LIDRAREY v

3 L A R AR AR EA A i P
rv !,1 o ey e il

*f,' *&@*5593 LA -

DELAYED GERMINATION IN WHEAT
BY
P. A. DAVIES

THESIS

Submitted in Partial Fulfillment of the Requirements for the

Degree of
MASTER OF SCIENCE

9.0-
IN BOTANY \q
\k

WA

COLORADO AGRICULTURAL COLLEGE

Ft. Collins, Colo.

19233



Apprcvea by

7

T o — T
NS Lc//% <
Chairman and Proeréssor ol kEntcwology

Profes-or ol Horticulture

7 AHM

C0i<Ssor 01 VvVetsrinar¥ Patihology

Graduate Committee



We the undersigned signity that
P. A. Davies has passed a satisfactcry
examination in his Major Subject
tor the partial fuliilluent for a

degree of Master of Science in Botany.

OREZ r e
Vonris e A o




ACKNOWLEDGEMENT S

The writer takes tnis opportunity to express
his sincere thanks and gratituae to all those who
nave aided him duriang the present study.

Sincere thanks are extended to Dr. A. K.

Peitersen and Anna M. Lute, under whose instructions
this study was carried to completion, for kinaly
suggestions ana criticisms.

Thanks are extended to G. W. Hendry, Alvin Kezer,
D. W. Ropbertscon and I. F. Rockey for materials used
in parts of this study.

Appreciations are extended to experiment stations,
county agents, seed analysts, ana farmers for

material received.



37¢7.7¢
6.0,

] zf T E

II
III
IV

G

g

DELAYED GERMINWNATION I¥ WHEAT

CONTENT S
IntTOUUCTION ===emm—me e e e e =
HistoTy ===—c-cmccm e e 11
Mterial =e——ec e e 15
SUDJ 0t === mm e e e o1
After-ripening in wheat =———==c—cmcmceecoeecax P

Geograpnical aistrioution or delayed

g2erminatioll =————es—mermctc e e e~ 55
Delayed germination in wheat ===—wcecccccac—--= 5
After-ripening in delayea germinating wneat -- ¢
Causes of delayed germination in wheat ——=-- -— 7
Alkali as a factor causing delayed germinaticn

in wheat ~=e=crcrccc e e em—— 73

Normal seed plantec on alkali scil in the

San Luis Valley ===—ceccerceccecrer e c e e c——e- 7o
Seea showing hara, flinty graing =——ec-cecececce-- 7
Seed showing "vellow-perry" graing =———-=—-=--- 33

Delayed seea planted on soil containing little
O N0 alKkall ==——cemcccccemcmcc e o2
Pot cultures containing varying per cents of
alkall 8alts ==wm=—ecmccc e e 100

Altitude as a factor causing delayed germi-

o}
o
ct
H .
o]
=
|
|
|
)
|
[
|
]
|
}
|
1
!
!
)
i
!
)
|
|
]
'
|
|
!
!
J
!
|
|
!
|
|
)
|
|
{
[
p
IJ']

Frost as a factor causing delayea germination- 109

& 424\



Height of water table &as a factor causing

delayed germination e==—ee—cccecccemecracmecnea= 113
Time of plant and time of harvest as factors

causing delayed germination —e=w===—ecccccce—- 117

Duration of the delay existing in delayed

germinating wheat w—==———e-- - 142

Summary of the conditions existing in the San

Luis Valley ===m—- U 145

V Delayed germination in Durur wheat ———ec—c—vcw-- - 148

VI Water absorption in wheat =—==me——me=e==c—em==e= 155
VII Summary ————remmeecce e ———— —_— 177
VIII Results ===-cemmccm e e 133

IX Literature reviewed —w—ecceccaccmcmccmnmc e 135



DELAYED GERMINATION IN WHEAT

by
P. A. Davies



INTRODUCTION

The subject of germination is one that has received
- a great deal of attention of late and is one of vital
importance. Poor germination often means a poor crop
and a poor crop has caused the hardship of nations. The
study of the germination of seeds is still in its
infanoy and has been of a practical nature concerning
economic seeds rather than one of a theoretical study.

Before the establishment of seed laboratories,
little or no consideration was given to seeds. A farmer
reaped what he sowed and often his harvest was a
disappointment for the low purity and poor germination
of his seed gave opportunity for the growth of weeds.

S8ince the development of geed laboratories special
attention has been given to the purity and the per cent
of germination of seed. It has been found that seeds
differ greatly in their manner of germination, some
germinate better when placed if temperature, others in
another. Some germinate more quickly than others and
consequently the time required for a test is shorter.

The nature of research in seed germination in the
seed laboratory has been to find the optimum conuitions
for the germination of each kind of sesd in order that
the highest germination possible may be obtained.

The Offioial Seed Analysts Association of North



America has agreed that the optimum germination conditions
for wheat are: (1) seed to be placed in germinator at
30 degrees centigrade between moist blotters, and (23)
that there shall be a preliminary count in three days
except Durum wheat (99), and a final count in six days.

A great deal of tiouble has been experienced in
seed laboratories with newly harvested cereals ana grasses.
When such wneat is placed in a germinator at 30 degrees
centigrade a very low per cent germination is obtained
in the threes day counts. If the seed is held and
germinated after *Septeuber 15, a norwal germination is
obtained. This delay has been termed the after-ripening
period.

A special conaition has been observed in the
Colorado Seed Laboratory namely that wheat sent to the
laboratcry from certain parts of the state, fail to
geruinate normally, this condition continuing after the
after-ripening period is passed.

This study was undertaken to find out if possible

the cause of the after-ripening period in wheat and the

*It has been found inthe compiling of germination
tests in the Colorado Seed Lavboratory, that very little
delay in germinations due to after-rirening occurs after

September 15.
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distribution, causes, and duration of the delay that

occurs after the usual after-ripening period has paased.



HI STORY

Choate (19) states, "The subject of germination has
received much attention of late and the literature is
extensive. In general, however, investigation has beeg
towards two phases of the subject: (1) the external
factors necessary for and affecting germination, and (2)
the chemical changes occurring within the various parts of
the seed during the process."

Rose (75) found that delayed germination and poér
germination are due to one or more of the following causes:
hard-coatedness, a need of after-ripening, exclusions of
oxygen by the seed coat, the efiect of frost on sesads, fungi
on or in seeds ,and dead seeds.

Harrington seeking the causes of delayed germination in
various seed, found (45) that coatless viviparous seeds,
like animal embryos, generally can undergo no cessation of
activity at all comparable with the sezd-rest of our ordinary
plants without injury or death. He states, "So far as en-
forcing a condition of dormancy is concerned the coats may

wholly or partially exclude water or oxygen; preventing
the outward diffusion of internal metabolic inhibitors such
as 003 or alaenyae; or oppose to the expanaing embryo a
mechanical force greater than the inhibitional or growth
force of the embryo."™ 1In detsrmining the resistance of seed
to dessication, he found (44) that Silver maple (Acer

saccharinum), wild rice (Zizania palustris) and various



species of willows (Salix) were unable to withstand even
ordinary air-arying and if once dried their viability is
lost and they will not germ.nate. But that the percentage
of germination was not materially changed when seeds of
wheat, bariey, Sudan grass, Kentucky blue grass and
Jonnson grass were dried to less than one per cent. 1In
regard to germination of Johnson grass (45) he says,
"Removing the hulls hastens germination and increases the
germinating capacity whatever temperature is employed and
whether the ge=ds are fully after-ripened or not." 1In
(46) he has determined that it is impcssible to distinguish
betwesn impermeable and permeable seeds except by taking

their ability to absorb water at a tsuperature favouravle
for germination.

Pfefrer (70) states, "Certain seeds are czpable of
immediate germination, whereas others must first rest for
a few weeks, months, or even years, even when they are not
dry, but kept unaer conaitions favourable for germination."
He gives as an example the sesds of Water Qaltrop (Trapa
natans) and says, "The seeds of Trapa natans and proobably
of most aquatic plants, which sink to the bottom when ripe,
germinate next spring."®

Howard (58) noted rest periods in seeds used in
experiments carried on at the Missouri Experiment Station
during 1907-8. In all ninety-three species of annuals,

biennials, and woody and herbaceous perennials were under



test. Of the ninety-three,species, forty per cent showed
a definite rest periocd. The rest pericd (33, 59) in

seeds is due to a physiclogical condition and that
exposure of seeds to the action of the weather tends to
increase the percentage of germination and also to shorten
the dormancy period.

Crocker (23), in determining the rcle of the seed
coat in delayed germination states that delayed germination
generally lies in the seed coat rather than the embryo.

The delay in Iris seeds are due to the endosperm and cap
stopping water abscrption before the quantity necessary 1or
germination is obtained by the embryo, and in nature the
growth of the delayed seed comes through the disintegration
of the seed coat structure. That in the hawthorn where the
delay 1s secureda by emcryo characters the germipnation
finally comes about in the course of long exposure to
germination conditions and not in dry storage.

Davis and Rose (37), working with the hawthorn
(Crataegus mollis) determinea that the after-rirening and
germination in the hawthorn is a continuous process, that is,
we cannot tell where one leaves off and the other begins.
Seeds with carpels intaot require one or more years %o
germinate, seeds with carpels removed but testas intact,
placed in the cola for ninety to ninety-six days at 50¢-c0°
C., and then removed to the warm greenhouse, germinated

seventy-four per cent. with both carpels and testas rewoved,
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after twenty-eight days at 80° C., gerxzinated 78 per
cent in five days in the greenhouse.

Erickson (31), in a chemical study of the after=-
ripening of Crataegus, says, "Near the end of the period
of after-ripening, there i1s a sudden increase in the
acidity. Correlated with this is a sudden increase in
water-polding power and an increase in the activity of
catalase and peroxidase."”

In working on the paired seeds of the cocklebur
(Xanthium sp.) McHargue (68) says, "When well developed
paired seeds are removed from the burs and subjected to
conaition suitable for germination, they will germinate
at approximately the same time. The mechanical concitions
within the bur are the cause of the delayed germination in
the cocklebur seeds. The chemical composition and the cell
structure of the two seeds are similar." Arthur (5, 8)
found in the cocklebur, the cause of the difference of the
two seeds appears to be ccnstitutional; a hereditary
character resiaing in the protoplasm of the embryc. The
purpose of this seemingly unique charaocter is to distribute
the twe seed of the bur in time; the customary distribution
in space being imrossible owing to the indehiscent structure.
€hull (81) found that the oxygen pressure for the seeds of
Xanthium necessary for germination is low and differs
with'the two seeds. Later shull(83) came to the conclusion

that the seeds of Xanthium hawe a high oxygen requirement



and the requirement is not the same for both seeds.

Appleman (3, 4) in nis work with the tubers of
Solanum tuberosum found, that the rest peried in
potatces is not firmly fixed and hereditary, nor due to
metabclic changes, but is governed by maintaining a
proper adjustment between the bud tissue and the
external agents, ochiefly oxygens By removing the skin,
permitting oxygen to enter the bud tissue, the bud can
pe forced to grow at any time.

Brown and Morris (15) working on barley for malting
purposes found that germinating barley harvested at
diiferent stages of ripeness, showed a delay in germi-
nation which correlated with the ripeness of the grain.
Those grains harvested in the milk stage showed a delay
in germination, while those harvested fully ripe germinated
with little or no delay.

Acton (1) in his research on the reserve material
of wheat on keeping in which he uses wheat that has been
stacked for thirty years and also some oI the previous
year's harvest from the same field finds ,that on germi-
nating these two lots of grain, the one stack for thirty
years had no apparent germination, when placed under
the best possible conditions for germination, while that
ot the previous years crop germinated ninety per cent.

Crocker and Davis (384) state, "Dormancy in the akenes



or Alisma plantago (Water plsntain) is due to the
mecnanical restraint of the seed coat. This rectraint
enables the seéed to be in water for years without
germinating.

purgess (16) in determiniug the relation of heat
to the viability of seeds found that, "whcat was
gsericusly atfrected by high tewmperatures. The viapility
in this test was reduced to sixty per cent by tewmperature
o1 340 degrees C., lasting one hour and to fifty-five
cer cent by a temperature of 2348 degrees C., lasting one
hour. mhe check showed a viapiiity of ninety-two per
cent.

Stone (91) in working with delayed germination in
newlLy harvested grains, gerwminated ten samples of winter
wheat and found the averages as foilows: five days
arter harvesting the average germination was forty-rive
per cent, while twenty days atter harvesting an average
germination of ninety-two per cent was obtained.

White (95) in working with the ferments ana latent
lire of resting seeds found no increase in the gernination
or seeds soaked in enzyme soclution, but rather a decrease
due t¢ the increased fungal action. He also founu the life
of Triticum to be seventeen years, with no loss oI enzyme
activity.

Duvel (3C) working on the vitality and germination of

seeds, firds, that seeds loose their viability thrcugh



regpiration, implying that through respiration the food
materials are exhausted, and the seed in time loses its
viability.

Brown (13) gives eviaence through research tuat the
secds O0f wheat are enclosed in a sewi-permeablie mewprane,
which has a selective power against imbibing substances.

Dahlberg (36) in germinating the seeas ot Quack
grass (Agrcpyron repens) at dirrerent stages of maturity
shcows that germlnatioh depends to a large extent upon
the ripeness ol the seed at the time oI harveste.

Goss (39) founa, that tone huilling or Timothy seea
greatlyifhcreased the per cent ol germination. Using
unnuiied Timothy he ootained a gerwlnatiocn ol twelve
per cent while with the bulled sample he ootained a
germination or firty-1ive per oent.

Konao (65) working witn the atter-ri.ening ot
rice, determined that the time of hervest was a factor
causing delayed germination. His results correlate
very closely with the data on delayed germination in wheat.

Rose (74) found that after-ripening is normal ﬁé
species of Tilia, Sambucus, and Rubus. In Rubus he says,
"The dormancy 1is probably due to the high breaking strength
of the endoocarp.®

Atwood (7) in working with wild oats (Avena fatua)
states, "The germination of Avena fatua has besn found

less delayed with the shell coat removed from the sesd.



(Shell coat constitutes the palsa and leuma). Howev:r,
with the shell coat removed there exists after harvest a
germimtion delay which disappears with subgequent weeks.
Hence the after-ripening occurs inderendent of the shell
coat.”?

Kiesseloach and Ratclirt (84) carried on extensive
experiments with corn, in determining the loss of
viability due to the action of frost upon corn containing
varying degrees of moisture. They state that, "The
underlying causes oI such injury are : (1) late maturity,
(3) abnorually early ireezing weathcr. The vitality
o1 corn containing from fiifteen to twenty per cent of
moisture will not be injured by orainary autumn freezing;
and corn with ten to fourteen per cent of moisture will
stand the most severe winter temperaturs without injury

%0 its germinative power."
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MATERIAL

Varieties of wheat for this study ware secured
from experiment stations, seed laboratories, county agents
and farmers. The varieties used were: Kubanka, Preston,
Marguis, Red Fife, Red Russian, Defiance, Baart, Bunyip,
Club, Hard Feaueration, Propo, Sonora, White Apustralian,
White Federation, Acme, Arnautka, Black Don, Biuesten,
Turkey Red, Currell #3806, Alavama Bluestem, Fulcaster,
Dietz Medeterranean, Leaps #12, Stoner, Fultz (Arkansas
Selection #3), Prolific, Red May, Kanred, Marvelous,
Cornell Selection #3030, Blaok Hull, Kharkov, Beloglina,
Dawson's Golden Chaff #8-335, Turkey Hybrid #514,
Turkey Red #10-110, Wisconsin #18, American Banner, Crimean
#845, Minhardi #1505, Minturhi #1507, Burbank Super, Montana,
#56, Forty Fold, Rooli, White Winter, Forwara, Honor,
Hybrid #86, Hybrid #1037 al 8-6-13, Junior #8, Selection
Dietz 105-5, Gleason, Purple Straw, Stoner's Miracle,
Valley, Trumbull, Portage, Gladden, Fultzo Medeterranean,
Red Huston, Harvest King, Pennsylvania #44, Wash. Hybrid
#136, Tennesses #1981, Tennessee #3008, Illinois Chief,
Poole, Tennessee #180, Wood #1421, Reliable, Pedigree #3,
Preluae, Ducklow, Norka and Ruby.

All of these varieties entsred into the determination
of the geographioal distribution of delayed germination

throughout the Uniied States, while twenty-one varietics



waere used:

(1) In determining the cause of delayed germination
a8 it already existed in wheat.

(3) Producing in normal grains & condition of delayed
germination and detsermining these causes.



SUBJECT.

Crocker (21) "In securing delayed germinatidn of
seeds , plants are not limited t0 the dead monoctony of
one method. As one studies the problem more fully he
wonders whether there is any conceivable metnocd of
securing delayed germination not made use of in one
plant or another. I believe that failure to grasp the
variety of methods ana the similar attempts to explain
all delays by one or at most two methoas, is the main
source of the controversy, error ana confusion that has
prevailed in tnis field." .

Crocker (31) determined the cause of delaycd germination
unuer ordinary geruwinative oonditicns to be: (1)
"Rudimentary embryos that must mature before germination
can begin; (2) complete innioition of water absorption;
(3) mecnanical resistance to the expansion of the empbryo
ana seed content by inclosing structures; (4) encasing
structures interfering with the oxygen absorption by the
embryo and perhaps carbcndioxide elimination from it,
resulting in the elimination of the progess depending upon
these; (5) a state of dormancy in the embryo itself or
some organ of it in consequence of which it is unavle to
grow when naked and supplied with all ordinary germinative
conditions; (6) combination of two or more of these; (7)
assumption of secona dormancy."

One may ovserve from the experimental work of Crocker

and others, that the field of delayed germination and



and dormancy in seeds is a large one and that dormancy
in all seeas is not the result oz the same caﬁee.

Many seeds of economic importance which have a
delayed germination or dormancy have been workea on by
a great number of investigators in crder to seek the
cause of this delay or dormancy.

The cause or causes of the delay in: Cratsegus
mollis (hawthorn) has been scught by Crocker (32,39),
pavis and Rose (37), Eckerson (33) and sherman (7¢);
Xanthium sp. (cocklebur) by Arthur (5, ©), Crocker (323),
MoHargue (68), and Shull (81, 83); Alisma Plantago
(water plantain) by Crocker (34); Irie by Crocker (32);
Avena fatua (wild oats) by Atwood (7); Agropyron repens
(quack grass) by Dahlberg (R€); Johnson grass by Crocker
(25), and Harrington (43); Timothy by Goss (38) and
Stone (91); Rubus (brambles) Tilia (basswood) and Sambucus
by Rose (74); Linden, Maple ana Peach by Crocker (33);
Potato by Appleman (3, 4); and the cereals by Acton (1),
Bailey (8), Brown (13), Choate (19), Crocker (25), Fawcett,
(33) , Howard (58), Kiesselback and Ratclitf (64), Konds
(€5), Stone (90), and white (95).

In many cases like that of Xanthium sp., in which a
great deal of work has veen done in seeking the cause of the
delay, each person finds a new cause for its delay and
80 no real definite conclusions have been reached. So it
is with a grecat mary seeds, the delay is there but we do not
know its cause.

As far as data can be found it appears that the delay



in germination in wheat has never been worked upon, except
in the after-ripening stages. The after-rigpening period
hag only been studied to & slight extent, by seed analysts
due to the low germinaticn obtairned with freghly harvested
grain,
In the study or the delay in germination or dormancy
in wheat, we find that it divides itself intc two
definite groups:
(1) After-rirening in wheat due to a normal
physioclogical coudition within the seeds.
(3) Delayed germination due either to a physiological
conditiocn in the seed normal tc that seed or
caused by a condition existing in the seed due

to external factors.



AFTER-RIPENING IN WHEAT,

In his stuuy of seeds Guppy (41) states, "It is
thus eviwent that the rest-period must be orten a
transieat feature witn the seeds of many plants. Not
only is this the case, but there are many plants where
tne seeds experience after-ripening, tnhe immature emoryo
of the resting seed continuing to grow u: to the time of
germination.® Harrington (45) "Seeds characterized by
a dormancy umer certain conditions and with the lapse
of a longer or snorter perioa of time lose this
characteristic and b.-.-come cavable of gerwination. The
little understood complex of changes by wnich this comes
about is known as after-ripening, beccause the changes
occur arfter the seed has come to apparent maturity."
Crocker (33), "There are some freshly harvested seeds in
wnich the embryo will not grow at all or only abnormally
when they are naked and given all ordinary germination
conditions. Some ewbryos must go through certain
tfunaamental physiological changes in the germinator
before they geruwinate normally. Such seeds are spoken of
as having dormant embryos ana the changes that occur and
lead up to0 their normal gerwination are known as the
after-ripening of the embryos. Stone (91) states, "One
of the sericus problems of a practical nature facing the
seed analyst in the grain producing states and in the
"timothy belt" is that of shortening the period required

to obtain satisfa ctory germination tests on newly harvested



rye, winter wheat and timotay seed."”

In Table 1, coniirming the work of Crocker (33) and

Stone (91) for the seed sent into the Coloraao

Table 1

CERMINATION TEST NOF WHEAT SAMPLES SENT TO
THE COLORADO SEED LABORATORY RETWEEN
"JULY 1 AND SEPTFMBFR 1, 1921

1No. oI Average
Counties Samples . Gérmination

§ v S days ; © gays
Boulder ' 1 | 3 83
Delta 1 65 . 93
Denver 8 54.7§ 85.7
Larimer 4 55.6§ 88.8
Morgen : ) 85 ; 21.6
Pueblo E 1l 18 3 &0
San Miguel @ 1 48 96
Sedgwick E 3 E 82.3% 92.3
Weld | 3 ; 18 91.5

} Ave:kge 45.51 87.89

Seed Lavoratory in 19231, between July 1 anu September 15,

for test, had an average germination in the three day

test of 45.851 per cent and in the six day test of 87.89

per cent.

The study of the delay in germination in wheat due to

a period of after-ripening was undertaken to see if the

cause could be determined, and if this cause was a normal

physiological conuition existing in all wheats or occurring

only in wheats from certain localities, anua to determine

if possible the duration of the delay due to after-ripening.
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All seeds were germinated in a Minnesota germinator
at 30° centigrade. The drying oven used is a Freas
Electric oven atVSOO centigrade. The refrigerator used is
& Leonard cleanable, one piece poree}gin tyre, the chamber
in which the seeds were kept varied iﬁ_temperature between
9.1° and 13.4° centigrade.

A Brown-Duvel moisture tester was used to determine
the amount of moisture in seeds at different periods.

In this study éeeds which show less than 80 per cent
germination in three days are considered as having a
delayed germination. Ali'saeds showing é minimum of 80
per cent germination are considered normal.

A seed to be counted as germinated must show the
’plumule and three primary er seminal roots projecting through
the outer coat.

The wheat in this test was subjected to five
different conditions:

. 1. Seeds Placed between moist blotters in a germinator
at 30° centigrade.

d. Sedds plsced in a Freas drying oven at 30° centigré&e

then between moist blotters, in'a germinator att?do C.

5. Seeds placed between moisﬁ blotters in é réfrigerator

for three days, then in a germinétor'at 30° centigrade.

4. Seeds placed in a dry condition in a refrigerator

tor three days, then in a germinator at 30° centigrade.

5. Beeds covered with water and placed in a reirigerator.

tor threse daYs and fhen between moist blotters in a

germinator at 30° centigrade.

The first test shown in table 3, was with the Defiance

ot e Sadad 2o

i , 2 e



variety, grcwn on the College Farm, in 1921. Germination
tests were made of this wheat before the crop was harvested.
The first germination tests were made July 22 anu the crop
harvested July 28. The tests on this variety ran 1or

a pericd of 120 days.

With seed placed directly in the germinator we find
in the three day tests that seed taken frem the field
(July 23) betore harvesting (July 28) gave a zero
germination, while 13C days later (Novemoer 17) gave a
germination test in three days of 95 per cent reaching a
normal germinafion September 18, fitty days after the
crop was hasvested.

In the six day test a normal germination was
reached (August 13) twenty-two days after harvested. At
the time the crop was harvested the seca contained
11.6 per cent moisture while 130 days later (Novewoer 17)
the grain contained only 8.4 per cent moisture or a
loss of 3.z psr cent of moisture., At the time a normal
germinat ion was reached (Septemver lo), the grain contained
11.3 per cent moisture.

We observe from this test with an increase in the
percentage of geraiuation as a normal germination is reachea
there is & decrease in the percentage of moisture held in
seed.

The seed placed in the drving oven did not show a

normal germinaticn in a three day test but a normal germi-



nation was reachea in the six day test. Septemcer
ls, fifty days after the crop was harvested.

In the per cent loss in grams per 100 grains
atfter tnree days in the oven we finu an average loss
for the first ten days aiter harvesting to be 5.99 per
cent while the average for the last ten days was
2.03 per cent or a difference of 3.86 per cent.

The per cent of moisture in the grain after three
aays in the oven at the time of harvest was 9.3 per
cent and at the end of the test (130 days), 6.6 per
cent or a difference of 3.7 per cent oi moisture.

From this test we see as the seea reaches normal
germination, there is less moisture loss in the oven
showing that there is less moisture hela by the grain.

The seed placeu between moist blotters in a
reirigerator did not swow a normal germination in a
three day test but in the six ana twelve day tests a
normal germination was reached in the first test (July
33) or six days betfore the crop was harvestsa (July 38).

We see in this test that grain between moist
blotters after three days in the rerfrigerator anud thres
Jdays in the germinator produced a norm&l germination in
immature grein, harvested July 32.

Seed placed under dry conditions in a refricerator
Gid not snow a norwal gerwmination in the three day test
out in the six day test the grain reached a normal
germination, Septewber 1lb, forty-eight days after the

crop was harvested.
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In the average per cent gain per 100 grains, after
three days in tne refrigerator for the first ten days
after harvesting was 3.27 per cent, whiie_the average
tor the last ten days ¢ the tect was 2.30 per cent
or a gain of .09 per cent.

The per cent or moisture in the grain after three
days in the refrigerator at the time of harvest was 17.4
per cent moisture ana at the end of the test (Novemoer
17), was 10.7 per cent or a loss of 6.7 per cent moisture.
At the time (September 18) a normal germination was reached
in the six day test the grain containea 13.<4¢ per cent
moisture arcver thres days in the refrigerator.

While the test shows a siight gain (0.6$ per cent)
when the grain was placed in the refrigerator under dry
conaitions, there was a loss (6.7 pecr cent) in moisture
due to the drying out through the duration of the test plus
the awount tsken up in the rerrigerator.

Tnis snows that grain placea in the germinator under
dry conuitions gained sligntly in weight, but did not coue
to a normal germination until September 168 or fifty-six
days after the test in wnich moisture was supclieu to the
grain in the germinator.

Seed Placed under water in a refriger=tor dia not show
a norm:sl geraination in the three day test. In the six and
twelve day tests a normal germinztion was reached in the

first test (July 30)
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in the per cent gain in greams per 10C éé;égé aiter
three days under water in the refrigeratcr, taking the
average for the fircst ten days after harvesting was
40.8 per cent while the average for the last ten days
oI the test was 59.3 per cent or a difference or 18.5
rer cent.

