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PHYSIOLOGY OF - L ~rn:~AT .l:!i.iiJDS • 

ildred E . Lyon . 

In t e nalysis or c real seeds receiv d r r purity 

t e st at ... e ta.te ueed :)r a t ry t nere is c nsta. tly ,resent 

a vu. r i n rcentt..ge oi' r o<e d a nor1 a seed . It is 

ge e r~lly 10 g ... t t r ~ t t_ e at in ~" c··pa.c i ty sue 1 seed 

is se_ iQusly i 1.paired , ' u to v at degree is n t n o rn . 

e disposal f t ro n seeds resents a di · fi -

cult pro lem t J t1 seed analyst in ·kin purity a al ses . 

n er t 1 prese t ru es .( or seed testing ··ormulate and 

ado t d by t e ss cio. ti n of ~ici&l eed Analysts o 

Yort1 er · ea ( 44 ) many t r e se _:_.> ieee s ol seed e:t.r p l ced 

in t e pure se ed class y irtue f t e tact t at e ch con-

s is t e of roo re than nal · of a seed o 

~is rulin r does n ot t~ e i to ~ceount t e f ct 

t na. t i many o t ne ieee ... only a p rt or t t e e ab r o r e nains 

d o vi ously c · nnot ger@in te . ~one oft ' e broke seeds 

ge r inate wnen laced under t pr p r con iti ns tn u 

tne s oot L.nd root dev lop ·ent of ucn s eds is prdetically 

always abnormal . It as been de on strated t _t.. t t1ese seed-

lings , ir tney gro~ in o plants ~ t 11 , do not usually evelop 

as n o r ~l se dlings do . 



It is n t de r· i n i t e 1 y ---n o J t J j u ~ t 1 he.. t ext en t t e 

see must be injured to a !" ct t ... e rt;; ult ing plan t , tna. t is , 

whet ' ~r all breaKs c.. e detr i ro nt · l in .J; r oporti on to t ..:1eir 

size and location or ne t _l r t e s aller br ak s a re of no 

c nse uence . 

It is als not kn o;n w etne r such breaks r esul t in 

an injury :>t apure Jyphy ic (;.\. 1 na.tu e in w ... icn t e ve e tative 

organs al n are af r·ected , i a l o.:e ot eneresy r esul ting 

fro c ' c..nge s i n t he r ~spiratJry r · te duri J t r a e r in 

l o~erin~ ·er wi ati n induced b tungci l inf ction . 

As a m ans of s l v ing t n se r 1 ms series of ex-

pe ri ents n ge r~in~ti n and respir~tion a s undertak n in 

h ich v_ea t w s used a s a r epre sent~t ive cerea. l cr op . 

ile exrminin. Vciri US 1 ts of ~eat for injured 

s ee an in tere stin5 pnen omen n , e r e tofo re unn oted , was 

re_eatedly found . In c..ll 1 ts of seed examin e d t e re oc curred 

abnorually devel ped s eed v in g n or al endos e rm but no 

e bry • As i t i g nerall b lieved t a t t ne epitneli 1 

layer of tne e~ ryo i ~ t ~e seat of re spirat ory and enzymatic 

ac tivi~y , the occurrence of emb r yo less seeds offered ~n 

o por tuni ty t t st t t i c t _e ry vit ~ut excising t e embryo . 

st udy of t ~ ccur nee n be.1av ior ot tr ese e! ryoless 

see ds i t nerefore _.)r esen t d in t . e latte r .._.) rt f t _ is t - esis . 
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T I . 

Int ·oduct ion -· Th det i 1n ntu.l e 'feet oi' t nres_ in g on 

c e r ci. ls has been n oted by vu.ri ous wJrkers . , in gler~ ann (37) 

m~ke t : e state ent t 1cl t de ite ca retul r egulation o t e 

t r e s.a.in ac ~ in e t ! ere are l~ays some cr eke d s e eds , 

occasi on ing , as a r es ult , a loss or r e t a rdat i on in t l eir 

ger· i n tion . 

he rk ~resent e d i1 t _ is p per was u de t ··ken 

~it t~e pu rL os e of eter ining ten~ ure oft e injury 

rec ived by ~ ~ e a. t during t 1 e t r es ing process and the 

degree t ,iV. ich vari ou s t ype s of breaks injur t seed . 

nere ar e t ' · ee ;~ ys in ic ' m chan ica l injury 1 ay oper te 

t o c a us e lo· ered g8 r ti on . rnese fact ors ray work in-

d pendently o collectively and it is quit p r ob ble t · at 

t · eir ef ects u on the se d are coexistent . 

Injur 

c · u e d by br 

~Y b att ibuted t o inc ased r ~ spiration 

to t . e activit Jf fun g i , entering by 

me ns or t ~'le break , r t o t ' 

t1e break itself . 

mec anic 1 injury cdused by 

T follo7ing discussion c prises a study or t e 

eff c t of r e s ir tion a~d r ec a ic 1 injury on germi ation 

of brJken n~at seed s . 

- 3 -



Tne broken wh a t used in tne ae studies was 

sel ected t·ro s 1·e 200 o.cnine t 1 r e sl1ed ampl e s recei"Jed 

at t e Co lorado tate seed Laboratory ror purity and 

g r in tion t sts .. T ese lots o! w. e· t were c.. rvested 

fr m tn cr op o 1924 , 1925 , 1926 and 192 7 , and included 

~11 o t e v· rieti ~ s oi s r i nc nd inter neat common ly 

gr wn in t_ i h) state . 

he ty e s of br oken see 111nic 1ere elected for 

ex erimentation ·er t ose wnich are ol t e mo st general 

occurrence in wne t as t ' e r e sult of t~~eshing . The 

seeds used ve e · 11 more t · an alf a seed and ere gr uped 

a fo llo s .. 

1 . eed sno- ing slight injury · t embryo end 

2 . eed showing sev re injury a t em ryo end 

3 . Tnree - fourt~s seed , t e injury t t l e brus end 

4 . seed split l engt wise e> 

In F i gures l t o 4 are s4ow t Jp ical seeds oft ese 

type s . It is obvious t_ t t e s lit see d is t e os t 

eve ... ly injured 0 t _ e f ur types ile the slie>ntly in -

ju ed seed L. ic ' a s a very s· 11 pa rt 0 t e r xi mal 

end br k n a ay is l east injured . 1' ese two ty _!)t:! S con-

stitute ppr ·xi L.... tely 90 p r cent of t ' e br ·J en see s of 

prac tica lly all lot of w c:a.t . Th severe injury at t e 
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Fig . 1 . !heat seeds s owi ng 
slight injury at embryo 
end . 
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Fig . 2 . 7neat se ds snow-
ing evere injury a t 
e mbryo end . 
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Fig . 3 . rneat seeds sh wing 
three - f ourtns injury at 
brus end . 
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Fig . 4 . rnec..t seeds split 
lengthwise . 
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e bryo e d d · ubtless as a de eterious e feet on t 1e e elo -

ment o±· tne e bry w~1i le t !1e tnree - rourt seed ~it~ a piece 

br ken fro tne rus~ end prJoably sufrers n ill errects 

oth r t _a tn~t r icn might be att nd· nt upJn t e loss or 

food m terial • 

.B' r ac · ex_Jeri ent it_l injure see a c ec.n. test 

e 'lit.n whole s e s selected trom t e e lot . T ese 

er c· refully cn0sen itn tne aid ot a Hasting's triplet 

?X lens to insur t _eir undness . Tne broke seeds were 

selected and grouped in t e s e manne r . 

in Cracke d Jneat Seed.- It 

has been observed by .Y.arrington ( 1) and _as iro ( 42) t ·1at 

injury t t _ e seed c.:> t r sults in incre· sed respira-tory 

activity in seeds . In seed cr eked or br ken in thresning 

t ~ is incr ~ ase r ~ s p iratory activity ay be controlling 

factor affecting t~ e g~ ruinating paver . 

In discussing r s~ir~tion P~lladin ( 34) states ~at 

in s d plants t e de st. uct · un f c rbo, yor· tes urn is es 

ener y for r : ira.tion nile~ a ad _ill (19) c 11 atten-

tion to t e 1' ct t c.. t t ... e co ·tinu· nee of r ~ ir ti n ultimate -

ly de ends up n adeyuate food supplies . Upon cunsi r tion 

of tnese state ents it is log ·cal to assume tn~t a seed in · 

- ich t , e reserve ood m teriul has been br ken aw y , 
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s pe ciricall y , tne split · nd tnree - tourtns types or br -ke n 

se ed , will los e its ge r in~ting c a~acity muc~ s oner t an a 

w ole seed . 

In li ke .anner, since injury stimulates res· i : ation , 

e ay be justiried in assuming t a t over r period of time 

t b.e respi a ti on or a s eed mct.y be increase d oy oun ing to 

the oint 1 ere t e st ored 1 od or t e v i t a lity or the em-

bryo is seriously de ~let d . I n c nne cti n wit tnis t neory it 

is . gener lly accepte d tact tn~t t_e ne t or ache ical 

reacti n de pe nds U J J TI tne initial a nd tinal pr oducts and 

furt1 er or e , t ci t t ne t ot a l neat ev lved is t e e by hat -

ever method t he !"inal _p r oduct are attained , tn· t is , w· ether 

t .t 8 e · c tion pr ceeds slowly or rapidly. ' 'ne w·1eat seed 

whicn c onta ins a given c.~.mount oi· po t en tial energy · o.y be con-

si de red in t1e li g t or t is pr'nciple . If tni ~ elf- con-

t a ined e ergy is dis i pate d · ~ Jre r a_p idly t_ r ugh an increased 

r t; oira ion rate t nc. .. n is t he energy of a se e d in wn ich 

res i:ation pr ceeds n or a lly vita l activity ~ ill be ore 

quickly exhau ste d . es .e iration is a transform ·-l tion of energy 

and c nse 4uently a 4 r nature death o · t e se e d r e sults w en 

r e sp ira tion is accel e rated over a pe riod of time . 

