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THE PHYSIOLOGY OF BROKSEN AND ABNORMAL WHEAT SEEDS.
Mildred E. Lyone.

INTRODUCTION «

In the analysis o1 cereal seeds received for purity
teat at the State Seed Iaboratory there is constantly present
a varying percentage ol broken and abnormal seede. It is
generally thnought that tae germinating capacity of such seed
is seriously impaired, but to wnat degree is not knowne

The disposal of the broken seeds presents a diffi-
cult proolem to tne seed analyst in making purity analysese.
Under the present rules for seed testing formulated and
adopted by the Association of 0fficizl Seed Analysts of
North America (44) many of thnese pieces of seed are placed
in tne pure seed class by virtue of tne fact that each con-
giste of more than half of a seedeo

This ruling does not take into account the fact
that in many of tne pieces only a part of the embryo remains
and obviously cannot germinatee. Some of the broken seeds
germinate when placed under the proper conditions taough
tne shoot and root development of such seeds 1is practically

always abnormale It has been demonstrated taat xdeée seed=-

lings, if tney grow into plants at all, do not usually develop

as normal seedlings doe



It is not derinitely known to just what extent the
geed must be injured to aftect the resulting plant, that is,
whether all breaks are detrimental in proportion to taeir
gize and location or whetiher the smaller breaks are of no
consequence.

It is also not known whether guch breaks result in
an injury ot apurelyphysical nature in wahicn tne vegetative
organs alone are afrected, in a loss otf energy resulting
from changes in the respiratory rate during storage or in a
lowering of germination induced by fungal infectione

As a means of solving these problems a series of ex=-
periments on germination and respiration was qndertaken in
which wheat was used as a representative cereal erops

Wnile examining va?ioua lots of wneat for injured
geed an interesting phenomenonsheretofore unnoted, was
repeatedly founde 1In all lotas of gseed examined there oeccurred
abnormally developed gseed having normal endosperm but no
embryoe. As it is generally believed that the epithelial
layer of thé embryo is tae seat of respiratory and enaymatic
activity, the occurrence of embryoless seeds offered an
opportunity to test thnie theory without excising the embryoe
A study of the occurrence and benavior of tanese embryoleas

seedsis therefore pregented in tae latter part of taia thegise



PART 1. STUDIES ON BROKEN SEED.

Introduction = The detrimental effeet of threshing on

cereals has been noted by various workerse Ringlemann (37)
makes the statement that despite careiul rcgulationm of the
threghing macaine'tuere are always some cracked seeds,
occasioning, as a result,a loss or retardation in taeir
germinatione

The work presented in tais paper was undertaken
with the purpose of determining tae nature of the injury
received by waeat during tne threshing process and the
degree to whieh various types of breaks injure the seede
There are three ways in waich mechanical injury may operate
to cause lowered germinatione These factors may work in-
dependently or collectively and it is quite probable that
their effects upon the aeed are coexiatente.

Injury may be attributed to increased respiration
caused by breakage, to tne activity of fungi, entering by
means of the break, or to the mechanical injury caused by
the break itselfe.

The following discussion comprises a study of the
effect of respiratiom and mechanical injury on germination

of broken wheat seedse
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Materialge- The broken wheat used in these studies was
selected from some 200 macnine threshed samples received
at the Colorado State Seed Laboratory for purity and
germination testse. <These lots or wheat were harvested
from the crops of 1924, 1925, 1926 and 1927, and included
all of the varieties of spring and winter wneat commonly
grown in this statee
The types of broken seed which were selected for

experimentation were those which are of the moat general
occurrence in wheat as the result of tareshinge The
seeds used were all more than half a seed and were grouped
ag followss

l. Seed showing slight injury at embryo end

2. Seed snowing severe injury at embryo end

S+ Three-fourths seed, the injury at the brush end

4. Seed split lengthwiseo

In Figures 1 to 4 are sahown typical seeds of these

types. It is obvious that the gplit seed is the most
geverely injured of the four types while the slightly in-
jured seed which has a very small part of the proximal
end broken away is least injured. These two types con-
gtitute approximately 90 per cent of the broken seeds of

practically all lots of wheates The severe injury at the

st



Fige le Wheat seeds snowing
glight injury at embryo
ende




Fige 2+ Wneat geeds show-
ing severe injury at
embryo ende



Fige 3¢ Wneat seeds showing
three-fourths injury at
brush ende




ge 4o Wheat seeds split
lengthwisee.
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embryo end doubtless nas a deleterious effect on the develop-
ment of the embryo while the three-tourths seed with a piece
broken from tne brush end probably suffers no ill efrects
other tnan tnat which mignt be attendant upon tne loss of
food materiale

¥For each experiment wita injured seed a cneck test
was made wita wnole seeds selected from tne game lote These
were caretully chesen witn tne aid or a Hasting's triplet
7X lens to insure taeir soundnesse The broken seeds were

selected and grouped in tae same manners

Injury as affecting Respiration in Cracked Wneat Seede= It

has been observed by Harrington (21) and Tashiro (42) that
injury to the seed coat results in increased respiratory
activity in seeds. 1In seed cracked or broken in threshing
tanis incrcased regpiratory activity may be a controlling
factor affecting the germinating powere

In discussing respiration Palladin (34) states that
in seed plants the destruction of carbohydrates furnishes
energy for respiration while Haas and Hill (19) call atten=
tion to the faet that the continuance of regpiration ultimate-
ly depends upon adequate food suppliese Upon consideration
of thegse statementa it is logical to assume that a seed im -

wnich the reserve food material has been broken away,




gpecifically, tane split and taree-tourtns types of broken
geed, will lose itgs germinating capacity much sooner than a
whole seede

In like manner, since injury stimulates regpiration,
we may be justitried in assuming that over a period of time
the regpiration of a seed may be increasged by wounding to
the point where the stored rood or the vitality of the em-
bryo is seriously depleteds 1n connection with tais taeory it
is &  generally aceepted tact that the neat of a chemical
reaction depends upon the initial and 1inal products and
furtnermore, that the total neat evolved is tne same by what-
ever method the final products are attained, tnat is, whether
the reaction proceeds slowly or rapidlye. The waeat seed
which contains a given amount of potential energy may be con-
gsidered in the lignt ot tanis principle. If this self- con-
tained energy is dissipated more rapidly through an increased
regpiration rate than is the energy of a seed in waich
regpiration proceeds normally vital activity will be more
gquickly exhaustede Res iration is a transformation of energy
and conseguently a premature death of the seed results when
regpiration is accelerated over a period of timee.

