. Rowsnins, President.
Commodity Exchange Administration________ Jossru M, Menw, Chicf.
Bureaw of Dairy Industry O. . Reep, Chief.
Bureaw of Entomelogy and Plant Quarantine. Lrx A. Stroxa, Chicf.
Farm Credit Administration A. G. Bracek, Governor.
Farm Security Aduwinistration C. B. Barvwin, Administralor.
Federal Crop Imaurance Corporation Leroy K. Ssurh, Manager.
Surplua Markeling Administration.________ MiLo R. PERKINS, Administrator.
Forest Service Earve H. Crapp, Acting Chief.
Loviss Staxiey, Chief.
Curanrtset. R. Banvert, Librarian.
Bureaw of Plant Industry____ ... . _.._ . E.C. AucrTER, Chief.
Rural Electrification Administration Harry Sratrery, Administrator.
Seil Conservation Service H. H. BexxeTT, Chief.

This bulletin iz a contfribution {from

Buieau of Plant Indusiry .. E.C. Avearter, Chief.
Divisien of Colton and Other Fiber C'mps H, W. Baras, Principal Paikolo-
and Diseases. gisl, tn Charge.

24

U, 5. GOVEANMENT PRINTIMNG OFFICEc 1240

For guie by U Snpecintendent of Documenis, Washington, D, €, Price 3 cents




4...;..14..3.\..(!4]:...-...1
A .
., T Al
uu--..x.l
..il.