It is doubtless true t a t tnis incre sed output of 

e nergy accomp·-.. nying incre CA. sed r e s pirati on in st ored br ken · 

- 10-



seeds is lost in t e rorm o1· neat • . dailey and Gurjar (7) 

ha-~e _u.de an extensive study of r espir tion in stJred ~v· eat, 

nd rind spent neous neatin~ in oulk grain to be a direct 

f 'ect oi' r s_pir tion . 

rr·1 e r e at ion 1· CO2 e v l u t i n t o v it a 1 a c t i v it y of 

living rganisms during t e r e s irat ry ~roces , nas long 

b en ec gnized . OsterJ. out (33) concludes t_ ~t re .... ir' tion 

is tne 0s t rund ment~l or · 11 lire processes . Gr wth , 

re pr oduction, motio , irritaoi ity a nd constructive metabol -

ism may cease · s in t e resting seed , yet lit·e m~y go on fo r 

!i any years . .I en destructive etab lism ceases lit·e is at 

an nd . r es t ' n6 seed turnisnes an e xcellent applicQtion 

o t is t st . s long as it is aliv it r duces CO but 2 
~ en t ' is ev olution ceases it is de d . Tashiro 42) states 

t · ~t r~ iration is a necessary c ndition Ior living pro-

cesses and n unr i ing sign of lire , nd t aat a more cer-

tain crite rion t~an t_e roces of co
2 

evoluti on itself , is 

· n incr se in res pirati on upon 1 unding . 

~e spir· tory intensity sun index of 1 n evity of 

s ~e ds h's been used by~ nu oer of v rkers in t h is field . 

ierce ( ) f und t_ a t tae h ~t given of by ger~inatilg 

~eas deere· sed w·t age . · ull l 9) work ing on t e oxygen 

mini u · Xa. n tn i u seeds de on s t rate d t · t slo~r progress-

ive deterio .c~ tion t ke place in tne seeds a.fter t .L1e c oats 

have beco e perill able to oxygen w~icn le ds t co ple te 

- 11-



lo ss of erni J. ting po er . · tte con u c-in~ int n ive 

studies on L ngevity o i seeds Duvel (1 7) re~orted t at cer -

tain c h~' i c o. l c na ge s t ake place during r s1Ji r a t i. on t ~ CL t 

exert ~r ed inrluence on tne v· ab i l ity t seeds . ~he 

:protoplas o1" t11e individuu. l cell ~ gr dua lly becomes dis -

erg nized and t · e energy st ~ red witain t~e seed is gradu~lly 

dissipate . , vi t · 1 prJce ses are destr :>ye d and li e eco es 

extinct . difrerent vi ev e ttire ly is ta e by Blac K an (8) 

on t is sa1 e subject . lie sta.tes t .!a t loss oi g r i cJ. ting 

po 1er a!·ter .:1ny y ar ca n ot oe attri ut e d t los ot :.:na t erial 

in r e s pir ti on . _esJ:)i r· tiJn is s s all at lo~ te _perature s 

that seed in a taousan a rs would not lose a c onsiderable 

r t o · it s mate rial • Ti: e 1 o s s o 1· i t i s d o u b t 1 e s s due t o 

slo7 c .~nges in tne r ot ins , roc bly to dena t uri g 1" the 

p r ate in . 

Fr r a study of sue c onclu s ions as h ve just been 

g iven it is evident t 4 a t 'ny c..lte rati on in tne Cllet.nis of 

r espiration , r ocess s definitely allied ~ith vitality , 

must c e rtainly - ave its ultiz ate ef ect upon tn f ncti ns 

of t4 e seed . o v i tn or k n see s t is injury to t ' e living tissue 

ti n . results in n incre sed rate of res- i 

ashiro (42) has s bow t .at waeat seeds sti ul~ted 

by injury d isp l~y a rke acceler ti Jn in re s~ ir · ti on . 

- 12-



Johnst ne ( ) w r in 5 ..,. it.. sweet pota t J s c :>nclude s tna t 

r in J i creases t .. 1e re s y ira t ion rate t a mar .teE: extent . 

arri n6 t n (21) finds ec anical injury or vari us types 

ener·icial in ! arcing the germina ti ) n at· t·reshly na.rvested 

c eals , e attributes t 1 is err e ct t o an inc ease or altera-

ti n ir t ~ e nature of res ir~ti on r~ ulting rro t e injury . 

Bailey (6) ob erved t . at lots o~ c rn c ntd i ing ~ i gh ~er -

centag s f cr eked a d broken s eds esp ired r t much 

i · er te t ~n d i d lot s ~ore n arly ~de up or Yno le seeds . 

hull (40) wor ing wit 

on th g r~ i t ion o! 

e i - per: ble seeds an t · od (5 ) 

--- atua r ound t a t injury t the 

seed c at er i tted a ra_ id :.. as sage at· X:.f ·en . 1 li {e 

anner 3 rrir g t n (22) c orclu es t1~t t e removal o seed 

c ats in dJr · nt -pple seeds c· sed an incre · se in t 

of r spir tion as e l as germin4tion ~ 

rate 

ny possible carr l a ti n b- ~een incr sed res ~ ir ti n due 

to or ~ ak ing a d lowered gerwi · ~ i l ity f seed , tudies ere 

f t t e ev lu~ion o co 2 r seeds represent tive of 

t _le previ ous l y des cribe t y .r.; es of re · ks · s c ompared with 

t. t fro . v~ l c s ds . Briefly s ~ at d t_e et ' od us din 

t _ ese ex~ eriJa nts in' lv es tne a sor ci n f co2 by a saturated 

l u ti on or b ~rium yd oxide , and t e e ~ s re. ent o! t e mount 

- 13-



of co2 absorbed over a period of time . by titration . 

J)e sc:·ipt ion .21_ a ·op ra tus and met ds used in e suring 

res iration .- The re~pirome ter used in t ese ex~ riments is 

of extrer ely simple c nstruction , a modii.ication of tnat 

de o i gn e d y _>-ia. rr i gt on and · c r c e r t 2 3 ) r· or s ma 11 o j e c t s 

sue as seeds . ' Tne adv~nt ge of tnis aratus lies in 

its si .plicity v icn p~r its the construction and t e use 

of umer us res · ir eters at tne a e time . This insures 

identical experimental conditions r r e~ch type or seed in 

any one ex eriment . The apparatus ~'igure 5) c nsists of a 

shell vial (A) 9 em. deep y 3 em. in di pmeter a -o . 7 

rubber stopper (B) a cop~er ire (C) and a p ~er cup (D) 2 em . 

deep lith per:t'or· tions a.t t.r1e base . 

Tne seed cup is suspended :t"r m the stopper by means 

of the wire . Bot cup nd ~~ ire are coated vi th Jaraff in to 

render tne cup i rvious to futer . A satur~ted solution of 

co2 - free b .rium hydroxide is measur d i tv the snell vial y 

meanq of tne apparatus s · \n in Figure 6 . T is consists of 

three wash bottles (A) containing rao s lution , a l arge 

bottle of s· rc..ted arium hydroxide solution B) with an in -

let (C) rom tw 1ash b ttle and an outlet in t~e form of a 

' T ornton , Bruce J . F· ctors c~using low gerhi ation 
in sorg um seed . U pucl is ed t " esis , Colo . Agric . College 
1927 . 
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B 

E 

G r-

Fig . 6 . Appar~ t us uved in btuining 
CO free ~rium hydr ·xide sol ution . 

2 
A. ·u.s'1 bot:tles c..~ tui inc; .... dium 

, ydr xide sJlution . 
J• ~tJr~ge ves el c nt ·ining a 

sat~ruteo .... Jluti n of 3urium 
hydr ). ide . 

c. a.d D· Gl~s .... tubing 
S . a.nd : • 3pr illh clc..mps 
~ · Culibr~ted gl~ss tube 
G · ~i g stand support 
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si nor (D) provided VJitn a sto· cock (E) . gl ss tube 

ca. l i ·cru. te t 1 o c c • in t e rv 1 s · F ) is c 1 sed by a stop c J c ,. 

(H) and support d y a ri· g ~tand (G) . 

Five cc . o t e ariu hydroxi e solution is drawn 

into t e snell vial from the storage ve sel y me s of the 

siphon . "ne etir e tering tne bottle t r" lace the Ba( OH)2 
eing draln out is free of CO by vir ue of t~e 1act tat . 2 

it is dr ~n t rr ugh tne J sn bottles containing tae ~aOH 

s lution . T1 e s ell vial is uickly clo~ed 1it1 a 1To . 7 

s to~ per not e~ uip.l e d 'f :. t .tl.e seed cu... apparatu s ·us t e s -

cribed . 

A easured ·ei t of seeds ~nich nave rev usly 

been oa ed and t~ ilized is tne pl ce i tbe seed cup 

a d quickly tr nsf rred to t.c1e sJ.lell vi ls by ubetituting 

t·1e stopp rs beu.ring tr e CU.flS or the s ppers closing the 

vi~ls . n numo~re respirometers ~re tne pl ced in ermi -

t ' de~ir d eri d of ti ·e . t 

t e e· 0 en 48 - ~our period t e top er b ~ri b tn seed 

cup ib ~uic~ly t ~ns ·erred to ~n otner sn~l l vi 1 witn ~ fr sh 

su ply f a( OH )2 • T e ne ll first used is stoppered and 

subse uent titration c rri ed o at t e wurke r ' s c nvenience . 

-1 1 p~rts of tne respire et r ere tnoroughly steri -

lized be ·are each re piration Te st . e snell vials were 



s terilizea by dry nec.. t in tne cust or ary uet oct and t n e s ed 

cups and stop..,;ers e ... e 1rn.merse d i a 50 pe r cent alcon lie 

sol utio me rcuric cn lor·de , strengtn 2:1000 ! or 2 to 3 

minutes , and t 1ash ed witn sterile Ma ter bl~nks o 

he a ount o oxygen prese t in a sin le s ell is 

suf ·· cie t to sup_por-c r es ... Ji rtttion 1·o t 1 e six day pe ri od 

as vidence by ost (26) 

p ce s is n t arrected y t ne xy~en co t ent of tne air 

u til it r a lls oe l o\v 2 per cent . Likewise Gurjar (18) nas 

sho n t at 1 cc . or 4 Ba~OH ) 2 is e uivalent to a p r xim te -

ly 6 g . o! co2 • 'l'.he atur t d s luti n used in t nese ex-

e i ents is cout N/2 . 5 , nence t ne amount used , 5 cc ., 

ill s orb ab out 47 ~g . of co2 nd le · ~e a sare exce s or 

a ium nydroxide r t 1e u re ne t of CO
2 

r •J d c t i on 1 or 

periods up t o six day s . 