It is doubtless true tnat tais increasged output of

energy accompanying increased regpiration in stored broken
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gseeds is lost in the Iorm of heate Bailey and curjar (7)
have made an extensive study of :espiration in stored wneat,
and tind spontaneous heating in bulk grain to be a direet
effect of respiratione

The relation of CQ, evolution to vital aectivity of

2
living organisms during tne respiratory process, nas long
been recognizeds Osteraout (33) concludes taat respiratiom
is the most fundamental of all lite processes. Growth,
reproduction, motion, irritability and constructive metabol-
ism may cease as in tne resting seed, yet Lire may go on for
many yearse. When destructive metabolism ceases lite is at
an ende A resting seed furnishes an excellent application
of this teste As long as it is alive it produces COg but
when this evolution ccases it is deade. Tashiro (42) states
that respiration is a necegsary condition fTor living pro-
cegseg and an untailing sign of life, and tanat a more cer-
tain criterion taan the process of 002 evolution itself, is
an increase in regpiration upon woundinge

Regpiratory intensity as an index of longevity of
geeds has been used by & number of workers in thais field;
Pierce (36) found tnat the heat given off by germinating
peas decreased with agee Shull (39) working on the oxygen
minimum of Xanthium seeds demonstrated that a slow progresa;
ive deterioration takes place in the seeds after-the coats

have become permeable to oxygen which leads to complete
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logss of germinating power. After conducting intensive
studies on longevity ot seeds Duvel (17) reported that cer-
tain chemical changes take place during resgpiration thnat
exert a marked inrluence on the viability or geeds. The
protoplasm of tne individual cells gradually becomes dis-
organized and tne energy stored witanin the seed is gradually
dissipated, vital processes are destroyed and lire pecomes
extinect. A different view entirely is taken by Blackman (8)
on this same subject. He states tnat loss o1 germinating
power arter many years cannot be attributed to loss of material
in regpiratione HRespiration is so small at low temperafures
‘that a geed in a thousand years would not lose a considerable
part of its material. The loss of it is doubtless due to
glow cuaanges in tane proteins, proctably to deﬁaturing ol the
protein.

From a study of such conclusions as have just been
given it is evident tnat any alteration in the mecnanism of
regpiration, a process so definitely allied with vitality,
mugt certainly have its ultimate effect upon the functions
of the seeds So with broken seeds tais injury to the livingtissue
results in an increased rate of respiratione.

Tagshiro (42) has shown that wheat seeds stimulated

by injury display a marked acceleration in respiratione.

=-12=



Johnstone (25) working wita sweet potatoes concludes that
boring increases the respiration rate to a marked extent.
Harrington (21) tinds mecnanical injury ot various types
benericial in rorecing thne germination of treshly harvested
cereals, he attriputes tais efreet to an increase or altera-
tion in tane nature of respiration resulting from the injury.
Bailey (6) observed thnat lots of corn containing high per-
centages of cracked and broken seeds respired at a much
higher rate than did lots more nearly made up of whole geedse
Shull (40) working wita semi-permeable seeds and Atwood (5)

on thne germination or Avena tatua tound tnat injury to the

geed coat permitted a rapid passage of oxygen. In like
manner Harrington (22) concludes that thne removal of seed
coats in dormant apple seeds caused an increase in thne rate

of regpiration as well as germinatione

Methods Used in Respiration lests - In order to determine

any possgible correlation bestween increased resgspiration due

to breaking and lowered germinability of seed, studies were
made of the evolution of COg from geeda representative of

tne previously deseribed types of breaks as compared with

that from whole seeds. Briefly stated the method used in

tnese experiments involves tne absorption of 002 by a saturated

solution of barium hydroxide, and the meagurement of the zmount

1%



of COg5 absorbed over a period of time by titration.

Description of apparatus and metnods used in measuring

regpiratione= Tne regpirometer used in thege experiments is

of extremely simple construction, a moditrication of that
designed by Harrington and Crocker (23) tor small objects
such ag seeds. ' The advantage of this apparatus liesg in
its simplicity waich permite the constructiom and the use
of numerous respirometers at tne same timee This insures
identical experimental conditions for eaca type of seed in
any one experimente. The apparatus (Figure 5) consists of a
shell vial (A) 9 cm. deep by 3 cme. in dizmeter a No. 7
rubber stopper (B) a copper wire (C) and a paper cup (D) 2 ecm.
deep with perforations at tne bases

The seed cup is suspended from the stopper by means
of the wire. Both cup and wire are coated with paraffin to
render the cup impervious to watere A saturated solution of

€0, -free barium hydroxide is measured into the shell vial by

=
meang of the apparatus shown in Figure 6 This consista of
three wash bottles (A) containing WaOH solution, & large
bottle of saturated barium hydroxide solution (B) with an in-
let (€¢) from the wash bottle and an outlet in the form of a
*Thornton, Bruce Je« Factors causing low germination

in sorghum seed. Unpublisned thesis, Colo. Agric. College
1927.

sl



He Yy
- L
. yeq
Je U D
- CD
Js PE

used in con-

g X teatae.

rex snell vial

ber gtopper

pper wire

rforated, waxed paper Cupe



Fige. 6. Apparatus used in obtaining
C02 free Barium hydroxide solution.

A« Wash bottles containing sodium

hydroxide solutione.

Be Storage vegsel containing a
gaturated sslution of Barium
nydroxide.

o« and D. Glags tubing

s and He 3pring clamps

Fs Calibrated glass tube

GeRing stand support
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siphon (D) provided with a stopcock (E)s A glass tube
calibrated at 15 ce. intervals (F) is closed by a stopcoek
(H) and supported by a ring stand (G).

Five ec. of tne barium hydroxide solution is drawn
into the snell vial from the storage vessel by means of the
siphon. The air entering tne bottle to replace the Ba(OH),
being drawn out is free of 002 by virtue of tae fact that
it is drawn tarough tne wash bottles containing the NaQH
golutione The ghell vial is quickly closed with a lo. 7
stopper not eguipped wita the seed cup apparatus just des-
cribedes

A meagured weight of seeds which have previously

been soaked and sterilized is then placed in the seed cup

and guickly transferred to the snell vials by substituting

the stoppers bearing the cups for the stoppers closing the
vialse The numbered respirometers are then placed in a germi-
nation chamber at 20°C. for the degired period of time. At
the end of eaech 48-hour period the stopper bearing the seed |
cup is guickly transferred to anotner shell vial with a fresh
supply of Ba(OH)ge The snell first used is stoppered and
gsubseguent titration carried on at the worker's conveniences

All parts of tne regpirometer were thoroughly steri-

lized before each respiration Teste The snell vials were

]
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gterilized by dry neat in the customary metnod and tne seed
cups gnd stoppers were immersed in a 50U per cent alcohnolic
gsolution or mercuric cuioride,.strengtn 2:1000 1or 2 to 3
minutes, and then washed witn sterile water blankse

Thne amount of oxygen present in a gingle shell is
sufficient to support respiration tor tne six day period
as evidenced by Jost (26) wno states that tne respiratory
process is not atrrected by tane oxygen content of the air
until it ralls below 2 per cente Likewise Gurjar (18) has
snown tnat L cc. o1 W4 Ba(0H), is equivalent to approximate=-
ly 6 mge. o1 COge Tae gaturated solution used in these ex-
periments is actout N/2.5, nence tne amount used, 5 cces
will absorb about 47 mg. of CO, and leave a safe excegs of

2

barium hydroxide for the measurement of CO_, production for

2

periods up to six dayse
The titration method used in this work was ad8@pted

from the work of Harter and Weimer (24). The indicators
used were thymol-sulphonthalein and tetra-brom-pnenol-sule-
phontahleine The barium hydroxide solution was not removed
from the shell vial during the process of titratione

After the excess barium hydroxide is neutralized by
the addition of /4 HCl using taymol blue as an indicator,

the precipitated barium carbonate is dissolved by the addi-

w1Ba



tion o1 a measured excesgs of /10 HCle. Tinis solutiom is
then titrated against /10 NagoH wita nrom—pnenolbégean indi-
catore. The amount of FaQH needed to bring the scolution to
tne neutral point subtracted from tae amount or HCL used
gives the amount of acid needed to dissolve the precipitate
of barium carvonatee. Tne number of cec. ot HCL required to
disgolve this precipitate may then be translated into terms
of mge of COy by multiplying cubic centimeters ot HC1 by
the factor 2.2. pFrom tne equation given below it follows
that 1 ce. of N/10 HCl is equivalent to 2.2 mge of 002-