In the per cent of moisture in the grain after
three days, in the reirigerator under water, at the
ceginning ot the test (July 30), was 4C.2 per cent whicia
at the end of the test (Noveuver 17) was 43.4 per cent or
a gain of 1.8 per cent.

We have similar results shown here as in the test in
which the seeds were p.aced in the refrigerator between
molst blotters. That it requires both moisture and
refrigerator conditions to produce a norwal germination in
immature seed Or seeu &t harvest time (dead ripe stage).

In Grapn 1 anu 3 the seed was planted April g, 1931,
narvesting began July 7, ten days arter heads appeared (the
grains were still in the milk stage). The seed was so
immature when harvesting began that great care haa to be
taken in order not tc orush the kernecl when separating rrom
the }emma ana paiea.

In Graphs 1 ana 8 it is easy to trace the pata of the
arfter~-ripening in Marquis and Detiance to a aorual germi-~
nation in the three cay test.

In these graphs we see the results of the after-
ripening when subjected to three conaitions: (1) where the
seed was placea in the germinator (brown lines) as soon as

narvested; (3) the seed was placed in a refrigerator (black









lines) for three days beiore being placed in a
germinator; and (4) the seed was heid for ninety days
from the date oi harvesting before pbeing placed in a
germinator.

The Marquis variety in the three day test (Graph
1), we see that tne seed placed in tine gerwinator
as soon as harvested dic not reacn norwal gerwiagation
until the harvest seventy-six days after harvesting
began. The seed placed in the reifrigerator between
meist blotters failed to reach a normal germination in
a three day test ana the seed hela for ninety days
petore germinating reachead a normal germination in
the first harvest (July 7).

iln the six day test, the seed which was placed
in the germinator came to normsl germination in the
‘nharvest thirty-eight days after harvesting began. That
placed in the refrigerator for three days and did not
germinate in three days, in the six day test, came to
normal .ermination in the harvest twenty days after
narvesting began.

We see that seed placed unaer rerfrigerator conaitions
for three days ana then placed in the germinater for
three days came tc a ncrmal germination twenty days
before that placed directly in the germinator, waich
shows that the cold conaition ¢or the retfrigerator caused
& change within the grain which increased the rate of

germin ticn and shortened the atter-ripening period.



We stiil have shorter periocgs oi arsver-rigening
in the ten day tests in wnich the seea piaced in tue
rerrigerator for three days came to ncrmal germinaticn
tweive days bero.e that placed directiy in the
germinator.

The Deriance variety (Graph 2) in the three day
test, the seea Gla no: reach normal germination until
the harvest s8ixXty aays arter harvesting began. The
secq piaced in the rerrigerator vbetween moist blotters
1cr three days faiiea to germiunate at ail, ana the seed
nela ninety uays arter narvesting a normal germination
was reached in tne harvest six days arter haivesting
began. That placed in the rerrig-rater for threce days
ana then in the germinatcr for three days, came to a
normal germinat.on in the harvest twenty-two acays arter
narvesting began ana that hela for ninety days betore
g rminating came to normal germination in the harvest
twd days after harvesting began. In the ten day test
we find that the seed placed in the refrigerator for
three days and then in the germinator for seven days came
to a normal germination eight days befores that placed
in the germinator for ten days.

In summarizing graphs 1 ana 2 we find that after-
Tripening océurs in both Marquis and Defiance and the
duration of the after-ripening depenas ugon the variety.

in the three day test in which the seed was placed
in the germinator as soon as harvested, Margquis came to

& normal germination in the harvest seventy-six days after



harvesting began. In the six day test, the seed placed in
the refriverator for three days ana then in the germi-
nator for three days, came to a normal germination in
Marquis eighteen days and in Defiance eight days before
that placed in the germinator direct. In the ten day
tests the seed cawe to a normal germination earlier than
in the six day test.

We have seen by previous results that the grain held
ninety days beiore germinating produceda & normal germi-
nation on or soon aft=r the tirst harvest depenaing upon
the variety. In the geruwinating of tnis seed, harvestea
every other day peginning July 6 anu atfter ninety dars,
offers some very interesting results. In tabie 3 is a

summary oI tne germination tests.

Table 3.
GERMINATION TEST 90 DAYS AFTER
HARVEST,
. Date  — Date | Germination Test
%+ Har= | of 3 B 8 7 10 ¢

v  vested | Test -days |days days idays | Total
ApTiT § July ©]0ct. © 0] I ¢ LS 0]
L July 8 0ct. 8 4l.o l7.0 0] 0] oY. 8
L “Juiy 10 Oct. 10 100 0] 9] 9] 100

n July 1g Oct. 12 100 O ] U - 100
- July 14 Oct. 14& Bo.7 1o.9 v O . 1ov

L July lo OCt. 1o Jo.8 4.0 9] O - 1ul

n July I8 Oct. 1B 96.8 3.4 O 0 T00

n July a0 0¢t. «U 100 9] 0] ] 100

W July <4 0ct. oo 100 0] 0] O 100
) July 54 0Oct. <4 100 o & Q 0 100

" July 28 00t. 88 95.1 .9 U 0 I00

“ July &8 Oct. o8 0o8.s 1i1.8, O 0] 100

" July 30 Oct. 30 93 4 0 0 —I00

7 | Aug. 1 Nov. 1 84.6 | 105.8 0 9] LO0




Plates 1 tcid show grains and seedlings from above
mentionea tesgts.

The grains and developing seedlings in these plates
are apprcximately one and one half times normal size.
Plate lfpﬁa%géstea July 6, ten days after heads
appeared (grain was in the milk st ze) and germinated
QOctober 6, shows a kernei oi little developrent and with
a zero germination in the three @nd six day tests.

and 1¢4

Plate 3@ PPs.193, harvested July 8 and gerwinated
Octover 8, shows a poor developea grain yet far aavanced
over that in plate 1. 1In the three day t:=st a germi-
nation p=r cent oi 4l.%5 was secured. oqheiec Was a lcng
put weak development of the plumules (71) and a very weak
development oI the seminal roots (70). Only one, and in
some cases,two,or three weak seminal roots were prcduced.

In the s8ix day test a germinaiion ot 58.€& per cent was
secured. The plumule being long ana weak with ﬁery poorly
gevelcopea seminal roots.

Plate 3 pps.1993andl196, harvested July 10 and
germ nated October 10. The caryopses are nearly normal size,
yet poorly fillea ana shrunsem. In the thres day test a
gerninating per cent oi 100 was sedured with a little
strenger development of the plumules anu stronger development
01 the sem:nal roots than in plate 3. In the six day test
& much longer anu thicker root develcogtment of the plumules
and & more longer seminal recot development than in the precea-

ing plates, indicating more vitality.
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Plate 4, pps.l187 and 198, harvested July 12 and
germinatea Octover 13. A 10C per cent gerwipation was
secured in the three day test, with a thickening up of
the plumules anu & stronger development of seminal
roots. In the six day test we see a much greater
developument of seminal rcots than in the preceding plates.

“late 5, pps.199 and 300, harvestea July 14 and
gerninatea Octover l4. Here we have grains of normai
size but with deep sutures ana shrunken kernels showing
that they wer= not completely developea at harvest time.
in the three day test an 84.7 per cent germination was
secured. The pluuules are becoming shorter and thicker
and the seminal roots strorger. In the six day test
we see plumules much shorter yet thicker ana seminal roots
a great deal longer than in any preceaing plates.

Plate 6, pps. 301 and 202, harvested July 16 and
germinated October 16. The caryopses in this plate
are of normal size, obut are shrunken to a slight extent
showing that filling was not complete. A 35.8 per cent
germination was secured in the three dav test. Here it can
0De noticed we have a short thick development oi the plumule
with well developed long seminal rocts, showing greater
vitality than in preccuing plates. In the six day test
a ghort thick development of the plusules are soown and
a lcng strong development oi four semin&l roots, showing
greater vitality.

Plate 7, pps. 303, and 304 , harvested July 18,

and germipation Oc¢tover 16. A gerwmination test ol 98.¢8
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per cent was secured in the three day test. In these plates
we have seeds that lack very little of being fully
developed. In the development of the young clant in three
days We have plumules as thick and longer than in plates

5, and 8 . 1In the development in the six day test
shows a shorter but thick developzent ol the plumules ana &
long strong development oI the seminal roots.

Plate 8, pps. 305 anc 308 , harvested July 3C, and
~erminated Octover 30. Here we have seeds lacking very little
ot being fully develcoped, yet a slight snrinkage in the
kernel can pbe se=<n. A 100 per cent germxination was secured
in the three day test. In the development of the young plant
in the three day test we have & tinicker develcopment ot
piumules than in the precsding plates ana a streonger
developwent o seminal roots.

ln the six day test we nave a thicker plu.ule anda
a gooa development of four seminal rootse.

Plate 9, ppPs. 307 , and308 , harvested July 23
and germinated Octover 33. The grain has reached a noraxal
size and to the eye appe-xrs fully develops=d. In this
harvest a 100 per cent germination was secured in the three
day test. A shortening of the plumules ana a stronger
development of roots is seen. In the six dav test we have
thick curling plumules which indicate vitality. Here we
see for the first time five seminal roots.

Plate 10, pps. 302 , and 210, harvested July 24 and

germinatea October 34. In this harvest we have grains

that appe r to the eye to be fully matured. In the three



day test a 100 per cent germination was secured. The
plumules are thicker ana shorter than in any preceding
plates, and a very strong development o1 sewinal rcots
is shown. In the six day test we have the strong, thick,
curled pluwules and & gtronger development of the five
serinal roots than in plate S.

Plats 11, pps. 311l , and 2123, harv=sted July 26
ana germinated Octooer 38. The grains in this test appear
to be fully ripened. 1In the three day test a 95.1 per cent
germination was selured. Both plumudes ana roots show a
strong develiopment. In the six day test the pluwules are
long and thick and a strong cevelcpment ol the fine seminal
rToots is showne

Piate 12, pps. 213, and 314 , harvestea July 238
ana germiuatea Ociooz=r 38. The grains here ars fully
deveioped. We see an extra strong development o1 plumules am
geminal roots witn & germinasion or 88.3 per cent in the
three aay tsst. 1n the six day test, thick strong plumules
are seed and for the first time we have the appearance
ol six seminal roots.

Plate 15, pps. 315, and 3168 , harvested July 30 and
germinated October 30. The érains were fully developed and
& 98 per cent germination was secured in the three dav test.
This plate shows & very thick development of the plumules
with a very thick but shorter development of the seminal
roots. In the six day test there is a shortening of the

Plumules,but with a strong d evelopment of seminal roots.



Plate 14, pps. 217 and 2318, harvested August 1
and germinated November l. The -rains here are fully
developed. In the three day test, 84.3 per cent of the
seed germinated. The plumules are short pbut very thick
and the seminal roots show a strong development. In the
gix day test we see a shorter but very thick, curled
plumule with a strong development of seminal roots, which
divide at the tip inaicating a strong vitality and growth.

In a comparison of the plates, the seed
first harvestea (July 6) no germination took vplace. In
the seocond harvest (July 8) the grains were very poorly
developed, a germination of only 41.3 per cent was secured
in the three day test. The plumules were very long ana slender
and irom one to thres very short weak and seminal roots were
produced.As the seed advanced from the milk to the dead
ripe stage we see a shortening and thickening up of the
plumules and an increase in number and a lengtheaing of
stronger seminal roofs. In the changing from the long,
slender plumules to short, thick and strong plumules and
from a few (1-3) poorly developea seminal roots to
numerous (5-8) long strongly developea seminal roots, there.
is a lowering in the per cent of germination while this
change is taking placs.

A8 the harvests advance (between July 36 and August 1)
the seed has advanced toward complete development. There is
a shorter, but thicxer development o: both the piuwmules and

seminal rootss
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When the tests were allowed to run for eight days, the
harvests pp to July @6 showed very little aevelopment after
the six day tests, but the harvests from July 36 to August
1 showed & large increase in size ol both plumule and
seminal roots showing that in matured grain, thé germination
is slower but the vitality is greater than in immature
grains,

In the preceding tests we see that an after-ripening
period ococurs in wheat ana the duration of the delay is in
the neignvornood of fifty days from the time of harvest
(aead ripe stage).

When immature seed or seed at harvest is placed in
the germinator betwesn moist blotters it nearly always
faile tc germinate and ir the seed germinates, the germination
is poor and the time required to germinate the seed is
prolonged. If soms of the same seed is piaced in the
rerrigerator under dry conditions for three days and then
placed in a germinator, the seed fails to -:erminate or
germinates very slowly, requiring a longer time than does
wheat that has reached a normal gerwination. If some of
the same wheat be placed in a refrigerator between moist
lotters or under water for three days and then placea in
a germinator, a normal germination is secured in the germinator
in three days, showing that a change has taken rlace within
the seed under moist refrigerator conditions which cause
4 normal germination immediately .

Crocker and Harrington (35) "Seeds that after-ripen

in & germinator at low temperature (commercial layering)
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and in wnhich the dormancy of the emoryo is self-imposed and
the embryo experiences fundamental time-ripening, changes
for after-rivening, show a great increase in catalase
activity with after-ripening (hawthorn, basswood, peach}).

The catalase activity in dry peach secds is very slow, but

-

rises as the seeds lie in the germinator/imbibgd.f*The
rise continues for weeks and is much more rapia atv seven
degrees centigrace than at twenty or twenty-Iive degrees
centigrade. The optimum teuperature for after-ripening
secus to be optimum for catalase increase. In other seeds
having dormant emoryos, so far as studiea by other
investigators, the same relation holus.®

Crocker (31) "Low temperature, but not freezing
or freezing and thawing, hastens the after-ripening in
the embryo of Crataegus. Evidence inaicates, however,
that the benificial er:rects of freezing are often through
coat changes. "

Walster, H. L. (Bot. Gaz., 89, 97-1268, 1313),
translation of Gassner and Guume (38), "That seediings
germinated at the lower tempe:atures had a nigher sugar
content than seedlings germinated at a higher temperature.

Brown and Morris (15) "When barley in diiferent stages
of development is taken fresh out of the fiela, we find
on testing in the usual way, tnat the epithelium of the
excised and immature emoryos is incapable of secreting any

enzyme which will &ct upon the starch granules. It 1s this



inapbility to liguify starcn-paste which differentiates
the enzyme of the resting seed from that of germinated
grainsg, the latter having exiremely active liquiting and
saccharifying powers.

Crocksr (21) and Harrington and Crocker (25) say
that seed germinated under low temperature have & shorter
after-ripening period and germzinate more readily than
seed germinated at a higher temperature.

Sherman (72) and Crocker and Harrington (35) state
that seeds germinated under low temperature have an increase
in catalase activity and Crocker and Harrington (35)

"The optimum temperature for after-rirening seems to be
optimum for catalase increase." Gassner and Gumme (38)
geedlings germinateda at low temperature show a higher
sugar content than seediings germinated at a higher
temperature,

We see that seed germinated at low temperature
have an increcased catalase activity and a greater
accumulation of sugar content. Brown and Morris (15)
worxing with barley state, "That immature seeds are
incapable of secreting ary engzgyme which will act upcn
starch granules. It is this inability to licquify starch
paste which differentiates the enzyme of the resting
seed from that of the germinated grain.® This inapility
of enzymes to liquify sterch psste is possibly what

causes immature seed not to germinate when placed directly

in the germinator. When the immature seed is placed under



moiet conditions for three days and then placed in a
germinator, it germinates at once, that is, if the grain
is not too immature. The change taken place in the
refrigerator must be a change in wnich there is an
increase in an active enzyme (diastase) content and<12£% Ao
an increase in the rate of germination.

Cééﬁ%& (1¢) in a micrcchemical study on the germi-
nation in wheat found the following changes:"No change
is apparent in the contents of the grain (aside from the
swelling due to aosorption o:r water ana softening of the
tissues) until ten to twelve hours after the material has
been put into germinating dishes. At tnie time dextrin
appears in the scutellum and colsoriiza, and starci in tae
root cap. ‘At about the same time dextrin appears in the
coleoptile and shortly afterward in the plusule. After
twelve hours reducing sugar is founa in the ccleorciza
ana appears alsc in the root, endosperm, coleoptile, plumule
and scutellum bv the end of twenty-iour, thirty-six, forty-
eight and ninety-six nours restectively. At no tiwe was
oxidase found in any part of the germinating seedling, but
peroxidase ana catalase were present in all parts. After
the appearance oif the sugar in the coleorhiza and coleoptile,
the amount of dextrin presept decreases anua the amount of
sugar increases. In the root the amount or sugar incresses
up to the fourth day, after whioch the sugar content does not
increase proportionatvely with the inc.ease in the root

tissue. At all tiwes it is founu most abunwantly in the zone



of the roct hairs. In the enuosperm reducing sugar is first
tound near the basal enu of the embryo, but eventually is
tound throughout the whole tissue. All tests inaicate that
this reducing sugar is glucose. At the end of seven days
starch is still present in the greatly disorgainized enaosp-=rm,
although practically all the grains still remainiag show
marked corrosion."

We ovbserve from the work of others that the princirle
enzymes in dormant and gecminating seed of wheat are per-
oxigase, catalase and diastase. Percxidase and catalage are
ccniinea to the gsplitting of hyurogen percoxiae into water and
oxygeh. The principal enzyme in wneat gerwmination is diastase,
which accoruing to Green (100) "The two vegetable diastases
may be compared ; (1) translocation diastase. This dissolves
starch grains without cecrrcsion, has a very slow acticn on
starch-paste though it readiiy converts scluble starch into
sugar; works best at a temperature of forty-five to firty
degrees centigrade; is much more active atv a low temperatuse
than secretive diastase; and (3) aisstase o. secretion.
trhis corrodes starch grains and disintegrates thewm betore
solution; rapialy liquities starch-paste; works most
advantageously at & temperature of fitty to fiity-iive degrees
centigrade. It will stand heating to seventy degrees centigrade
without destruction."®

Diastase of translocation functions in starch
translocation; the movement of starch from one part of the

plant tc another, ana lays down starch in the endosperm of



gseeds. Diastase of translocation is founa in wheat socn
atter fertiiization or as soon as starch begins to be
laid down around the embryo. Diastase of translocaticn
is found through the tissues oi the enaosperm.

Diastase of secreticn according to Brown ana Morris
(15) is found in seed at the time of germination and is
gecreted from the epithslial cells of the scutellum,
converting the starch granules ot the enuosperm intc sugar
(glucose) which is transferred to the growing part oI the
young plant.

gummarizing the work of Brcwn and Morris (15) and
Green (100) it appears that the reascn why immature
seeds do not germinate when placed in a germinator is
ctecause the diastase of translocation, the only active
enzyme, has little or no action on starcn-paste in the
seed. Newly harvested seeds do not germinate in the three
day test and only slightly in the six day test because
the diastase or secretion is not active and the diastase
o1 transiocation is slow in acting.

I1 these immature sesds and seed at harvest time are
placed in & retrigerator for three days under low temxpe:aturs
(9.1 13.4° C.) and then in a germinator, germination
takes place at once and according to Green (100) diastase
of transliocation is more active under cclc ocneition than
uiastase of secretion; it would be reasonable to c¢ocnclude
that the diastase of transiocation beccmes active in convert—

ing starch into sugar (glucose) in immature seed and seed



N

at harvest time when placed in a rerfri erator, causing
germination to take place readily when placed in & germinator.

When the seed is held ninety days after harvesting
betore germinating, it germinates readily in the gerwminator
under normal gerwinative conditions. Brown and Morris
(15) state that germination in mature seed is due to the
gecretion ot the "diastase of secretion" from the
epithelial cells of the scutellum, ccnverting starch granules
into sugar (glucocse).

At the time of harvest the secd ccntains no quick
acting enzywe:z, when placed in tne germinator under norwmal
germinative conaitions, but when placed under the cold
conditjon of a refrigerator the diastase of transiocation
pecomes active. At the time oI normal gersination the
diastase of secretion becomes actives

This shows that with the gradual loss oi moisture
and a gradual increase towarda & normal gerwmination, there
is a gradual increase in the power of the diastase of
secretion. when a normal gerunination 1s reached the
diastase of secretion becomes fully active. ohe conciusion
would appear to be that the atter-ripening is due to
the absences of active enzywes and & normal germination
is reached due to the active power or the "diastase of

secreticn."



Taple 3

DEFTANCE WH®AT SHOWING NORMAL GEREMINATION

Date Test Began

Average Weight per 1uQ grains,
Placed in a germinato 3 days 9
between moist blotters Germination a 0
at 30 degrees C. 12 deys 0
Per cent moisture in
ncrmal grain
Placed in a Freas 3 days
drying oven at 30 Germination 8 dz
degrees C., and then 12 davs
between moist blotterg Per cent loss in grams per
in a germinator at 100 grains after 3 days in
30 degrees C. oven.
Per cent moileture after
3 days in oven,
Placed in a reirigera-
tor betweesn moist 3 days 0
olotters for 3 days Germination
and then in a gergina- S days 93
tor at Qv degrees C. 12 days a4
Placed in a refrigerad . 3 days
tor under dry congi- | Germination lg g%lﬁ
‘or 3 days an . y8
2;:§sbégwe.ndmgfst e Per cent gain in grams per
blotters in a geruwi=- ;:?r%figzt;? 3 days in
. = . IS .
nator at 2 degrees O oo e T eturs arter
S days in refrigerator.
é days
Plecea in a reirigera4 Gerwmination &
tor under water for 12 davs
S days anu then Per cent gain in grems per
between moist blotters 100 graians in 8 days in
in & gerwinator at reivigerztor under water,
su negrees C. Per cent moisture after 3
days in reirigerator under
water,

The Defiance wheat used in these tests was secured
frcm the College Farm, Fort Coliins, Coloraao, and was grown
on tiuis farm in 1921,

# Germination tests Were made of this wheat before it was
narvested in the fiela. The first germination tests were
waue July 32, 1uyzl, ana the wheat harvesteda July 28, 1931.

Germination tests werc made every other day.

As soon as the wheat was cut, some or the bundles were
stored in a sneuy tnis stored wheat was used for thne
germination tests, until the wheat in the fielu was threshed
August 31, 1921, anuy then the threshea bulk was usesd for
the gerwinatioan tests.,
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0 o] Q Q Q 0 Q 0] 0 0
v 8 0 o 24 61 35 18 8
88 74 69 09 94 98 87 o6 100 97
.70 10.78 | 5,20 |3.81 3.83 3.69 3.48| 1.73 1l.73| 2.84
1.5 l4.8| 12.0| 12.8] 14.C lo.4 13.8] lo.«| 12.4| 12.8
0 [¢) 0 0 0] o 0 0 0 o
98 85 100 100 .99 o7 g7 o7 95 ©8
o8 o8 100 100 92 97 R 9% ¥4 S8
48.3 |42.0 | 56,8 |49.0 | 0.1 50,8 | 4u.4 [ 57.C | Bu.s [50.8
32.8 3247 38.4 |4C.0 41.C| 41.8 | 41.6 | 41.C | 41.8 |41l.1

The wheat was

threshed from the field Augvst 21,1¢21,



9/2 | 8/4 |9/6 | o/8 |9/iu |9/i2 |e/14 |S/le |9/i8 D/20
5.890]2.9U7 12.800 | 8.950] 8.0 2.670] 2.200 ] 2.650 2.893 2. 787
47l 811 70 53 521 87] 71 83 7193
96| 98| 97| 98 as| 98! 98| 98 57 29
Jo G 98| o8 367 100] 98 28 98 9¢
11,3 11.0 10.7 | 11.4 |10.8 | 9.6 | 1u.@| 11.3! 11.3 1C.o
0 0 0 0 0 0 0 o 0 0
311 80| 14| 63 43| 83 53] ©4 87 | 9o
991 1uu| 1001 99 | Gy 99 Jo. 291 98] 100
, ; |
s.00| 5.86| 4.40 | 3.0l | 4.06 |2.88 |4.75 !3.02 | 5.88 | 3.28
| |
7.0/ 8.0| 7.0| 7.9 | 6.8 | 9.1 | 7.1 | 8.1 | ©.9| 8.3
0 0 0 0 0 0 o/ 0 . o o
99| 99| 97, 95| 97 | 98 w8 | 97 | 99 | 100
og| 100! 98 97 | 98 98 | 99 99 | 100 | 100
o 0 0 0 Q 0a 0 0 0. 0
51 82| 39 | 471 35 | 77 . 71 | 98 . _au . 9
10 99 10U | 98| 99 | oo 35| 100 °s | 99
|
L.vo | 5.09| 2.04 | 5,56 |2.35 [1.24 |2.Us [2.20 | 2.08 | l.e1
1.4 13,5 | 12.3 | 13.6 |13.6 11.7 |12.0 | 15.4] 12.2 | 12,1
0 0 0 0 0 0 0 0 0 0
o8 | 9% ¢8| o6 | 95 | 98 | 97 96l 99, o8
Q0 29 10U 7 a8 100 Q9 Q97 Q9 97
49.5 | 03.5| 55.4 | 50,3 | 0.8 |55.8 |5u.4 |54.3 |34.C | ol.7
|
sleR 42.4 | +1.9 2.8 4led | 48,4 40,2 (42.2 |4l.n l 42,7




/33 | o724 |g/zo0 |9/28 | 9ze0 | 1u/2 11luda 1lu/e w8 liu/10
BevBd | B.841 | 50D |Be (38 [Ber4d | 8/843| 3,817 3/7c0]|3.877 | 3.860
94 82 84 o4 89 So 96 96| 95 g5
97 99| 100 100! 100 97 o9 97 98 100

o7 29| 1ou| 100 100 97| 99 97 88| 100

11.0 9.8 9.8 9.8 9.0 9.4 9.2 8.8 9.8 9.1

0 0 0 o) 0 o) 0] 0 0

88 87 79 97 o6 82 94 g0 64 93
100 59 g7 99 g9 98 g g9 g7 99

4.17 | 3.65| 4.53] 1.73| 2.43 | 1.95 | 2.99 [2.04 | 3.08 | 2.34

k'o 7.9 6.5 7.4 6.6 7.2 d.b 7.6 6.8 7'6

0 0 0 0 0 0 0 0

97 | 100 | 99 95| X00 100, 99 | 98 . 99| 99

97 | 100 | 100 7| 100 | 100 99 98 | 100 99
0 0 0 ) 0 0 0 0, © 0
Y 93 91 34 98 93 97 87 84 89
97.] 100 99 o8 99 99 98 93 = 96 99
1.77 | 3.40| 3.04| 3.45| 3.068 | .53 | 3.68 | 3.33 |2.50 |3.39
13,0 12,4 [11.4 | 31.3(11.4/21.3011.4 | 10.0 11.4] 1.4

0 0 ( 0 0 0 0 0 0 0

o8 1001 S7 94 37 S8 59 100 38 99
100 100| o8 96 o8 98 99 160 98 99
57,7 | 1.7 |53.06 |88.6 |52.5 [58.0 7.0 |53.3  53.5 [54.1
41.8 | 43,2 |41.7 |48.0 |41.9 |43.1 3.0 |42.3 [43.5 |43.4




10/12110/14110/16 11 10/30 1¢/22 1¢/24 [10/25110/38 | 10/30
3.900 [2.758] =2.5159 3.854 2.879| 2/847| 2/835|3.210/3.515 |5.381
23 93 92 95 g0 94 88 85 83| 81
28 98 98 98 99l 99| 98 93 95 986
28 S E) 38 28 93 393 39 99 37 . 96
3.4 | 2.7 | 9.5 |9.2 2.3 2.0 9.0 (8.9 [9.3 3.3
c 0 0 o) 0 0 0 0 0 0
88 82 g1 91 84 81 69 73 3 70
L) g7 99 S8 | 100 57 97 38 37 100
2081 | 2.45| 3.42| 2.33 | %.41 | 2.24 | 3.423 |2.54 |3.47 | 2.23
6.8 7.8 ©.,0| 7.8| ©,5| 7.4 7.7 1 7.0 &.2 7.2
0 o} 0 0 0 0 o} 0 o} 0
99 38 97 88 96 99 37 o8 97 97
99 99| 100 93 g7 | 160 98 99 37 g7
0 0 0 0 C 0 o) 0 0 0
89 93 91 R 81 gl 83 85 83 5
38 39 95 98 96 39 S6 o8 97 o8
5.53 |2.88 |2.73 [%.55 |2.95 |3.88 |3.09 [4.67  5.31] 3.30
11.3 110.3 | 10.7] 10.3]10.9 110.4 | 10.8 {10.9 [11.0 | 11.1
0 0 0 0 o) 0 0 0 0 0
el 95 26 29 98 95 S8 g5 97 S8
94 g7 37 99 98 7 g9 38 9 S8
57.8/59.9 |54.8 |88.0 | 59.7 | 55.8 | 5c.6 |53.0 [58.7 | g7.1
42.842.0 | 42.8] 42,1 42.3 | 42.3 | 42.1 | 42.4 | 42.2 |42.4




1171013/ Vaaygg Diayye Pigze Dagzil | 1i/10133/10111/L7
L BU7] 8.610| 2.805 2,845 |2, 837| 2,872 3.226]2.82312,833
51 94 97 95 91 94 91 S5 95
99 99 37 99 o7 99 98 99 99
99 99 o7 9% 7 BE 98 99 g9
3.0 | 8.8 |8.7 8.4 8.3 | 8.7 | 8.2 8.8 | 8.4
U 9) 0 o] 0 0 ) 0
70 ga| @3 78 ' 73 83 g7 79 89
96 o8 97 28 2o | 95 97 S0 97
2,87 12.06 | 3.28 |1.86 | 1.07 | 2.18| 1.27 | 2.5C|1.82
W-R .4 | 73. 7.5 1 0.8 7.3 | T7.4| 0.5
) 0 o) 0 o) 0 0 0 0
94 95 95 97 95 28 99 | 1uu 96
97 96 97 97 | 100 98 22 | 100 99
0 0 0 0 0 0 0 0 0
81 93 89 77 83 73 76 g2 88
98 g9 So 97 97 98 a8 97 a8
5,18 4.72 | 5.0l | 3.1 2.87 | 3.07 | 3.62 | 2.¢ 2. 56
luedl 1163 [12.0 (10,7 |10U.4 1.8 1.3 110.8 110,7
Q Q 0 0 0 0 0 ) 0
59 96 94 98 97 98 99 28 25
100l 981 gu | gg 99 o9 gg 98 | g9
58.% | 53.9 |09.4 |5%.1 |59.8 | ©3.0) 58.4 | 57.1 [53.0
43.8 | 43.6 | 83.5 |43.8 | 43.5 | 42,6 | 42.6 | 43.3 |43.4




GENGRAPHICAL DISTRIBUTION OF DELAYED
GERMINATION.