'fn e t it r a. t i on n t o d use d i t is work ' s adapt e d 

from tne il.rork of I{arter and ·7ei .Jer ( 4) . Pne indicat rs 

used 7ere t ' y ol- sulphont ale in and te ra-br~n-pnenol- sul-

p on t r l e in . The barium ydr ox ide solution {as n ot remo ved 

r t ne ~ ell Vilil durin~ t e pr cess of titr~tion . 

ft r t 1 excess ~riu ydr xide is n ~utral·zed by 

th addit ion o!· /4 ~ Cl u i ~ tny ol t lue a. i i ·ator , 

t he pr ci it~ted ~ riu c r bo ate s di solved by t e ad i -
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tion o a e· su ed excess o! .;.1.0 HC l . T is solution is 
blue then titr~ted !'gainst .~:~/10 :ao:r Nitfl brom- nenol as n i di -

a~ount ~: 0~ neede to bri g t e sJlution to 

trie neutral po int u btracted rroD th amount or HCl used 

g ives t he a ou t o · acid needed t dissolve t he preci itate 

or bariu . carbon~ t e . Tne nu oer of cc . o~ HCl re uired to 

di solve t is precipit~ te may then be translated into terms 

or mg . of co 2 by ul t iplying cubic ce time te rs oi -cl by 

t e !·actor 2 . 2 • .B' r o 1 t!le e uat1on given b low it follows 

tn· t l cc . of ..L:/ 10 _-cl is equiv d-lent to 2 .. 2 mg o!· co2 • 

2 HC J. Ba ( C03 ) : BaC1
2 

r n20 f C0 2 

2000 cc . /HCl : 44 g . C0 2 

1 cc . F/ l HCl = . 022 g . ca2 : 22 m • C02 

l cc . N;lO RCl = 2 . 2 mg . C02 

Rel ' tion o~ the method of seed sterilization and pre -

tion on t n r elat i on Jf certa.i n et ' o s used in t h se 

r epi~ation studies to tne output or co 2 w s recessary before 

t he ~xperiment proper~ uld be undert ·ken . The strength of 

t1e ster iliz"ng solution ad the lengtn of time of sterili-

z tion ~ s well a t e length of presoak period were all con-

si dere d . 

c lcium hypoc1lorite as recomme ded by ilson (45) 

1as fi rst used . his pr ved decidedly ineffective in suppress -
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ing tae gr tn f mi croorganisms so its use Jas di continued . 

u rcuric Ct loride 

seeds in t .ne nner d oc· 

ias f inally used t sterilize ll 

ect by J1orton and G.nen (32) • ic.h 

is as follows . '' oc..k seeds from 1 to 1 

pa aogens on seed co t w r e susc ptib le 

urs tnu ren erin 

disinr ctant , t 

t e same time preventi 5 injury to seed by disin ·ect·nt. Thi s 

pe riod of res o· king nas also oeen sugg sted oy Br · un (9) . 

'"'hake :preso& ed seeds rrom 3 o 5 inut s in a 0 per cent 

~leo olic solution o~ ercuric c loride , strength 2:1000 . 

e ave traces o!' dis in ·e ctant by a in 1n 93 :per cent e tnyl 

ale hol and 3 t i es in s er11e wate r . 

c.; anges er ade in t e lengtn of :presoak and 

s ~ erilizing pe~ iods and strength o lutions used to more 

ne rly meet t e re uire ents of t nis pr pbl e W ole 

seed~ ~ere sterilized it both l:lOOO a d :1000 s lutions 

for vary ing 1 n~tas o~ ti e t ete Line WL ich strength of 

s lution a vnicn lengt 1 I ti e va s t ne most effective 

nd at t ae same ti e ta l ast detrim t · 1 to se d via ility . 
1he same tudy rv s ·iven s lit seeds , t i s type was c o:;en 

r tne :preliminary ex erim nt~ ti n as beinb tne most severely 

injured type o!· broken seed . fter st eriliz tion t ne seeds 

Jere :plated on nutrient agar and vere examined t t e end of 3 and 

6 da s rom t ·1 st· nd ints , fungus growth and se d gr ~th . 
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The et~ect of vurying lengtns or presoa periods on sus -

ce tibility or tne seeds to rungi vas st Ldied in rel~tion 

to sterilizati n et ' ods . Tne re ults of t ese experiments 

~ e give in Tacle ~ . 

s snown by tnis t~ble neitner t e 1:1000 nor 

2.1000 ster iliz ing s lution tor a period o! j0 seconds or 

1 minut as errectiv in suppressio fungal activity on 

whole seeds . 1~e longer 1 ngt or s~erilization period , 

4 at d 5 .inutes , was errective in eeping tne infection 

dJ~n but nad a delet rious ettect upon ermi ation . ln 

nearly ev ry case t e ercuric cnloride solution , strength 

2:1000 was more errective tna 1:1000 witn tne ole seeds • 

. It is interesting to note tne marked correlation between 

tne lengt of preso~k period~ d t e erticiency of the 

sterilizing solution . ~vidently witn tne w· ole seeds 4 , 8 

or 12 ours presoa ing ras not sufticient to render t e fungi 

suffici ntly susceptible to t n mercuric chloride to k ill 

t hem . Until the 24 hour preso~k period bacterial infection 

is not evident , h~wev r , wnen the period for resoaking is 

lengthened to 24 and 48 ours , bacterihl infection increases 

at tne s ~ time fungal infection deer ases . 

Tn gerLina ility of spit seeds is re~tly de -

creased by tne 2:1000 s l ution wh l used for len t s of time 
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Presoak 
period 

• l\J 
ro 

4 
hours 

8 
hours 

' 12 hours 

Table 1. ~ffect of sterilization on in ection and er ination 
ot injured wheat seed . 

Sterili-
zation 
;period 

Type Strength 
of HgCl2 

30 seconds 1 minute 2 inutes 3 minutes 4 minutes 5 minutes 

seed 1:1000 2:1000 liOOO 2:1000 1.1000 2:1000 1:1000 2:1000 1:1000 2:1000 1:1000 2:1000 
Germ. % 
Infec-' 

'Uhole tion ~o 

100 JOO 100 100 100 100 100 UO 100 90 90 70 

dp1it 

.v'ho1e 

dplit 

'~/hole 

Germ. % 
Infec-
tion jio 
Germ • . ~ 
Infec-
tion % 
Germ. % 
Infec-
tion % 
Germ. % 
Infec-

100F lOOF 
40R 60R 60 

:H'ree 
100 100 100 

90F 70] 80F 
100 20R 100 

Free 90B 
100 100 100 

70F 70F 70F 
40R 40R 0 40R 

F'ree Free 
100 100 100 100 

60.v 60]' 60F 70F 
40 . 903_ 20 ~OR 

20B Free 
100 100 100 100 

7011 ?OF 60F 50F 40F 
0 30 20R 20R 0 

Free Free Free Free Free 
100 100 8o 100 80 

30F 401? 40F 40F 
20R 30R 30R 40R 0 

Free lOB Free lOB 
100 80 70 40 40 

30F 70F 60F 20F 
0 20 0 0 0 

tion ~ *01•' bOF 3gF 80F 80F 60F 60F 
Infec- ----------------------------------~ 

Sp1i t ti on o~ _Free Free Free ree Fre-e Free 20F Free Free Free Free Free 
_______ ....;:;..., ____ G '::"-..;...e-~r---n_o.:. :%~'0====1:o:-:o=_=-_...-...;;;1~b~o:-:::~-:----· ....:;l;.;..o...;.o_....;;::..1~0o~~-_-_-_-_l....,O~o_-_-_ -_-_-::-1_-=-o_o-=-=:===l:o:o::_-::1:o:o=====l=:o:o::::~9:0~R~--~-~-:_9'-:-0_~....,..R ... _-~_-:_-:-4::o~~l-H;_~ 