2 HCL £ Ba (COz) = BaCl F H0 £ COg

2000 cce F/HCL = 44 ge 002

1 cce ¥/1 HCL = 022 g COy = 22 mge. €Oy

1 cec. N/10 HC1 = 2.2 mg. COg

Relation of the method of seed sterilization and pre-

goak period to evolution of 002- Preliminary experimenta-

tion on the relation of certain methods used in these:
rcgpiration studies to the output of CO, was necesgsary before

the experiment proper could be undertaken. The gtrength of

the sterilizing solution and the length of time of sterili-
zation as well as the length of presoak period were all con-
gsiderede

} calcium hypocnlorite as recommended by Wilson (45)

was first used. This proved decidedly ineffective in suppress-




ing the growth of microorganisms so its use was discontinuede.
Ifercuric chloride was finally used to gsterilize all
seeds in tne manner advocated by Norton and Canen (32) which
is as tollows. Soak seeds from 10 to 12 hours thus rendering
patnogens on seed coat more susceptible to disinrectant,at
the same time preventing injury to seed by disintectant. This
period of presoaking has also been suggested by Braun (9)e.
Shake presoaked seeds Irom 4 to 5 minuteg in a 50 per cent

alconolic solution ot mercuric canloride, strength 2:1000.

"Remove traces of diginfectant by washing in 93 per cent etayl

alcohol and 3 timeg in gterile wateres

Changes were made in tne lengtn of presoak and
sterilizing periods and strength of solutions used to more
nearly meet the requirements of tanis prpblemﬂ Whole
geeds were sterilized witan bota 1:1000 and 2:1000 solutions
for varying lengtns of time to determine which strength of
solution and which length of time was the most effective
and at the same time the least detrimental to seed viabilitye.
The game study was given split seeds, tn%s type was chosen
for the preliminary experimentation as béing the most severely
injured type ot broken geed. After steriliiation the seeds
were plated on nutrient agar and were examined at the end of 3 and

6 days from two standpoints, fungus growth and seed growthe.




The etftect of varying lengtns oi presoak periods on sus-
ceptibility oz fne seeds to fungi was gtudied in relation
to sterilization methods. The results of tnese experiments
are given in Table le

As shown by this table neither the 1:1000 nor
2:1000 sterilizing solution for a period of 30 seconds or
1l minute was efteetive in suppressing fungal activity on
whole seeds. Tne longer lengtn of sterilization period,
4 and 5 minutes, was efrective in keeping the infection
down but had a deleterious eriect upon germinatione 1In
nearly every case tne mercuric cnloride solution, strength
2:1000 was more ettective than 1:1000 with tne wnole seedse
It is interesting to note tne marked correlation between
the length of pregoak period and the erfiiciency of the
gterilizing solutione Evidently with tne whole seeds 4, 8
or 12 hours presoaking was not sufricient to render the fungi
sufficiently susceptible to the mercurie chloride to kill
theme Until the 24 hour presoak period bacterial infection
is not evident, however, when the period for presoaking is
lengthened to 24 and‘48 hours, bacterial infection increases
at the same time fungal infection decreasess

The germinability of split seeds is greatly de-

creased by the 2:1000 solution when used for lengths of time




Table 1. Effect of sterilization on infection and germination
of injured wheat seed.
Sterili- "
zation
period 30 seconds 1 minute 2 minutes 3 minutes 4 minutes 5 minutes
i Type Strength
Presoak of HgCl,
period seed 1:1000 2:1000 1:000 2:1000 1:1000 2:1000 1:1000 2:1000 1:1000 2:1000 1:1000 2:1000
100 100 100 100 100 100 100 00 100 90 90 il
Infec-
4 Whole tion % 100F 100F 80F  70F 70F 70F B0F 70F 70F 60F 50F 40F _
hours Germ. % 40R 60R 60 40R 40R 0 40R 0 30 20R 20R 0
Infec~-
Split tion % Free Free TFree Free JFree JFree Tree TFree Free Free Free JFreen
Germ. % 100 100 100 100 100 100 100 100 100 o0 100 60
Infec-
8 Whole tion % 90F 70F  80F  60F 60F 60F 70F 30F 40F 40F 40F 30F
hours Germ.gé 100 20R 100 40 60R 20 O0R 20R 30R 30R 40R 0
Infec=- ,
Split tion % Free 90B Iree Free JFree 20B Free Free 10B Free [Iree 10B
1 Germ. % 100 100 100 100 100 100 100 100 o0 70 40 40
Infec=-
ﬁ; 12 Whole tion % 90F 70F 90F  QOF 8OF 60F 60F 30F 70F H60F 50F 20F
hours Germ. % 60R  40R 30 40 40 40 20 0 20 0 0 O
Infec-
Split tion % Free @ Free _Free Free Free Free 20F Free Free Free TFree TFree
Germ. % 100 100_ 100 100 100 100 100 100 100 ~90R  90R 40R
Infec- 10B 10B 1B
24 Whole tion 30F 20F 30F 20y 10F Free 1F Free Free Free Free Free
hours Germ, - - - - - - - - - - - -
Infec-
Split tion % - - - - - - - - - - - -
Germ. % 100 100 100 100 100 100 100 100 90 90R 90 90R
Infec- 30B 50B 20B 20B 30B 108 20B
48 Whole tion g_ 70F 20F 30F 10F 20F 108 20F Free Free Free
hours Germ. 7 - - - - - - - - - - - -
Infec=-
Split tion % - - - - - - - - - - - -
R - Growth retarded ' « Fungal infection B - Bacterial infection



for one minute or more. The taree, four and five minute
sterilization periods are quite as injurious when
1:1000 solution is used. very little infection is found in
any of the split seeds, however. the germination is poor.
With these seeds bacterial infection evidences itself after
only an eight hour presoak periode The sterilization opti=-
mum with broken seeds is at & much lower point than it is
with whole geeds as far ag strength of solution, pregsoak and
gterilization periods are concernede Growth is also retarded
in split.aeeds by much shorter sterilization periods than
affeet whole seedse

We may conclude from this table that the optimum
sterilization period for broken seeds is one minute, while
that of whole seeds is two minutes. Mercuric chloride solu=-
tion , strength 121000 is very effective for broken seeds
while the nigher concentration 2:1000 is required for com=-
plete gterilization of whole seeds. The most effective
presoak period proved to be 8 hours for broken seeds and 24
aours for whold seeds. In accordance with these results all
seed sterilization in the respiration tests was carried on
in this waye

Relation of length of presoak period to evolution

of CO. - 3everal tests were made with whole geeds to deter-

-23-



mine the correlation of varying lengths ol presoak periods

with the rate ol gaseous excnange.

During the period of

presoaking all seeds were kept in water at a constant tem-

perature of 20°¢.

in Table 2.

Table

Tne results of thilis experiment are given

2¢ Thne relation between presoak

period and regpiratory activitye

SamplesPregoaksPrescak :Presoaks Presoak
Numbersperiod

z8 hrse.

-
-

period:z period:
:112 nrg.:24 Arsg.s

period
48 hrse.