In the study of de.ayed germination in wheat it was
our purrcose to seek out the distripbution of delayed
geri..ination to see if it was localized in certain sections,
and to see it the causes of the delay in one section

were the same as the causes of the delay in other sections
or the ccuntry.

Letters were written to experiment stations, seed
laboratories, county agents and farmers in different
geotions throughout the United States in request for
varieties best adapted to their regions. The Treguest was
exceedingly well granted for wheat was received from all
the grain growing regions represented in the United States.
Table 4 shows the varieties received from the different
states anu their germination testse.

Taple 4

' Germination Tests
State Varieties 5 [ 5 p Y]

days days days days Total

ALABAMA
Currelil #2806 8C 8 0 O 88
Alabama
Bluestem 87.5 5.5 0 0 93
Fulcasgter 21 5 0 0 96
Dietz Mediter-
ranean 80.0 8.5 0 O 89
Leap's #13 80.5 8.2 0 0 89
Stoaer 84 11.5 C o8 25.8
Average 3B3.23 ~ 7.8 T 0 3TI.7
ARKANSAS
Fuitz (Ark.
Selection
#3) 83.2 8.0 Ued 9 S&.C
Leap's
Prcliizie 332 B.5 ¢ 0] 89
Fujcaster 8 3.8 9, =2,
hed May 8" 8 8 § 838
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Germination Tests.

Varieties
State ) 8 8 10
days days days days Total

ARKANSAS

(continued) Alabama _
Bluestem g8.5 1 o} 95.5
Kanred 80 5.5 0 93.?
Marvelous 87.5 7.5 0.5 25.5

Average 88,88 4.7

CALIFORNIA

]
dooo
ik

Baart #3029 94.5 1.5 1 0 )
Bunyip #3033 95.5 3 0 0 37.5
Club #114 o9 0.5 0 0 29.5
Detiance #955 84.5 14.5 Q 0 99
Hara Federa- -
tion #3033 91.5 7 0 0 8.0
Propo #115 95 3 0 0 98
Sonora #98 87.5 3.5 3 0 23
White Ausgtral-
ian #791 23.5 8 0 0 @98.5
White Federa-
tion #3313 95.5 3.5 o} 0 o9
Average $©3.83 “Z.81 33 IO I * i 4
CONNECTICUT
Cornell Selec-
tion #3030 94.5 3 0] 0 97.5
Marquis 20.5 8.5 o) 0 X4
Average J3.50 TZ,75 ~UO 0O 3T7.25
KANSAS
Black Hull #1 83 8 o] 0] 97
Black Hull #3 90 4.5 0.5 0 95
Kanred #1 88.5 7.5 0 0 g6
Kanred #3 88 3.5 0 0 95.5
Kharkov 80 15 0 0 95
Turkey Red #1 87 6.5 1 0] 94.5
Turkey Red #3 89.5 75. 0 0 97.0
Average B7.I4 T8B.38 3T 0 T5.71
ILLINOIS
Beloglina 86.5 15 1 0 89
Dawson Golden
Chaff #9-336 90.5 1 0.5 ] 33
Kanred 78.5 8 0.5 0 85
Malakoff #5-450 94.5 3.5 1l 0] 99
Mediterranean 89 1l 0.5 o 30.5
Red Rock 38.5 15. Q 0 80
Turkey Hyborid
#509 93 1.5 0 0 94.5



Germination Tests.

State Varieties S 6 8 10
days days days days Total

ILLINOIS
(continued) Turkey Hybrid :
#514 86.5 1.5 0 0 88
Turkey Red
#10-110 91.5 5 0.5 0 97.0
Wisconsin #18 30 1 0 9 91
Average ~88.85 1S U.40 0 .
MAINE
Preston 83.5 8 0 90.5
Red Fife 90.5 2.5 0 G 93
Average B8BB.50 "5.35 O 8] TI.78
MICHIGAN
American Banner 80.5 18.5 0 0 97
Red Rock 80.5 7.5 1 0 &9
Average BU.5 T13.C 0.5 0 53
MINNESOTA
Crimean #845 95.5 3 0 ¢ | 97.5
Minnardi #1505 88 3 0 0 93
Minturhi #1507 87 2.5 0 ] 89.5
Average T0.50 ~&.,50 ~CT U  T3.00
MONTANA
Burbank Super 83 11 v 0 93
Kanred 78.5 15 0.5 0 94.5
Kharkov c0.5 34 1 Q B82.5
Montana #38 86.3 33 1 o) 892.5
Turkey Red 7.5 15 0.5 0 8o
Average 735 T8.3 T.8 O 9%
NEVADA
Turkey Red #1 83 13.5 o 0 94.5
Turkey Red #3 89 18.5 0.2 0 88
Average 75.50 TI5.5 0.35 0 9I1.285
NEW MEXICO
Defiance 77 lo.5 0.5 0 o4
Early Baart 88 5.5 3 o 95.5
Forty Fold 235.5 3.5 0.5 0] 37.5
Kubanka 48.5 43 3.5 O 91
Marquis 88 7.5 0. | ¢ 5.5
Rooli 23 4 0 0 97
Sonora 89 3.5 3 0 24,5
Turkey Red 80 3 0 0 83
White Winter 71.5 18.0 0 0 90.0
Average BI. 8% T11.34 ~0.83 T




Germination Tests.

S

State Varietics ] (] 3 10
days days days days Total
NEW YORK _ .
Forward 88.5 11.5 O v 100
Honor 88.5 10 c.5 0 99.
Hybrid #86 &9 289.5 o 0 38.5
Hyoborid 1037A
1-8-6-123 73 35.5 0.5 0 28
Junior #6 689 29 0 o) 298
Selection
Distz 105-5 78.5 1o 0 C 94.5
Aver&ge ; :-50 200 ds O. 17 U u: 8. UU
N. CAROLINA
Gleason 83.5 14.5 0] 0 28
Alabama
Bluestem 91 7.5 0 0 98.5
Leap'a
Prolific g5 3.5 0] ) 98.5
Dietz Medeter-
ranean 84.5 11 0 0 95.5
Purple Straw 71.5 24.5 o 0 96
Fulcastser 87.5 2.5 0 0 37
Stoner's
Miracle 87.5 6.5:. O 0 94
Average B5.71 , TII.00 O U  B8.71
- OHIO |
Valley 96 3 i 0.5 v 98.5
Trumbull 70 36 b0.5 o 8.5
Dawson's ;
Golden Chaff 84 " 14.5 o 9 98.5
Portage 93.5 ' 3.5 | 0 0 97
Gladden 28 1 E C 0 g9g
Fultzo ;
Mediterranean 93 -7 ) 0 100
Average BJ.08 T.I9 ; 0.1? 0O 98. 43
' | ;
OREGON | ,
Red Huston 86.5  13.5° O 0  23.00
Average B3.5 |, IZ. 5! "0 T ' 99.00
PENNGYLVANIA ;‘ —
Harvest King 91 3.5 0 0 | 94.5
Leap's ‘
Prolific 89 3 0.2 ] . 93.5
Pennsylvania : .
#44 . 80 15 0.8 O 95.5
Average BE.87 ; 7 X7 .33 U SELIT
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Germination les 53

State Varietics ) 8 8 10
days days days days Total
. CAROLINA
8. CAROL Leap's #13 91 7.5 0 0 98.5
Fulcaster 85 3 0 0 28
Currell 93.5 2 0] 0 95.5
Dietz
Mediterranean 6.5 3.5 0 0 1%
Alabama
Bluesten 21.5 3.5 o 0 95 _
Stoner 23 7.5 . 0] Q g99.5
Average T3.35 .33 0 T  57.08
. KOTA
S. DAXO Acnme 73.5 10 0 0 83.5
Kanred 21 2.5 . Je«3 0 94
Kubanka 74.5 8 0 0 33.5
Mdarguis 94 3.5 0 0 U0eD
Turkey Red 92 1.5 O 0 33.5
Average B5.00 .90 T,10 T 3TU.00
TENNESSEE o
#1981 85.5 9 0 0 94.5
#3008 89.5 1.5 0 C g1
Bluestem - 97 1.5 ¢) O ¥8.5
Fulcaster 88.5 3 0.5 0 93
Ill1ini Chief 23.5 5 0] O 2745
Kanred - 94.5 3.5 0.5 - ¢ 98.5
Leap's
Prolifiec - 95 3 0.5 O 97.0
Pennsylvania :
#44 86 10.5 O 0 36.5
Poole - 98 0.5 0 0 96.5
Tennessee | '
#180 ' 88,5 8.5 O . 0 97
Wood #1431 ! 88 7 0 Q 95
Average | YI.00 “Z73 "U.14| " O T5.87
— i ; l
IRGINIA i I
Blue Ridge | 84.5 8 | 0.5 © 93
Dietz Amber = 33.5 13 ( O 0 95.5
Fulcaster 83 6.5 © 0.3 ! O o7
Leap's % |
Prolific . 88 2.5 . 0 0 90.5
Stoner 88.5 11.5 ¢+ O 0] 100
vV Pl 113 3
(Seleotion | | |
from Poole) ' 87 7.5 ¢ 0 |9 94.5
vV P1 131 ; 5
(Selection f ,
from Ful- ‘ i
caster) 83.5 7.5 1 0 0 20. 00
Average  86.00 8,33, "0V14 7O J4.98
‘ I



Gerwination Test .

State Varieties 3}
days Total
WASHINGTON
Bluestem _
Wash. #3695 4.5 0 87.95
Early Baart i
Wash. #318 3.5 o) 91
Forty Fold
Wash. #315 186.5 0 89.5
Hyorid 138
Wasa. #593 4 0 94
Marquis
Wash. #5738 8.5 Q 94.5
Turkey Red
Wash., #336 13 o) 98.5
Average 7.380 0 33+ D0
WEST VIRCINIA
Ashland 8.5 ¢} 34.5
Fulcaster 3.5 0 - 85.0
Gladden 1l o 968
Re.iable #80 3.5 0 ©238.0
Avsrage 3.38 T 33738
WISCONSIN
Marquis 13 0.5 0 86.5
Pedigree #3 12 0.5 0 88
Prelude 1.5 O - O . 84.5
Average “B.B3 TU.33 O 59.88
WYOMING j
HBaart 14.5 0 0 F84.5
Bluestem BeD O o - 34
Dicklow 0 ‘ O o ; S90.5
Kubanka 23 0.5 0] 1 83.5
Marquis 19 o O | 94.D
Norka 3 0 v - g8
Hed Fife 3 0 G - 88
Ruby 1 O 9] el
Avsrage ~7.88 UT.Us T T0.85

N

A study of the varieties showing & delay in germination

are shown in table 5.



Table 5.
VARIETI®RS SHOWING DELAYED GERMINATION

Gerrination Teésts

Varieties - State o aays b days B days 10 days Total
“Kanred Montana 78D 15 0 0] o4
Kharkov " 8Ce5 33 i O c4ed
Montana #36 " 66.5 23 1 0 83.5
Turkey Red _ " 77.5 i6 0.5 C 23
Tur key Red Nevada 89 18.8 C.5 C 88
Defiance N. Mexico 77 16.5 0.5 o 94
Kubanka " 48.5 43 3.5 O 21
Hybrid #886 New York 69 39.5 o 0 98.5

v #1037 A " 73 25.5 0. o 98
(A 1-8-6-13)

Junior #6 " 69 29 0 0 o8

Trumbull Ohio 70 36 0.5 v gc.5
Acme S. Dakota 75.5 10 O 0 83.5
Kubanka n 74.5 8 0 ¢ 83.5

The only varieties appearing more than once are Turkey
Red, appearing twice with an average germinaticn of 73.25
per cent and Kubanka appearing three times with an average
geruination of 80.57 per cent in & three day test.

The average germination test of Turkey Red in a three
aay test in all the tests made for the distribution of
delayed germination was 84.0 per cent so the average of
75.25 per cent shown by the two samples in a three day test,
gshows that delay in germination does not normally occur in
Turkey Red wheat. In Kubanka, the average for all the
tests was c0.067 per cent, in a three day test, indicating
that a normal delay occurs in Kubanka. Acme, & variety
of the same subspeciesas Kubanka, shows a germination of
only 73.2 per cent in a three day test. The delay shown in
Kubanka ana Acmeé indicates that there is a delay in

germination normal to that subspecies (Durum wheat).



The only state given any consideration as to
location in which a delay in germination might exist
was Coiorado. Tables 6 and 7 ghow the number of samples
Table 8
GERMINATIOR TEST OF SAMPLES OF WHEAT SENT INTO

THE COLORADO SEED LABORATORY BETWEEN JAN. 1
AND JULY 1 AD SEPT. 15 AND DEC, 31;-1231

0. Of Kverage

Counties Samples Germination
S days B adays
Adams 5 85.3 93.8
Arapahoe 1 86.5 94.85
Bent 1 94.8 97.5
Boulder S 23.8 g8.8

Cheyenne 1 99 29
Delta 4 91.7 ‘ 98.4
Denver 35 - 87.4 = 95.3

Elvert 1 71 91
El Pasc $ - 86.1 | 93.1

Huertano 3 ' 63 89
La Plata 4 77 ~ 93.3
Larimer 18 % 88.1 ; 85.5

Las Animas 1 ; 74 f 94
Montrose 7 ; 6.8 . 95.8
Morgan ) , 20.2 : 95.5

Prowers 1 90 - 94
Pueblo 3 94 96.5
Routt 3 87.8 23.7
Weld 8 87,3 23.2

Average B7.39 T4.T5



Taple 7.
CERMINATION TEST OF WHEAT SAMPLES SENT IKTO
THF COLORADO SEED LABORATORY FRNOM THE GSAN
LUIS VALLEY BETWEWN JAN. 1 AND JULY 1
AND SEPT. 15 AND DEC, 31, 1921,

'No. of Average
Counties 'Samples Germination
o days| 6 aays 10U days
!

Costilla 13 37.5 = 8l.6 93.1
Rio Grande 11 67.1 86.7
Saguache 3 36.3 93.7

Average 4c,27 g87.C

sent into the Colorado Seed Lavoratory by counties between
January 1 and July 1 and September 15 and December 31, 1921
and their average germination tests. We see in table 7
that the three counties, (Cositlla, Rio Grande and Saguache,
situated in the San Luis Vaiigf; had a germination on only
45.97 per cent in the three day test while the average for
the rest oif the countics, where seea was received, was
87.39 per cent in the toree day test.

The counties outsiue or the San Luis Valley that show
a delay in gerwination are Elbert, Huerfano, La Plata
anu Las Animas. The sawples sent in by Elbert and Las Animas
counties were both szmplesol nurum type while one ol the
samples sent in by La Plata ccunty was of the Durum type.
Huexfano county was the only county Eutsioe of the San Luis
Valley which'showgé delay similar to that existing in the San
Luis Valley. It seems, thereifore that the delay existing in

vari-ties in tables 4, 5 and 6, not normal to the variety



is caused by conditions siwmilar to thos existing in the
San Luis Valley.
In ocombining taples 5, 6,7, 11 ana 12, it is
evicent that in the geograpnical distribution of delayed
germination two distinct types of delayed germination occur:
(1) In varieties grown under conditions similar to
those existing in the San Luis Valiey.
(3) In varicties repr-sented by the subspecies Durum
and which i1s a pnysiological condition normally

existing in this type.



DELAYED GERMINATION CAUSED BY COKDITI ONS
EXISTING IN THE SAN LUIS VALLEY.
In the geographical distributicn of the delay in
germination in wheat, we find that there exists in the
San Luis Valley, (Mapr No. 1) conditions which cause

Map No. 1

rrrry SEoGHA
MOFFAT newo
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parn /DOUSTAS | ELOLAT

MESA 773 lLaxe

TELER| €L PASO
GUNNISON
MONTROSE FREMONT
PULELO
e ‘ - w
& >
BoLoRes 4 ¢ N

MONTETUMA LAPLATA S n‘\"\\\\\‘

a8 marked delay in the germination after the after-ripening
period is passed, but comes to normal germinaticn after a
period of time; the period of time required for this
delayed wheat to reach & normal germinaticn depends upon
thie variety. 1In this study of the delay in germination
caused by ccnditi ons in the San Luis Valley, the sub ject
divides itself unauer three heads: (1) oonditions of after-

ripening in seed showing delavea germination; (3) causes



of the delay in germination; and (3) the duration of the
delay or the period of time reguired for the seed to

reach & normal germination.



CONDITIONS OF AFTER-RIPENING IN SEED
SHOWING DELAYED GERMINATION,

A study of geruination tests of wheat grown in the
San Luis Valley was undertaken in order to determine,
it possible, whether the period of dormancv due to after-
ripening and the consequent delayed germination is a
continuous one or if the délay in germination is a
secondary dormancy with a normal germination between.

The Defiance wheat used for these tests was secured
from I. F. Rockey, Saguache, Colorado. It had been grown
on his farm for the preceding five years. All seeds
were germinated in a Minnesota germinator at 30° centigrade.
The drying oven used is a Freas Electiric oven. The
reirigerztor used is the Leconard cleanable, one piecs
porcelain type, the chamber in which sesds were kept varied
in temperature from 9.1%to 13.4° centigrade.

The approved method of making germination tests of
wheat is as follows: Place wheat between folds of moist
blotting paper in a chamoer at 30° centigrade. Make a
preliminary count of all germinated seeds the tuirad day, a
final count the fifth day. A germination of 90 per cent
or more the third day is to be expecteda from good seed that
shows no delay.

Five sets 01 conditions were devised in order to
ascertain whether the wheat used was of low vitality or
merely required longer time for germination test, anu also

to study the effects of various conaitions of moisture and



temperature during the germinating process.
Germination tests were made as follows:
l.Seeds placed between moist blotters in a
germinator at 30° centigrade.
3. Seeds placed in a Freas drying oven at
300 centizgrade for three days, then between
moist blotters in a germinator at 30° centigréde.
3. Seeds placed between moist blotters in a
retrigerator at 30° centigrade.
4, Seeds placed in dry condition in reirigerator
, for three days, then between moist blotters

in germinator at 30° centigrade.
5. Seesds covered with water placed in reirigerator
three days, and then between moist blotters
in a gerwinator at 30¢ centigrade.

Tests under eacn oI these five sets of conditions
wer: started at two day intecvals from Septewber 18 to
Decemper 9, 1931. Germination counts in each case were
made on the third, sixth and twelith days. The results
of these tests, table 8, show that throughout the entire
period there is a delay when the usual laboratory germi-
nating conditions are employed, that dry heat appears to
retard germination, that dry refrigerator conditions retard
germination, that seeds placed under wat=r in a refrigerator
are hastened to practically the same degree as those placed
between moist blotters in a refrigerator.

A study of the entire series ol tests shows that the

change from delayed germination to normal germination is a
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gradual one, and that once having reached normal, the
germination continues normal. The behavior of the after-
ripening in seeds having a delayed germination is similar

to the after-~ripening in normal seed.
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Table 8

DEFIANCE WHEAT SHOWING DELAYED GERMINATION

Date Test Began

a ight r 10

Placed in a germinator
between moist blotters

at 20 degress centigrade

A

Placed in a Freas dry-
ing oven for 3 days at
30 degress C., and then
between moist blotters
in a germinator at

20 degrees C,

m R
S days
Germination 8 days
12 days
Germination _““%‘diyﬂ‘———‘
13 days

Per cent loss in grams
per 100 grains after
3 days in oven

Placed in a reirigera-
tor between moist
blotters for 3 days
and then in a germi-
nator at 30 degrees C.

3 days
Germination 8 days

12 days

Placed in a reifrigera-

tor under dry conditions

for 3 days and then
between blotters in a
germinator at 30
degrees C.

3 davs

8 days
12 davs

Germination

Per cent gained in grams’ per
100 grainsg in & days in

Placed in a reirigera-
tor under water for 3
days and then between
moist blotters in &

reirigerator.
L3 days
Germination _ 8 _days
12 days

germinator at 30
degrees C.

Per cent gained in grams per
100 grains in 3 days in reirig-
erator under water. ,
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0,088 8,409 | 3.461]5.530|3.485, 3.-0R|3.444 |3.2399 | 5.455
3 7 71 0 4 18 7 34 g 34
75 78 79 81 89 20 97 98 83 89
98 98 98 991 100 98 95| 1001 100 a7
0 0 0 0 o 0 0 Q0 Q
11 12 0 18 30 50 g8 8 13

99 96 100/ 100 86 929 95 97 98

2,78 | .01 | 2.19 | 3.10! 2.2 2.57| 3.02 | 2.80 | 1l.s1
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The spilves were threshed and the grain cle~ned
October 20,1¢21, ’
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CAUSES OF DELAYED GERMINATION.

In order to determine the causes of delay in
germination in wheat in the San’Luis Valley, conaition
existing in this region must be studied. Lapman (66)
says, "The San Luis Valiey lies principally in the
south-center part of Colorado. An extension of the
valley extends in a north and south direction into New
Mexico. The Valley extenas in a north and south direction
for about 80 wiles and has a maximum width of 45 miles.
The Valley is & basin-like depression, treeless and
topograpnically featureless. It is a desert-like plain
of gentle unilorm slopes anu except near tne inclosing
ranges apparently flat and broken only bv miles of
unadeviating irrigation aitches. In the vicinity of the
valley trough the slope becomes insutficient to aftord
free drainage and a more or less permanently wet condition
extenas over a large area which is traversed by no
permanent streams and 18 1in places characterized by
shallow basing without drainage and occupied by alkali
lakes. ™ )

Cone and Kezer (30), "In appearance the San Luis
Valley 1s a vast plain. To the eye it appears to be level
and devoid of hills and irregular slopes. Actually, it
is the basin-shaped bottom on an ancient lake, wnich at
Present appears as a treeless plain surrounded by high and
rugged mountains. Lhe elevation of the Valley is high, its

lowest point being over 7,500 feet above sea level.



Practically all of tne farming land is at an elevation
petween 7,500 ana 8,500 feet. The surface slopes are
unugually uniform ana grauuadl. Close to the eastern
edge, which is the low portion of the Valley, or Valley
trough, the slope is 80 slight that drainage is very
poor, causing consiaerable arcas of seeped land, some
swampy portion ana shallow basins filled with alkali
lekes."

Combining the topographical and climatic concitions
of tne Valley, there are a great many factors that might
enter into the causes of delayed ger:ination. In order
to determine if one or more of these factors causes
the delay in germination, the experimental study
was aiviaed as follows:

1. Alk=1li as a factor causing delayed germination.

3. Altituae as a factor causing delayed gerrination.

5. Frost as a factor causing delayed germination.

4. Height ol water tavle as a-factor causing delayead

germination.

5. Time of planting and tiwe ol harvesting as a

factor causing delayed germinati: n.



ALKALI AS A FACTOR CAUSING DELAYED GER#INATION.

In order to deterwine whetner alkalies in the San
Luis Valley play any part in tine cause of delaye=d
gerwination in wheat, the aotion of alkali salts was
studied. Coune and Kezer (30), "In the vicinity of the
alkali lakes in the eastern part oi the Valley, there is
an occurrence ol sowe black alkali or sodium carbonate as
w@ll as some sodium bicarbonate. Outsice of this small
area the alkalies of the Valley are mostly the so-called
white alkalies itself and are occasionally in sufficient
qunatities to be injurious to vegetation.® Lapman (68),
"The scils generally support a heavy growth or the usual
ugsert shrubs, but barren arezs souetimes showing the
surface incrustation of alkali salts occurs in the Valley.
The soil is oif great depth and excepticnally fertile.
In some districts the per centage or alkali is of great
depth and exceptionally fertile. In some districts the
percentage orf aikali is so high &s to interfere with
successiul crop raising."