Infec- lOB lOB lB 
24 

hours 
Who le 

Split 

\/hole 

tion ~ 30F 20F 30F dOV 10F Free 1F 
Germ. 1o 

Infec-
tion % 
Germ . % 100 100 

30B 
70F 20F 

100 
c;-OB 
3oF 

100 
20B 

100 
20B 
lOF 

100 
30B 
20F 

100 

lOF 

Free 

100 
lOB 
20F 

Free Free 

90 90R 
20B 

Free Free 

90 90R 
Free Free 48 

hours Germ. y 
~~~-~-----·----------------------~--------------------------------------------------~ Infec-
tion % 

R - Growth retarded ] - ungal infection B - Bacterial infection 



for ne inute or m re . rne trree , four ~nd five inute 

sterilizati on peri ds r e quite as injuri us w1en 

1:1000 soluti n is used . very little infection i s found in 

any of t ne split seeds , ho\ ever . t he germi ation is poor . 

~Jith tnese seeds acteriCA.l in f ection evidences itself after 

only an eight nour preso~k period . 'lhe sterilization opti -

mum rit brok en seeds is at a mucn lo er oint th n it is 

with whole seeds as f a.r e:t s strength of solution , presoak and 

sterilization periods are concerned . Gro~ th is also ret · rded 

in s plit se ds by much shorter sterilizati Jn periods tnan 

affect ole seeds . 

~ e may conclude fro tnis table th t t e timum 

steriliz ti on peri od for br ken seeds is one minute , while 

th t of who le seeds is t-wo i nutes . . ercuric c!1loride s olu-

tion , streng t ' 1:;1000 is very ef ·ective for oroken s e eds 

~hile t_e ni~e r concentra t ion :1000 is r uired or com-

lete sterilizati n o whole seeds . The most effective 

presoak period proved to be 8 hours for broken se eds and 24 

urs for w1 ole seeds . In ace rda nce ith t~ese result s all 

seed sterilization i n t he respira ti n tests w s carried on 

in t is w·y o. 

Rela tion of length of preso k period to evolution 

of CO - sev r a l tests were made with whol s Leds to deter -_ ___,;... __ 2 
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mine the correlation ot v~ :ying lengtns oi presoak per iods 

with the rate o gaseou excnange . During tne perio d or 

presoaking ull seeds were kept in vater at a c natant tem-

~erature of 20°c . The results of tn1s experiment ~r e given 

in Table 2 . 

Table 2 . rne r lation betveen presoak 
period and respirat ry activity . 
le~Presoak:PTesva :Presoak: Pres uak 

ber : period : period: p eriod: period 
8 nrs . :12 nrs . : 24 nrs . : 48 nrs . 

14A 
14B 
14C 
24 

4B 
24C 

veruge 

34 . 1.8 
22 . 74 
23 . 62 
29 . 86 
34 . 11 
3 . 31 
29 . 63 

36 . 00 
29 . 80 

7 . 17 
31 . 61 
30 . 73 
22 . 00 
2 9 . 55 
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32 . 43 
28 . 92 

8 . 10 
28 . 92 
25 . 52 
26 .. 35 
28 . 37 

21 . 91 
22 . 00 
21 . 82 
27 . 12 
29 . 74 
33 . 32 
25 . 98 



It is obvious tnat v ry little dif erence in co2 
p roducti on exists betwee tne Iirst t ree periods , 8 nours , 

12 n ours, and 24 hours~ ile tne 48 hour period exhi its 

a decreas C> Tne logical conclusion wnicn may oe dr· n !·rom 

t ' ese tests is t t tne di 'terence in co 2 production o1· seeds 

soaked 1· r 8 , 12 , 4 , and 48 .hours is in inverse proportion 

to the amount o:t' co
2 

they nave alre dy given o!'!- w.nile soak-

ing in the w ter to tne total res pira tor output . 

duction during t e respir tory process was c onduct~d ith 

br ken a d n or al seed by t e above described met ods . It was 

t ought t ... 1a..t sue experiments mi t · id in deter ining whether 

decreased e · mi · t i on in v eat i dues lely to ech~n i c 1 

injury r wnet r sue ' l". in citi on i g .. t oe due nolly or in 

part to exh usti on of stored materi c.. l or to decr ::: ased vitality 

as re ult of incraased res ir ' tion from breaks in tae seed 

c r ts . 

Usin g lots of wheat from v ~ ious s ources r e p ira-

t ion t t 'le c r de of ~ · c t ~e f Jur types of bro en 

se e ds s s v1 in Jf i ih 1 to 4 • The s e t s t s in c 1 u de d b o t h 

h nd br : e r nd . d C ~ in ~ br Jk n seeds fr m ~ e • e lot lith 

a test of t e w ole eed f or c: ec k . Durin t ne c ourse of 

t 1 ex_) rime n t 125 r e _--~ irc.... tion tests · e e ade u s in - t e 
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various t ypes of neat cnosen r om lots or difr _rent clges . 

In tne follovinb t ab le (3) ten lot or s eds are 

t~bulated wit t_eir r s~iratory activit expressea in terms 

or CO evolution . 
2 

F or purp oses 1 c ompa.ri sun t.ne lots o:t· 

N'nea.t t reateo in t L.iS t · le a~e t 1 e sd.me as tnose discussed 

i n t .Lle qork on tne e:tT ect or rnecno.nic 1 injury on ger· ina-

tion . These t e n lots · re r e r sent t1ve of tne entire number 

f samples studied . 

Berore placing t e seeds in bottles for presoak ing 

t _e y were ~eig ed w·t a c ainonatic b lance , appr xi ately 

0 . 5 g . a u ed r r eac t st . _rter tne res pi ation test 

t e ~mount of co2 ev olved w s cr lculated ror each s~mple on 

t e b~ is of one gra of see4 . ~ respirometers were kept 

in a dark germinator ··t a canst nt te. perature of 20°C . for 

144 u , t e co2 evolved being measured at t .~. e end of e· ch 

48 hour interv· 1 as s1 o~ n in T ble 4 . 

I n t~ e foll ov ing table (3) nd accompdnying graph 

(Fig . 7) is .. ·yn t ~ e tat 1 r sp ir··tion of sli htly injured , 

severe ly injured , tnree - f0urt · s nd split seeds , toge t ' er 

IVi t ' t ' ct t ·::>f n or ma l seed . It mc~.y be n oted in tn se data 

tnat 11 injured seed res~ires gre· ter amounts of co 2 t an 

des t e uninjured seed . Tne t i ree - fourths see respires the 

gre test ~ · ount , 51 . 30 nd 47 . 05 mg . of oo2 for ' chine 
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Tabl e 3· Total amounts of co2 respired in s i x - day periods. 

liachine brolcen seed Hand broken seed Unbroken 
Sampl e Three- Three- seed 
Number 3li~ht ::>evere fourths evere f ourths uJ2li t 

1Z222 42-~4 3z .84 61 . 44 20 .63 4Z .14 36 . 6z 4z .82 ~1-36 40 . 48 
1 44~ 46 . 04 22.01 42 . 5_6 4Z . 26 . 32 ·63 j6. 0 45_ . 02 39 . 62 34 .11 
1 469 50 . 57 42 . 61 61 . 12 55.87 4 . 43 28.77 56 .86 57 . 67 32.04 
21118 48 . 41 64 . zo 4 • 20 46 . ,36 5_1 . 5_6 5.5. ·21 2z.a2 
21148 43 .83 46.zz z2.oo 4 . oz ,36 .81 4o . oz 53 ·26 48 . 12 26 . 28 
214 6 ~0. 83 42 . 26 42 . z6 43 . 49.. 5_6 . 9..Z 4z . ~4 25..zo 

I 21535 46 .88 47 . 61 5_0 .32 45 .80 4z .82 24 .30 N 44 . 00 
-.J 

' 21613 2:0 .82 21 .8Z 20 . 28 35. ·9..8 24 .12 42 . 08 28 . ,36 
19..3 2Z ·34 26 . ,36 ,31 . 24 28.08 2Z . 20 22 .88 2z.oz 2z . zz 2Z . 1Z 
124 32 .1z J4 . 44 22 .22 ,30 . 43 2z . zz 31 . 24 31 . 18 24 . 3 

Ave. 44 . 22: ~1 . ,30 46 .31 42 .4 36 . 28 4z . o2 42 . 5_4 22 . 10 



11' i g • 7 • G a .. .l ow in t t a l CO 2 p r o u c · i o 
p e r i o d o 6 d · y ex.!; r e s s e d i n ng • f CO

2 

over · 

u .. :t s 
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br o- -e and h n broken respec t ively . The lec...st co 2 is 

give off by thos e see s severely in'ured ~t tfle e bryo 

end , 40 . 88 1g . tor ma c.aine br ken and 36 . 58 mg . tor nand 

or ken see s • .3ince injury sti· ulates respird. tion it ight 

seem t .1a t tne split s'e ed , being t e m st evere ly injured 

type , WJuld give evi ence o · tne gre ·test respiratory 

ac ivity in place of t e t ree - f urt s seed . ossinle 

ex l a nat ion of t · is see1ning discrep:...ncy may be t · ken i'rom 

t e work or Ba iley an rj~r (?) on t ' e re l ation of 

plurpness of wneat kernels to the rate t res iration . 

Basin t e ir co- elusion up n tne assumption t t t e embryo 

is t e res p ir tory a a enzymatic center t· t _ e seed t~ ey 

fLnd t ~ t in tne snr·veled grain the e zymatic activity 

is · p p r ·xi · t e ly t w 1 .c e as gr e t as in n r .r a 1 s e d .. They 

ttri ~ ut th~ r e ult t t.e f ct t. a t t · e su str te or en-

dosper i~ decreased nearly alf ·nile tee ry , the 

source of en~ymes , rem~ins pr· c ically normal . ~uch an 

expla ation c n be accepted ith odif'cations . In Part 

rr . of t nis p~~er t · e t eory of enzyme secretion vholly by 

tne eJ bryo a s sta ted by the bove orkers (?)is c ntested ; 

howe v e r , i t i s s no in t_ a. t ', 1 e i g t for .;e i gh t the e b r yo i s 

richer in enzy es t _ · n is t e endosp r • lit t is con-

sideration in ind it y be po siole t_l _t the three - fourths 
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seed having lost a part o!· its end osperm is subjected to 

a .round stimulus !lien lllore t an c ounter alances t ' e loss 

of r t:sp ir ble . . teri 1 rrom the bro ren end sp rm . "ince no 

part of tile e mbryo is br -~ en away t e tot 1 r esp ira tory 

action o±· a tnree - :rourtns seed is t.ae same as t.a. a. t of a 

whole seed it t e r·actor of injury stimulus in addition .. 

The severely injured seed ~ ic displb.ys tne lowest ger i -

nation rate loses a pdrt o:r the e bryo , thb.t portion in 

w ic t r e enzymes are m st nignly cone ntru ted . Tis loss 

is n t cvunterbal· need by tne injury stimulus pre ented by 

t : e s nall break ~nence respira tion proceeds c .. t a lo ;ver rate . 

This e _lan~tion can be ~ppli e in t e same w y to ' otal 

~mounts o1 co 2 respire y the split seeds and those aving 

a slight injury at t _e e bryo end . 

From tl1e stand_oint of respiratory activity it 

se ms logi ca l to a sume tnat a fresnly roken seed might 

benave difrerently fro a seed in Lichte bre k n s 

existed for so e time . ~heref~re Nit every lot of chine 

broken seeds parallel test was run ¥ith seeds wtic were 