1l4a
148
14C
24A
24B
24C

T 34.18
22.74
23.62
29.86
34,11
33.31

Average

29 .60

154
158
15¢
234
238
23C

36.00
29.80
27.17
3le.61
30.73
22.00

Average

<900

164
168
16C
224
22B
22C

G243
28.92
<8.10
28.92
25.52
26435

Average

28.37

17A
178
17¢C
21A
21B
21C

<1.91
2200
2l.82
27.12
29474
33432

Average

2098

oD d



It is obvious that very little difference in 002
production exists between the 1irgst turee periods, 8 nours,
12 hours, and 24 hours, wnile tne 48 hour period exhibits
a decreas@e Tne logical conclusion waich may be drawn irom
these tegts is tnat the diiftference in cua production of seeds
soaked tor 8, 12, 24, and 48 hours is in inverse proportion
to the amount of CQ_, they have already given ottt while soak-

2
ing in the water to tne total regpiratory outpute

Regpiration of Broken Seed - Experimental work on C02 pro-

duction during the respiratory process was conducted with

broken and normal seed by the above described methods. It was

thought that such experiments might aid in determining whether

decreased germination in wheat is due solely to mechanical

injury or wnether such germination might be due wholly or in

part to exhaustion of stored material or to decrcased vitality

as a result of increased regpiration from breaks in the seed
coatse

Using lots of wheat from various sources regpira=-
tion tests were made of each of the four types of broken
geeds as snown in Yigsel to 4 + These tests included both
hand broken and macaine broken seeds from the same lot with
a test of the wnole seed for a checks During the course of

the experiment 125 regpiration teats were made using the



various types of wheat chosen from lofs of diftcrent agea.
In the following table (3) ten lots or seeds are
tabulated witn tneir respiratory activity expressed in terms
of 002 evolution. For purposes oi comparison tne lots of
wneat treated in tnis table are tne same as those discussed

in the work on the etrect of mechanical injury on germina=-

tions. These ten lots are reprcsentative of the entire number
of samples studiedes

Before placing the seeds in bottles for presoaking
they were weighed witn a cnainomatic balance, approximately
0.5 g« was used ror eacn tegste After the regpiration test
the amount of 002 evolved was calculated for each sample on
the basis of one gram of seede The respirometers were kept
in a dark germinator at a constant temperature of 20°C. for
144 hours, the COo evolved being measured at the end of each
48 hour interval as shown in Table 4.

In the following table (3) and accompanying graph
(Fige 7) is shown the total respiration of slightly injured,
geverely injured, tnree-fourtha and split seeds, together
with that of normal seed. It may be noted in these data
that all injured seed respireg greater amountsg of 002 than
does the uninjured sced. The three-fourths seed respires the

greatest amount, 51l.30 and 47.05 mg. of cna for machine

-26=
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Table 3. Total amounts of CO, respired in six-day periods.

Machine broken seed Hand broken seed Unbroken

Sample Three=- Three=- seed
Number Slight OSevere fourths Split Slight Severe fourths Split

17959 45,54 37.84 61.44 50,63 42.14 36,67 47,82 51,36 40,48
18445 46,04 52,01 49,56 47.26 39,63 36,80 45.02 39.62 34,11
18469 50.52 42.61 61.12 55.89 48.43 28.77 56.86 57.67 32.04
21113 48,41 - - 64.70 48.50  46.36 51.56  55.91 27.82
21148 43,83 46.77 72.00 48,07 36,81 40,07 53.96 48.12 26.28
21486 50,83 - < 45,268 45,76 43,49 56,97 47.94 25.70
21535 46.88 - =  47.61 50,32 44,00 45.80 47.82 24.30
- 21613 50.89 51.87 - - 50.28 35.98 54.15 49.08 28.36
193 27.34 26.36 31.24 28.08 27.50 - 29,88 27.07 27:77 27.X7
194 38.17 . ‘2B.7) . 34,44 ° 29,22 2043 27:77 31,24 3138 24.83

Ave. 44,25 40.88  51.30 46.31 42.48 36,58 47.05 45,54 29.10
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broken and hand broken regpectivelye. The leagt COg is
given off by those seeds severely injured at tae embrye
end, 40.88 mg. 1or machine broken and 36.58 mge. tor hand
broken seedse ©3Since injury stimulates respiration it might
gseem taat the split seed, being tne most severely injured
type, would give evidence of the greatest regpiratory
activity in place of the three-fourths seede A possible
explanation of this seeming discrepancy may be taken from
the work of Bailey and Gurjar (7) on the relatiomn of
plumpness of wneat kernels to the rate of regpirationes
Baging their conclusions upon the assumption that the embryo
is the regpiratory and enzymatic center oif the seed they
find that in the shriveled grain the enzymatic activity

is approximately twiee as great as in normal seed. They
attribute thi result to tae faect that the substrate or en-
dogsperm is decreaged nearly half wnile the embryo, the
source of enzymes, remains practically normal. 3Such an
explanation can be accepted with modifications. In Part

II. of this paper tne thneory of enzyme secretion wholly by
the embryo as stated by the above workera (7) is contested;
however, it is snown that weight for weight the embryo is
richer in enzymes than is the endosperm. With this con-

gideration in mind it may be possible that the three-fourths
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geed having lost a part oi its endosperm is subjected to

a wound stimulus winich more tnan counterbalances the loss
of regpirable material from the broken endosperm. Since no
part of the embryo is broken away thne total respiratory
action of a taree-fourtns seed is tne same as taat of a
whole geed wita the tactor Of injury stimulus in additione
The geverely injured seed waicn displays tne lowest germi-
nation rate loges & part ot the embryo, tnat portion in
which tne enzymes are most anighly concentratedes This loss
is not counterbalanced by the injury stimulus presented by
the small break hence respiration proceeds at a lower rate.
This explanation can be applied in the same way to total
amounts ol co2 regpired by tne split seeds and those having
a slight injury at the embryo end.

From the sgstandpoint of respiratory activity it
seems logical to assume that a freshly broken seed might
behave differently from a seed in wanich the break has
existed for some time. Therefore with every lot of machine
broken seeds a parallel test was run with seeds which were
nand broken at tne time of testinge A comparison of thesge
two groups is also saown in Table 3e

Normally the life of wheat seed may extend over a

3 Qor more .
period of 15 years/ Upon wounding there is an increase in

S



the rate of respiration in stored seeds, likewise in
germinating seed as shown here, and therefore it may be
reasonable as stated previously in tais paper, that if the
gspeed of the regpiratory process is increased it cannot
last as long as it might under normal conditiona. If the
regspiration process is a concomitantiof viability, it may
then logically be assumed tanat broken seeds will retain
their vitality for a shorter length of time than will Wwhole
geedge

A theoretical curve based upon respiration in

broken seeds can be constructed with the regults presented
in Table 3. This table shows tanat the machine broken seeds
respire more than the hand brokem and thnat, in turn, both
of theae types respirc more than do the whole sceda. It ias
thus possible that a curve of respiration starting at the
time the seedsa are brokem will increase very gradually until

the maximum point of co2 production is reached, at :
approximately four or five years, after which it will de-
creagse sharply, falling below the mean CO2 production of
whole seeds considerably short of tae l5-year periode Upon
such a curve,coé production of seeds broken for two to
three years will be slightly greater tanan that of seeds

which are freshly brokenjwhile in whole geed respiration
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will proceed at a uniform rate considerably below that of
broken seeds. The faect tnat broken geeds or all types
respire more thnan do whole seeds indicates that loss of
vitality due to a wound stimulus on respiration cannot be
regponsible for lowered germinability evidenced by broken
seeda. A curve of respiration as deécribed above would
indicate that the rate of respiration is not an index to the
'vitality of broken seeds until the latter part of their
longevity periode

The consideration of tane rate of respiration by
two-day peériods in waole and in injured seed is also of
interest. Readings of the amount of 802 evolved — were made
on the germinating seed at 48 hour intervals, tae records
of which are shown in Table 4.