In experimenting with the action of alkalies, the

test was diviced into three parts:

(1) Wheat grown on normsl soils containing little
or no alkali for several years was taken into
the San Luis Valley anu planted.

(3) Defiance wheat that had been grown at Saguache,
Colorado for five years was secured and planted
at the Experiment Station Farm, Ft. Collins,
Colorado, under norwmal soil conditionse.

(3) Wheat was planted in pots (pot cultures) containing
varying per cents of alkall salts.



WH¥AT GROWN ON NORMAL SOIL CONTAINING LITTLE
OR NO ALKALI FOR SEVFRAL YWARS WAS TAKKN
INTO THE SAN LUIS VALLEY AND PLANTED.

In the spring of 1931, the following varieties were
secured from the Experiment Station Fzrm, Ft. Collins,
Colorado: Kubanxa, Presston, Reu Fife, Red Russian, Margquis
and Deriance; from the University Farm, Davis, Califor.ia:
Baart, Bunyip, Cluv, Defiance, Hard Feder=tion, Marquis,
Sonora, White Austraiian ana White Federation; and from
I. F. Rockey, Saguache, Colorado tnhe variety Defiance
snowing a bau yellow-berry conuiticn, ana waich through
the tests wnere it is useu, will be called "Delayed
Defiance."

These varieties were taken into the San Luls Valley
and planted at three places: Saguache, Sazuache County;

Del Norte, Rio Granuae County and Hooper, Alamosa County;
also a pianting was made at the EXperiment Station Farm,

Ft. Collins, Larimer County, Coloraao. In the fall of 19834,
the varieties were harvested ana taken ianto the seed
laboratory ana stored under the best possible conditions.

The sesd from wheat grown in the San Luis Valley shows
two distinct characteristics: (1) the seed does not succumb
to a yellow-berry condition but retains its clear, horny
transparent endosperm, and shows no condit ion of softness;
(2) the seed becomss more or less yellow-berry, producing

an endosperm of a soft, mealy texture.

Seed grown in the San Luis Valley showing

a clear, hard enuosgerm.

O the type that retains its original characteristics



Headden (54) states, "If the potash be in excess, then
we have a yellow-berry . By tiis we mean that s-me
grains of wheat will be yeilow, while some may be wheolly
flinty ana hard."™ We can see that among wheats grow-
ing side by siae in the San Luis Valley, some Wwil}
suc.umb to yellow-berry anu others will retain their
clear, hard transparent texture.

In this test, the hard, flinty keruels were separated
from the soft, opaque, yellow-berry kernels, and both
germinated. The results oI these separations may be seen
in table 9, and 10.

} Table 9.
Tests af Defiance whesat grown at Saguache, Colcrade,
(San Luis Valley) for five years. The f]inty
kernels appearing in the sample were separated

out, alsc those showing complete yellow-berry
condition, ana germinat=ad.

Date Germination
. Tested O days| b days| 10 days
o Clear, 1linty
3/30/32  trensparent 80 ' 98 o8
f grains ;
. ,201It%t, opague ! \ !
3/30/23 iyellow-berry 70 100 | 100
; grains | 2
‘Clear, Tiinty %
3/6/33 . transparent | 83 99 99
grains | |
_ S0It, opague |
3/6/233 yellow-berry , 67 99 | 99
grains | |




Table 1

O.

Test of Defiance wheat sent in by Graden Mercantile

Firm, Durango, Colcrado.

Separation being

made and separates germinatéd.

Germination

Condition 13‘daysf

Variety 6 days 8 days 10 daysi!Tofal
Deriance No. yellow-! | : ; ;
berry 90 0 0 0 99
Yeliow=-
berry 48 48 1 0 27

Table 9 shows in both tests that Defiance wheat grown at

Saguache having clear transparent grains producing a higher

germination per cent than tha

showing yellow-Derrye.

Table 10 shows a large difference in the per cent

germination in the two separates.

The kernels showing

yellow-berry germinated 90 per cent, while the yellow-

perry kernels germinated only 48 per cent in the three

test.

Table 9 shows the clear flinty transparent grains

at Saguache, germinated only 80 and 83 per cent, while

no

day

grown

Defiance in taple 11, pp. 85 , grown at Ft. Collins germinated

96 per cent. It shows that there is a slight delay in the

clear, flinty, transparent grains which is not due to the

conditions existing in yellow-berry grains.

The summation

of data shows that two different types are produced in the

same variety (1) kernels showing soft opaque ehdosperms; and

(2) kernels showing hard, transparent endosperns.

Both

types show a ¢ ndition of delayed germination, but the soft

cpaque endosperms (yellow-perry) show the greatest delay in

germination.



"Ygllow-berry 'in wheat grown in the San Luis Valley.

Wheat from different regions show a markea difference
in appearance; tnose from the San Luis Valley are a great
deal heavier than those grown in other regions. Headaen
(53) Wheats from La Jara and Del Norte were large, plump,
mealy kernels, weignhing 4.907 grams per 100 grains, while
those from Ft. Collins were shrunken, flinty kerneis,
weighing.3.064 grams per 100 grains. The largeness and
plumpness varies directly with the increase in weight per
kernel and whenever there is a marked increase in weight
there is a marked increase in the per cent of yellow-berry
in the kernels.

Yellow-berry, according to Roberts ana Freeman (73),
is a distinet physiological growth prouuct causiug an
imperfect product in wnich the spaces in the cells wnica
are normally filled with proteius (giuten) contain merely
water, which drying out with the ripening of the kernel,
leaves air spaces which are responsible for the opaque
appearance ol the kernel,

Lyon and Kezer (30) deteruined yellow-berry to be
a condition caused at harvesting time and they say the
amount of yeliow-berry can pe controlled to a large
extent by early ocutting and stacking. Roberts ana Freeman
(73) say that the bleached opaque grains, due to
weathering at harvesting time, are not "yellow-berries."
The weathered kernels of grain nave an opaque and rather

airty greyish yellow aspact.



Freeman (34) "There are two types of soft grain among
wheat: (1) wheats of true s-ftness (Pacific coast and
southern wheats) in wni ch the air spaces in the enaosperm
are ditfuse and finally scattered, "b" and "c" in plate
39. This type of softness is only slightly arfected
by environmental conuitions; and (2) 2 type commonly
called "yellow-perry® in which the air spaces within the
enaosperm occur in tflake-like groups witn quite definite
margins, "b", "c", and "d", plate 28 and "a" plate 29.

The opaqueness thus arising may be confiuned to a small

s ot only, "o" ana "c", plate 38, or may incluae the
entire enaosperm "d", plate 28. This type is very
sensitive to eavironm=ntal conuitions. Headden (49, 50,
53 and 54), "The term "Yellow-berry" is used to designate
a condition of the wheat keranel whici gives it a mottled
appearance, due to internal white spots. In bad cases,
the wihhole berry may be affectea, then the color will

vary from white to a light yellow according to the color
of the outer layers or covering o1i the kernel. Such
kernels are mors or i1ess opaqQue when viewea in transmivtea
light, plates 238 and 39 . Normal grains are uniform
when viewed by trauasmitted 1ight.®™ "a" plate 38 and "ah
plate 29.

Lyon and Kezer (87) determined "yellow-berry" to be
the results of condition at harvest time. Roverts and
Freeman (74) say that this weathering condition at harvest

time does not cause "yellow-berry" but that yellow-~berry



in wheat is a pnysiological conaition, but they give no
cause for tue existance oif yellow-perry in the kernels.
Headuen (49, 50, 53 and 54) states that yellow-berry

is caused bv the relation oi pctash to soluble nitregen,
that is & conuition in wnich there is an excess of potash
over soluble nitrogen in the soil.

Lapman (69) in his analysis or the soil of the San
Luis Valley gives the occurrence or the following
alkalies: sodium sulphate, soaium chloric, scaium biczrbonates,
potassium onloriue and potassium sulphate. He states, "these
8&lts are derived by decomposition of the minerals forzing
the soil. The salts are nearly all soluble and are carried
Ircm place to place in the drainage water."

The salts of potassium occur in excess in the San Luis
Valley, which, according to Headden, is the cause of the
yeliow-berry kernels. This conaition of yellow-berry in
wneat is the cause not only of the mealy opaque enaosperm,
but 1s the cause ol the abnormal increase in weight per
kernal.

Table 11, shows the average of the varieties grown
in the San Luis Valley in 1921 and that grown at Ft.

Collins in 1930 and 193l1. The average weight per 100

grains Ior the six varieties grown at Ft. Collins in 122C

is 3.843 grams; that grown at Ft. Collins in 19231, 2.930 grams;
that grown at Del Norte in 1331, 3.539 grams; that at

Saguache in 1931, 3.607 grams; ana that at Hooper in 19231,
3.231 grams. The average weight for all these wheats grown in

the San Luis Valley per 100 grains is 3.589 grams.
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Table 11,

G THATION TeST OF COLCRADO WHEATS
GROWH IW DIFFER-NT REGICHS,
Wheats grown in the San Luis
yalley were harvested, Sept. Germinated Becember 5,1921,
, 2,1921, e

| TWeight ;
Year in %
Har- Where grams ?
Variety|vested Grown . per Germinaticn |
[ 100 :
grains| 3days|6days|8days] i0days|Total j
1930 Ft. Collins £2.391! 84 13 C 0 87
Defiance |1931 " n P 2.045 98 S 0 c ' &8
1921 Del Rorte | 2.8817 21.5] 75 s | O.bi  d¢9
183l Saguacne I 5.548] b7.5] 42 0 0 | 99.91
Deriance | 19sl Ft. Collins! 2.,048] 94.b & Q. . 29 é
shewing 11881 < Del Norfte & 5.90a3 65.5] b4.0 0 1 100
delayed | 19230 | Saguache . 3.830) 35.0 & . 0] [O N 99.0
permina- [ 1981 | L —4.388 71.5| 28 ¢ 0 | 99.5
" tion f ‘ |
1930 FT. Collins' 38,893 bl &0 0.2 o | 21.5
1981 ¢ " . 3.084, 85 _| 74.0 1 - C | 28.9
Kubanka | 1931 Hoover EREE 7 84 4 0 o4
71921 "Del Norte S.718] 1l.5] 84 5.0 9] 99 |
1621 | Saguache ; 5.4150 14 g8b.b 1 0 | 99.5;
1520 Ft, Collins! <2.83Yl, &9 7 1 0.D O 9.9
Marguis 1931 n n o.187; 7o, B8.51 U O 100
| 1931 Del Norte 5,075, 58 az 1 0 ] 100
TIGZ1 | Segua die | 5. 740 ©6 340 0 T00
1930 Ft, Colliins <.986; ©4.5 0.0 0 6] gUb
Preston | 1921 u on 8. 770] 94.0 5 ¢} 0 9%.5
1221 pvel Norte | 5.6389] 73.9] &7 (8] 0 92.5
19sl Saguache . 5,850 8B 15.57 0 0 Y5.0
ned 1920 Ft. Collins, &.700] 1 3.0 U.2 U ¥25]
Fife 1931 " f P 8.682!1 20 G0 [9] 6] EERN-)
1921 Saguache L 0,383 81 18 Q 0 ©Y
4 L1920 Ft. Collins, &4.1b5b5] ©bo.o P Q 8] g7.0
Red 149zl L T | 5.307! 8a 13 (9] U 100
Russian 1931 Del Norfe & 3.53581 94 65,0 Z5) 0 100
1921 Saguache 5,600 42.5] 50 0.0 o] 100
1220 Ft. Collins{ 2.843] 85.84;10.0 .39 =0 25.28
1931 n n 2.980] 78.900=23.791 .17 ) ‘97 . 442
Average| 19231 Del Norte 3,539 43.83i{04.17{1.33 25 9¢.58
i9cl Saguache S.837] ©0.04138.7a] .<l 8] BT O
191 Hooper S5, 9a L. K 85 & Q Z4
Average| 1980 Ft. Collinsg <.842] 85.04110.0 . 09 0 g5.85
Average | 1921 f f 2.880] 76.250122.75) .17 0 99,43
Average | 1901 San Luls F,609 o7.16b8.658[1.80 o)) S7.7s
Valley |




In combinring the results of table 11, pp. 85 , and
plete 15, pp. 219 ,» that A, a Defiance wheat harvested at
Ft. Col:ins, Colorado, weighea 3.381 grams per 100
grains; B, bharvested at Ft. Collins in 1921, 3.045 grams;
C, harvested at Del Norte in 1931, 2.861 grams; and that
harvested at Saguache in 1921, 3.648 grams.

Alsc in table 11, and plate 16, pp. 230, A, a Preston
wneat harvested at Ft. Collins in 1930 weigheua 2.286 grams
per 100 grams; B, harvested at Ft. Collins in 1941,

38.770 grams; C, harvested at Del Norte in 1921, 3.049
grams; and D, harvested at Saguache, 3.355 grams.

Table 12, pp. 87 , shows the results ootained by
gseruing varieties securea rrom Davis, Califcrnia from the
1220 crop into the San Luis Valley and planting them at
Del Norte and Hooper. A planting of these Califcrnia
varieties was also made at Ft. Collins in 1921.

The average weight in grams per 100 grains of the
Califoruia varietics grown at Davis, Califcrnia in 1920
was 3.179 wrams; that grown at Davis, California in 1921,
$.495 grams; that at Ft. Collins in 1%31, 3.035 zrams;
that at Del Norte, 3.954 grams; and that grown at Hocper,
$.283 wrams. The averages of the weights per 100 grains
divide themselves into three groups: (1) those grown at
Davis, California; (3) those grown at Ft. Collins, Colorado;
and ($) those grown at Del Norte and Hoopef, Colorado (San
Luis Vallev.).

Using the weight of the Calitornia wheats grown at Davis,
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Table 12,

GTRMINATION TEST OF CALIFORNIA WHEATS

GROWN IN DIFFFEENT REGIONS

I Year | Weight 1In "Date of Ger- ' .
Variety Calirornia Har- Where Grown Grams per Date Date wination |__ ___Germination ]
No. vested ‘100 Grains Planted Harvested Test S days © days 8 days 10 days Total
118 193Q Davis 5.720 11/24/21 87.5 4 23
S0P 191 Davis 4,550 i 1/9/ca 24.0 1.0 1 0] 97
Baart 11 1921 Ft., Collins &.020 o2/6/sl &/ab/al 1l/<4/al 91.7 .3 U 0] 100
115 19s1 Del Ncrte 4,850 4/39/31 9Y/1la/zl 1l/84/al 1o 2 4.5 U B2.0
11 1951 Hooper 4,713 /32878l 2/i0U/&l il/s4/21 28.9 ) V.0 o) ¥2.0
S0 180 Davis 4,049 1l/<4/zl IY V.0 0] [¢] EER-)
S0gS 1931 pavis 4,159 1/9/c8 200 S 0] 0 Q7.0
Bunyip 30%% 1921 Ft. Collins 2. 03 * 11723731100 0 0 0 130
S029 191 Del Ncrte 4,098 732731 9/13/731 1l/z4/6l 8.0 80 ] i 3Y. 0
114 i§-)-{0) Davis Se (ST ll/zx4/a1 25,0 S 0] (0] Jo.o
114 1dal Davis S.678 1/9/=z oY .o o] o] ©29.9
Clubp 114 ldel ¥t. Coliins 1.159 ll/z4/al =}5} Se0 0] o] d3eD
i1l4 1921 pel Ncorte Se 37O 4/35721 3/1</=s1 li/<4/al ol S SeD o] S7.5
Jo0 194U Davis SeS0D Lll/z4/sl K] < ] 0] 9o
200 1ol Davis Se 590 l/9/43 84.0 14,0 o] O oY
Deriance 255 1T2T Ft. Collins 1.387 o/8/31  8/x5/xl 11l/24/21 ) 27 0 0 IT0
PoD idel el NortTe S ll& I/28/31 9/1s/sl 1l/c4lsl S7.O 25,0 2] o] 9y
S06S 1920 Davis S 858 11754721 22 Se D 0 0 T4.0
Hard 3083 IT81  Davis %. 188 1/9/32 91.D 7 0] o) 093.9
Feuerg=- aUBS 1ol ¥t. Collins Seddg o/6/cl (/&0 /&al 1l/254/21 V4S] LI 8] O ¢2.0
tien 3063 1221 Del Ncrite 3. B85 +/35/81 9/13/c1 11/34/2T1 10.5  82.B8 g 1 35+
1105l 1920 Davis 2,400 1l/284/21 20 4 Q 0] o4
Marcuis 11lol 19l ¥t., Collins. G058 11/24/31 33 18.D 9] 0 S%.0
1154 19sl Del Norte 4, UD0 +/89/al 9/1la/al l1l/34721 o 46 1.0 U.o 100
11D 1220 Davis Se2dY i1l/ 24721 S8 4,9 U 6] P38 e O
Propo 115 19271 Davis - 2.470 1/9/s3 S5 3 C C o8
115 19zl ¥Ft. Coliins l.280 YYD 8/35/al1 ll/34/s1 215} o o] 0] 10U
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California as & stanuara we see that the same wheat
grown at Ft. Collins fell below the standard ana that
ot the San Luis Valley above the atandard.

The light weight per 100 grains of that grown in
Ft. Colline is due to two factors: (1) soil condition,
anu (8) climatic condition. The seed was planted on soil
containing iittle or no alkali and this produced a k=rnel
nign in nitrogen. The climatic conuitions were unfavoracie
Ior the Caiiiornia varieties for, on accocunt oi the shorter
season and little or no rain during the latter part of
the season, the kernels did not fill to a plump conuition.

The heavy weigint of the keruels from the San Luis
Valiley is due to the large pluuwp grains of mealy texture
known as "yellow-berry."

In combining the results of table 12, ana plate 15,
pp. 219 » A, Baart, harvested at Davis in 1930 weighed
3.720 grams, per 100 grains; B, harvested at Davis in 1921,
4.250 grawms; C, harvested at Del Norte in 1921, 4.836
grams and D, harvested at Hooper in 931, 4.714 grams.

In combining tne results of tablelgnd plate 18,

Pp. 232 ; A, Bunyip harvested at Davis in 1v30 weighed
4.049 grams per 100 gra ns; B, harvestea at Ft. Collins in
1921, 4.139 grams; C, harvesied at Ft. Collins in 19231,
3.0o1 grams; ana D, harvested at Del Norte in 1221, 4.093
ETAliS,

Also in combining the results in taovle 13 anuy plate

17, pp. 331 _; A, Sonora harvesteu at Davis in 1230 weighed



3.215 grams per 100 graine; B, harvestea at Davis in 1931
2.448 grams; C, narvested at Del Norte in 19530, $.08237 grams;
and E, harvestea at Hooper in 1341, 3.519 grams.

H=sults from tables 11 anu 18, scow that the largest
gain in -eight was in the Delaince, wnicn is a weak wneat and
responus very easily to conuitions unaer which it is grown.
The varieties that gainea the lecast in weight were three
California varieties; White Austr:zlian, Hara Federaticn and
White Federation.

It is shown by the foilcwing data that yellow-perry
occurs in wheats grown in the San Luis Valley ana that the
percent of "yeollow-berry" 1s proportional tc the incrsase
in weight or vice versa, from the standara of that vari=ty.
(The standard is based on the weight of 100 grains of wheat
from the region from which the wheat was first secured.)

We have observed that the percent or "yellow-perry®
in the kernels is proportional to the increase in weight.

The average germinacion of the wheat grown at Ft.
Collins in 1520 was 85.64 per cent in the three day
test; that grown at Fs. Collins in 1931, 78.50 per cent;
ana that grown in the San Luis Valley in 12281, 37.l1l6 per
cent.

The low averages of tnose grown at Ft. Collins ana
San Luis Valley in 1930 and 1¢21 are due in part to
inclucing in the average the Kubanka variety wnich normally

has a delay (93) in the three day test.



The average germination for the wheats grown in the
gan Luis Valley in 1921 was 839.34 per cent lower than that
grown at Ft. Collins in 1921 showing that a consideraple
aelay occurs in the San Luis Valley grown seed.

The average germination of the California varieties
harvesteu in 1520 was 91.0C5 per cent in the three day test;
that harvested at Davis in 1831, 92.85 per cent; that
harvested at Ft. Collins in 1921, 88.87 per cent; that
ha-vesteda at Del Norte in 1921, 36.83 pe:r cent; anu at
Hooper, 44.2% per cent. The average germination oi the
wheat harvested in the San Luis Valley (Del Norte and
Hooper) is 45.58 per cent or 57.85 per cent lower than
that harvested at Davis in 1931, ana 53.87 per cent lower
than that harvested at Fi. Ceollins in 19231,

in comvining the results of tavle 13 and plate 18,

A, Bunyip harvested at Davis in 15280 germinated 99 per cent
in three days; B, haivested atv Davis in 1g:l, 95.3 per cent;
C, harvesteu at Ft. Coliins in 1931, 100 per ceut; ana at
Hooper, in 1lszl, 8.5 per cent.

In combining results oI table 12 aau plate 17,

A, Sonora harvestea at Davis in 1880 germinated 91 per cent;
B, harvested at Davis in 1TsZl, 87.5 per cent; C, harvested
at Ft. Collins in 1281, 9U.C per ceut; harvested at Del
Norte in 1921, 3.2 per cent; ana at Hooper in 1931, 43.5
per cent.

It has been shown that wheat grown in the San Luis
Valley exhipits & marked delay in germination.

in & summation of results we find that a positive



correldion exists between the weight per 100 grains and a
concdition Of delayed germination. Data also shows that
a positive correlation exists between the weight and the per
cent of "yellow-cerry" in the kernels.
1t these two conuitions are tiue as have been shown
by data collected, there must be & positive correlation betzeen
the amount of "yellow-berry" and a delay in g=rmination.
"Yellow-berry" accoraing to Headden (43, 50, 52 and
54) caused by certain potassium salts existing in the soil,
it appesrs these alxali salts must be & Iactor entering
into the cause 0if aelayed germination of wheat from the San

Luis Valley.



WHEAT FROM THE SAN LUIS VALLEY SHOWING DELAYED
GERMINATION WAS PLANTED AT FORT COLLINS,
COLORADO, UNDER SNIL CONDITIONS CONTAINING

) LITTLE OR NO ALKALI.

In this part or the test the variety Defiance was
gecured from I. F. Rockey, Saguache, Colorado. In order
to distinguigh this seed from the San Luis Valley,from
the Defiance seed irom other sections this seed will be
called "Delayed Defiance.®

This "Delayed Defiance" seed has been grown by I. F.
Bockey for the last five years, on his farm eight miles
northeast of Saguache, Colorado. This seed has succumbed
to a complete yellow-berry condition, and the kernels
were plump, round and did not show the deep suture which
is characteristic of the Defiance variety.

In weight per kernel this seed far outweighs that of
the normal Defiance seed. In table 11, in the weight in
grams per 100 grains, that harvested at Saguache in 1320
weighed 3.830 grams; that harvested at Saguache in 1931
weighed 4.338 grams; at Del Norte in 1931 3.902 grams and
thatharvested at Ft. Collins in 1931 2.048 grams. All
the "Delayea Defiance" seed harvested in 1931 was grown from
the seed harvested in 1930 by I. F. Rockay. The seed
secured from the San Luis Valley was planted at the
Experiment Station Farm in soil that doe: not contain an
excess of alkalies.

In order to deterwine if the heavy yellow-perry
kernels when grown under normal soil conditions would produce

the characteristics normal to Defiance type and also
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produce grains that wculd have a normal germination, a
plot was planted on the Experiment Station Farm April 9,
1981, nhis plot was allowea to come to the dead ripe
stage and then harvested, August 7, 1¥31. A comparison
was mace as shown in plate 11, pp. 85 , between
the seed grown at Saguache, in 1320 wnich furnishea the
gseed for the other three plantings, anu the seed grown
at Saguvache in 1331; at Del Norte in 1921; and Ft.
Coliins in 19314 A, B, and C, plate 19, pp. 223 ,
which were grown in the San Luis Valley producec & kernel
that is largs, plump and completely yeliow-perry, worile
D, plate 19, ppP. 2334, grown at Ft. Collins under normal
soil conaitions produceua a type normal to Defiance,
a kernel that is medium long, medium hard with a deep
wide suture. Plate 15, pp. 319 » shows a revision of
plate 14, pp. 2333. A ana B plate 15, pp. 219, werg
Deiiance wheats grown at Ft. Collins in 1230 and 1221.
The kernels show the slightly shriveled, medium hard
texture with the aeep, wide suture, while in C and D
plate 1o, pp. 319, grown at Del Norte and Saguache in
the San Luis Valley represent the "Delayed Defiance"
type; large, plump kernels with a shallow nearly closed
suture.

It shows that this large, plump condaition known as
yellow~-berry, is not or an herecaitary character, but is one

that can be changed by soil conaiti ons.



In order to secuie a more agcurate result

and to

eliminate any condition that might be due tc an abnormal

condition in the growing season, plantings were made using

both

"Delayed Defiance" seea and normal Deiiance seed,

at different pericds during the summer, anua harvested

at different period of ripeness.

Taple 13,

l¢, 20, 31, 33, 23, 34, 35, 36.

shows & Compiled abstraction from tables

This table contrasts the behavior ana rate of maturity

or Defiance ana "Delayed Defiance.®

Table 13,
‘ Date Date Normal
Table { Date | Harvesting| Geruination was
Nunmter iPlanted| Variety commenced gsecured
! Deriance July © July 10U
rApril Ueiayed |
) Defiance ' dJuly 6 July 6
'ApPTil |leriliance | July 8 July lo
| 33 Delayed |
| , Defiance : July 8 July 13
¢ May (Detiance @ July &U July <4
L7 tDelayed
! Defiance ; July 18 July 30
. May Deiiance | July <8 August 7
31 Delayed
{ ~ Defiance ! July 38 August 3
rJune leriance . Aug.li® Augusts’
. 4 Delayed
Defiance | Aug. 19 August 35
Defiance Sept. <8 Failea to prcuuce
June , normal gererinaticn
18 Delayed Faileai To mature seed
Defiance
pDeiiance Sept. o8z Falieda tOo procauce
IdJuly (  aormal germination
2 Delayea
Defiance Sept. 30 Failea to produce
normal germination
Deilance Oct. <4 Fallea To proauce
July normal germination
16 Delayed Failed t¢ proquce
Defiance Oct. 33 normal germination
¥ PDelayed Defiance useu 1n tnis table 1s the progeny ol

the seed known as "Delayed Deriance" from the San Luis

Valley in 1%30.



The first planting (taple 13) was made April 9,

1921, and harvesting began July 7, ten days after heads
appeared. The seed was held ninety days before germinating.
The table shows that "Deiayed Defiance¥ came to normal
gerwination July 6, while that of Detiance, July 10,

or four days later than that oi "Delayed Defiance".

This sho's that there exists in the"Delayed Defiance"
gowe character for eariy maturity. This cnaracter for the
early maturity of "Delayed Detiance" over Defiance may be due
to the adapticiiity of tnis wheat to the short frostless
season in the San Luis Vailey frcm which it came.