'-1and broken at t e ti· e of testing . A com_t.>aris on of t ese 

t~o groups i also s r ovn in Table 3 . 

ormally t he life of w·1ea t seed ma.y extend over 
or more • 

period of 15 years/ Upon f unding t h re is an incre · se i n 
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the r te of resp iration in stored seeds , likewise in 

germinating seed as s hown here , and t 1eref ore it ma y be 

reas onabl e as st· ted previously in t · is pa:per , tna t if the 

speed of the resp iratory p r cess is increased it c a nnot 

last as long as it i g ' t under n or mG.l conditions . If t e 

respir· tion process is a concomitdn t of viability , it may 

then logi ca lly be assumed tna t broken seeds will retain 

the ir vitality for a shorter length of time t han will \"'i ole 

seeds . 

A tneor e tica l curve ased upon r e s p ir tion in 

r oken seeds ca n be c onstructed wi th t e results presented 

in Table 3 . T is table s - · s tn'" t t e c h ine br oken seeds 

r esp ire more t a n the hand broken and t nat , in turn , bo th 

oft es e ty_es r e s p ire ore t ' an do t n e whole s e eds . It is 

t us pos sible tn t curve of res~iration st · rting at the 

time t ' e seeds a r e r ke n will increas e ve ry gr' du~lly until 

t he axi u po int of co2 production is r e· ched , at 

ap rox i m tely four o r five years , aft e r whic it will de -

crease s _ a rply , f · lling belorv t ne me an co2 p r oduction of 

whole seeds c onsi de r~bly s or t of t ~ e 1 5 - ye r period . U on 

sue curve , c o production of seeds broken f or two to 
2 

t~ree ye rs vill be slight ly greater t n~ n t nt of seeds 

hich are fres ly br oken ; w' ile in whole seed r e s p ir · tion 
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vill roceed at a unif orm rate c ·nsidera ly below t1a.t of 

broken seeds . The f ct tnat broke see ds ! al l ty.tJes 

respire more tnan do wnole seeds indicates tn~t loss of 

vitality due to a wound sti ulus on respir~tion ca.nnot be 

r esponsible ror lowered ge r ~in~ ility evidenced by broken 

seeds . A curve o! r esp irat· on r s described· bove vould 

indicate t hat ~ ne rate of r es~i r ti on is n ot ~n index to the 

vitality of broken seeds until the latter purt or t eir 

longev·ty period . 

The c onsid ration o1· t .ae rate of res p iration by 

two - day peri ods in W1 ole and in i jured seed is also of 

inteTest .. ~ eadings of t - e a mount of co 2 ev _•lved Jere mad e 

on t " e er inati ng seed at 48 hour i tervals , tne records 

of w ich are sno in Table 4 . 

In dble 4 and t ne accompany ing gr· ph i g .. a) 

it is shown t at tne evolution of co 2 in every case whether 

seed is injured by a nd or by macnine i~ mucn greate r from 

the first to t ne seco d period tan it is durirc t 1e latter 

two peri ds .. Dring t 1e! ·rst · eri od t . ~re is a definite 

incre~se in co2 pr duction no 

may be . From t: e se c ond t 

tter ~at t e type of seed 

e t 1ird period the intensity 

of r espirat i n v~ries witn the dif erent types of brea s . 

r n t wo cases o~cnine br -en . slight , nd hand br ken , 
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ample 
Number 

Ave . 

Table 4 . Carbon dioxide production in milligrams from normal and 
injured vheat seed , readings at two - day intervals. 

Machine broken seed Hand broken seed 

Three- fourths lit Three- fourths i;) lit 

das . 6 das . 2 das . 4 das . 6 das . 2 das . 4 das . 6 das . 2 das . 4 das . 6 das . das . 4 das . 6 das . 2 das . 4 das . 6 das . 2 das . 4 das . 6 das . 2 das . 4 das . 6 das . 

12 .12 1 . 86 20 . 16 .00 

11.60 10 . 00 
11 .00 10 . 00 

11 . 4 16 . 80 10.42 19·34 11 . 2 18 . 16 14 . 42 16 . 26 16 . 16 . 4 
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Unbroken seed 

2 das . 4 das • 6 das. 
• 68 12 . 2 18 . 48 

13 . 56 13 . 56 
10 . 83 



--- ---------

lJ ducti 11 fr m ,.,: e· t 
s , xpressed in m • of C02 

t 

e 
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split , t e a aunt or co2 g iven orr during t ne taird per iod 

falls below t e unt given ff durilg t ne second ~eriod . 

In every ot ... 1er case tne rate o! evolution durin g t e third 

er iod exceeds tne rate. durin g t n e sec onq. period but slightly. 

e may conclude fran t nis tn· t the maximum intensity p int 

of" respiro.tion is reacned during six dayrs time i n two 

sa '~les and is closely appr ac ' ed in t h e ot ers . It c an also 

readily be seen t1ut t e intensity of co2 r educti on by the 

machine br ken seeds , per iod for period , is not quite 

reached by the hand br ken seeds . 
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_______ i_c_~_l_ Jffect of lnju y o£_Germination ~ , eat 

T e injury t o waea t seed recei e in t ~ resnin _ay 

n t only e reflected in c ~ anged r ~e or degr ee · r esp iration 

but in ge r ill i a tion . · ne ~ost obvious efrect of breakage in 

fact is t e inf lu .... nce on tne c a.rac te r :> ger: ination . 'fhe 

r e kin5 away or· part t _e en bryo ay r l..! sul t in abn .J r mal 

sh oo t and r oo t deve1op1 ent or t ~ e injury t o the seed may 

deprive t e e bryo Jf food or exp se tne tissues of the embryo 

toacess oxidation . 

e garding t~e f irst type of injury i tne seed 

Br own (11) concludes , fr~m as ries a· experi1 e n~s ith 

mutila.ted germs of zea ~ t a t t e entire e ·bryo is not 

essenti· 1 t o e r · inat i on and develop nt in ~ n or al 1ants . 

Contra ry to th'i s work Lute ( 29) ·finds t _ at all breaK: s in the 

seed c oa ts of vheat , rye , barley and oats ~r e deleterious 

t o ge r inat i n , injury to t he pr Jxima l end being mo re seriou s 

than injury t o otne r parts of t ne se ed . his conclusions is 

demon trd ted oth by ~er cen t of germin~t i n un d tot~l growth 

ll r duced .. 

The sec o d typ o~ mecnanical injury ay pr oduce 

its effect upon ge r min · tion by decreasin g t food supply 

of t e gr O'fin g embr yo t rough the loss of a a rt of t e en do -

s .~.Jerm . uch effect is c n··racterized by a generu l retardation 
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of gr owth rat r1er t an an acut · 1 abn rmc.. lity in gr o :vtn as 
an 

r oduced by/injure d eu br y o . 

: ndr onesc u (1) snow s t h~ t excise e~bry os 1 zea 

ma ys 'i7 ill _pr duce an t s i w icn gr owtn is gener~lly ret rd-

ed but Yh o ..... e r ot sys t e11s ar e uni1apa ired . , or k i n _, up on t e 

eff ect f en d _p r m injury t o t e gr J vt .a :t~ m ys , Br wn 

(11) ~ a s ound t a t stan s 1'r om utilat e d seed er lo v r 

tha n t se fr nol see s ' ne , l s o r· inds t at the gr owth 

of such p lants as did dev e lop was retar ded . T-e r sults 

o t ined y Br enc ley (10) from co parative exp riments ith 

light a n .aeavy see ds and t ~e ir efrect on t~e resultin 

cr op , lend up~ort _t o t.ae practice of s owing l arge he avy 

se e d . chmidt l38) r ep ts t nat en plants are grown under 

t ne s an e c ndi tions tne su_peri ori ty oi' t ose g r own from 

heavy seed ov e r t~os e g r own from ligh ter see s decr eased 

grea tly as t he p lants a : pr acn ed maturity , s o eti111es dis -

appe~rin g e tire ly . To a certain ext ent we ca pply these 

r es ults t o t : e p r ob l m in an insofa r as t he aunt of food 

t eri a l f urni shed by t.ae re a in i1g end o p - r m i a br ken 

s eed i s c n cerned . 

T e lac ' ~ of a reeme n t in t .ae litera tur e on t n is 

subjec t an d suc n observa ti ons as have been made by t e writer 

would indi cate t na t t a e factor of decreased food supply is 
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not of primary imp rtance . lt is probable tu·it under !·avor-

able SJil and we t_er conditio s , witn t e only adverse 

actor being tile ' ount OI availa le !ood ra teriu.l , the 

dit er·nce in tJt 1 growt pr duced oy a wnole seed and one 

i 1~ ich a s al l part or t ne endosperm · s broken away is 

negligi le . 

Ger ination o:t' Broken seeds o.- 1-S a means o1· aet r ini g t e 

possib l e errect or mec_anical injury , in purely hy;:)ical 

ense , u pon tne subse uent o r~i dting cap· city or w eat , a 

series of ge mi tio tes t~ was ~de , ~e results or wr ich 

are recorded in Table 5 . controlled te~pe rature conditions 
of 

were used in · lJ/ t_ e se tests . '1' e seeds ;vere pletced in a 

gerr i atinb c h· mber at 20°c . , t e optimum recommended y tne 

Arne r i can As soc i at i on o 1 Of i c i l See d An a:b y s t s ( 4 4 ) .. _) r e -

li inary gerroi1 a.tion c unts were ade C:t.t t_le e d of tnree 

days , o.nd t _1e ·n~l count was made on t~e sixtn day . In the 

tests recorded in Table 5 only t !lose eed3 v.;ere considered 

· s er· iiat e d wnich ~d ~ut out a lu ule, p ri ary root and 

t he ir~t pair f er ~l roots as illustrated in Fig . 9, 

take· from percival (35) • .b,igures 10 t 14 ~'1. w typ ical 

ge r in~tion of w~ eat ex1 ibiting t ~ four t ypes of breaks 

ta en ""'t tne end of t e fourth ay in t e ger1 int:N or . The 

uninjured seed ( Fig . 1 ) sh ws perfect development .. The 
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Table 5· The effect of different types of breaking 
on the ermination of wheat seed. 

Germination Percent 
Hand broken seed 

Sample ;';:)evere Three- . t3plit ..:>evere Three - &p1it 
lumber injury fourths injury fourths 

17959 99 40 20 0 60 100 60 100 80 
18095 100 80 80 80 60 100 o . 100 100 