In Table 4 and the accompanying graph (Fig. 3)
it is shown that the evolution of COg in every case whether
geed is injured by hand or by machine isg much greater from
the first to the second period tnan it is during the latter
two periodse. DPuring tne first period there is a definite
increage in CO2 production no matter what the type of seed
may bees From the second to the third period the intensity
of regpiration varies with the different types of breakse

In two cases machine broken. glight, and hand broken

s




Table 4.

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

Machine broken seed

Hand broken seed Unbroken seed
Sample :
Yumber |  Slight injury Severe injury Three-fourths Split Slight injury Severe injury Three-fourths Split
2 das. 4 das, 6 das. 2 das. 4 das. 6 das. 2 das. 4 das. 6 das. 2 das. 4 das. 6 das. |2 das, 4 das. 6 das. 2 das. 4 das., 6 das. 2 das. 4 das. 6 das. 2 das. 4 das. 6 das. | 2 das. 4 das. 6 das.
17959 8.59 17.19 19.76 7.92 14,08 15.84 18.33 22.56 20.54 12.22 18.33 '20.08 10,48 17.46 19.21 7.87 11.09 17,91 "16.52 13,913 17.39 13,70 17.12 20.54 9,68 12.32 18.48
18445 13,64 16.20 16.20 14.50 17.05 20.46 16.52 15.65 17.39 11.17 15.47 20.62 9.81 10.18 19.63  10.27 11.98 14.55 14.44 17.84 12.74 14.60 16.39 8.63 7.00 13.56 13.56
18469 14,33 18.54 17.70 8.69 14.78 19.13 14.65 19.91 26,88  13.97 18.33 23.57 |11.49 15.60 21.34 10.15 6.77 11.85' 16.78 17.71 22,37 - 15.42 18.50 23.64 9.09 10.83 12.12
21118 3.59 17.84 16.99 - - - = - - 12,94 26.96 24.80 9+53 19.05 19.92 8.43 17.70 20.23 16.33 17.19 18.05 14.91 20.00 21.00 8.56 10.27 8.99
21148 11,58 17.37 14.89 12,12 13.86 20,79 16.00 29.33 26,67 11.41 17.92 18.74 6.85 17.98 11.98 9.38 15.35 15.35 16.60 18.26 19.09 16.33 15.47 16.33 7+63 8.48 10.17
21486 11.91 19.06 19.85 - - - - - = 10,12 15,37 17:79 | 10.44 17:66 17.66 11.08 16.20 16.320]  15.78 20,16 21.03 13,70 20.54 13,70 9.56 7.84 8.28
21535 11.71 20.91 14.26 - - - - - - 13,13 19.70 14.77 | 10.32 21.44 18.59 12,00 17,60 14.40: 14,72 16.36 14.72 15.65 17.39 14.78 7.67 8.53%.. 8,20
21613 13.95 18.88 18.06 15.20 18.78 17.89 - - - - - - 114,78 JB.86 17:28 10,63 13.00 12:27 16:92 18.61 18,61  12.14° 20,15 16.79 8459 9.45 10;51
193 6.83 9.82 10.68 6.91 8.64 10.80 8.48 1166 IL. 18 6.80 8.94 12.34 7.50 10.00 10.00 8:38  8.97 . 8:72 8.,46 9.73 8,88 920 8.36 9,201 7,33 10.35 . O.49
194 8.69 12,17 11,30 7.60 10,33 10.98 9.68 11.00 13.76 730 11.17 10.74 9.13 11.30 10.00 7.26 10.68 9.82 7+70 12,84 10.70 10.39 10.39 10.39 7+84 11,33 5.66
Ave. 11.48 16.80 15.97  10.42 13.90 16.56 13.94 18.34 19.34 11.23 16.91 18.16 9,97 15.95 16.56 9.52 12.92 14,13 14.42 16.26 16.36  13.60 16.43 15.50 8.30 10,30 10,52
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split, the amount of COg given oft during the tnird period
falls below the amount given off during tne second periode

In every other case tne rate orf evolution during the third
period exceeds the rate during tne seecond period but slightly.
We may conclude from this that the maximum intensity point

of regpiration is reacned during six day's time in two

gauples and is closely approached in the otherse It can also
readily be seen that the intensity of 002 production by the
machine broken seeds, period for period, is not quite

reached by the hand broken seedse

==




Tae llecnanical Lffect of Injury on Germination of Wheat

The injury to waneat seed received in tareshing may
not only be reflected in changed rate or degree of respiration
but in germinatione The most obvious efrect of breakage in
fact is the inf'lusnece OB the character of germination. The
brea.king away of part of tie embryo may result in abnormal
shoot and root development or tae injury to the seed may
deprive the embryo of food or expose the tissues of the embryo
to excess oxidatione

Regarding tae first type of injury oif the seed
Brown {(11) concludes, from a series of experiments with
mutilated germs of _Zea mays that the entire embryo is not
egsential to germination and development into normal plantse
Contrary to this work Lute (29) finds that all breaks in the
gseed coats of wheat, rye, barley and oata are deleterious
to germination, injury to the proximal end being more serious
than injury to other parts of the gseed. This conclusions is
demonstrated both by per cent of-germination and total growth
producede

The second type of mechanical injury may produce-
its effect upon germination by decreasing the food supply
of the growing embryo through the loss of a part of the endo-

gperm. Such effect is characterized by a general retardation
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of growta ratner tnan an acutal abnormality in growta as
produced bx/?ﬁjured embryoe.

Andronescu (1) shows that excised embryos of_Zea
mays will produce plants in whicn growth is generally retard-
ed but whose root systems are unimpairede. Wo?king upon the
effect of endosperm injury to the growta of_ Zea mays, Brown
(11) has found that stands from mutilated seed were lower
than those from whole seeds, he also Tinds tnat the growth
of such plants as did develop was retarded. The results
obtained By Brenchley (10) from comparative experiments with
light and heavy seeds and their effect on the resulting
crops lend support to the practice of sowing large heavy
geede Schmidt (38) reports that when plants are grown under
the same conditions the superiority of those grown from
heavy seed over tanose grown from lighter seeds decreased
greatly as the plants approacred maturity, sometimes dis=-
appearing entirely. To a certain extent we can apply thege
regults to the problem in hand insofar as the amount of food
material furnished by the remaining endosperm in a broken
geed is concernede.

The lack of agreement in the literature on this
subject and sucn observations as have been made by the writer

would indicate that tane factor of decreased food supply is
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not of primary importance. It is probable that under favor-
able scil and weatner conditions, with the only adverse
factor being the amount oi available food material, the
difference in total growta produced by a whole seed and one
in wnich a small part of tne endosperm Ls broken away is

negligible.