In the second planting (April 23), harvesting began in
poth Defiance and "Delayed Deriance" July 2u,"Delayed Defiance
came to normal germination (July 12), four days before
Defiénce (July 18). 1In the thirg planting (May 7), harvest-
ing began in the "Delayed Detiance" (July 18) two days betors
that ol Detiance (July 30). "Delayed Defiance" came to
acrwal gersination (July 30) four days betfore Deriance
(July 34). In the fourth planting (May 31), harvesting
Legan in both Defiance and "Delayed Detiance®™ July 38.
"Delayed Deriance" cume to norwal gersication (August 3),
Tour aays before Defiance (August 7). 1In the fifth planting
(June 4) harvesting began in both Defiance and "Deiayed
Dasriance" August 1. "Delayea Defiance" came to normal
germination (August 235) two aays berore Defiance (Aucust
87). The sixth planting (June 18 ) "Delayeu Defiance®
lailed to mature seea, whils harvesting began in Lefiance

Septemver 38, and failed to reach a normal gerwination
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guring the test. In the seventh planting (July 3)
harvesting began in Deliance (Septewder 33), eignt

uays berore "Deiayeda Defiance" (September30). In this
planting both Deriance ana %"Deiayeu Defiance" failed to
reach a normal gerwication test. In the eigntih planting
(July 18) harvesting began in"Delayed Deriance" (Octooer
33), two days betore that of Detiance (October 34). In
t.is planting as in the seventh planting (July 3)

poth Defiance and "Delayed Defiance" failea to reach a
normal germination.

The table shows the lagging of Defiance beiind the
“Delayed Deriance" in the timke of harvest anc the time
reguired to come tc a ncrmal germination test.

The failure of the sixth (June 18) , seventh (July 3)
anda eighth (July 18) plantings to come to norwmal gerrinations,
is due to the varietal weakness of the variety to produce
norma&l kernels under abnormal conaitions.

In grapn No. 4 we see the results rr"Delaved Deiiance"®
when subjected to three diirerent conditions: (1) where
the seed was placed in the gewmminator (brown lines) as scon
as harvested; (3) the seed was placed in & reifrigerator
(clack lines) 1or turee days beforc veing placed in the
germnator; (&) the seed was neld (red lines) for 90
days from the date of harvesting belcre being placed in
the germinator. The seea that was placea in the gersinator
as s-n as harvestea dia not reacn a normal geriination
until the harvest 48 days atter hairvesting oegan. Tha

placed in the rerrigerator did not germinate at all, becsuse



at the enda o:. three agays it was taken from the rerrigsrator
anu placea in the gerwiuator, obut at tne ena or six days
prcaucea a higner gerwiliaticn than the seec harvestea on the
same day. That heid for ninety days, produced & normal
germination at the first harvest.

in contrasting grapn No. 2, pp. 32 , With graph No.S
pp. 98 , We observe & marked difference in the "Delayed
Defiance™ and Defiance. "Delayed Defiance" when placed
in the germinator as soon as harvested came to normal
geranination in the three day test in thirty-eight days
while that of Defiance required sixty days. In the three
day test where the seeds of both Defiance and "Delayed
Defiance" were placed ih the refrigerator no gerwination
ocourred. When the seeds were hsld ninety days be?ore
gerninating, "Delayed Defiance" ocame to normal -cermination
with the first harvest (Juliy 6) while that of Defiance
was four days later (July 10).

In the six and nine day tests when "Deiayed Defiance "
and Defiance were subjscted to the three different
conditions in each case, the "Delayed Def iance" came to
normal germination first and also showed & higher
geruination at an earlisr date than Defiancs.

in plate 19, pp. 333, D, showing the three day test
or the "De:ayed Defiance" grown at Ft. Collins, 1931, A,

B, and C, the three day germination test of "Delayed
Deriance" grown in the San Luis Valiey in 1930 and 1931

which had reaciied & stage or normal germination. That






grown at Ft. Collins having the characteristics normal

to the Defiance variety produced in the germinating
grains seminal roots equal to those in A, B and C, and
produced a plumule over twice as long as that produced in
A, B, and C.

In a summation, data shows that wheat in a cowpleie
yellow-berry condition such as that grown in the San
Luis Valley and snowing delayed germination, when grown
under normal soil conditions produces a type of kernel
with the characteristics of that of normal Defiance
and one that does not show a delayed germination.

Also that when the "Delayed Defiance" seed was planted
under normal soil conditicns beside normal Defiance, the
"Delayea Defiance" produced & grain of a more shriveled
character and seed that produced a normal germination

from two to four days berore that of normal Defiance.






As the grein in the pots ripened, they were
narvested and brought into the laboratcry and stored.

No consideration was given to this seed until
Feoruary 20, when it was threshed anud germinated. The
results of the germination tests may oe seen in the

following tebles:

Table 14
Na cl
Parts Pounas
per per Geriination
million acre ' J5 aays )b days 10U days
%oV B7O [543 - 100 100
300 1050 88 100U 100
350 — 1885 90 go Yo
400 1400 [51:) 100 100
400 1575 04 100 100
oUU 1750 40 Do 100
H
Table 15
Kcl |
— Parts pPoundas
per per Germination
million acre | 5 days (b days 10 days
250 B75 ; 3
SW0 1000
350 1235
400 1400 100 100 100
450 1575 55 80 85
ol 1700 8BS 1100 100
Table 186
Nagbo4
Parts {Pounds
per per Germination
million | acre | 3 days |G days| 10U days
200 870 39 100 100
SOV 1050 o8 100 100
S50 1335 70 o8 98
200 1300 55 "I00 | 100
450 107D 84 1100 100
— BC0 1700 °) | 100 100
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Table 17.
Kz 804
rartvs |Pounds -
per | per ’ Germiration
million acrel 8 days 6 days 10 days

‘ 100 100 100
SO0 1000 94 o8 98
SoU L5460 oD 10U 100
400 1400 20 100 100
450 107D 0d 100 100
500 1750 80 99 99

Table 18

NaBCOS
2300} 870 oU 1G0 100
S00 10OV I
500 1880 O 100 4 OO N
400 140U 43 100G 100
40U 1279 80 10U 100
oLV 1750 70 100 100

In the comparison of Na ¢l ana Kel in tables 14 and
15 we sce that Na ol has & greater action on the wheat
ca:sing a delay than has Kcl when 500 parts per miilion
were uesed, with Na ¢l only 43 per cent germination in
three days, while with Kcl 83 per cent germination or a
normal germination in three days, while with 450 parts
per million only a 55 per oent germinaticn was secured.

. In tables 15 and 17 where the salts NasS04 and K3804
were used, the sodium salt in this case produced a greater
delay in three davs than the potassium salts as was the
case where Nacl and Kel were used.

In table 18 where Na5§b3 (black alkali) was used &
delay occurred in all parts used except 450 parts per acre

which germinated 80 per cent.

In the preceding tests for alkalies we have shown
that a delay in germination results from wheat in a couplete

"yellow-perry" condition. This condition accordaing to



Headden is caused by excessive potassium salts in the soil.

Osterhout (69) "The accepted idea that sodium and
potassium have entirely different effects upon plants is
not valid in the field of toxic¢ and protecrive action.
Their behavior shows the close similarity which their
near chewmical relationship would lead us to expsct.?

If we assume Osterhout's statement that sodium is
gimilar to potassium in its action toward plants, and also
the data taken in plates 14, 15, 16, 17 and 18, it would
appear th=t sodium is a factor entering into the cause of
delayed germination as well as potassium.

In the summation of results in this test we see
that Defiance wheat grown under soil condition having an
excess of alkali (Na cl, K61, NagS04 and Nang ) produced
a conaition of delayed germination. So if the Defiance
variety has succumbed to a oondition of delay=d germination,
caused by excessive alkalies, it is assumed that other
wheats, woula be affected by the same condition and the
extent to which they would pass under this conaition depends
upon the varietal strength to resist these alkalies.

In summing up the three divisions of the t=st for
alkalies, we find: (1) wheat showing a normal germination
(Colorado and California varieties) planted in the San Luis
Valley unuer excess alkali conditions produced a condition
of delayed germination; (3) wheat from the San Luis Valley

showing a marked delay in germination w=2s planted at Ft.



Collins, Colorado, under normal soil conditions. The
geed produced showed no delay in germination, but a
great vitality and came to a normal germination before
the normal wheat of the same variety; ana (3)
Defiance wheat grown in pots containing varying per cents
of sodium and potassium sgalts, produced seed showing
delayed germination.

We find in these tests that there is a markeu delay
in germination in wheat grown on soils containing an excess
o: alkalies, so we conclude from these tests that alkall is
a factor entering into the cause of delayed germination in

wheat,



ALTITUDE AS A FACTOR CAUSING DELAYED GERMINATION,

Cone and Kezer (80), "The elevation oi the Valley
(san Luis) is high, ite lowest point being over 7,500
feet above sea level. Practically all oI the farming
ljand is at an elevation between 7,300 and 8,500 feet."
Lapman (66) is speaking of the San Luis Valley says,

"It reaches an elevation of slightly more than 7,5C0
feet apbove sea level and is one cf the most extensively .
cultivated irrigated districts of this altitude in the
United States.® Trivble (94) describes the San Luis
Valley as a remarkably flat, imrense basin, which was
eviuently & lake or sea bed with an elevation from 7,000
to 10,000 feet.

Cary (18) Although a large part of the San Luils
Valley is included in the Upper Sonoran (elevation
to 7,800 feet), on the zcne map, this regicn is very
nearly on the border petween the Upper Sonoran and
Transitional zone (elevation below 8,000 feet).

It can be seen that the elevation of the San Luis
Valley might be a factor entering intoc or causing
the delay in germination of wheat obtained from this
Valley.

In order to deter:ine the effect of altitude upon the
germination in wheat, tests were made with uniform soil &at
different altitudses.

Ten boxes, twelve inches square and elghteen inches

deep were used in this test. All cracks were sealed over



go that the boxes were water tight. The boxes were
filled with a well wixed siit-locam soil which was taken
irom a fiela on the College Farm.

All boxes when planted were at Fort Collins at an
elevation of 4,981 feet, this being the lowest
elevation used in the experiment and therefore being
the earliest possible planting for frost occurs late at high
altitudes. Two varieties of wnezt were plantea, Marquis
anu Defiance. Five of the boxes were planted tc Marquis
and five to Defiance. As soon as the possibilities oi frost
were past, the boxes Were moved to their permanent stations.
The wheat in the boxes being about four irches high. Two
boxes were placed at each station, one sown to Marguis and
the other to Detiance.

Station #l1. Located at Fort Collins, Colorado at an
elevation of 4,381 feet.

Station #3. Located at the Mouth of the Big Thompson
Canyon, near Loveland, Colorado, elevation between
5,000 and 5,550 feet.

Station #3. Located at the Forks Hotel in the Big
Thompson Canyon at an elevaticn between 7,300 and 7,400
feet,

Station #4. Located at Estes Park, Colcrado at an
elevaticn of 7,547 feet.

Station #5. Locatea at the Lewistcn Challets, near
Estes Park, Coloraqao at an elevation of abcut 7,&50 feet.

The wheat was harvested from all stations September
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3, 1921, except the Defiance at Station #4 which had
vbeen eaten off by some animal. The wheat at Station #1
wag in the dead ripe stage and tne straw was completely
turned and dry while at Stat on #5, the straw was still
partly green but the grain well filled.

The germinaticn ie:ts were made January 4, 1932, the

results are given in taple 19.

Table 19. -
Germination Tests

Station Variety |3 days 6 aayg 8 days 1JTotval
Ft. Collins, | b ! N
Colorado 'Defiance | 95 - 0 . 100
4,351 ft. ‘Marquis | 98 ' 8 U 98
Houth ol Big T
Tnompson .
Canyon 5,000- Defiance  9b 4 0 100
5,500 ft. Marquis = B4 - 1lad (Y o8
¥Forks Hotel, :
Big Thompson «
Canyon, 7,200-Detiance | 85 15 0 100
7500 ft. - Marquis 100 U [*] 100
Estes Park, ;
Colorado, : !
7,547 feet Marquis - 80 © 18 3 100
Lewliston T
Challets, i
Estes Park, Defiance @ 79 . 80 0 1C0
Coloraao Margquis | 84 I3 0 . 96
7,850 ft. | @

! |

The germination tests of the Marquis variety, from

Station 1, 2 anu 3 were good, while tnhose from stations

4 and 5 were lower, showing that a delay had occurred. The
germination tests of the Deriance variety from stations

1, 38 and 3 were good, equaling that of the Marquis for
thege stations (1,3 ana &), wnile the Defiance variety from
station #5, showed a marked delay as compared with stations

1, 3 and S



The summation of the results indicate that the wheat
grown at stations (4 and 5), which were over 7,547 feet
in elevation, showed a delay in germination in contrast
with the wheat grown at staticns (1, 2 and 3) below
7,547 feet. The data secured from these plantings
appears to indicate that altitude is a féctor entering into

the cause of delayed germination in wheat.



-10e=-

FROST AS A FACTOR CAUSING DELAYED GER“IRATION.

Hoooins (72) mapoed out the average length or
rrostless season for the San Luis Valliey as between
geventy-1ive to one aunareda and twenty-Iiive days, waile
neariy all or the western hali falls within the seventy-
Iive to one hunarea day lamit.

Cone and Kezer (30) in their stuay of the Vaiiey
state, "rrosts are liable to occur any month of the year.®

In considering the normal growing seazson for wheat
which falls between ninety to one hundred ana twenty days,
wneat grcwn in the San Luis Valley is subjected t- the
action of frost.

In the use of the sand bed in stratification of seads
(peach, plum, pear, apple, beech and oak) for germination
Brown (14) states, "The seeds remain in thess beds during
the winter season whers they absorp water and swell
sufticiently to crack the shell. when warm weather comes
in the spring, sprouts appear.®

Karns (63) "Whether freezing is necessary to cold
climate seed germination is not deciaed. It does not,
however, injure the seed germ, but often helps in removing
natural obstructions such as hard shells."

Kiesselpack and Ratolirt (84) in a taole compiled
by them upon the freezing injury of seed corn have found
that the loss of viability by freezing is directly

proporticnal to the per cent of moisture in the kernels.
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Here we have represented two different classes of
geeds; those in wnich m isture and freezing is necessary
in order that seeds may germinate, and the other class
in which moisture combined with freszing is very
aetrimental to the viability of the seed.

In wheat we have conditions similar to those in corn
described by Kiesselback and Ratcliff, for if wheat
grains are placed in a moist conaition unfavorable for
germination the embryo is soon destroyed, either by rotting
or eruption of the embryotic cells by freezing.

In this test the action of frost ana freezing
conditicns were carried out in the fiela. The action of
these abnormal conditions for growth may be se=:n in
Tables 35, 36, 37 and 38.

The rirst killing frost occurred September 31, and
after this date frosts ana freezing ocourred freguently.
The kernels at first were nommal in size with good color,
pbut those harvested toward the last (November 31), were
shriveled and of poor color.,

Table 37, ppP. 137, shows the action of abnormal
growing conaition in the differsnt varisties. All
varieties came to normal germination before the last
harvest, except Defiance and Delayed Defiance, which
shows the weakness of the variety to withstand abnormal
conditions.

Table 38, pp. 140, the spikes did not appear until

September 28, while the frost ocourred Septeuber 33.
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All varieties, except Marquis, show a more or less
delayed germination and near the end of the test failed
to germinate at all. A heavy snow fell Noveamber 31

and the remainder of the plot was harvested November 21,
and this harvest used for the final test for the
freezing action on the viability in wheat.

The Kubanka variety plate 21, pp.235 , threshed a
rather large shrunken kernel which germinated poorly,
germinating only five per cent in the three day test.

Preston, plate 33, pp. 336 , Defiance, plate 36,
pp.330 , and Delayed Defiance, plate 37, pp. 2351, failed
to produce grains of any size after fertilization was
complete. This is caused by the inabllity of the plant
to assimilate plant food, due to the var ietal weakness
under abnormal conditions.

Red Fife, plate 33, pp. 337, and Red Russian, plate
35, pp. 2339, produced kernels of good size, but padly
shrunken and these kernsls failed to germinate.

Marquis, plate 34, pp. 338 , is the only variety
of the eizht that produced a normal grain and one that
germinated a high per cent (ninety-four) in the three
vay test. It shows that the ability to withstand abnormal
growing conuitions is a varietal characteristic.

In the summation, the action of frost and freezing
conditions on wheat is clearly shown, in that, the
first harvest after September 21, frost and abnormal

conditions had no efreot upon the viabi_ity. As



conditions became more sevsre, & delayed germination
appears and in the last geruination, except Marquis, a
very low or no germination occurred.

Under field culture nearly &all grains reach a full
development long before frosting time and 1if fiost does
occur before the spike: appear, the grain may show a
delay in germination or no germination at all. Grain
having a ncrmal appearance at frost time, its viabi.ity

is unafiectea by ifrost and slight freezing.
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HEIGHT OF WATER TABLE AS A FACTOR CAUSING DELAYED
GFRMINATION.

In the San Luis Valley where delayed germination in
wheat occurs, Cone and Kezer (3C) found, that there are
approxiwately three-iourthe of a million acres needing
more or less artiticial drainage. Lapwan (66) states,
in speaking of the San Luis Valley, "In the vicinity
of the valley thrcugh, the slope beccmes insutticient
tc aftforu free drainage and more or less permanently wet
condition extends over a large area.® Cone and Kezer
(20) also state, "Probably more drainage is done by
seepage in many of the wet alkali sections than by the
white alkali itself."

In determining if the height of the water table has
any eftect upon the germination in wheat, the following
experimwents were undertaken in 1921,

Galvanized iron oans were used in these tests, each
can measuring fourteen inches in diameter and eighteen
inches deep. Each can was made with a side-arm, so that
the height of the water level ooculc be measured at all
times with 1ittle aiifficulty.

The soil used was that of a silt-loam type, and
was well mixea to assure uniformitybin the entire lot.

All water adaed was applieac to the surface of the
soil, and all readings, as to the height of the water
level, were taken in the siae-aru.

poth Marquis ana Defiance, were planted in each can
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day 9, 1931, that similar oconditions might effect both
varieties, and the results are shown in table 30.
Table 20

GERMINATION OF WHEAT GROWN UNDER DIFFERENT HEIGHTS
OF WATER TABLF.

Date
of Germination

Condi- bate Date Germi-
tion Variety Plan- Har- nation K] 6 8 10

ted vested test. days days days days
VWater
Level Defiance May 9 Aug. 31 Aug. 34 O 9 38 11
pelow ‘Dec. 1o 100 Y) (9] [¢]
18® Marquis May 9 Aug. O Auvg. <4 a0 g4 10 3

Dec, 13  O° I 0 0
Water Delilance May Y Aug. o1 Aug. ¢ U 2] Sa ¥d
Level Dec. 12 100 0 C 9]
10" Marguils May U Aug. 21 Aug. 34 [¢] 5] 17 7
from Dec. 12 4>} p245) [ ¢}
Surface
Water
Level Deriance May 9 Aug. 21 Aug. 34 O 4 33 -
g ‘Dec. 1a 100 ®) U [¢)
from Marquis May Y Aug. o1 Aug. o4 U is ) 7
Surtace vec. leo 7O &80 [¢) O
CAN NO. 1.

(water level below eighteen inches.)

In this test the can was filled completely with
soil, and the soil kept in a gooa moist conditicn,
but at no time was water allowed to accumulate in
the bottom or the can.

The Marquis variety, ripened earlier than the
Defiance and sc was harvested August 9, while the
Defiance was not harvestea until August 381. The
first gerumination tests wer= made August 34. The
Marquis germinating twenty-three per cent in three

days and the Deiiance zero per cent in three days.



The low germination obtained just aiter
harvesting is due to the after-ripening in
wheat.

In the final tests, Decewber 13, Marquis
germinated ninety-nine per cent in three days
and Defiance one hundred per cent in three
days, showing that after the after-ripening
period is passed, that no deiay in germination
OCCurs,

CAN NO. 2'
(Water level ten inches from the surrace)

In this division of the test the can was
tilled to within ten inches of the top with
fine gravel and then ten incnes of scil packed
on top of the gravel. In this way a very good
water table can be maintained between the siae-
arm and the can.

poth variseties, Marquis and Deiiance, were
harvested August 21, and germinated August 34.
In three days both varieties germinated zero
per cent. In the final tests, December 12,
Defiance germinated one hundred per cent and
Marquis seventy-tive per cent in three days,
showing that no delay in germination occurred.

CAN NO. 3.
(Water level six iuches from the surface.)

In this test the can was packed to within
gix inches of the top with fine gravel, anc the

remaining six inohes packed with soil.
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Both varieties, Marquis and Defiance, were
harvested August 13, and all germination tests
were identically the same as those for CAN NO. 3.
In these tests for determining the efiect of the water
level on the viability of seed, shows that as soon as the
after-ripening period is passed, both Marquis and Detiance
came to0 normal germination and do not show any signs or
delayed germination.
The t=sts shows that the water level acting
incependently does not cause a continuea delayea germination

in wheat.
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TIME OF PLANTING AND THE TIME OF HARVEST AS
A FACTOR CAUSING DELAYED GERMINATION

In testing for the time of planting and time of
harvest as a factor in delayed germination, the entire
growing season must be considered in order that all
conditions throughout the growing season may be
considered in relation to the delayed germination.

Seven varietices we:-e chosed for this test; six
varieties, Kubanka, Preston, Red Fife, Marquis, Red
Russian and Defiance. The se=d of these varieties were
secured from the Colorado Experiment Station Farm, from
the 1930 crop. These six varieties represent the types
of wheat best adapted to northern Colorado for in this
way the factors that enter into the adaptioility are
limited and a more accurate test for delayed germination
may be secured. B

The seventh variety was afggélgéilbf Defiance that
had been grown in 1930 by I. F. Rookey, Saguachs,
Colorado. This wheat has been grown by him for five years,
and showed a marked delay in germination.

All varieties were plantea at the Colorado Experimeat
Station Farm in 1931. Table 31 was planted April 9; Table
83 April 33; Table 33 May 7; Table 34 May 231; Table 235
June 4; Table 36 June 18; Table 37 July 3; and Table 28
July 18. Two weeks intervened between each planting.

The plots were watched closely and when over hailf of

& plot was headed the date was noted and harvesting started
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ten days from this date. Harvests werc made very other
day and oontinued until the plot was ripe and harvested.
All harvests were held niaety days betore being
germinated, for in this way the delayed germination due
zgzgﬁter-ripening has been accounted for.
| Plot No. 1 Tapble No. 21, pp. 125.
Planted April 9. Spikes appearing in
Kubanka, Preston, Marquis, Red Russian and Delayed
Defiance (June 37) seveunty-nine days after planting.
In Red Fire and Defiance (June 38) eighty-ocne days
after planting. Harvesting began July 7, and was
continued every other day until the plot was ripe
(August 7) and harvestasd. All varieties, except
Kubanka, showed normal germination as soon as
harvestea, and an increase in the percentage of
germination in three days as ripeness increased.
Kubanka showed a delay in the three day germinations,
also showing a lower gerwinating per cent as the dead
ripe stage approacbed.
The duration frem planting until harvest was 119
dayse.
Plot No. 3. Table No. 33, pp.127.
Planted April 33. Spikes appearec in Kubanka,
Precston, and Red Russian (June 28) sixty-six days
after planting. In Preston and Delayed Defiance
(June 39) sixty-seven days after planting and Red

Fife and Defiance (July 1) sixty-nine days after
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planting. Harvesting began July 8 and continued
every other day until plot was ripe (August 13)

and harvestea. Marquis came to normal germination
tirst July 8; Preston July 10; Red Russian and
Delayed Defiance July 13; Red Fife July 14; and’
Defiance July 16. All varieties reacned normal
germination, except Kubanka, and it shows its usual
delay in the three day test, but germinating a high
per cent in six and ten days.

The duration from planting to harvest was 113
day 8.

Plot No. 3, Table 33, Pp. 139.

Planted May 7. gpikes appeared in Kubanka and
warquis (July 3) forty-six days after planting;
Preston and Red Russian (June 3) forty-seven days
af ter planting; Red Fife (July 7) fifty-one days
atter planting; Delayed Defiance (July @) fifty-three
days after planting; and Defiance (July 1l1) fifty-
five days after planting. Harvesting began July 13
and continued every other day until plot was ripe.
(August 19) and harvested. Preston and Marquis
coming to norumal germination July 14; Red Russian
July 18; Red Fife July 18; Delayed Defiance July 30;
and Defiance July 24. All varieties came to normal
germination, exospt Kubanka, and it showed its usual
delay in germination.

Duration from planting to haruwest wss 104 days.

Plot No. 4, Table 34, pPP. 131.



Plented May 21. gpikes appeared in Preston,
Marquis, and Red Russian (July 18) sixty-cne days
after planting, Kubanka (July 30) sixty-toreec days
after planting and Red Fife, Defiance ana Delayed
Defaince (July 33) sixty-six days after planting.
Harvesting began July 28 and continued every other
day until the plot was ripe (August 27) and
harvested. Marguis and Red Russian coming to normal
germination June 38; Precston and Red Fife Avgust 1;
Defiance and Delayea Defiance August 7. All varieties
came to normal germination except Kubanka which showed
its usual normal delay in the three day test.

Duration frcm planting until harvest, 101 days.
Plot No. 5, Table 235, pp. 1538,

Plantea June 4. Spikee appeared in Kubanka,
Preston, Rea Fifs, Marquis and Red Russian (August
5) sixty-two days after planting. Defiance and
pelayeda Detiance (August 8) sixty-five days after
planting. Harvesting began August 15 ana continued
every other day until glet was ripe (September 4) and
harvested. Preston and Marquis coming to normai
germination August 15; Red Fife August 17; Red
Russian and Delayed Defiance August 35; anc Defiance
August 27. Red Russian, Defiance and Delayed Defiance
showed a slight delay caused by the unripe and shriveled

condition of the grain. Kubanka showed its usual
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delay in germination.

Duration of time from planting until harvest
was ninety-two days.
Plot No. 8, Tabvle No. 238, Pp.135.

Planted June i8. Spikes appeared in Marguis
and Red Russian (September 3) seventy-six days
after planting; Defiance (September 18) ninety-two
cays after planting. Of the entire plot only the
varieties, Marquis, Red Russian and Defaince
produced spikes and only Marquis (September 33) and
Red Russian (September 30)came to normal germination.
A B:ight delay occurred at first in these two
varieties caused by the unripe and shriveled ccndition
of the grain. Plot was frosted September 31.

Duration of time from planting until harvest
was 118 days.
Plot No. 7, Table No. 37 Pr. 137.

Planted July 2. Spikes appearea in Kuvanka,
Preston, Marquis, Red pussian and Defiance
(September 13) seventy-nine days after planting;
Red Fife and Delayed Defiance (September 18)
seventy-eight days after planting. Harvesting began
September 33, and was continued every other day until
the plot was ripe (November 7) and harvested.
Preston and Marquis coming to normal germination

September 33; Red pussian September 34; Red Fife
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Septemver 30; Defiance and Delayed Defiance did not
come to normal germination during the entire test.
Kubanka showed its usual delay in germination and in
many cases as the deaa ripe stage approachea, failed
to germinate at all. frhis entire plot was

harvested after the normal growing period, for frost
appeared Septesmber 31.. In this test a great deal

of abnormal germination appears, but it does not
appear in the form of a delayed germination, but

in grains that fail to germinate at all.