18100 100 80 100 100 20 100 100 100 40 
18445 99 100 20 100 40 100 40 100 80 
18469 98 60 60 80 60 100 40 100 60 
21118 100 100 ..;. 60 100 60 100 100 
21148 99 100 100 100 40 100 40 
21486 100 100 10 40 . 100 40 100 60 

' 21535 100 100 60 80 20 80 80 VJ 
tO 

' 21613 100 100 100 100 100 20 
21617 100 100 90 100 100 100 100 
21719 99 60 80 0 100 0 100 40 
21907 100 60 80 80 60 100 80 
21934 99 60 80 So 100 80 100 80 

Ave. 99 -5 8 1 63 90 55 97 62 99 69 



-A 

-- c 

ig. g. ormal g r~i at~on of 
whet.<.t seed 

. Plumule 
B· Coleor" iza 
c. One of firs ~ai r of 

later 1 roots 
n. Primary root 

(Fr om ere i val) 
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F i g . 10 . .1 y p ical ge r 1ui Ja t i on f ~ nole 
1.. .. e ~ t seeds o 
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_ ib . 11 . y:~ic~l er:r ir.a t ion o v eat 
se ds ·v i t1 l ie;.a t injury at 

embryo end . 
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ig . 12 . 
se ds 
e br -

y _ i c · 1 r;e r 1.1 i .. ~ t i on of w n e t 
evere injur~ at tne 
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l!'ig . 13 . 7y y ice:tl germin~.tion of ~eat 
seeds li t ... 1 tnree - fou.rths injury , 
at the bru h en d 
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..:~ i g . 14. 
seeds , 
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dev lop ent of tne seed slig4tly injured at t 1 e embryo end 

(Fig . ll) is sligntly retarded vit i np rfect r ot develop-

ment nd lunule sneatrts hicn show signs or splitt ing . he 

ger in · tion of severely injured seed ( Jfig . 12) is very 

poor sn wing la.ck ot root and snoot developne t in some 

cases . Jfungc...l actl ity i alsG evide t . The gerl ination 

of t~ t 1r e - rourtns seed (Fig . 13) is practically normal 

ith tne exception of ru ~al infecti n . Split seeds ( ig . 

14) are c arac te rized by ret ' rddtion o groNtn ~itn lack of 

root development in s ome ca es . 'l'~o o '"' tne )lu ule s ~ e · ths 

are split indic · tin g a poor stand under field conditions . 

c o s i d rat i on o 1· t 1 <:.... o · v e men t ion e d tab 1 e 5 ) 

and Fi .ure s 10 to 14 shows tn· t me cna. icc.l injury d e s have 

a delet rious ef ·ect upon ger i ·· tion . J.l1urt er , lowered 

er i uti n is proportio 1 to tne ty~e o bre~k incurred 

by t e seed . ne t1rree - Iourths seed and slig tly injured 

seed dis la.y t e least visi le effect of injury vhile ger i -

nation is co sid r~ ly ret~rded by severe injury to the em-

ryo . ·ne ger .. in .t ion of lit see s is only slig1 tly over 

na..lf t ..: a. t of t e ~'L l seeds . eeds WJ. ic ar hand broken 

give more fav rable r sults t t ose with older breaks 

receiv during t1 e t res' ing process . 'fhe t · ree - f urtb.S 

and sli ·htly injured seeds thus broken germinated 99 pe r 

cent d 97 pe r cent respectively ·nic· co dr es f~vor bly 
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with w, o 1 e seed . err in a. t i n , 9 9 • 5 e r cent • 

ne er·ous n~ture of the break in t e severely injured 

seed d Jubtless accounts fur tne r~ct tnat t 1e g~rmin ion of 

hand r ~en se ~ds of t is typ is a~pr Xil ~t~ly tne same ' S 

the mG.cnine broke • Tnis is due t t1e broken c..nd mutilated 

st~te of tne e~cryo causing equ~lly poor germi ~tion in th 

ld and n wly r ken se ~ d . lt is obvious tnat the brok~ 

seed in wi1ich tne embryo is badly injur~d gives tn lo. est 

e_.:e r ination t0r in seeds w ere t e embry er is sev rely 

injured and in split seeds tne germi ti n 1cills as low as 

62 ~e r cent f r tne first ty e and 69 per cent 1 r tne second . 

Tis would see to indicate tnat lo,..., g~r~Jin~tion results from 

injury t t ne e 1bryo . ucft enavior is quit e reus ~ble and 

indic et tes tne direct an h· rwtul effect of mec anical injury 

u on ge r o i rJ at i on • 

he su gestion has b en made t..a.c..t lowered gertuina.bil ity 

of br oken seed~ m·y si ply e t e r sult a decreased eup ly 

of food aterii:A.l .f.>r t e youne;; plo.nt c~used oy reaking away 

p r t o '"' t r: e e · d-..~ s ..t:J e ru • ...:.. s · mu t t r of f · c t t , e t 1r e e - our t h s 

seed gives a nign· r ger1ni tion t a.n any of t 11e otner br en 

type s w i c h b-= 1 i e s t .1 i s u .tJ 1 j o s i t i on • 

rom the da.t t.. just re v·ewed it is ap.t-Jarent tha t echanical 

in ury does cau e 1 we ed r 1;ination in w at seed c.;.nd t at 

t1 p rcent~ e of ger~i dtion is decre~sed m~r~edly m re by 
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injury to t e embryo or prox i 1 ci l en 

o ~ sit or di~t-1 ena or t e seed . 

th n by injury to t e 

e ract t _t an ro -

ken seeds dis~l~y a slig tly ig r ger~i ~tin t_an o t e 

seeds wit bre~ks re e ive c... t t 1e t i· e o ·· tnres.tling evidences 

t ne effect o · deleterious !·actors ot.h r t an injury 1 ic.h is 

~ur ly ec ani c ~l by nicn ger ination may be reduced . Chief 

of t ese factors may be a loss i viability due to inte sified 

r e s pi rd. t i n r ~ t e d r i 1 g s t or· ge • 

Co elusions 

·if ec.. t eeds bra en by t res ing are al ~ a r s found 

in va ryin g proportions in sam~le received for test ' t the 

st· te see lc..borat ry . 

l~rge r t :an half a se 

The dis p sal or tnose pieces w ich are 

presents d p roolem to t " e seed analyst 

since t e ~e r i ability of t ' e lot or se ed as a who l e is 

1 vered by t e broken ones . 

Of "our different type of bre ks w ic· occur · ost 

corwonly in Wfle~t , slight injury ~t t_ e bryo end , severe 

injury· t t1e em r o en , t1ree - r urths seeds wit t · e inju y 

t t e brusn en and s~lit s ds , the slign ly injure · n 

split seeds ake u ppr xim~tely 90 per ce nt of the br ken 

seeds . 

~he res pi ration of n at seeds is increased ~ rxe ly 

br Qking , t e incre se in rcspir~tion Vdrying with the 
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t ype of ore~k . T trtre e - urtr1s seeds evidence t e greates t 

res ... irat ry activity , ollov•ed by s lit , .... li 0 h"tly injured and 

sever ly injured seeds; unbr en seeds r s ire at ~much 

l wer r~te th~n any of t e broke seeds . 

ne ract tn~t seeds wnic n are n· nd broKen ~t tne 

time of te tin~ res p ire less r~pidly t1an seeds br ke1 t · to 

tree ye-rs pr viously i c te~ t p resence of lo1gevity 

factor • 1ich may cau e a variance i respiration r · tes during 

t · e lite o!· t ' e seed . 'l'he relation o!· such a tactor t o the 

rat of' respiret.tion may be illu tr ted by mea ~S ot· · t eoretical 

curve ot· br ke seed res:pir· tion . Under n rmal storage c u di -

tions tne curve of respiration increases gr a u~lly unti l the 

p int of greatest res irat ry i tensity i s re cned . This may 

0 ·.pprJxim tel "{ f ur to :ri ve e· rs r fter bre king , using seeds 

ro.tr n s- Jr tly CJ. Mt r - C:!. ... Uri ty , t Lle length f t ime dependin · 

u_pon t e 1 r ·b..l li fe of t · e see d . fter tni s m imu int is 

attai ed a s~arp decrease t kes plac 

J ere t.r e seed is no l onger v le , 

re c_ling z ro , t.ae po int 

r ooa cly · co iderable 

time SD rt f ~ e lo - y ·r old erio , a pr o im~tely t r m 1 

life of ~neat s eed . 3e t ,e aximum po int and 1 zero 

pJint it is pos sible th~t r ~s~ir tio Lay act as a i ndex to 

vitali ty . If such a curve v ere dra nit would sno t he r e p ira-

tion of seeds broken at the ti ne of thres ing , t1o t o t nr ee 
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ye~rs ~revi o us1y , at _ igner p oint tr~n se · ds br~ en at the 

ti e o! t e st · ng . Th curve · . u1d lso s · o;; th t br ken seeds 

rit1 c nsequent accel r t d respiratio rates would relliain 

via 1e f r a S l orter 1 ngtn of tiLe tn vould nole seeds i 

TI icn r s ~ iration r ce ed s at t e normal r ute . T ' e co.c1usion 

may lso be r acned tn t until t ne ximu ~ oin t of tne res ira-

tory curve is reacned tne lncre sed res~i atio r te d e t 

~ o undin g n s no e1eteriou~ efrect , in itse1r , u on s ed viabi -

1ity. ne u t seed u ed I r p l~nti g i~ g era1ly not over t o 

yeu.r 61 nee t e erre ct I i creased re ~ i ti n r~tes 

o sucn seeds is ne li in~e ~ 

e a.te or resp·r~tion ir cr uken seeds duri 

g r. .. .n i at i on vas round t o be c o ... ct. r t i v e 1 y 1 o rv !' r the f irs t t a 

days , incr asin~ ra9 id1y t !ereart r up to the si tn du after 

nich it s on reacl t.1e Da.xi um . In tw c ... se s trte naximum 

a re c 1 d cfore t six- d y period . 

he e n ~act erist ic 1 o· ge r ni ~tio of broken seeds 

v~ries wit th ty~e of bre~ki g tne see ~ s u er o e . Injury 

is t so~ pare tin s1i 0 tly injured nd t ree - f ·urths 

se e de · s it is in s vel' 1y injured d s lit s ds , howev er , 

· r li a. i on is n J · c c.o.bly l o v red y · 11 injuri es to the embryo 

end . 

It i vious tn~t ec 'e · se ~er.i ~tion of br oKen 

w at sed as ~reoe n ted in t ~ is p~~ c ~ ot be ttri ut d tu 
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a loss of vit· lity t rJu n r es ira ion , it must t r 1 re be 

c eluded tn~t ucn l o~e ed :erm i tio is du t tne di ct 

ef!ect or ec~= ic~l i ury on t · e see d . 
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PART rr . TT ocCURRE CE A.J5D ru:w.vroR oF 
~MB YOLE~s w M'AT Ens . 

Intr odu ction - Tne occurrence of whe t ca ryopses entirely 

devoid o'"' e mbryos bu perfectly norual as to e dosperm 

develop ent has not previ ously ee r epor ted . l{arlan and 

Pope (20) worki g with barl ey are t n e only experimenters who 