Germination of Broken Seeds.- As a means ol determining the

possible eftect of mechanical injury, in a purely ppysical
gense, upon the subsequent germinating capacity of wheat, a
gseries of germination tests was made, the results of waich
are recorded in Table 5. Controlled temperature conditions
were used in all/%%ese testse Tne seeds were placed in a
germinating chamber at 20°C., the optimum recommended by the
American Association of Official Seed Analysts (44). Pre-
liminary germination counts were made at tae end of taree
days, and tae final count was made on the sixth day. In the
tests recorded in Table 5 only those seedswere considered

as germinated waich had put out a plumule, primary root and
the first pair of lateral roots as illustrated in Fig. 9,
taken from Percival (35)e Figures 10 to 14 show typical
germination of wheat exhibiting tue four types of breaks
taken at tne end of the fourth day in the germinatore The

uninjured seed ( Fige. 10) shows perfect development. The
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Table 5. The effect of different types of breaking
on the germination of wheat seed.

Germination Percent

lachine broken seed Hand broken seed
Sample Whole 3Slight Severe Three- Split Slight Severe Three- Split
Number check injury injury fourths injury injury fourths
17959 99 40 20 80 60 100 60 100 80
18095 100 80 80 80 60 100 0 . 100 100
18100 100 80 100 100 20 100 100 100 40
18445 99 100 20 100 4Q 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 - 100 40 . 100 40 100 60
21535 100 100 - - 60 80 20 80 80
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 - 80 100 80 100 80

Ave. 99.5 81 63 90 55 97 62 99 69




Figes 9. Normal germination of
wheat seed
AePlumule
Be Coleorniza
Ces One of first pair of
lateral roots
De Primary root
(From Percival)



Fige 10+ Typical germination of whole
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Fige 1l Typical germination of wheat
seeds with slight injury at
embryo ende




Fig. 12. fypical cermination of wheat
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gsevere injury at thne




Fige 13« Typical germination of wheat
geeds with taree-fourths injury,

at the brush end
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development of the seed sligntly injured at tne embryo end
(Fige 11) is slightly retarded with imperfect root develop=-
ment and plumule sneaths waicn show signs of splittinge The
germination of severely injured seed ( Fig. 12) is very
poor showing lack of root and shoot development in some
cases. kFungal activity is also evidents The germination
of the three-fourths seed (Fig. 13) is practically normal
with the exception of fungdl infection. Split seeds (Fige.
14) are cnaracterized by retardation of growtan with lack of
root development in gsome cases. Two of thne plumule sheaths
are gplit indicating a poor stand under field conditionse
VA consideration of the above mentioned table (5)
and Figures 10 to 14 shows tnat mechanical injury does have
a deleterious effect upon germinatione Kurther, lowered
germination is proportional to the type of break incurred
by the seed. The three-fourths seed and slightly injured
seed display the least visible effect of injury while germi-
nation is considerably retarded by severe injury to the em-
bryos. Lhe germination of split seeds is only alightly over
half tnat of the whole seeds. 3Seeds which are hand broken
give more favorable results than those with older breaks
received during tane threshning process. The three-fourths
and slightly injured seeds thus broken germinated 99 per
cent and 97 per cent respectively which compares favorably



with whole seed germination, 99.5 per cent.

The serious nature of the break in the severely injured
seed doubtless accounts for the tact that the germination of
hand broken sgeeds of this type is approximately tne same as
the machine broken. This is due to the broken and mutilated
gtate of the embryo causing equally poor germination in both
0ld and newly broken gesd. It is obvious that the broken
seed in which the embryo is badly injured gives tne lowest
germination for in seeds where the embryo end is severely
injuredland in split seeds tne germination falls as low as
62 fef cent for the first type and 69 per cent for the second.
This would seem to indicate that low germinafion results from
injury to the embryoe. Such behavior is quite reasonable and
indicates the direet and harmful effeet of mechanical injury
upon germinationes

The suggestion has been made tanat lowered germinability
of broken seeds may simply be tne regult of a decreased supply
of food material for tne young plant caused by breaking away
part of the endosperm. As a matter of fact the three-fourths
geed gives a higher germination than any of tne other broken

types which belies tanis suppositione

FProm the data just reviewed it is apparent that mechanical

injury does cause lowered germination in wheat seed and that

the percentage of germination is decreased markedly more by
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injury to the embryo or proximal end than by injury to the
opposlite or distal end of the seeds The fact that hand bro-
ken seeds display a slightly higher germination tnan do the
seeds with breaks received at the time of tareshing evidences
the effect of deleterious traetors otaer tnan injury whica is
purely mecnanical by which germination may be reduced. Chief
of these factors may be a loss in viability due to intensified

regpiration rate during storagee.

Conclusions

Wheat seeds broken by threshing are always found

in varying proportions in samples received for test at the
state seed laboratorye The disposal of those pieces wanich are
larger than half a sec¢d presents a problem to the seed analyst
gince the germinability of the lot of seed as a whole is
lowered by the broken onese

of four different types of breaks which occur most
commonly in wheat, slight injury at the embryo end, severe
injury at the embryo end, three-fourths seeds witn the injury
at the brush end and split seeds, the slightly injured and
split seeds make up approximately 90 per cent of the broken
geedse

The regpiration of wheat seeds is increased markedly

by breaking, the increase in respiration varying with the
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type of break. The three-iourtns seeds evidence tne greatest
respiratory activity, 1ollowed by split, éligntly injured and
severely injured seeds; unbroken seeds respire at a much
lower rate than any of tne broken aegda;

The 1act that seeds wnicn are nand broken at the
time of testing respire legs rapidly than seeds broken two to
three years previously indicates tne presence of a longevity
faetor which may cause a variance in respiration rates during
the life of the seeds The relation of such a raetor to the
rate ol respiration may be illustrated by means of a theoretical
curve of broken seed respiratione Under normal storage condi=-
tions the curve of respiration increases gradually until the
point of greatest regpiratory intensity is reachede This may
be approximately four to tive years after breaking,using seeds
broken snortly after maturity, the length of time depending
upon the normal life of the seedse After this maximum point is
attained a sharp decrease takes place reaching zero, the point
where the seed is no longer viable, provakly & considerable
time short of tine 1l5-year old period, approximately the normal
life of wheat seedes Between the maximum point and the zero

point it is possible that respiration may act as an index te

4 vitality. If such a curve were drawn it would show the respira=-

tion of seeds broken at the time of threshing, two to tharee
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years previously, at a higher point than seeds broken at the
time ot testinge The curve would also show thuat broken 'seeds
with consequent accelerated respiration rates would remain
viable for a snorter length of time than would whole seeds in
wihich resgpiration proceeds at tne normal rate. Tnhne conclusion
may also be reacned tnat until the maximum point of tne resoira-
tory curve is reached tne increased respiration rate due to
wounding has no deleterious efiect, in itselr, upon seed viabi=-
lity. Wheat seed used ror planting is generally not over two
years o0ld hence tne ertect oi increased respiration rates
on suchn seeds is negligioleo
The rate or respiration in broken seeds during

germination was found to be comparatively low for the first twe
days, increasing rapidly therearter up to the sixthn day atter
which it scon reaches the maximum. In two cagses the maximum
was reached before tne gix-day periode

The characteristic low germination of broken seeds
varies with the type of breaking the seed has undergoneé. Injury
is not so apparent in slightly injured and taree-fourths
seeds as it is in severely injured and split seeds, however,
germination is noticeably lowered by all injuries to the embryo
ende

It is obvious that decreased germination of broken

wheat seeds as presented in tanis paper cannot be attributed to



o/

a loss of vitality tarougn respiration, it must thererore be
concluded tnat sucn lowered germination is due to the direct

effect of mechanical injury on the seedes




PART II. THE OCCURRENCE AND EEHAVIOR OF
EMBRYOLESS WHEAT SEEDSe.