Toward the last of the test (October 28 to
November 7), a large per cent of low germination
appearS Marquis and Red russian are the only two
that show a high per cent of gernmination.

Duration of time from planting until harvest,
128 days.

Plot No. 8, Table No.28, PP. 140.

Planted July 18. Spikes appeared in Marguis
and Red Russian (Septeumober 28) seventy-four days
after planting; Kubanka and Preston (October 8)
eighty-two days after planting; Red Fife and
Delayed Defiance (October 13) eighty-eight days
after planting; and Defiance (October 14) ninety
days after planting. Harvesting began October 8
and continued every other day until the plot was

ripe (November 21 ) and harvested. Marquis



came to normal gersination October 8; Preston
October 34; and Red Russian November 5. Kubanka
showed its usual delay, but towara ripening a
high per cent of poor gerrination was secured.
Preston reached the height of its germination
November 34 and then gradually dropped until no
geruination was obtained Novemeer 231. Red rife,
Defiance and Delayed Defaince dia not reach normal
gernination. Red Russian oame t0 normal germination
late (November 5) and dropped off to zerc per cent
gerzination on November 21. Marquis is the only
variety that germinated a high per cent throughout
the test, germinating ninety-tour per cent,
November 21. The poor rer:inations ar= not caused
by delayed gerwinaticn, except Kubanka, but ar: due
to the grains failing to germinate at all.
Duration of time from planting until harvest,
128 days.
In combining the results ot tabies 21, 33, 29, 34,
32, 33, @7 and 88, we finu that during the normal growing
season ended Septenber 21 by rrost, that the varieties
came to normal germination, except Kubanka, soon arter
harvesting started and continued to increase in germinating
per cent until the piot was ocompletely harvested. eche
poor germination obtzined after Septemoer 31 is due to

abrnormal groving conditions.
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It is found that Marquis wheat had the greatest
Vizigglliggxéf all the varieties, in that in the average

of all plots it comes t0 ncruwal germination(?%@?gi\also
produces the highest germiﬁation under abnorma: conditions,
in the latter part of the season. Red pussian

is next to Marquis in its viability. Red Fire ana Red
Russian come to normal gerzination early, but have a great
variation in germinati-n inall the tests at the end of
toree days. In the average test of all the plots, consider-
ing all varieties, Preston has the highest average in the
three day germination tests. Defiance and Delayed

Defiance 1in the early part of the season show a good
viabiiity, but in the later plots shows the weakness of

the variety, beginning to show its weakness in the plot
Plantved Méy 7, and failing to come to normal germination

in the harvest after September 4.

Kubanka, due to its hardness, fails to r=ach a normal
germination in three days throughout the entire test.

In a summation of the entire data it is found that
the time of planting and the time of harvest, in the
normal growing season, except the first harvest of each
Plot which is due to the shriveled unfilled grains, is

not a factor entaering into the cause of delayeu germination.



PLANTED APRIL

9,1921.
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Table 21,

HARVESTING BHGAN(JULY 7'1911) TEN
DAYS AFTER HEA DS APPEARED,AND WAS CONTINUED EVERY OT-ZER

DAY UNTIL THE GRAIN UAS RIPE AND HARVESTED,
Date Test Began 7/6 |7/8 |7/10|7/18|7/14| 7/16|7/18|7/30
3 days | 69 | e4| o3l e8| 73| 45| 40| 35
Kuomnka 6 days | v5 | 90| 98| 100| 100| 91| 100| 98
10 days | 97 94 98| 100| 100| 91| 100| 100
5 gove | 98 | 97| 98| 93| 95 99| 98 100
oreston s days | 99 | 100 100| 100| 100| 9g| 100| 100
1p days |100 | 100| 100| 100| 100 99| 100/ 100
4 cays | 76| 80| o8| 88| o6 74 43 10
Red Fife 6 days | 93 86| 100 160 98 97| 100, 97
10 days | 94 | 86| 100| 100| 98/ 97| 100/ 97
5 gays | 91 | 86 88| 83| 98 a3 75 55
Marquis 6 deys | 95 | 95| 98| 94| 100 100| 93| 9v
| 10 days | 99 | 99| e8| 4| 100/ 100 93| 100
3 days | 58 | 87| 78| 43| 90| &7 0| 18
Red 6 days | 98 | 97| 96| 87| 100 97 100|100
Russian ‘
10 days | 98 97| 98l 97| 100, 97| 100,100
3 gays | 12 | 78| 80| 58| 100 90| 67 44
Detiance & days | % 78| 90| 84| 100| 96 98| 100
10 days | 29 80| ol 84 100]  9e! 98/100
3 davs 94. 94 g8 85 Q0 93 85| &0
Delayed s days | 97 | 98| 100 95| 100/ 100 100|100
Defiance
10 days | g7 96| 100| 95| 100] 100[ 100|100




7/387/24 | 7/26 7/38| 7/30| 8/1 | 8/3 | 3/5 | 8/7
24 17 1 23 18 50 | 23 18 80 12
94 78 - 100 | 100 1.0l 100 100 11C0 [ 1CQ
1C0 100 1 1G0 150 1500 1.0 160 100 100
Q7 g5 | a5 = g7 10 10C | 88 | 1C0
1060 | 100 981 1ud 100l 1.¢ 100 | 1CC | 1GQ
100 | 300981 100 1CGO[ 100 100 [ 100 | 10
_84 45 R4 7 85 83 o4 34 7
100 g8 a8 100 10 Q7 1201 1060 IRV
100 98 28 1C 120 97 100 | 1.0 104
25 46 72 1G6 21 711 92
25 100 | 100 10 10dQ 100 100
100 100 | 140 1cQ 190 130 100
30 4Q 24 87 o 27| &0 1Y) 89
1Q0 1200 1000 931 1001 1.0] 1350 150 1390
140 130 100 97| 100 | 100| 180 ] 1380 | 1C0
a1 76 43 801 130 =8 89| 100
2¢O 13100 11¢0 13100 100 88[ 100 iOO
200 131360 1100 1140 1QQ G2 100! 140
o8 120 70 1100 =12 g8l 1001 100
100 1100 [1eo l1oo | sal 100l 100] 100
200 1100 100 1140 281 1001 1.0!' 120
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Table 22.

PLANTED APRIL 23,1921, ¥/ (VESTING BEGAN(JULY 8,1921)T:H
DAYS AFTHER HEADS APPEARED,AND #AS CONTINUED EVERY OTHER

DAY UNTIL THe Gki1x WAS RIPE AND HARVESTED,

Date Test Sezan 7/8 /10 | 7/48 7714/ 7/16 7/18 7/3Q0 7/83
S das o| of 35| 0| 83 80| O 3

Kuvanka © days 0| 20| 80 7| 96| 100| 88 | 100
10 days 1 | 20| 80| 15| 9v| 100| 98 | 1W0
3 days 35 | LU o3 26 gv4| ©H| oo 9b |

Preston 6 days | 74| 1¢0| 93| 100! 98| 97]1l00 |100
10 days 74| 100| 93] 100| 98| 97|1C0 1100

o days 33 40 86 73 98 88 85 33

Heq Fire & days 4l Aol 72l g4l 100! 93| 100] 180

10 aays | 4a | 40| 78| 94| 100| 95 100/ 100

3 days B4 a2 o8| 100| 93| 93 =18 75

MaTqULS v days | oo | ogl oal 100/ 100l 97| 100 100

10 days | 93 ol o8| 100/ 100[ 97/ 100 100

3 cays | B8 80| 94 88| 94/ 93 55 80

Rea | & cays |85 s0| 100 98| 97 98 104 100
Russian ) :

10 days |85 | 80| 100 98 97 98 10¢ 100

‘ 3 days 0 O] 44 Q S8 87 8§ 77

Deriance o cays | © o &4 o 100 98 e7 100

o aeve | O of s4 d 104 98 o7 100

s aays | 7 | 15]100| 785|100 9§ 8y 80

Delayea - o days |17 17 | 100| 78] 100| 100| 97| 100

gl 1ance ;

10 days 19 17 | 10| 78| 100 100 | 97 100
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t l ! l
7/34 7/36 7/238 7/30 8/1 8/3 | 8/5,8/7 8/9 |8/11 8/13

40 2 23 44 21 34 17| 54 48 47 231

100/ 93| 97 100 98 100! 1C0| 1u0 100, 88! 100

100 100! 100 93 106

!

1¢0) 100 97! 100, 98: 100

f

| | ! i
100 100 87| 1090 28 100 . 100 100% lOOj 85 100

100| 100/ 100! 100 '98j 1.0 100, 100. 100] 100 100
100] 100| 100| 100, o8 100 100 100 100! 100 100
02 | el 83 97 97 87. 79 o4 97. 100 76
100 | 100] 88 100! 100 100! 100 100. 130, 100 100
| : i : | ! |

100 | 100| 28/ 100, 100/ 100 100 1.0 1¢0° 100 100

54 | 80| 71 54 94 83 73 90, 77 83 85

_97 [ 100| 99! 10l 100/ 100 100 98; 27/ 100, 100

100 100, 29 120

100/ 100 100, 100 27/ 100, 100

52 | 40 45 42 40 3. 81 93, 97 95 80

100 100 100 | 100/ 100] 100 10 100 100 1.0 130
100| 100/ 100/ 100, 100 100’ 100 100, 100/ 100 1.0
| i 7 ;

84| 83 78| 79| 88| 98, 74, €1, 87 9o 89

100| 100/ 100, 97| 100 100, 100, 100, 100| 1.0 1C0

100! 100/ 1c0| 97/ 100! 100/ 100! 100 100/ 100! 100

100 92 77| 80/ 88 86| 100/ 98] 1.0l 100 21
100 98| 100| 100, 100, 100| 100| 100 100/ 100, 100

100/ 28] 100| 100| 100] 10.| 100/ 100 10 1u0l 10l
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Table 23,

PLANTED MAY 77,1921, HARVW3TING PEGAN(JULY 1@;1821)T=N
DAYS AFTER HEADS APPEARED;AVD WAS CONTINUED £VERY OTHER

DAY UNTIL THY GRALIN WAS kI

PE AND HARVESTED,

- s

Date Test Began v/12| 7/14| 7/16|7/18|7/30| 7/287/84|8/36
3 qgays| O] 42| 50| 43| 85| 51| 48| 53
Kubanka 6 days| O| 66| 75| 75| 70| 100|100 | 100
10 days| Ol es| 78| 75| 20| 100 | 100 100
3 qays| 0| 100| 94| 80| 97| 88| 95| 94
Preston 6 days| 75| 100| 97| 83| 97| 94| 100] 100
10 days| 75| 100| 97| 83| 97| 98} 100 100
- % days 56| 80| .95| 97| 74| el
Hed Fife :
b davs &b 24 95| 100 g6 | 100
10 days 65| 94| 95| 100] 98| 100
4 days| 37| 88| 93| 85| 97| 100 91| Bl
Marquis 6 days| 45| 94| 93| e8| 97| 100 gé 100
10 days| 45| 94| 93| 98| 97| 100| 98|100
3 days| O] 38| 94| 81| 89| 88| 87| 97
Red & days| ©| 47| 100| 85| 100| 100| 87]100
Russian ,
10 gavs| O] 47| 100| 85| 100| 100| 87]100
3 days 8 61 91 ' 88
Defiance & davs 12 70 88 o8
10 days 12 70] 98| 99
5 days 73 88| 98| 97| 74
“Dﬁéiizﬁce © days 84 93| 98| 100|100 |
10 days g4 | 93| 98| 100|100
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7/24»7/5& 8/1 | 8/3 | 8/5 |8/7 | 8/9 |8/11] 8/13 8/10) 8/17 8/18
34| 64 | 55 | 8 | 9 |48 |37 | 18} 4| O | O 30
28 1100 | 95 |100 | 1uu| 100| 100 10| 100| 1uu| 100|100
98 100 |e5 1oo | 100| 100| 100| 1.0| 10| 1uG| 1U0|1CO
sa | 98 |100 |100 | 93| 90| 1c0| 89 | 95| 90| 94| 95
200 | 98 1100 [100 | 100 96| 10u| 95 | 1u0| 100| 1v0|100
100 | 98 |1u0 |100 | 100| 26| 100| 95 | 100| 1UO| 10| 100
79 | 93 |ivs | 95 | ¢o| 95| 80| 90 | 37| 89| 88 39
100 | 100 | 100 | 99 | 100| 1U0| 97| 100| 100| 100| 98| 100
100 | 100 100 | 99 | 100| 100 99| 100| 10C| 1CO| 98| 100
57| oa | 75| 95 | 73| o9c¢| 86| 89| 73 9o 83 90
100 | 98 | 98 |100 | 97| 100| 100| 100| 100| 10u| 100 97
wo | e8| 98 |100 | 97| 160| 100| 100| 100 10| 100 97
63| 79| 53 | 40 | 5| 84| 8| 23] 54/ 7| 8¢ 84
100 | 100 | 160 |100 |100 100 | 99| 100| 100| 1u0| 1uQ| 100
100 | 100 | 100 [100 100 [3CO0 | 99| 100/ 100 100 100/ 100
95| 98| 90| 82 | 823 | 76 | 92| 96| 58 73 4l 93
100 | 100 | 100 100 100 | 98 | 100! @6 100 94 100/ 100
100 | 100 | 100 |1u0 [100 | €8 |10u | 96 | 100l 94 100 1.
78| 88100 | 98 | 78 |100 | 85 | 29| 94 91| 87 97
95 | 100 | 100 | 100 |100 | 100 | o8 | 99 |100 | 97 100 97
95 | 100 | 100 |10 |1u0 | 100 | @8 | 99 |100 | 97 100 97




PLANTED MAY 21,1921,
DAYS AFTE= HELDS APPE/LRED,AND WAS COYMTINUED EVERY OTHER
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Table 24,

DAY UNTIL THE GRAIN WAS RIPE AND HARVESTED.

HARVESTING BEGAN(JULY 28,1921)TEN

Date Test Began 7/20|7/30|8/1 |8/3 |8/5 |8/7 |8/9 |8/11

3 days ol 44 53| 43| 77| 44| 3 | 59

Kubanka 6 aays | O] 85| 100 100| 83| 98| 36 | 100
10 daye 0| e8| 100| 100| 83| 100| 57 | 100

,, | 5 gays | 50| 73| 100| 100| 97| e7! 100 97

Preston 6 days | ©4| 86| 100| 100| 100| 100| 100! 100

10 davs 64| 84| 100/ 100| 100| 100| 100 100

3 daya ol ol sa 93| 100| 91| 97| 83

Red Fife 6 days | © O] 97 100 100 97| 97| 100

lo asya | © O 97| 100| 100| 97| 87| 100

3 daya 83| 97 90 95| 100| 94| 100 84

Marquis 6 days | 100| 97| 90| 95| 100| 100| 100| 100

10 days | 100| 97 so| 95| 100| 100 100/ 100

5 gays | 100 88/ 90| 75| 100| 93| 95 15

Ao ian 6 aays | 100| 88 100| 75| 100, 100| 100 100

10 days | 100| 88| 100 75| 100 100| 100| 100

3 daya | Ol 0 o 43| 70| 83| 100/ 34

Defiance & days ol o o 79| 90| 100 100|.100

10 days 0 d 0] 83 | 90| 100| 100| 100

Delayed 3 days ol o ol 30l o e1| 100 &9

befiance & days ol ol ol 35 ol 100 100/ 100

10 days of o o 40| ol 100 100

100
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8/138/15/8/17/8/18 8/21|8/23 8/25 8/37
79| 29 '10 |70 |18 | 89, 30 | 0
100 | 8 100 |95 | 97 | 100 95 | 100
100 | &8 |100 |95 | $7 | 10| 95 . 100
95 | 80 |100 |100 [100 | 100100 = 97
57 | 100100 |10G |100 | 100!100 & 97
97 | 100/100 |100 [100 | 100 100 €7
91| 91/100 |100 | 95100 = 91
100 100|100 |100 | ©5/100 100
100/ 1001100 100 | ©5(100 | 100,
80| os| o7 97 | ea | 94100 g8
100 | 100 | 100/100 |100 | 100100 : 100
100 1100 | 100[100 100 | 1001100 100
78 | 89 | 89| o9 | 95 | 93100 95
58 1100 | 1001100 | 95 | 95/100 ' 95
Q8 | 1QQ 1001 1301 85 9u1 100 95
34| 87 | 81 84| 80| 71 93 | 98
97| 100 94/ 100, @8] 71/10C 100
o7 | 100, 94| 100 9| 71|100 l1w0
100 | 0| 100/ @8] 100 95
100 | 100! 100 100| 100 95
100 | 100 100/ 100| 100 95




PLANTED JUNE 4,1921.
TEN DAYS APTYR HEADS APPTARED, A
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Table 25.
STIN

G B
wn

U‘

ZGAN (ATGUST 15,1921)

WAS CONTINTTED 4vﬁ~ﬁ

OHTER DAY TUNTIL THEE GRAIN WAS RIPR AWD FARVEETED,
Date Test Began 8/15.8/178/19 |8/21| 8/23| 8/35|8/37| 8/5%
3 days | 687 | 88 68 13 86| 50| 175
Kubanka, 6 days | 93 [100 | 95 o6 | 95 | 100| 100
10 days |300 |100 | 95 96 | 95 | 100| 100
3 days | 80 |100 97 |100 | 97 | 100 96
Preston & days 100 |100 100 100 1100 100 | 100
10 days 1100 | 100 100 | 100 | 100 [100 | 100
3 days | 50 | 87 | 83/100 | 95 |100 | 96 | 95
Red Fife & daye | 68 | 96 | 100/100 | 95 | 100 | 10C. isc
10 days | 74 1 9a | 100l100 | 951100 1100 | 100
3 qave | 78| 93| 100/ 79 |100| 8s | o8 | 97
Marquis © days 1100 | 93| 100, ©8 | 100 | 100 |100 | 100
10 davs |100 | 93| 100| 98 | 100 | 100 {100 | 100
3 days | 44| 4| 58 84| 15| 93 |100
Red 6 days |100 | 100 | 100[100 | 100 | 100 | 100
Russian v
10 gavs | 100 | 100 | 100/ 100 150 | 100 | 100
S days Bl 84 45 88 100
Detfiance 8 days v 100 ~ 100 ®8 96 | 100
10 days 100 100 &8 96 100.
3 gave 11| 33 44100 | 84
Delayed
Detiance -8 days i 37 8Q 100 [ 100
10 days Blj g7 | 84l 100100 .
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8/31 | 9/3 | /4

37 | 41 82

100 11¢C0 =27

100 | 27 28

1.0 1100 11C0

1QQ 88 20

100 Qs a8

100 a8 85

o Tas 27 s

%6 100 97

26 11C0 27

100 [1CO 100

100 160 100

100 100 100

20 78 (V[0

1C0 95 Qo0

100 [ 96 U100

91 | 96
100—350

2
-
[
S
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Table 26,

PLANTED JUNE 18,1921, ‘HARVESTING'BEGﬂN(SEPT?MBER_12,1921)
THEN DAYS AFTER HEADS APPEARED,;AND WAS CONTINUED- EVERY

OTEER DAY UNTIL THE GRAIN WAS RIPE

AWD HARVESTED,

Date Test Began

é/lz ¢/14

9/16

9/18,

Kubanka

3

days

9/20

9723

J

9/24,9/28

8

Gavs

10

days

Preston

days

days

davs

Red Fife

aays

days.

days

Marguils

davs

77

75

73

100

87

85

83

86

85

100

22

85

82

86

75

75

83

100

92

88

Red
Russian

40

85

100

77

83

100

100

93

93!

6" 97

oY

100

100

100

98

100°

28

Defiance

Delayed
Defiance

10




2/2819/30|10/3|10/4|10/6|10/8|13/15910/14

75 80 1100 | ©3 :130 83 100

)
(@)

98 80 1100 | 98 '1C0Q 8% | 98 100

93 8Q 1100 | 28 [100 83 | 96 100

85 1100 23 27 100 24 a8

93 |100 | 86 [100 '100 | 37 | 96

c3 1100 | 86 100 '100 | 97 | 96

46 33

93 41

a2 41
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Table 27.

PLANTED JULY 2,1921, HARVESTING BEGQN(SEPTE%BER722;1921)
TEN DAYS AFT™: HEADS APPEARED,AND WAS CONTINUED EVERY
OTHER DAY UNTIL THE GRAIN WAS RIPE AND HARVESTED,

Dete test Bezan /22 p/34 B/26 B/28 | 9/30 10/3 10/4 10/6?
_ J i
S days | g | w3l 43l m3l g0 o g3 0
Kubanka 6 days | sa | oal ovl 100l o4 597 0
10 days | 84 Qa8 g7l 100! ¢4 5 q§ Q
3 days [100 | 100l 0l 100! 85| g0l &8 89
Preston 6 deys |1C0 | 100| O] 100 "100| 90| 88/ 1G0
10 days | 100 | 100] ol 100l 100l ecl esl 100
S days 83| 75 35l 10 -
Red Fife 8 days 82 | 93 54| 100
| 10 days 82 | ©3 54| 100
3 days | g3 Q.S 100! 1001100 100 10 mn%
Marquis 6 days | 98 [100 | 100l 1001100 | 100] 100 mo%
10 days | 9 |100 | 150 100[1 ool 100l 100l 100!
3 days | 51| 85 55 3 ggl 57 @3 1;_10_
Red f
Russian € days 100 | 100l 345, .97, 100 100 100
10 days |300 | 100l 100/ 97 100! 100 100
3 days Q 0 B3 0
Defiance 8 days |14 o s o
10 days |14 o) 84 0%
S days D Q0 123
10 days 0 0 | 28
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10/8 lO/lClO/1810/1410/l510/1410/2010/2220/2410/2610/2810/30
17| 17| 44| 78| 28 o) 0| 33 o ol 77
35 6] e5| 931 10C o) 0l 100 . 0] 160
35 5 65| 931160 Q 0l 100 Q Q] 130
100 92| 8% 0| 100 | 80| 10G| 90 80| 100 75
1C0 | 100| 28 0| 100| %0 100| 90 80| 100| 100
100 | 100| 28 0] 10| 30| 100| 90 80| 1¢0| 100.
¢ | 100 160 | 100 | 100 | @7 s0| 53| 100 87| 100
Q 1100 100 1001 10C] 99 | 80 701 100| 89| 100
g 1100 100 10C 110G 29 | S0 701 1501 39! 100
100 | es| 100l 124 100 100| 10al100 80| 96| 931 40
1G0 10601 16O 35001 3100 1 1601 100! 180 80 11040 ol 20
100 | 100| 130| 1¢0| 100 | 200| 100] 1C0| 801120 96| 30
83 | 100 93| 74| 84 58| 100 ]100 54| 100
100 | 100 100 100 100 S0 | 100100 | 100| 100
100 | 100 100 1C0 | 1¢0 20| 100100 | 100| 100
0
Q
0
o 33 o 0 0
0 °8 0 Q 54
0 58 o) G a5
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11/1 |11/3j11/5]11/7

81 30 0 0

106 {100 Q 18

73 | 92 73 Q

73 {1C0 87 9]
72 110 87 0
88 86 0
100 |1C0 0
100 |1.0 0
160 28 1130
100 23 1100
1C0 23 11C0

160 |1C0 {100 1100

100 1100 (130 [1QC
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Table .28,

PLANTED JULY 16,1921, HARVESTING BEGAN(OCTOBER 8,1921)
TEN D£YS AFTHER HEADS APPRARED,AND WAS CONTINUED EVERY

OTHFR DAYS UNTIL THE CGRAIN WAS RIPE AND HARVESTED,

. Date Test Began J

10/8 10/10/10/1330/14 10/3.0/18]10/20 10/33

3 _days - o 0 9] 0o

Kubanka 6 days . ‘0l 25 |0 0 -
10 days | ol ol o
5 daya 23 | 87 | 98 | 40
Preston 6 days 93 | 87 | 92 | 87
10 days | 93 | 87 | @3 87
3_days Q
10 cdays , _ 0
3 days

100! 100l 100l 16 100! 100! 96| 96

Marquis 6 days |100 | 100l 100l 18| 100 100| 100] 100
10 days |100 | 100| 100| 18| 100| 100| 100| 100

5 gays | 35 | 35| 53 30| 64 54| 0 73

- Red & days | 45 | 84| o1| 7e| 100 100| o o8
Russian

10 days | 45 | 84| 91| 79| 100| 100| O] 100

3 days
Det iance 6 days
10 days
‘ S davs 9]
Delayed | & days 0%

Defiance

10 days | | ol
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10/2410/36| 10/BLL/50|11/11 11/ 11/5/ 11/7|11/¢Q1/1101/1311/1811/2]
ol s5| o) 17| o 85| 0| G| 8| O] O 5
gl ses| o) eal 0 100| G ol s1| ol o 3¢
ol 85 o 92/ 0 1| ®©| 0} 91 o] © 2 0
1100 | 98 w0 O 70 51, 43 93 44 50, - '
100 | 100, 100 O] s8C 51| 83|130| 87| 83| 76| O
160 | 190 1o O | 8C 51| 83|120| 87| 83| 8C| O
ol 8| o] o] o] ¢c] 11| © 0
ol 83| ol o o} o] 11] © 0
ol 91| o] o o} o) 11| © 0
90 (21 |95 |90 s9| 81| 0| 74| O | G | O | 94
100 | 160 | 100 | 100 196 | 100 | 190 160 ] 0 |4 |0 g6
100 | 100 | 100 | 190 100 100 | 120 1C0| 0]18 "0 | g6
sl ol asl 7al 18| 76| so| sa| 78| sa] ol 0
100 0| 95| 100 ¥s| 87| 1uy 150 93| s4| 3] 0| O
1o | o eslico| ss| 87| 10d 1cd 100 cs| e8l a1 | e
© 0 l ¢
O 0 0
Q Q l O
0 0 20 0 Q G s
O | 4 G o | ¢ o
Q 40 0 Q Q0
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DUSATION OF THE DELAY IX WHEAT SHO™I NG DELAYED
GERKINATION

In determining the duration of time necessary for
wheat from the San Luis Valley showing a marked delay
in germination, to come to & normal germination, tests
were made extending over a period of one year.

The germination records on seéed wheat from the San
Luis Valiey which came into the Colorado Seed Laboratory
during the fall and winter of 1920 were inspeoted and
all records of wheat grown in 1920 and showing a delay
in germination were saved and a test made one year from

the date of the first test.