record ddth c ~ cerning ~ similar pnenomenJn . T ey attribute 

t · is ab _orma.lity t o single t·ertilization . Evidently , accord-

.i.. ng t o t ~ 1e se wor:i:{ers , only t ile end o er fe rtilization t akes 

place in tn.e development of tile e ryoless seed . 1. eat seeds 

exh ibiting tilis cnaracteristic nave been observed many times 

by t . e ·writer during t · e c ourse fa s tudy u~ n tile respira-

tion of seeds injured y thres · ing . It .aas been f und t at 

stch emb~yo-lacking seeds r es~ire and g ive evide nce of 

enzy e activity t 11ough t ' e e bryo and e it elia.l lay r are 

absent . hi s is of art i c u 1 ar p 1y s i :> 1 o g i c a 1 int e r e s t · s it 

offers t e first opportu ity f na ing a study of the 
of 

r~spiration an enzy_ ct ivityj ~bryo-free seed wit out 

t he error intr oduced by excising t h e e mbryos . 

Occurrence of seeds witnout E bryos - he rarity of t~i s 

abnormal development in -~rley , as reported by ~urlan and 

Pope (20 ) was n J t ound by t ne riter t o be e qually ap~are nt 

in wheat . Tnese worke rs found only five seeds completely 
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devoid of e · bryo ti sue a1ong many tnotsands of ~rley seeds 

exa ~ined w_ile tne writer re ports t e occurrence of such 

seeds in e~cn lot o1 wneat received at t · e Colorado see d 

LabJr~t ry durin~ t e ~ast year . ~o obt~in enJu · n 1ateri l 

..,, i t1 wnic ' t conduct experiments on re ,, irati on and e11zy e 

activity , it was necessary to examine inutely l~rge numbers 

of w eat seeds . In connection witn t is careftl scrutiny of 

some lbO , OOO w· at cary'Jp es it l s esti·1a.ted t at <....ppro -

xim~tely 0 . 1 per cent o t ~seeds of 20 differe.t lots of 

wnec...t n~d develo ed no 1 bryo . r e lots of w eat examined 

1 re ~ - resent~tive of variou v~rieties o u 1 spring and 

Vii ter wn at , specitic· lly , Fanr d , urkey red·, Kota , 

De · iance and .....tar ui s . It appears from the above tllat the 

occurrence of e · oryo - lac cing see s in ·1.a.eu. t is ne it~ er un -

common nor linited to one variety . 

~mbryo - fre see s cl osely resem le normal se ds but 

upon care ul exa in~tion a deep de · ression may be noted at 

t e oint w ere embryo devel pmen n'Jr ally occurs . Fi~ures 

15 , 16 a nd 17 illustrate the ~ppe~rance of the e~bryo -defi ­

cient seeds as co par ed w·th ~ nor~al seed . In Figure 17it 

can be reuaily see :h~ t no ewbryo develop~ent L S t aken p lace . 
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A B 

Fig. 15 . Pi ot ograp.a of an abn~r 4 u.l (A and a 
nor al (B) aed t se d . ote tne aee 
indent ~ ti on d t he ~r xin~l en of (A) 
wheyetne eobryo vould n ormally be loc a ted . 

-54-



A 

B 

:big . 16 . Profiles of seed ( ) 
lac King e mbryo and (B) normal 
seed . 
I n (A) tne depre s s i on due t o 
lack Jf embryo is v e ry eviden t . 
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Fig . 17 . 3tru c t ur u. l d i ·f~ re nces in lo.-g i -
t udinal sec i ons of (A ) a nor a l and (B) 
n or mal ca r yu pses of .'111ea t . · 11 embryo 
ti s sue is lack ing in (A) t e embryoless 
seed . 
The re g i on desi gna ted on this fi gure 
corres p on e t J t ne regi on desi gn~t ed X 
on ~ ig . 18 . 
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Res iration o:r = bryoless eeds Wnile it is obv·ous tn~t 

an embr yo - free seed will not gr w w e subjected to c ditions 

sui t a ble f r ger i tio tne absence o:r t n e en bryo in t ese 

~ u r~~ l s e eds su gests the pr oolem of determinin g w1 ethe r 

or n J t s u cn seeds ex ibit vit~l pr cesses w ich acco npany 

ge rmi a t i on or t_ e nor C:N l seed , such as e zyme activity and 

re spira tion . Acc Jrdingly a stuuy was made f the catalase 

activity and t .. 1e li e r ation or co 2 tnrougn tne res})ira.tory 

pr ocess as a e ~ns f determini g t e acti ityof tnese 

seeds w~ ich develop no embryo . 

V a r i o us i v e s t i g · tors hc.t v at t r i but e d t e .s e c ret i on 

f e zy es in tne ur~~ineae t u t nree different s ourcea · 

first , t th scutellum, second to t~e aleu_ e layer and 

third t o t n e amy a c u c e 11 s of t r e e s per n • T e se c r e t -

ing p ower o · t ne e_p i t ... 1elial l c..y ~ r f t r e scutellum in greater 

or less degree , nas ben n J ted by practically all i vesti -

gators , some going so f~r as t o ascribe all secretion to t at 

orga al ne . ~ann a 1 _-farlan (30) , and Br ~.v and orris 

(12) fro t neir physiological studies a.de on ba.rl ey , and 

Torrey ( 43) worki g on ger ·i t ing maize c onclude tna t the 

entire s ource f diastase & d catalase d ring ger i ati n 

i s 1 oc a l i zed in t · e p i t 11e l i fl l l ctyer of t ' e scutellum. ·rork-

ing with Stoner w! eat , Cr ocker and Harrin ton (16) found 
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t nat catalase activity of t e e ~ bryo is 28 to 29 times 

great r t .. 1 n t 1a t f t _ en 0 p r m. B i1e an Gur· · r (7) 

c n ider t · e Y1 at embryo t_e seat of res~iration . Tney 

1so state tat it is very .ucn ric_er inez; est ~n is 

t · e e dosperm a d CJnclude tD~t res)ir ' tion is decidedly 

gr ·ater i tee_ bryo it n Jt J11y con!ined t it . 

~rom i ex eriment with tne w 1 see s ~nd excised 

em ry s Bur1akov (14) co elude t _ ~t ~-e~t embry s re~pire 

. uc re vigorou 1y , wei~ t r r weig: t , t a o ntire 

·t ;) re pi ra.t ry ratio ~ 1 t 16 . ~his cJ c1u ion 

is also su por ted by observ~tions or K rcnev ~i ( 27) w· o 

st~tes t_ at i n t 1 e w at embryo t11e rat f re )irat ion is 

t elve ti~es gre te t! · n i t_e entire seed . cc ur in to 

Y· 1 1 it z (~a ) t e d. I' ot· a .L e t e d c :n t a. in in t_ e e . -

bryo rc;;spir t _ ee t i es a.s .. uc ·1 co2 as t i e distal 1 alf 

he e~ C;... 1 te ia.l ~r c J pared . 

_ ,e\1 e r L. e t i -- to f v r t11 - t .. eJrit..S o end a:pe rm 

s e c r t i on ; 1 i c as ;;; i gn v it' 1 a c t i v i y t e i t , e t 1. e · 1 u ron e 

1 yer or t e t c:y enao r m. "'3 usc ' i (13) exp ri1 ntin 

·1 i t e v r .-1 s pe c s o · t e 3-r · i ..... · e . a in t a in t ~ t t e 

yl~ce U- en o~ er c~n di 0 e t it~e1f in v~~yi g egre es 

i t e dirfere seed 

po si 1 ecc...use o t_ 

t 'J d i e d • Th i s e 1 f - a i r e t i on i s m· de 

f ct t 1 -... t .nucn r ore _.~ r ' - enzy e exi t s 
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in t l e e d J s~en cells t_a in tne sc t llum nd action 

of t ' is enzy ....ty c::.tus s L..rc hy ro1· sis withJut aid of 

t e· bryo . Jc[iss .3rusc" i' s cv clu ions also i die " te tnat 

vit~lity is posse ~ed byte aleuro1e cells . In like 1anne r 

sto '· rd (41) r king w i t be~ ~· ley , . i z e , n d c as t r be an s c on-

elude tat t ie pure en ' s)er~ tissue botn barley and 

a.ize is c · ab le ~ ev 1 ing CO t r ug~ t e resy i r atory 
2 

pr ocess . ~ e e investi~ator als attr:oute a p~r t of the 

end sp rm res~irati n tot e al eurote laye r . 

·11 prev·ous 1 rk as a ov oted , us een ba e on 

t u die s of s e d w: i c h c J t · in e d o t 1 embryo and e n d s .Perm 

~nd in or e · t conduct sep· r te re~pirati n or enzy e teats 

of t 1 se two portions it \ s neces a r y t excise t~1e e1· ryos , 

til.us i tr oduc it1 6 f ctor f ec a ic~l injury 11ic might 

give ~isleadi g r sults . 

I ~ s been su?geste by ~torard (41) tat t · e reater 

r spi_ato y int ity f isol&ted e. br os m~y ~e attrib~ted 

in p· rt to · ound stimulus recieved during t_ eir re n v l 

fr _u t · e seed .. e rork of as iro ( 42) , on wn ea.t seed 

sti ul~ted by injury 1 o be· rs out t 1 i st · tement for ne 

s 0 FfS r~ed ace le ation in r ~ - i-~tiJn due tJ injury or 

JJUn s~i ulus . 14 e pos icili ' y o ~ error due t o injury in 

se y~r tinge · r os fro · t eir ends er s cann t be overlooke d . 

- 59-



T e em r ro le s seeds t 1erefore present a CJnven ie t eans f 

lL. inati t; t_ e ef ·. ct 1· stimu lus to co2 pr odu ction r e sult -

ing fr voun ing . 

Sufficient en ry - ~r ee s eds vere rou to a~e pos sible 

tests of uninjured se d c on t · i ·1ing no embryo struct res . ' o 

w he.. t ext en t r e s i rc.. t i on o !" t .L1e nor a 1 who 1 e s d i s due t o 

t e e1 br yo y t nen e deter ined by co:.:_ ris on of sue seeds 

wi tn uninjured n or a l se ds .. In order tnc:.. t t 11e re ults of 

t hese studi es mi ht be c ~i ered c o par ab l e wit tne ~ rk 

described in the first se c t ion f t ' is po..per tfl.e p r tus 

and et ~d s previJu s y descri ed wer used in all o ~ t ' e 

respir· ti on testa . 

An u verage of t r esults obtained from res piration 

test R of entire norrn 1 wne t seeds sn ws a libe ration f 26 . 55 

m • of co2 er gr m f seed in six days , as c ~ · r ed wi th 

2 2. 09 • of co2 evolved by e mbryo - lac ~ in seed un er condi -

tions fav r a le t o ge n i ation . T' e re bei g n o embryo pr sent 

t hi s activity c·· n on ly e attributed t::> t . e end ospe r • From 

t e ove figures i uld a~~ear t · · t t Je etb ry is res -

ponaible for ppr ox i d tely on e - sixth of t ~e t otrl co2 iven 

off · y a r ~ piring waec.. t seed . It is t be r e e ed , 

ho·;v ver , tne4. t by weight t e e_ r yo r epres nts but t ree 

pe r cen t of the n r al seed nd y v- i gnt or ei t , res ire s 
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about ix times as mucn as t l e end .J .. -... rm . T:.1.e interesting 