Introduction = The occurrence of waneat éaryopses entirely

devoid of embryos but perfectly normal as to endosperm
development has not previously been reported. Harlan and
Pope (20) working with barley are tae only experimenters who
record data concerning a similar phnenomenovne They attribute
this abnormality to single tfertilization. Evidently, accord-
ing to tnese workers, only tne endosperm fertilization takes
place in tne development of the embryoless seede Wheat seeds
exhipiting this cnaracteristic have been observed many times
by tae writer during tne course of a study upon tne regpira-
tion of seeds injured by threshings It nas been found that
such embryo-lacking meeds recspire and give evidence of

enzyme activity though the embryo and epithelial layer are
absents This is of particular physiological interesgt as it
offers the first opportunity of making a study of the
regpiration and enzyme aGtiVitY/ogmbryo~free seed without
theerror introduced by excising the embryose

Occurrence of Seeds without Embryos - The rarity of this

abnormal development in barley, as reported by Harlan and
Pope (20) was not found by the writer to be equally apparent

in wheate These workers found only five seeds completely



devoid of embryo tissue among many thousands of barley seeds
examnined while the writer reports the occurrence of such
seeds in each lot of wneat received at the Colorado Seed
Laboratory during the past yeare. To obtain enough material
with which to conduct experiments on res iration and enzyme
activity, it was necessary to examine minutely large numbers
of wheat seeds. In connection witn tnis careful scrutiny of
gsome 150,000 wheat caryopses it was estimated thnat appro-

ximately 0.1 per cent of tne seeds of 20 different lots of

~wheat had developed no embryoe. The lois of wheat examined

were repregsentative of various varieties of both spring and
winter wheat, specitically, EKanred, Turkey red, Kota,
Defiance and darquise It appeafs from the above taat the
occurrence of embryo-lacking seeds in wneat is neitaner un-
common nor limited to one varietye.

Embryo-frec seeds closely resemble normal seeds but
upon careful examination a deep depregsion may be noted at
the point wheére embryo development normally occurse Figures
15, 16 and 17 illustrate the appearance of the embryo-defi-

cient seeds as compared with & normal seed. In Figure 17 it

can be readily seen that no embryo development has taken placees
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Fige 15. Photograpn of an abnurmal (A) and a
normal (B) wheat secd. Note the deep
indentation at the proximal end of (4)
where the embryo would normally be locatede



Fige 16. Profiles of seed (&)
lacking embryo and (B) normal
geede.

In (A) the depression due to
lack of embryo is very evident.
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Fige 17, 3tructural differences in longi-

tudinal sections of (A) abnormal and (B)
normal caryopses of wneat. All embryo
tissue is lacking in (A) the embryoless
geedes

The region designated ¥ on this figure
corresponds to the region designated X
on Fig. 18.



Respiration of Embryoless Seedsgs - Wnile it is obvious tanat

an embryo-tree seed will not grow when aﬁbjected to conditions
sultable for germination the absence of the embryo in thesge
abnormal seeds suggests the propblem of determining wnether
or not such seeds exnibit vital processes which accompany
germination of the normal seed, such as enzyme activity and
regspiration. Accordingly a study was made ot the catalase
activity and tae liberation of COg tarough tne respiratory
procesgss as a means of determining the activityof thease
seeds which develop no embryoe

Various investigators have attributed the secretion
of enzymes in the Gramineae to three different sources:z
firast, to the scutellum, second to the aleurone layer and
third to the amylaceous cells of the endosperm. Tahe secret-
ing power of the epitanelial layer of the scutellum in greater
or less degree, nas been noted by practically all invegti-
gators, some going so far as to ascribe all secretion to that
organ alonee. lMann and Harlan (30), and Brown and Morris
(12) from their physiological studies made on barley , and
Torrey (43) working on germinating maize conclude thnat the
entire gource of diastase and catalase during germination
is loealized in the epithnelial layer of the scutellume Work-

ing with Stoner wheat, Crocker and Harrington (16) found
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that catalase activity of the embryo is 28 to 29 times:
i greater’ than that of the endosperme Bailey and Gurjar (7)
congider the wheat embryo the seat of respiratione. They

also state that it is very much richer in enzymes than is

the endosperm and conclude taat regpiration is decidedly
greater in the embryo if not wholly contined to ite

¥rom hig experiments with the wnole geeds and excised
embryos Burlakov (l4) concludes taat wheat embryos respire
much more vigorously, weignt for weight, taan do entire
seeds, ‘the respiratory ratio veing 1 to 16+ This conclusion
is also supported by observations or Karcnevski (27) who
states that in the wneat embryo the rate of respiration is
twelve times greater than in the entire seede. According to
Kolkwitz (28) the nalf ot a wheat seed containing the em-
bryo regpires three times as much Cob as the distal half
when egual weights of material are compareds

Tewer investigators favor the theorics of endosperm
gecretion waich assign vital activity to either the aleurone
layer or the starchy endosperm. Bruschi (13) experimenting
with several species of the Graminecae maintains tanat the
amylaceous endosperm can digest itself in varying degrees
in the different seeds studiede This self-digestion is made

possible because of the fact that much more pro-enzyme exists
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in the endosperm cells tnan in tne scutellum and action
of this enzyme may cause starch nydrolyéis without aid of
the embryo. Miss Bruscni's conclusions also indicate that
vitality is possessed by the aleurone cellse In like manner
Stoward (41) working with ba-ley, Maize,and castor beans con-
cludes that the pure endosperu tissue of both barley and
maize is capable of evolving 002 through tahe respiratory
processe These inveagtigators also attribute a part of the
endosperm resgpiration to the aleurone layers

All previous work as above noted, has been based on
studies of seeds which contained both embryo and endosperm
and in order to conduct separate respiration or enzyme tests
of these two portions it was necesgsary to excise tne embryos,
tahus introducing a factor of mechanical injury waich might
give misleading resultse

It has been suggested by Stoward (41) that the greater
regpiratory intensity of isolated embryos may be attributed
in part to a wound stimulus recieved during taeir removal
from the seeds The work of Tasniro (42), on wheat seed
stimulated by injury also bears out tais statement for he
shows a marked acceleration in res.iration due to injury or
wound stimuluse. Tae possgibility of error due to injury in

geparating embryos from their endosperms cannot be overlookeds
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The embryolegs geedsg therefore present a convenient means of
eliminating fne effeet of gtimulus to COé production result-
ing from woundinge

Sufficient embryo-iree seedg were tound to make possible
tests of uninjured seed containing no embryo structures. To
what extent respiration of tae normal wnole seed is due to
the embryo may then be determined by comparison of such seeds
with uninjured normal seedse In order that the results of
these studies might be considered comparable witah the work
descrided in the first section of this paper the apparatus
and methods previously described were used in all of the
regpiration testse.

in average of the results obtained from regpiration
teats of entire normal wheat seeda snows a liberation of 26.55

mge of CO, per gram of seed in six days, as compared with

2
22.09 mg. of COy evolved by embryo-lacking seed under condi-
tions favorable to germinatione There being no embryo present
thig activity can only be attributed to tae endosperm. From
the above figures it would appear that the embryo is res-
ponsible for approximately one-gsixth of the total C02 given
off by a respiring wheat seeds It is to be remembered,

however, that by weight the embryo represents but taree

per cént of the normal seed and yet weignt for weight, respires



about six times asg much ag tae endosperme Tiae interesting
fact, is that the experiment was conducted in a way to
obviate COp evolution due to injury or to microorganisms,
and snows tnat uninjured endosperm respires and in a measure
not to be inferred from previous studiese

Enzyme Activity ot Embryoless Seed - It is generally be-

lieved that all respiration in plants and animals is co=-
exigstent wita enzyme actione. According to Bailey and Gur-
jar (7) that structure of tne seed which is tae center of
regpiration gives evidence of tne greatest catalase activity.
Crocker and Harrington (16) , Appleman (3, 4) , Morinaga

(31) and choate (15) are among tiose who have found a rataer
cloge correluation between regpiratory actiom and catalase
activity. Osterhout (33) states tiat the cessation of tne
regpiratory process is a test for life but that its con-
tinuance cannot be accepted as/giiterion, since co, evolution
of ten continues in an organism which nas been killed in
certain wayse. Tne study of tae respiration of embryo-free
geed therefore has been accompanied by tests for tue activity

of amylase as well as catalasge.