, Table 39.
Colo. Germination t2s8%ts
Seed ‘ 1) L] . 19
Laboratory Variety Date days days days
Number :

5393 Bluestem Dec. II, 1930 29.5 398 38
o877 Defiance Jan., 3, 1981 35.5  BD.o 9D
—I0BB8  Turkey Red Jan., 24, 1931 77.0 97.9 97.9

~ 10448 DeT iance Febs 9, 19-1 2&.0 7.0 91
10482 Defiance Feb. I3, 1931 12 55 | 79.5
"IO0805 ~  Defiance wmarch 7, 1931 80 o7 o7
. beriance Narch 4, 19<sl <= 80.5 | 3l.0
10918 ~Del'lance March T, 1931 1<5.5 1 83 89
Table 30
— Colo. T Germination Tests
Seed . I R I T I0
[,aboratory Variety Date 'days . days gdays
Number ; |
PoYd ‘Bluesten Dec. 11, 1Y9sl | U4.D, B8 o8
o8t Jerliance Jan. 3, 1¥ds [ 85.0! TBeD | OB.D
10258 Turkey Red Jan. 34, 1988 90 @ 3Jb {97
10446 Defiance Feb. 9, 1932 | 35 @ 36 o6
10454 Del iance Feb. 13, 1833 50 95 | 99
10900 Deflance Mar. 8, lY<s 391 | 9o g0
10318 Defiance Har. B, 19338 | 93 95 o5
109138 beriance Mar. 8, 1972 X4 o8 98
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Table 39 shows the germination of various varicties
at the first test and table 30 shows the same varieties
germinated about one year later.

In Bluestenm #9393 germinated December 11, 1930
germinated 39.5 per cent in the three day test while
a year later (December 11, 1931) germinated 94.5 per
cent . Defiance #2877 germinated 35.5 per cent on
January 3, 1931 and 95.5 per cent on January 3, 1922 in
a three day test. Turkey Red #10338 germinated 77.3 per
cent on January 24, 1931, and 90 per cent on January
24, 1933, Defiance #1044% germinated 34.5 per cent on
February 9, 1931 and 95 per cent on February 9, 1933.
Defiance #10464 germinated 14 per cent on February
13, 1921 and 90 per cent on Feoruary 123, 1933. Defiance
#10195 germinated 80 per c¢ent on March 7 and 91 per
ceat on March 8; 1933. Defiance #10195 germinated 34
per cent on March 4, 1921 and 93 per cent on Maroh 8,
1933. Defiance #10918,zerminated March 9, 1931 ,13.5
per cent and on March 8, 1833, 97 per cent.

We see in each case when the seed was germinated
& year after the first test that a normal and high

germination was secured.



Table 31
DELAYED DEFIANCE - HARVESTED SEPTEMBFR 5, 1921

“Where T Germination Testv Geraimation Teat
i 9 aays | b days: lU days 3 days b' aays

BEgua&che )

1920 gd.5 | 89.5 i 99.5 88 . 98
Saguache ‘ ! §

1931 - 71.5 | 99.5 | 99.5 93 100
Del Norte j] !

1931 65.5 | 98.5 98 | 89 100
¥T. Collins" ! a .

1931 . 94.5 | 98.5 99 | 89 | 98

Also in combining the germination test oi tavle 11,
cp. 85 , and table 47 , pp. 171 , into table 31,similar
results have been shown in taoles 39 and 30. In correlation
#ith table 31, is plate 19, pp. 225, showing the delayed
Defiance wheat after it had reacinea a norual germination.
A, B and C show the Delayea Defiance harvested in the San
Luis Valley in 1920 and 1921 and after reacning a normal
germination, while C shows the Delayea Defiance harvsasted
at Ft. Collins 1921, which aiu not show a delay in
germination at all.

From the data shown in these tavles (39, %0 and 31)
we see that the delay in germination caus<u by conaitions
(alkalies and altitude) existing in the San Luis Valley
has & duration of less than one year. As spring wheat are
the principal wheats growa in the San Luis Valley, a normal

germination is reached before planting tiume.



SUMMARY OF THE DELAY PRODUCED UNDFR SAN LUIS
VALLEY CONDITIONS.

In the geographical distribution a delay in
germination occurs in wheat grown in the San Luis
Valley due to conditions existing in the Valley. The
average germination of wheat sent into the Colorado
Seed Laboratory fr-om the San Luis Valley during 1931 was
48.97 per cent in a three day test and 87.00 per cent
in a 8ix day test.

In the study of the after-ripening or seed harvested
in the San Luis Valley, it was found to be similar to the
after-ripening in normal seed, except the after-ripening
and aelayed germination are continuous and it can not be
determined where one leaves oif and the other begins.

The seed grown in the Valley behaves as normal
sesd excsept when placed in a three day test. When subjscted
to dry conaitions in an oven or dry conditions in &
refrigerator, a normal germination is not secured in
a three day test, but when placed in a refrigerator
between moist blotters or under water for thr-e days and
then in a germinator, a normal germination is secured
in three days. rhis shows that the delay in germination
is similar to the after-ripening for both can be brought
to a normal germination at any time by submitting the
seed (both after-ripening and delayed) to the low temperature

oi a reririgerator under moist conuitions.



Consiuering the geograrhical and climatic conaitions
ot the San Luis Valley, tests were made tc deteruine if
alkali, altituue, frost, height of water table, and the
time oI planting and time of harvesting were factors
causing delayed germination.

Frost, heigﬁt ol water table, ana time of pianting
and time of harvesting were not factors causiag a
delayed germination for wheat grown tc maturity under
these conuitions benaved as normal wheat.

Two types of wheat are proaucec on the heavy alkali
s0il o1 the Valley; one type which retains its clear
transparent encosperm showing only a slight delay and the
other type which produces large, opaque kernels known
as "yellow-perry." In this type the biggest delay in
germination occurs. Delayed seed from the Valley was
planted unaer nowsmal conaitions or soil centaining a little
or no alkali, the "yellow-berry" condition is grown out
and normal seed is produced which has a greater vitality
than seed of the same variety grown under normal
conditions. When Deilance wheat was grown in pots
containing varying verceabtsof sodium, and potassium salts,
a delayed germination was produced.

In the altitude tests wheat was grown trcm an
elevation of 4,981 feet to 7,850 feet. As the elevation
increases the sedd harvested from the plantings at
difterent elevations shows a greater delay as higher

elevations are reacned.



The duration of the delay was found to vary
with the variety, and the condition of storage but
in all cases & normal germination was reached within

a year after the first test was made.



DELAYED GERMINATION IN DURUM WHEAT.

The third cause of delayed germination in wheat is
a physiological conaitiqn and one normal to those sub-
species producing varieties with exceedingly hard kernels.
To this class belong the durum wheats (Triticum durum Desf.).
Carleton (17) in his bo:k on Small Grains, states: "The
varieties of this subspecies (Triticum durum Desi.) are
wost widely known as durum wheats. In Europe they are
called simply hard wheats and correctly so, &s they are
the hardest kerneled wheats that are known. The principal
variety of North American durum is Kubanka."

The geograpnical distrioution of durum wheat in
United States is very localized and is within the limits
get forth (97) in the durum wheat district and may be ssen

in map #3.

Map #2
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In determining the cause of this delay in durum wheats

the following varieti-s were useaq:

Arnautka and Kubanka.

Acme, Black Don,

The results of the germination tests of these four

varieties may be seen in table 33.

Taole 33
GERMINATION TEST ON DURUM WHEATS,
< Germination
Variety ~ 3 days 6 days 8 days 10 days | Toval

AcCme N1 -) Y1) 9] I C) r 8o
Black Don (D, D lo.o 7 U0 0 U T 8d.0
Arrautka 70.D B8.c - U 6] 99
Kubanka b4 ¥4 U O | 9l

Black Don proauced tne highest germination

test

(75%) in three days, while Acme 72,5 per cent and

Arnautka 7C.5 per cent in the three day tests.

Kubanka

produced the lowest test, only 64 per cent in the tihree

day test.

Table 33 shows the gerwmination tegts of samples of

durum wheat sent to the Colorauo Seed Labor:tory during

1921, ohe 8:iter-ripening periou was disregarded so the

low te=t of some of the samples may be due to this

conditione.

Table 33 .
GFRMINATION TEST ON DURUM WHEAT SFNT TO
THE COLORADO SE¥D LARORATNRY DURING

1931
No. ol ' Aversge Germination
Counties |Samples [ 5 days | o days
Eloerta | 1 T ol
| i
La Plata' 1 ' 85 | 90
Larimer 1 18 g8.8
Mesa 1 7.5 87.5
Montrose 1 5 85.38



Morgan 1 65 g0

Routt 1 58 90.°5

Weld 1 67.8 94.5
Average 44..s7 91.¢1

The average of the germination (tablie 33) in the
three uday test is 44.37 per cent. Correlating the
results intables 32 and 3%, with Carleton's (17)
statement that Kuovanka is the hardest wheat, and also
with the rules for seed testing (9¢) which states,
"Preliminary date for making germination report - 4 days;
rinal rggggﬁxsix days . The rzason for this change as
\gggi;y/;an béﬁseen is due to the extreme hardness of the
durum wheats. The experiences 0i the western analysts
gshows that it requires a day longer tc obtain a satistactory
germination test on durum than other wheats.® We find
a delay occurring in the three day tests.

The rules aaopted by the seea analysts,(&9) snows
that the durum wheats due to their extreme haraness,
produces & poor ger.inaticn test in three days, so they
nave rulea that four days elapse beiore the first or
preliminary count is mave. The poor germination secured
in the three day tests are shown in plate 30, in which the
four varieties A - Acme, B - Black Don, C - Arnautka and
D - Kubanka are shown before being placed in the germirator
and also after three days in the germinator.

The growth of the primary or seminal root are very

poor as coufrarea with tnose of the variety Preston soows
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in plate 16, pp. 2330 . But the main delay in
gerwination is shown in the plumule, for the development
of the plumule was very slow, especially in Kuoanka
as compared with that of the Preston vsriety.

Kubanka grown in the San Luis Valley prooably
ghows tne most characterigtic delay in germination of
any J%Lr varletyf%esteq. This type with an extremely
hard te;{ure is subjected to a combination of two
separate causes, which cause a delayed germination in
wheat: (1) that due to the extreme haré texture of the
endosperm and (3) that due te climatic ana scil
conditions which exist in the San Luis Valley. The low
germination for Kubanka wheat harvested at Ft. Collins
in 1920 is due to hard, fiinty texture of the endosperm
while that of 1931 is due to a condition of after-
ripening which is siow in o-ming to a normal germination
(table 11, pp 85 ). In "a" plate 38, PP. 233 , and "a"
plate 28, pp. 353 , snows the hard flinty endosperm of
the duruw tyre. The Xubanka grcwn at Hooper, Del Norte
and Saguache represent the combination of the two
causes for delayed germination. They have both the hard
texture and characteristics caused by the conuition
in the San Luis Valiey. The seed grown at Hooper in 1831
germinateda 7 per cent; that at Del Norte in 1931, 11.%5

per cent and that at Saguache in 1931, 13 per cent.



Plate 38, pp. 2343 shows the durum wheat in a complete
yellow-berry condition, "b" and "c¢" in a medium
condition of yellow-berry and "a" normal durum wheat
with hara flinty endosperm.

The reason for the delay in germination in the three
day test, which is shown in taole 11, pp. 85 plate
30, pp. 2324 , and the results of the western analysts
(99) is due to the hardaness of the kernel.

The hardness of the kernel as is shown in table 34,
prevents the rapid intake of water. In the tables to

, on the percentage grains in weight due to water
absorbved in the first forty-eight hours shows the six
varieties of wheat grown at Ft. Collins, Colorado in 1221:
Table 34

Per cent water absorbed.
Varieties | I8 hours 24 hours 3o hours 48 hours,

Xubanka ~ 36,03 37.586 48,239 5C.96
Preston ‘ 27.48 39 .56 43. 45 58. 40
Red Fife 28. 99 23.08 53.14 61l.28%4
Harquls 3%.64 38.1%2 3. 38 55.28
Red Russian 28.08 39. 87 53.238 84.34
Deiiance 33.04 35,51 80.11 7,323

In the twelve hour test, Marquis fell below Kubanka
while the‘rest had a higher per cent of water absorbsd. In
the twenty-four, thirtv-six and rorty-eignt hcur test Kubaaka

fell below the others in the per cent of water absorbed,
and shows that the intake of water is slower in Kubanka and

likewige the durum wheats, than in the other subspecies.
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Table 35

Colo. ' ;

Seed : ! Gerxzination
Laboratory Variety Date Tesat

Number S Qdays cdays lUaays

10544  Kubanka Fepb., 18, 1920 71 1| 91 ' 91
10808 Kubanka  Mar. 4, 1930 65 - 90 30

Table 36
- Colo. Geruination
Seed Test
Laboratory Variety Date S days caays 10 days
Numbear
10044 Kuobanka ¥Feb, 18, 19zl 70 pe)-d Ys
10806 Kubanka Mar. 4, 1921 73 92 )4

Tables 35 amnd 358 show that Kubanka whest #10544, harvested
in the fall of 19230 ana germinated February 18, 1220,
germinated 71 per cent in three days. when germinated about
a year later, February 13, 1821, germinat=d 70 per cent.
Kupanka wheat #10808 show the similar resultse, when
germinated March 4, 1930, germinat-d 65 per cent and when
germinated Marcn 8, 1931, germinatsd 72 per cent.

Tacle 11, pp. 85 , show that Kubanka wheat harvested
in 1930 ana when gerwinated over a year later, only
gerwinated 51 per cent in a three day test. In fable 50 ,
Pp. 173 , Kuvanka show the siwmilar results, averaging 48.5
per cent in a three day test.

In the summétion ¢l results we observe that the hardness
of the kernels ol durum wheats prevent a rapid water intake
anu also prevent & rapid development (germination) of the
plumule and seminal roots as compared with other wheats.

This abnormal rate orf development due to the hardness of

the endosperm and conditions existing in the San Luis Valley
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causes a delayed germination in the three day tests, and
this delayed sesu does not come to & normal germisation

at any time but is & constant physiological condition.

As durum wheat seed ages, 1t loses its viability, as does

the normal varieties.



WATER ABSORPTION IN WHEAT,

In the spring oi 1221 the following varieties were
sent into the Szn Luis Valley and grown during the season
of 1921; Colorauao varieties were Kubanka, Prestcn, Red
Fife, Marquis, Red Hussian, and Defiance; California
varieties were, Baart, Buwyir, Club, Defiance, Hard
Federation, Marquis, Prcro, Sonora, vhite Australian,
and White Federation, and the variety "Delayed Defiance"
received from the San Luis Valley from the crop of 1920.

Plantings were made at three places in the Valley,
Saguache, Del Norte and Hooper. A planting was also
made at the Experiment Station Farm, Ft. Collins,
Coloraao.

The seed as harvested was brought intoc the seed
lapboratory and stored. ©Seed frcm the California
varieties was secured from Davis, California, from the
1921 crop.

All seea was stored under laboratory conditions until
tests were made.

This study was unaertaken to see i1f the delay in
germination was correlateca in any way with per cent or
rate ol intake oI water by the seed.

The seed grown at Ft. Collins, Colorado, will be
called throughout this test, "Colorado grown seed;" that
grown at Davis, California, "California grown seed" and
that grown at Del Norte, Hooper and Saguache, "San Luis

Valley grown seed.®



Two trials were made for each variety and their
averages calculated. In each test 100 seeds w-re used.
The seeds were weéigned anu placed in a geraminator at 20
degrees centigrade, between double moist biotters.

Bach test was weighea every twelve hours up tc ninety-six
hours and then every twenty-rfour hours up tc one hundred
and forty-four hours. A constant supply of moisture was
given the seed by scaking the outer blotter in water
every twenty-fcur hours throughout the test., The

seeds were counted at three ana s8ix days. Tne per cent
gain in weight was based on the original weight

before the seed was placed in the germinator.

Table 37, is a combined summary of tables 4C, 41,

43, 4%, 44, 40, 40, 47, 48, 49, 51, 53, 53, 54, 55, 586,

Table 38, is a conuensed summary of table 37.

As stated by Cnoate (1Y), "Ko change is apparent in the
content of the grain (aside from swelling dué to gabsorption
of water and softening of the tissue) 10-13 hours after
the material has been put into the germinating dishes.®
The real t=st of the abi:ity of & lot to absorb water lies
in the first twelve hours arter being pleced in &
gerwinator. After twelve hours in the germinator, sugar
appears and germination begins. Some of the seeds have no
viability and so fail to germinate, lowering the per cent
ol germination for the lot. Those that do germinate, give

an average that represents the amount of water absorbed
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by the type of seed.

Table 38, shows the average of the two types
ctf the same verieties of seed. The first type grown in
the San Luis Valley during the seasons of 1930 and
1931, and the secona type that grown in Califcrnia
and Colorado in 1920 ana 1531l. In the weigsnt per 1¢0
grains, that grown in the San Luis Valley weighed
4,771 grams, while that grown in Coloradco and Caliiornia
2.882 or an increase in the seed grown in the San Luis
Valley ofi .889 grams per 10U grains.

In the average per cent in weight due to water
absorpbed, after twelve hours in the geruwinator for tne
seed grown in the San Luis Valley,was 35.89 per cent and
that grown in Coloraac and California, 30.88 per cent
or a gain of 4.9 per cent for the Colorado and Caliiornia
grown seed.

The average inorease in the per cent or water aoscivbed
taroughout the test was greater in tne Colorauc ana California
grown se:-d than in San Luis Valley grown seed.

As stated by Stevens (&7), "The rate of absorption is
very rapiu the first few hours, then slower until sprouts
appear, when it increases rapiualy.®

The per cent o1 the rapicity of the increase depeands
upon the viavility of the seed anda the vitality of the
young sprout. In the seventy-two nour or three day test,
the seed grown in the San Luis Valley gerwminated B0O.U08

per cent with a water absorption of 83.24 per cent, while



the seed grown 1in Colorado and Calircrnia germinated

Y%.2 per cent with a water &bsorption of 103.21 per

cent, an increase in germination of 13.44 per cent and an
increase in water avsorption o1 23C.%7 per cent for

the Coloradec and California grown seed. In the 144

hour or six day test, the seed grcwn in the San Luis

Valley germinatedu 98.735 per cent while that grown in
Colorado and Caliicornia, 97.30 per cent. The

water absorption in the seed grown in the San Luis

Valley was 315.33 per dent, wnile the seed grown in
Colorado and Catitornia was 241.43 per cent. The

seed grown in the San Luie Valley had a 1l.2% per cent
bigher germination than that grcwn in Colorado and
California, while that grown in Colorado and California
had a 30.30 per cent greater water absorption than the

San Dbois Valley grown seed. The San Luis Valley grown

seed 1s s.ower than the Colorsao and California grown

seed until after the third day, and then is rapia,
producing a higher germination in the six day test.
Although the germination is greater in the six day test with
the San Luis Valley grown seed, the rate of germinaticn was
slow until arfter three days and the rate of water absorption
up until three days paralleled the germination. The
viavility of the Colorado and Califcrnia grown seed being
greater than the seed grown in the San Luis Valley produced

longer sprouts, due to the greater rate of absocrrtion.



The rate of absorption being so slow in the San Luis
valley test that shorter sprouts were proaucea and so
a greater gain in weight due to water avsorption in the
Coloraso and Califcrnia grown seeds is snown thrcugnout
the test.

This low percentage ot intake of water in the San
Luig Vdlley grown seea as compared witi the normal
seed grown in Colorago and California, scows that there
is some inhibitor that prevents the rapia intake in
the seed grown in the San Luis Valley. The inhioitor
of the water apsorption lies as is the belief of the
writer, in twoc possible places; semi-rermeable meumbrane,
and the seed coat. Brown (13) in his work on the seads
of Gramineae states,"the grasses are inclosed in & semi-
permeable or selective covering which permits the
pasgsage of iodine and water tc the interior of the grain,
but prevents the passing oI s:lpnuric ana hydrocirtioric
and all salts of metals at present examined, when they are
in an aqueous sclution. The semi-permeable membrane is
located in the spermoderm o: the grain. The spermoderm
lies next‘under the parscarp. Prcbably this layer
of the spermoaefm is derivea from the epicermis of the
nucleus, but its identity has not been satisfactcrily
deterained at present.”

The seed coat or wheat, a&ccording to Choate (139)
“gg the coat of the grain is easy permeable and in no way

nelayed germination, no particular study was made o1 it."
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The work of Choate (18) and Brown (13) must have been
with normal grain only, for the intake ol water was very
rapid and in no way delayeu germinstion.

in the San Luis Valley grown secd, the intake of water
is 4,89 per cent lower than that oif the normal seed of the
same varieties in twelve hours and the germination of the
San Luis Velley grown seed in the three day test was 15.44 .
per cent lower than that of the normal seed of the'samer
varieties, showing that an inhivitvion occurs in the San
Luis Valley grown seed which causes & slow intake of water
and a lower per cent germination and thus enters into the
cause oI delayea germination.

We have seen that the rate of germination in the three
uay test is correlated with the rate of avsorgtion of
water when the seed 1s under the period of delayed germinatioy,
but as soon &8 the seeds reach @ normal germination, the
rate of absorption does not cause a low germination in the
three day test, for the seed seems to obtain enough moisture,
even though the inhibitor causes & slower rate of absorption,
to produce & normal germination.

The varieties which dia not reach a normal germination
when the tests were made were : Defiance, (table 48) grown
at Del Norte in 1921 showing & 5.88 per cent lower water
absorption in twelve hours than that grcwn.at Ft. Coliins in
1921 and & 15.5 per ocent lower germination than that £rown
at Fti Collins in 1531 in a three day test; Detiance,

Calitfornia #955 (taple 53) grown at Del Norte in 193, showing

a .23 per cent lower water absorption in twelve hours below



that of the same variety grcwn at Davis, Califoruia

in 1931. _he germination of that grown at Del Norte

was 40.Z pe? cent lowe: than that grown at Davis Califor-
nia in 1921; Bropo, Caliiformia No. 115, {(table 42) grown
at Del Norte in 1981, show a 7.06 per cent lower water
apsorpticn in tweive hours than tnat grown at Davis,
Calirornia in 19821. Also show a 38 per cent lower
germinaticn in the three day test than thatv grown

at Davis in 1931; Bunyip Calirornia #1023, (taole 43)
grown at De. Norte in 1l¥zl, sinows & 4..19 per cent lower
watel acvsorption in tweive hours than that grown at

Davis in 1921 ana a lo.lc per cent lower gErminaiion,
than that grown at rt. Colrlins in 1921. The geruination
ol that grown at Dei Norte in 19Ysl was 34 per cent

lower than that grcwn at Davis in 1921 ana 3C per cent lower
than that grown at Ft.Coilins in 1921; Baart Calirornia
#1145, (tabpie 40) grcwn at Hocper and Del Norte in 1g21.
That grcwn at Hooper shows @& 3.3 per cent lower water
abscrption in twelve hours ana a 49.5 per cent lower
germination in a three day test than that grown at Davis
in 1931. That grown at Del Norte show a .58 per cent
lower water absorption in twelve hours and a .43 per cent
lower germination in three day test than that grown at
Davis in 1931; and White Australian Calitornia #791 (table
41) grown at Hooper show & 2.94 per cent lowsr water
absorption in twelive days and a 75.5 lower germination in

a three day test than that grown at Davis in 1921, also

shows a 34.568 per cent lower water absorption in twelve
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nours and a 76 per cent lower germination in a taree
day test than that grown at Ft. Collins in 1931.

The varieties which reached a normnal germination
petore the tests were made were, Preston (table 51)
grown at Del Norte in 1931 show a 1l.5u per cent lower
water absorption in twelve hours and a .5 per cent
lower germination in a three day test than that grown
at Ft. Collins in 1931. sqhat grown at Saguache in
1931 show a 1.40 per cent higher water absorption in
twelve hours and a 3 per cent higher germination in a
three day test than that grown at Ft. Collins in 1931;
Marquis (table 44), grown at Del Norte in 1921 show a
2.01 per cent higher water absorption in twelve hours
than that grown at Ft. Collins and the same germination
(87 per cent) in the three day test. That grown at
Saguache in 1931 show a 2.88 per cant higher water
absorption in twelve hours and a 5.5 per cent higher
germination than that grown at Ft. Collins in 1931;

Red Russian (table 45), grown at Del Norte in 1931 show

8 1.17 per cent lower water absorption in twelve hours
end a 1.5 per cent higher germination than that grown at
Ft. Collins in 1931, That grown at Saguache in 1931 had
a .53 per cent lower water abéorption in twelve hours and
a .5 per cent higher germinavion than that grown at

Ft. Collins in 1931; Red Fife (table 46), ‘seed harvasted
at Saguache in 1931 snow a 4.07 per cent lower

water absorption in twelve hours and a .5 per cent higher

germination in the three day test than that grown at



Ft. Collins in 1931; White Federation California #3213
(table 54), grown at Del Norte had a 4.34 per cent lower
water absorption in twelve hours and a 7.6 per cent

lower germination in the three day test than that grown
at Davis in 1921, also show a 21.47 per cent lower

yater abserrtion in twelve hours ana a 8.5 per cent

lower germiration in the tnree day test than that grown
at FPt. Collins in 1921; Harc Federation Calilornia #3063
(tacle 55), grown at Del Norte in 19231 show & 1.79 per
cent lower water apsorption in twelve hours anag a 3.5

per cent lower germination in the three day test than
that grown at Davis in 1821; alsc a .88 per cent lower
water absorption in twelve hours ana a 4 per cent lower
gerwination than that grown at Ft. Collins in 1921.
Sonora California #98 (tavle $8), grown at Del Norte in
1931 show a 7.08 per cent lower water absorption in
twelve hours and a 3 per ocent higher germination than
that grown at Davie in 1931, also a 10.03 per cent lower
water absorption anu a l.5 per cent lower germination
than that grown at Ft. Collins in 1921, That grown at
Hooper in 1921 had a ©.08 per cent lowsr water absorption
in twelve hours and a 5 per cent lower germinaticn than
that grown at Davis in 1921, also a 9.04 per cent lower
water absorption in twelve hours and a 10.5 per cent lower
gernination than that grown at Ft. Coliins in 1231; and
Delayed Defiance (table 53) which before coming to a
normal germination showea & very marked delay in germination,

That grown at Saguache in 193], showed a 13.56



per cent lower water absorption in twelve hours and a 4
per cent higher geruination in the three day test than
that grown at Ft. Collins in 1921. That grown at Del
Norte in 1921 show a 13.75 per cent lover water absorption
in twelve hours and a 4.5 per cent lower germination in
the three day test than that grown at Ft. Ccllins in 1921.

In the water absorption teéests with the seventeen
varieties, only two varieties (Marquis and Preston) show
a greater water absorption in twelve hours in the seed
grown in the San Luis Valley than the same varieties
grown in California and Northern Colorado. Both
varieties (Marquis and Preston) were of the Colorado
varieties ana &re varieties which showed uvp in their
abi:ity to withstand abnormal conaitions under which they
are grown.