fact , i t ~1~ t t .r1e exlJeriment wc....s conducted in a way to 

obvi · te COQ evolution due to injury or t microorganisms , 

and saows t · t uninjured en osperru respir s and in a measure 

not to oe inf rred fran p evious st aie s . 

Act · vi eed - It is gen rully be -

lieved t t1· t all respiration in plants and animals is co -

existent it1 enzyme action . cc ordin · to Bailey and Gu r -

jar ( 7) tn t structure of t e se0d w'1ich is t ne center of 

re spi ration gives evidence of t e e,;re c.. test c· tala. se c t i vi ty . 

Croc ran _ .. arringt on (16) , Appleman (3 , 4) , l~[orinaga 

(31) a nd C_loate (15) are ., ong t .:_ose who have found a r a. t ~1e r 

close correl~tion be tween res~ ir~t r ry action ~nd cat ~las e 

ac t i v it y • Os t e: r h o u t ( 3 3 ) s t t e s t .L~ t t e c e s sat i on of t e 

r espiratory process is a t e st tor li e but t lllit its c on-
a 

tinuance cann ot cce p ted as / criterion , since co2 ev olution 

often continues in an rg nism r icn nas been killed in 

ce.l.tain 'lays . T·1e study of t_e r s::>i =tion of embryo - free 

seed t erefore has been cc m anied by tests fJr t . e activity 

of · my lase ~s v·e 11 as c a tala.se . 

sm~ll ·moun ts o1 re u c i1 g sugQrs indicating t e p r e sence 

of amyl se were found in t_ e imbi -bed embr oless seeds ~ ' ter 

t hey ~t ere kept fJr si days under co ditions uita le fo r 
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g r , ir t ion .. 

I testing 1·ur cat a. l· se t ... e sim ... lii'ied Bunzel ppa-

ratus as e ~loyed . Appleman t s (2) metnods ¥ere used in 

conducting t1e tests . 1he tissue was ground in a ortar 

i ti1. a sm..ill ount r s ·~ nd a n exces of calciu car -

b nate . I ever "' · ca e ,0 . 02o r m 1· tnis p 1dered c.:.teri 1 

'I · s placed in t .1e cc.... talase tube ;, · tn 5 cc . of t e Oakland 

Che!lical Co"' :pa. y ' s co. ercio..l pr duct , Dioxy en , 1Llicn had . 
previJusly oeen neutralized witn /10 ~dium hydroxide • 

... eadings ¥ere ta -en ~t t e en o five inutes . 

T e r su t s of catalase tests wi tn whole n rr a1 

see ds s. o e an ~ v~r ge of 0 . 1? cc . or oxygen liber~ted 

during a five -minute period 1·or every 0 . 025 gram of material 

used , ereas in t1e case or embryo- lackin5 seed 0 . 12 cc . 

of oxygen ere evolved per 0 . 0 5 gr m of :po.1dered materiu. l 

in tne same length of time . 11
• e s e f · gu r e s in d i ca. t e t · · t 

a.s a result f t ~ c · tc..lase activity of a ile a. t seed 0 . 12 cc . 

of oxygen is liber ted by tae endosperm w ile but 0 . 05 cc . 

is evolve by t ' e e bryo . ~ is enzyme · c t i v it y of t e end o-

s~er mignt e in ·erred fro t _ res irc...ti d ta give n 

a ove ve t~ oucn 11 e ·bryo truct r s are bent . 

t1at e z me secretion s 11 as t e r pir~t ry pr cess is 
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loc~lized in t ne epit elial layer o · t ne scutellum. I n 

view of t J.1e roreg ing a ta on r s ir - tion und enzyme activity 

a mo r p!1o logi cal stud"' o!· seeds in W:.. ich t e embryo has :failed 

to develo mignt be expected to sho'V a trace of embryo 

tissue or at leas t some e~it eli 1 cells . ·any sect' ons of 

s uch abnorm 1 seeds were made , but no indic tion f any 

embryo develop nt -va s observ ed . ~·igure ( 18) s ... o vs a pho to -

n icr gra.p o:r a longi tu ina. l section of an abn or-ma l waet~. t 

seed , t ·1e l·· ck of embryo structures in tnis seed is qu ite 

a parent upon comparis n ~itn a se c tion of a n ormal wheu t 

seed as illustrated by rcival (3 ) . }o trace of t he 

epi t_ elial layer o!· t e scutellum is evident v..nd a ll ot -1.er 

embryo tissue i ab en t . .ae s · e !'i ure illustr· tes t e 

junct · n of tne endosperm · nd t 11e -"' ortion n r lly ccupied 

by t ne dis tal end of t_e embryo . ne co~t struc tur s are 

n rmal , and s in a seed with an embryo , t ne aleur ne cell s 

overt e emb r yo- deficient portion of t _e seed are gred.tly 

diminis ed in size . The accomp~nying illustrations exhibit 

a marked s i mila.ri ty t r t ose Jf b· rley figu r d by .. :Iarl· n 

and Pope (· 0) 

Conclu sionf:i • 

Embry less seeds are of fre q u~nt occurrence in w· eat . 

A prJximat ly 0 . 1 per ce t of t ne lots exa ined nirest 

this · bn orna.lity . lt _ u t e endospe rm is n ormally developed 
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Fig . 18 . Pnotomicr gr~p Ji a section rom an abnorma1 
waeat seed take n in tne re g ion 1nere t he embryo would 
n J riDQlly develop • 

• Amylace ous cell s of tne endo spa rm • 
• Collapsed cells apparently uf t n e end sperm ti s sue . 

c. Aleur J ne l~ye r . Note t n e cnange in snape of the 
cells at t ne point nere t 1e aleur one layer of tne 
endosperm j ins wi tn t at f the embryo cavity , 
also t11at n J epit -le lial laye r is present . 

Tne re gion desi gn a ted X on t his !igure cvrres~onds w' th 
the r eg ion designated X on ig . l ?. 
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no trace or e1 bryo tissue is round in micr - secti n . 

~~ile t ese seed c~ nn ot grow tney do respire 6en 

pl~ced under c ond ition rav orable to ger in~tion and t~ ey 

ala exhibit enzyme activity . 

It as been round tnat wneat devoid or e bryos re pire 

22 . 09 mg . o!· ro2 per gram or seed in six days v ile normal 

seed give o'"'r 26 . 55 mg . of CO in the s· e ti e . It is evi -
2 

dent from t ese :t'igures t 1 a. t tn end perm contri utes 

largely t t respir ~ ti on of whole normal seeds . 1 e em-

bryo c nstitutes but ap~ r xi~ tely 3 per cent of tne entire 

seed by .Jei g t , on a weight basis t :L1erefore t - e respiratory 

acti ity of t 1e embryo is decidedly greater th· n that of the 

endosperm .. 

Brief tests show s me sta re c nversion in t embryo -

1 eking seed a t er six da sin t .e ger ination chamber . 

~urt · er study s ows ~ catalase · ctivity in tnese see s 

equiv - lent to 0 . 12 cc . oxy en pr 0du ction in five minutes 

as c m~ared to 0 . 17 c c . xyge n pr d ced in t11 Sdme len th 

of ti e by e~ual weignts of n or · 1 seed . 

Variou~ investig tors _uve studied t e res pi r~tion 

of t 11e e bryo in its rela.tion to t ' e entire se , but 1 ays 

after excising t 1 e e bryo . T e occurrence of e bryo - lacking 

seeds offers a s lution to the uestioned effect of ecnanical 

injury in studying res.flir tion of' tne embryo a. s compared to 

tile e do rm . 
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SUMlUffiY . 

1 . Seed br ken du ri ~ t he t 1r S in g pro ceSS c.. r e at· 

c amm on occurrence i :1ne t seed . 

2 . _ e breaks of o~ t ge n eral occurre ce are: 

1 . lig t injury to t_e embryo end 

2 . ~ev re i nju y t o t ne embryo end 

3 . t re e - fourtns seed , injury ~ t t ! e bru h end 

4 • .)pli t eeds . 

3 . h ~lignt ly injured nd s lit seeds c on~rise 

a~ r oxim~tely 90 pe r cen t o all t n e broken seeds . 

4 . r e opt i w s Le rilizati on pe ri d f or oroken seeds 

is one . ·nute ·1 ile tn~t r or w ole see s is tw o minutes • 

• ~rcuric c1loride solution , strength 1 - 1000 was 

f · und to be e f ctiv e for br oke n s eed s t e r"liz tion • Tole 

s e e d s r u ire d )- 1 0 0 s ol uti on . 

6 . Pr esoak pe riods of 8 ours fo r br oke n seeds an 24 

hours f r ·:ole seeds r uved to be ost desirable f r the 

r Lspi:ativn t e ts . 

7 . Bre~k i nJ o wne~t seeds crus 

i t~e r ate of re spi r a tion . 

a c o lside c..bl inc ·ec..t se 

8 . T e totul ~ ount of co 2 produced durin J t · e six- d y 
tests was gre ·l test in tne case o · t e tnre - f urt s seed , less 

f or tne split see , still less f or t e sli ntly injured eed 

a nd 1 st f r the sev rely injured see d . 
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9 . Tne see s waicn were na d- broke at the time of 

te~ting disp lay low r respir· tio rc.....tes t.ha tnose r en 

~t the time of tnreshing . 

10 . e rate o respiration c o .s t~ntly i cre ased d~ring 

the six- day ger in~tion period , tn curve or co2 pr)duction 

snowing that the maxi~ u1 intensity poi t was closely v..pJ!rJach-

ed y t ·1e sixt · d , i some cases (.).n re c.aed i o ers . 

11 . Low ger .. · 1f-t io i c ·J.aracteri st ic of broken seeds . 

12 • .Ere c....k i awa..y r p rtion r t e en s_..~ er , s in 

tnre - fourt s seed causin lessene supply of rood material 

as n ~ n i · h ly in j u r i o u s e 1· t e c t upon g r in a. t ion • 

13 . T~ e tnree - t·ourt s see di~J?lays t he i~ · t ger ina-

tion , follo ed by slig tly injured , se v c r~ly injured and s~lit 

seeds respectiv ly . 

14 . T' lowered ger .. ination of broken wneat seeds as 

J!r c .ted in t .. is p·-per r.a attribute d , _f; rinci pally , to a 

irect effect of ~ec · a ic 1 injury u~on tn e bryo . 

15 . ~ bryoless seeds ·re of fre uent occurre c in wheat , 

to tne ext nt of a pro-ri tely 0 . 1 ~r cent in ever lot of 

1hea. t ex· mi d . 

16 . nese e wbr a - free s ds re~pire and give evidence of 

en zy e activity , tn ca·alase and amyl se. 
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17 . m ere is no p rtion or tne scut llun or its e i -

thelial layer present in t ~se seeds , pnysiolo : ic~l activity 

roust t e be attri uted t tne e d spe rm . 

18 . The ccurrence r e r ye - lacking seeds ofrers a 

s lution t t e uesti ed efr ct of echanical injury in 

s t udy"ng respir~ti n of t e embryo as c · pa r d to tne endo-
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