Small amounts of reducing sugars indicating the presence

of amylase were found in the imbibed embryoless seeds after

they were kept for six days under conditions suitable for
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germinatione

In testing for catalase tne gimplified Bunzel appa-
ratus was employed. Applemants (2) methods were used in
conducting the tests. The tissue was ground in a mortar
with a small amount of sand and an excess of calcium car-
bonate. In every case,0.025 gram ot tais powdered material
was placed in tae catalase tube with 5 ce. of the Qakland
Chemical Company's comme?cial product, Dioxygen, waich had
previously been neutralized witn N/10 sodium hydroxide.
Readings were taken at tne end of five minutese

Lae results of catalase_tests with whole normal
geeds showed an average of 0.17 cc. of oxygen liberated
during a five-minute period for every 0.025 gram of material
used, whereas in tne case of embryo-lacking seed 0.12 cce.
of oxygen were evolved per 0.025 gram of powdered material
in the same length of timee. Thege figures indicate that
a8 a result of tne catalase activity of a wheat seed 0.12 cco.
of oxygen is liberated by the endosperm while but 0.05 cce
ig evolved by the embryoe. This enzyme activity of tae endo-
sperm mignt be inferred from the respiration data given

above even taough all embryo structures are absentes

Structure of Bmbryo-free 3eeds - It is generally believed

that enzyme secretion as well as tne respiratory process is
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localized in the epithelial layer oi tne scutellum. 1In

view of the foregoing data on respiration and enzyme activity
a morphological study or seeds in wnich the embryo has failed
to develop might be expected to show a trace of embryo

tissue or at leagt some epithelial cells. Many sections of
such abnormal seeds were made, but no indication of any
embryo development was observeds. rigure (18) snows a photo-
micrograph of a longitudinal section of an abnormal wneat
geed, the lack of embryo structures in this seed is quite
apparent upon comparison with a section of a normal wheat
seed aé illustrated by Percival (35)e No trace of the
epithelial layer of thne scutellum is evident and all other
embryo tissue is absent. The same figure illustrates the
junction of the endosperm and the portion normally occupied
by the distal end of the embryoe The coat structures are
normal, and as in a seed with an embryo, the aleurone cells
over the embryo-deficient portion of tne seed are greatly
diminished in sizees The accompanying illustrations exhibit
a marked similarity to those of barley figured by Harlan

and Pope (20)

Conclusionse

Embryoless seeds are of freguent occurrence in wheate.

Approximately O.l1 per cent of the lots examined manifest

this abnormalitye. Altnough the endosperm is normally developed



Fig. 18. Phnotomicrograpn of a section from an abnormal
wheat seed taken in the region where the embryo would
normally develope
Ae. Amylaceocus cells of the endosperme.

Be Collapsed cells apparently of the endosperm tissues

Ce Aleurone layer. Note thne change in shape of the
cells at the point where tue aleurone layer of the
endosperm joins with that of the embryo cavity,
also tnat no epithelial layer is present.

Tne region designated X on this figure corresponds with
the region designated X on Fig.17.
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no trace of embryo tissue is tound in micro-sectione.

Wnile these seed cannot grow taney do resgpire waen
placed under conditions ravorable to'germination and taey
also exhibit enzyme activitye.

It has been tound that wheat devoid of embryos respire
22.09 mg. of CDZ per gram of seed in six days waile normal
gseed give off 26.55 mg. of 002 in the same time. It is evi-
dent from these figures that the endosperm contributes
largely to the regpiration of whole normal seedse. The em-
bryo cqnstitutea but approximately 3 per cent of the entire
gseed by weight, on a weight basis therefore the regpiratory
activity ol the embryo is decidedly greater than that of the
endospermes

Brief tests show some gtarch conversion in the embryo-
lacking seed after six days in the germination. chambere.

Further studylshows a catalase activity in thege geeds
equivalent to 0.12 cce. oxygen production in five minutes
as compared to 0.l17 ce. oxygen produced in tae same 1engtp
of time by egual weights of normal seede

Various investigators nave studied the regpiration
of the embryo in its relation to the entire seed, but always
after exeising the embryo. The occurrence of embryo-lacking
seeds offers a solution to the questioned effect of mechanical
injury in studying respiration of tne embryo as compared to

the endosperme .
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SUMMARY »

l. Seeds broken during the tanresning process are of
common occurrence in wneat seede.

2. The breaks of most general occurrence areg

l. Slignt inju:y to the embryo end

2. Severe injury to the embryo end

3« Three-fourths seed, injury at the brush end
4. 3plit seeds.

3+ The slightly injured and split seeds comprise
approximately 90 per cent of all the broken seedss

4. The optimum sterilization period for broken seeds
is one minute while tnat for whole seeds is two minutese.

S« llercuric chloride solution, strength 1-1000 was
found to be effective for broken seed sterilization . Whole
seeds required a <2-1000 solutione.

6. Presoak periods of 8 hours for broken seeds and 24
hours for whole seeds proved to be most desirable for the
regpiration tegts.

7. Breaking of wheat seeds causes a considerable increaae
in the rate of resgpiration.

8. The total amount of CO0g produced during the six-day
teats was greatest in the case or the three-fourths seed, leas
for the split seed, still less for the slightly injured seed

and leagt for the severelylinjured gseedes
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9. The seeds which were nand-broken at the time of
testing display lower respiration rates than those broken
at the time of tareshinge.

10. The rate of resgpiration caﬁstantly increased during
the gix-day germination period, the curve of COs5 production
gnowing that the maximum intensity point was closely approach-
ed by the sixth day, in some cases and reacned in otherse

1l. Low germination is characteristic of broken seedse.

12. Breaking away a portion of the endosperm, as in
three-fourths seed causing a lessened supply of food material
has no nighly injurious effect upon germinatione.

13. The three-tourths seed displays the highest germina-
tion, followed by slightly injured, severely injured and split
geeds respectivelye.

l4. The lowered germination of broken wheat seeds as
presented in this paper may be attributed, principally, to a
direct effect of mechanical injury upon the embryo.

15+ Embryoless seeds are of frequent occurrence. in wheat,
to the extent of approximately 0.1l per cent in every lot of
wheat examinede.

16. These embryo-free geeds respire and give evidence of

enzyme activity, both catalase and amylases

L .




¥ : 1. e

’ 2 .
¥,
. 2
17. There is no portion or tne scutellum or its epi- b4
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} thelial layer present in these seeds, physiological activity 5
must tnen be atiributed to thne endosperm. \1
18. The occurrence of embryoc-lacking seeds offers a ' |
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