The tests show that the rate of intakse of water
(absorption) has a marked efiect upon the per cent and
rapidity of germination in seed during the perioa of
delayed germination and a siight efifect upon seed after
reaching a normal germination, indicating that tne lower
rate of absorption occurring in seed grown in the San
Luis Valley, which shows & delay in germination is &
factor entering into the cause o: the delay in germination.
If the intake of water is slower when piaced under moist
conditions, then the evavoration or drying out of the seed

is slow for the innipbitor that tenas to kesy the watsr out



of the seeu will have a likewise effect in keeping
tue water in tne seed and as diastase increases as

the per cent of water dec:-eases, and the decrease of
moisture being slower due to the innibitor, the action
of the dias ase of secretion is delayed from acting
ana thus prevents the seed from germinating readily
causing a delay in germination.

In the vary hard (Kubanka) wheat of the subspecies
"Durum® show some very interesting ana characteristic
data as to water absorption.

In table 39, wnich represents the condensed summary
of tavle 50, ot the Kubanka grown in 1931. Kubanka
grown at Ft. Collins in 1931 weighed.053 gram per 100
grains below that raised in the San Luis Valley. It has
been shown in a previous test on the germiuation of the
Durum types that the delay in germination in this type
of wheat grown in the San Luis Valley is due to two
causes: (1) flinty endosperm which does not allow a
ready intake of water due to its hardness, and (2) e
physiological conuition within the se=d caused by
conditions existing in the San Luis Valley.

In the twelve houi test the seed grown in the San
Luis Valley had & .70 per cent nigher water absorption
than the seed grown at Fi. Collins and the cause of this
is produced by the ccndition of "yvellow-berry" which tends
to soften the endosperm allowing a more rapid intake of

water. After the twelfth hour test the intake <i water
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was more rapia in Kubanka grown at Ft. Collins.

In the three day germination test the seed grown
at Ft. Collins in 18231 germinated 63.5 per cent, while
that grown in the San Luis Valley 48.16 per cent or
an increase of 14.354 per cent for Ft. Collins grown
Kubanka.

In the six day test the seed grown at Ft. Collins
in 1921 had a water absorption of 199.68 per cent and
a germination of 100 per cent while that grown in the
San Luis Valley a water absorpticn of 180.60 per
cent anu a germination of 93 per cent.

The Kubanka not only shows the delay ocaused bv
the hard endosperm wnich causes & slow water absorption but
aleo shows a delay in germination caused by the conditions
(alkali and altitude) existing in the Valley which causes

a delay in germination.
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Table 37
! Number | ' ‘Percentage gain in eight Que 10 water absorbed. 7 Germination
Where _of Weight in [ — | . . ; — » '
Grown  Varieties | Varieties| grams per | 12'0 34 | 38 48 60 78 . 84 96 120 144 3 . 8
i Tested | 100 graing hrs.: hrs., hrs, |hrs.| DIS, hrs. hrs. | hrs. hrs. hrs. | days days
Ft. Collins  Colcorado 5 Bl T2 30,497 43.06 55.74 B5.77 | L 1 ' ' ,
1220 % ] ' ] ! 86.81 101.58{118.741139.841194,33{ 344.21] 90,50] 26.30
Tt. Collins " . - : ‘ — ‘ i
1931 Colorado | 8 3.628 29,823 37.73 54.71 B4.65185.36 108.88]/ 188.20/156.41 1 333.58/ 391.17; ©8.75] 92.17
Pel Norte - | , T : ‘ :
1931 | Colorado B 3,550 36,53 39,92 49.81 55,72:69.79; 86.40] 104.85/125,39188.16| 240.241 88.70 22.60
Saguache Delayed i ' S 3y %
1920  Defiance | ' 1 3,826 26.89| 38,76 48.70 53.72.68.78, 85.89| 93.85/105.17/186.31| 300.88| 88.00: 96.00
Saguache : ' ' 1 - v : %
19281 Colorado B / - 5.630 25,97 38,48/ 47.08 [33.63 56,88 84.44] 99.91/138.81[187.48;330.54| 35.00 82.83
Davis,Calil. — s 1 ; , |
1980 | Californial 10 3,231 31,48 45.52 58.07 39.44 .85.23 2.48]1284.30/149.19|188.48!333.65/91.05 93,80
Davis,Calll. - ' A - ; ! - —
1921 California| © 3.403 28.01 41.81 51.73 $2.95:80.14; 86.15/116.59/141.06|173.311 335,286 95.00398.00
Ft. Collins ! - _ | c E T
11921 California| 6 2. 366 34.82 51.03 64.45 [79.09 104.64] 130.36; 157.88] 163.29] 259.86, 313.10] 98.33,39.13
Del Norte . o ‘ :
1231 California| © 3.948 24.55 39,49 48.88 |56.84|70.93 86.18| 101.231 135.03; 180.56 313,83 77,39 98,73
Hooper . i ; T e A N 7 »
1931 California| 3 3.915 | 25.55 %8.20 48.39 53,14|59.08] 71.78 88.31 107,53/ 145.09|191.71 51.33 29.50
Table 38
Teight in ¢ 'Percentage gain in weight due To watier abgsorbed. . .aermlngtlen
Where | grams per |12 T 84 38 43 G0 78 8L g8 | 120 144 o )
Grown 1100 grains‘hrs.=' hrg.| hrs.) hrs.! hrs, | hrs.| hrs. i hrs. hrs.! hrs. | days days
San Luis : B E ) 01 = ' o
Valley 3.771 | 25.89|38.37|48.13 |54.61|87.08 |82.94 |97.23  [130.21171.10|315.33 80.08| 98.73
19868-1931 - » : :
Colorado and o : v — :
C&lif@rl’lia 20882 50088 4‘30 64 56.94 68. 38 88.45 los.g]]l 189. 155'38 809.88 841.48 93.52 97.30
1930-1931 _ . § : | : B | :
: Table 39 -
' Welght 1n Pergentage gain in weight dus 1o water absorbed Germination
Where .| grams per |1z s |Sh 43 3]l R 34 8 130 122 T 3 B
Grown 1100 grains|hrs.. |hrs. (hrs. |hrs, |hrs.  |ors. (hrs. ' hrs. ' hrs. | hrs. days | days
Ft. Collins ‘ _ _ N . — -
T 1931 3,839 26.53| 37,5846.39 |50.96|59.43 [70.230 |88.68 103,60 144,47 194,68} 83.50] 100
San Luis , P ' _ _ § ‘
Valley 5.693 37.23% 37.40145.86 49.34|56.13 63,3l 77.80 ' 90.14 126.33 180.80 48,16{93.00
18231 L i é ‘ o




Table 40

Bazart Oalllcrnla #113 (Test began 1/26/22)

Welght Percentage galn in welzht ——due to water absorbed. .~~~ Germiration
Where per ~ | A 4 ,
Grown Trials 100 13 24 38 48 80 73 84 98 120 144 3 : _6
Grams hre. hrs. hres. hrs. hrs. hrs. hTSe. hrs. . Dhrs. hrg. days @ days
First 3,53 S5l. 5 ‘ 20.36 110.48 1z7.04 150.4 205.48 91 E 34
California _Second 3.594 _ 30.68 42 51 52 4‘*3"27“76‘87’ BY.32 107.99 123.98 150.07 | 199.13 , 89 | 93
1920 Average 4, 31. 43, 53.78 58.80 71.87 BB.70 I0J.84 150.48,155.80 sUz,538 1 90 99
_First 4,504 26.90 40.231 47.09 56,17 61.71 735.98 89.80 110,207 183,88 174.99 | 9O 9o
Ca:ifornia Second 4.448 s4.00 56,98 45,00 53.74 B .18 71.06 91.28 109.18:138.06 173,18 | 87 o8
1821 __Average 4.326 25.78 &9. 46,05 54.98 6C 73.528 90.58 110,01 133,84 173.59 @ 90 08.D
~ First 4,818 24.19 34.64 423.95 48.65 b4.88 B8.29 BU.98 102.04 118,57 @ 153,03 ' 41 100
Hooper Second 4.751 B30 40, . .69 , 88,30 76.84 102,09 119,98 @ 157.90 - 40 o9
1921 Average 4.€ T7.30 78.88 102.071119.88  154.98 @ 40. 39.5
First  4.040 34.37 3C.04 44.35 50 01 56 €0 TB5.Z7 77.95  107.43 123.43 188.59 43 TG00
Del Ncrte Second .41 20.28 37, 48,07 51.05 57.98 " 87.98 80.87 1C89.<1 125.87 | 165.76, 5g 100
131 .~ Average 4,528 35.18 38.83 45.5]1 B0,.58 57.434 53,70 79.41 108.32 134.60 | 166.18 47 100
Tebhle 41

White Australian, California #791 (Test began 1/26/23)

" T WEiR Percentage gain in welght due to water absorbed. i %Germination
€re ; rer ' ; :
Grown Trials 100 33 hr 24 5 73 84 96 {130 1144 {3 - 6
Grams hrs, hrs. his. ﬁgs. hiz. nrs. hrs. hrs. ihrs. hTs. days  deys
First 5.538 28.34 38.80 47,57 33 79 54.51 78,79 99.239 | 115.13,153.23| 196.49| 87 92
California Second 30, .8 67.85 . 7o Eg I03.55 T 117.39154.95 | 207.73 8L 88
1920 Average 3.41 9.50 48.31 66.43 75,2 T0I.%2 | 118.481153.58 R02.1L 84 ©9
First 3.51Z 37,90 3E .56 46.59 53 .79 BZ.55 7T Bl 05,03 | 112.371180.59 | 217.99_ 85 99
California _Second J3.497 37.89 35.28 46.2% 51.58 50.51 55,00 91.85 | 105.52 [15L1.07 207.00 93 99
1921 Average 3.505 27 S0 38 4b 46.5 6l.0 T 3T 05,79 | 115.001155.78] 213.50 94 09
' Firs | 28 120, 391 I5.00 108,03 | 229.83 |207.50] 337.0L | 96 28
Ft. Collins _Second 1.382 rA RN b3 72 107,091 T10.10 (285.59 | 578.68 | 97 99
1921 Average 1,353 40.58 55.56 75.89 B86.00 113.74 138 8T 15941 [ 210 71 59T.58 | 383.10 [ 56-5 I8.5
“First _3.601 ‘24 54 31.39 as 13 49 33 55 82  BI.B% BU.50 | O3.88 [144.34 | 203.03 118 a9
Hooper : 3. B2.38 7°.45 | 94.68 147.47 | &0L.77 (&89 100
1¢31 | Average J3.59 4 . 49.55 53.bb BI. 08 73.98 | 94.88 145,91 | 2C2.40 [=0.5 | ©9.9
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Tanle 42
. Propo California #1185 (Tcest bsgan,1/2o19?)

1 Welght eruentqge gain in we1¢ht due to water absorbed. Germination |
yhere ! . per : ‘ ! i ; , ;
Grown i Tri=ls 100 12 24 36 48 ’ 60 " 72 84 |96 120 ¢ 144 |3 . 8 ;

1 Grams | hrs. hrs.  hrs, hrs. |hrs. Lras,  hrs. hre. | hres, | nrs, daye  dsye |

| First 3.535 |33.73 47.93 53.83 63.09[75.72 102,30 1sC.11 153 Q7 1183.36 [2359.27 | 91 94 5

California i _Zecond s.448 134,70 46,44 56,12 66.35(85.88 10E8.21 154.82 168.25 1191.35 285,23 ] 83 923
1930 . Average 2,487 134.54 47.19 54.47.64.728]79.50 104.81 1223.53 lbu.bS?lB?.&l 204,60 87 | 83

P First 54 290 S, 6a (4D.44 1 04,47 6O, 41 (73.08 105, 89 l§6.85[l70.19'195.71 270.37 9§: ' 99

California '_Second 2,590 (4,31 44,781 58.05:57.98/380.12 108.13 130.04 174.86 200.46 575,41 | 97 09
1931 ~_Averzge 2.444 |33.24 45,11 55,85 B66.70[79.46 TO07.CI 128.45 173.50 198.09 #7/1.E9 [ U8 oT

_First 4.45C B7.79 35,061 45,55 :48.13]55,08 "B8B.T4¥ B8B.ds 1sU.00 147.45 gUU.LE | ©7 )

Del Necrte | _Second 4,423 124,27 34,23 | 43,81 48.63[58.82 B9.42 8o. 17 21,39 1148.80 kUl.B4 | oY - 99
1931 ‘ Average 4,436 6.38 @1}99 45,08 148.38:55,88 B3, 13 86,200 Sl.0g 147,89 200.94; 65 | ZY.C
Table 43
Bunyip California #13033 (Test began 1/:6/22) _
Wher _ We;ght Percentage gain in weighpt aue to WatéfﬁaOSDrdgﬁ _ Gerrmination
ere i ; 3 ; | i f ! :
Grown . Trrals 100 . 12 24 38 48 80 73 - 84 | 96 {130 144 3 .8
' Grams | hrs. hrs. hrs. hrs., hrs, LhIs, hre, | BEg _. hre. hrs. . deye | days |
1rst 3.805  2B8.75 44.01 57.26 73.86 Bb.66 100.43 118.34 155.C6 {192.78 2230.13 : 27 . 27
California Second Z.138 105.54 42.51 55.84 69.94 88.6b _9c.07 II3.96 IdU.00 (18c, 00 308,70 89, OJ4
1930 Average . 3.072 56.35 .3.06  56.55 71.40 84.15 _98.8b 116,15 152,06 I87.72 214,23 (93  *=9.°
First 4,347 '@3.60[39.027 46.21 56.b% [75.30 88.08 10-.08 118.76 154,88 179.00 : 9l ;97
California | Second 4,291 23.83 39.368 47.43 57 .00 [74.5 TY.25 108.18 1a0.44 156.cD0 12C.287 @ 8O ; 98
1921 Average 4,269 ‘83 71 39.14 , 47.25 56 77 715,58 BY. 83 102.07 119.00 (195.57 179.7a , YO 97.0
First 3,008 55,74 155,87 ;72.09 B8.06 [120.06 147.18 175.4% RB13.23 [sed.4l t.c6 100 100
Ft. Collins| Sedond | S.508 55.53 57.80  7I1.B84 B8.00 119.%0 145.00 174.03 RII.19 286,05 525,41 | =8 I8
1921 Average | 2.0B6 '35.04 53.73 | 71.04 B8.38 110.08 146.28 174.70 pI3.26 387,22 385,82 Y9 o3
First | 4.240 |21.03 30.05 | 50.00 56.84 | 71.60 _B2.B5 99,88 117,38 159,52 192,50 79 B
Del Norte Second | 4.556 (20.01 %=.00 | 48.67 54.60] 63.80 B80.07 98,16 116.85 158,85 [I90. 70 <O 100
1931 Average 4,408 |20.52 38.53 40,24 55.73] 70.45 _BL.36 98,74 117,06 159.C9[191.86 B0 200




Table 44
Marquis (Test began 2/15/23.) . (
[Weight, Percentage galn 1in weight due to water ab:orbed. Germinaticn |
r | per | : ‘ L I !
Rromm Trial | 100 | 12 24 38 48 60 72 | 8a | 98 120 | 144 3 8
Graing hrs. hrs. hrs. hrs. hrs. hrs.  hrs. hrs. hrs. . hrs. days’ ds=ys
Fitst 3.713  258.78 41,43 53.04 ©1.74 79,32 "35.57 107.19 138L.51 180.42 834.51 @ 90 . 99 ,
Ft. Collins | Second <.859 £7.86 20.60 538.98 5.0 30.50 FZT7 I08.03 185.18(173.00 220.40 89 | OB
12830 Average 5.776 23.323 41.08 ©3.51 ©3.03 72.96 gz 87 I08.€l 127.8% 178.71 °27.51 =9.5 7.
First 5.255 34,15 37,88 47,24 [52,2867.43  BB,.63 105.18.155.05 184,86 225.21  B7 99
Ft. Collins {Second 3,137 25.15 38,40 42.B1 56,07 '70.21 =TI 20 108.83 133.50[191.356 337.50 87 | 100
1921 Average | 5.321 .5 8. 48,38 50,38 53, 30.08 1068.20 130,.78187.786 231.38 87 | 3%.
First 3.687 165,80 39,26 (45,46 T5.08 65.84 8,72 99.80 118.36 157.80 202.68 78 ]S)
Del Norte Second | 3.525 27.45 41.50 55.898 59.830162.90 BB, BU 108.30 128.50 170.9. 327.20 . 86 o9
19231 Average | 5,076 26.65 40.38 51.05 757,14 67.87 B3.1I8 102.80 128.48 174.10 215.C4 | B7 59,
First 5.958 <7.09 68.40 47.61 53.41535.88 TGUIT 9U0.36 110.20 101,88 203,739 93 1CO
Sagzuache Second O. 14 [a/.0% 58,05 47,9004, 60762,.15 75,189 84.83 104.020 143.80 193.24 24 1C0
1331 Average | 5.838 '37.53 38.53 47.76[54.01 63.99 77.18 ©67.50 1u7.80 147.78 198.87 ©3.51 1.0
Table 45
Red Ru:sian (Test be-=zn 2/15/322.)
WEIgntT Percentage gain in weight due to watelr abacrbed. Geruwination
Where per | ' T : z | a
Grown 100 13 24 | 368 48 60 723 84 98 | 144 | 144 B
©~ Graing; hrsJ hrs. | hrs. hrs. hrs. hrs. hrs. hrs. | f hrsa_@gvs days
irst  3.105 31.65 743,51 57.32 68,76 B4,89 107.08 133,19 |154.75 211,48 1,6-.20 |94 95
Ft. Collins|Second o.308 | 32.07 44.08 57.34 €8.231 -5.08107.20 154,83 155.80 215,03 77C. 20 85 o5
1930 Average S5.153 51.86 456.79 57,33 83.49 34.98 T07.12 134.01 155,18 212,88 183,50 94,5 35
irst 'S.z00 =8.17140.09 53.48 54,18 “3.31 TI0. 30 138.20 150,85 2285.C07 255.00 87 99
Ft. Collins |Seaond '5.215 27.94[52.65 53.07 84.29 34.07 118.20 167,14 1cl.08 £37.63 <820, 40 5% i 100
13931 JAverage (3. 2335 23,06 39.87 53,28 ~4.24 83.B9 TII.20 148.67 180.47 328,35 <83.70 98 1 92.°
First J.951 127.03 40,31 50.84 58.45 72.23 g7, Bl |15C.05 132.45 197.87 235.85 100 100
Del Norte Second 5.545 126.74 39.60 50.05 57.20 70.96 U8.80 I1S.20 12120 195.20 855,08 99 1C0
1931 Average 5,598 2€.89 38,96 5C.45 57.83 71.80Q97. 32 11T.43 13183 19c.44 255.15 ©9.5 ICTT
First [5.088 137.40740.49 5J,.75 53.33 74.94 98,39 =07 145.37 21b.08i273.61;98 IS
Sazuache Second 13,703 57,60 41,07 51.15/05..90 175.95 BUTE0 122,40 147,580 219.40 12758.80 39 100
1931 Average [3.8406 £7.206140.78[50.99[€°.13 [75.4538.85 1121.23 146.44 B17.24 [275.11 95.5 EERNS)
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Table 46
Red Fife (Test began 2/15/22)
e1ght Percentage Faln in Weillt due UO_vwarer acsorbed Germination
Where per - ;
Grown Trizls 100 12 24 36 48 60 72 =4 28 120 144 3 | 8 |
Grams nhrs. hrs. fhrs. hrs. (hrs. ggs;_ hrs. hrs, hrs. hrs. deys | days
First a, 700 27460 |38.00 |55.98 B4.28|78.0 ~of 110.81 129.83 165.54 210.25 1 87 . 85
Ft. Collins [cecond Se lO 59. 70 [85.00 100.c0 |04.CU70.2 S4.07 107.26 133.34 1686.80 215.45 89 g0
1220 Average | g. (ol £59.08 [80.08 [che 77 [B6&e 14177, 00 0Z.87 I0R.9% 138.07 1Isc.67 2ls.15 BY 200
First c. 0l Z7.538 48,14 |55.11 [61.59 181.70 101.48 113.30 14€.03 &807.43 £68.8¢ 9o 9%
Ft. Collins |Second 8. 590 26.45 [41.98 |53.17 |82.29 183,20 104.55 120.07 150.80 813,50 252.20 28 100
19631 Average | 3.631 26.99 [43.06 153,14 [61.94(83.80 03.00118.19 148.41 310,03 368.39 95 99.5
First 3.144 | 31.98 [36.56 |45.73 |03.4D85.09 BI0ZE  TT.08 133.88 177.93 232.89 27 100
Saguache Second SeBRO 20.60 88,40 140,72 [02.20(64.70 BIOT 97.23 124.60 1739.07 831,07 | ©5 100
1221 Average | 5.184 BBel0 (8708 (40,00 [02.08[04.37 TT. 47 O8.2% 1:4.13 173.50 850.18 Yo 100
Table 4Y7
Delayved Defiance 2/15/28) - -
Sight Percentape pein 1n Weipht du€ tq water absorbed Germination
Where per ; 5 |
Grown Trials 1C60 iz 24 38 48 60 732 . 84 26 130 . 144 b3 ‘6
Grams [hrs. hrs. hrs. hrs. | hrs. hrs. _hisa. nrs. hrs. hrs., [ days Qdys.
First S. 740 B7.37 32.3849.14 [54.54 |70, 30 82.17 96.33 110.13 }71.493208.96 [ 91. 28
Saguache Second S.912 ©.41 PE.15j48.06 [b2.20 167.50 BG.80 J1.33 108.80 [00.98 193.Us 189 90
1920 Average | 3.826 [2€.89 [38.76 (45,70 [53.75 |68.78 BE. S0 05.83 106.17 L1BB.al «0U.99 | 88 96
First 4,345 [24.64 155.230]43.18 |48.05 |53.584 7O0.0D 5o.17 B4.38 149.45 15d.00 K 100
Saguache second 4,500 j<4.08 [94.11141.07 145,48 [D8.8d BE.0D RBl.49 26.00 17.13 1383.98 | 94 100
1921 Average | 4.351 |24.61 |35.01142.35 A7. 24 5879 T9.380 B83.33 J3.50 148,38 183.58 | 99 100
irst D.987 |8D.58 |67.87140.58 [Dl. s [64.8d 7519 O0.1I8 T08.17 181.54 <4l.U0 | 8o 100
Del Norte |[Second 3.945 35,45 138.40(47.47 53.33 160,46 wE.48 30,44 105.6% 170.41 320.86 13)5] 100
1221 Average | 3.966 [25.39 [38.14(47.00 1.86 |{85.65 75.84 @0.88 106.41 173.48 255.46 _ 84,0 100
First 1.990 [88.84 (50,90 |oc. <l [7/8.06 [35.30 T13. 55 141.05 160,30 T80, 30 oll.bd : 8Y g8
Ft. Collins |[Second T.987 38,09 5. 43 85.57 [75.54 [103.02  104.98 150.13 1639.54 g70.061 32795 8Y 98
1931 Average | 1.989 Celf JO0l.17]|05.89 [7/5.30 98.19 179,39 140.09 1od.l7 265.46‘019.39389 98
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Taole 483

Defiance (Test began 2/15/2%)
WeTgnt Percentage gain in weijgnt due TOo wat:Ir atscroed Gerrinaticn
Where per = ' ‘
tirowm Trizls 1ou 13 24 36 48 80 72 34 96 15C 144 3 E
Grains  yprs, hes,  hrs. hrs. hrs_hra. nrs. nrs. Ors.  Ars. aays days
FiTst 2,314 33,708 44.72 53.27 74.06 98,78 1lt.91 15c.04 1od.ol  <21.04 555.50 93 25
Ft. Collins TSecond 38.304 53.48 43,48 oB.Bb  71.93 f8.83 111.09 12-.30 15l.:5 Loc.f8 255.13 B4 94
1230 Averazge »,30% 38,77 44,10 ST 4l 73.00 20.PB TI%.0C I8I.17  15E.88 cl=.17 =7C.xs 8% 2%, 0
First 1,287 54,52 4E, 30 3IIT 75.84  OUL.BB I3 UL 14c.81 151.99  R7o.09 242,08 99 10T
it. Collins TSeccad 1.934 05.96 44.71 59.02 72,30 T5.33 135.80 1o7.18 1tl.€g =zcl.l8 331.8B6 9o 38
1¢31 Aver=ge 1,261 3364 48.T] ©C. Il 74.33  97.31 15T IT  I3l.e7 127.81 fco.4% 338,67 925 2%
TiTst 3,004 27,8 40.04 TATVE7 5e.45 ©6r.080 B4 FR 10580 102.3C I73.ZC 224,18 ©BC IS
Tel Norte Jeccna 2.018 27.86 40.33 oU0.07 D5D5.28 c-.18 785,98 104.50 130.17 151.18 Z2éc.zs7 74 1C0
123 Aveérige 5.911  27.76 40,18 47.97 5B8.8L 69.37 — 85 42 I05.680 1287.24 177.30 322.70 17 I3
FTIrst 5. 215 25.18  37.48 4C.53 52.85 ¢4.55 —|/ILTS U5 48 115.08 17<.= 2.7.2C %s 100
Sagusche Second 5.043 cd.74 36.31 44,87 S0.05 ©3.18 —7oIT TC. o8 107.08 1cs.48 211,20 &9 C0
1321 Everage 3.03%9 g4.9c  38.83 45.75 S51.75 ©5.93 —®ULTE TL.EB  110.38 167.i8 8“lc.so 2C.5 10U
Table 49
Yurzois Calif. #115 (Test began 3/55/22)
T WEIgNT Percentage gain in weight TC watcir aoscrved. Ger~ination
Where pEY = 2
Grown Trizls 1C0 13 24 38 43 80 72 84 o8 120 l44 3 &
Grains hrs. hrs. hrs. nrs. hrs. OrI s, IS Dra. hrs, NI z. aayg  days
First 2.518 oU.44  352.70 2.458 77.06 24,12 197.19 124.82 130.08 314.11 242.41 83 89
Califeriia Szcond ©eD0d 5C.47 55,07 70.43 33,88 ©7.54 111.3C 13C.18 1:-1.08 227.15 B8C.E1] BB 91
1250 Average z,534 Su.46  SZ.BY 73,08 30,1  PS.B3 IT-.20 1:27.90 100.31 &sU.=8 80l.4E 80 gu
irst Se 043 ~3.89 45.88 52Z.¢8 T7O0.Bb 96.03 Tlo.Zg@ I32.08 171,38 34b.B3 3wo5.80 100 100
Ft, Cclliins Second 2.330 8b6.8c 45,30 5v.08 71,30 9¢.17 TIS.30 I4n.le 178.s8 zoc.cQ 3ll.24 52 100
1321 Average o.837 27.86 45.54 58,02 T7I.T8 TP6.10 TI7.00 Tas.ca 1r7d.cl 3S58.71  Svo.80 gd.c 10U
First 4,009 <&.74 41,350 55,35 52,41 75.27 ~92.44 1.B.00 loc.gb Iel.Fo <11.90 87 38
D=l Ncrte Second 3,843 " "P5.37 41,83 °3.80 60.82 77.07 "U5.&0 115.40 lo-.86 1o7.20 =215.c0  B& 97
19231 Aversge 3.986  H5.08 41.59 532.97 59.87 78.52 ~93.87 1Ilc.ou Ilos.cl Ic4.o58 z15.78 85.5  87.°T
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iable 50
Kubanka (Test began 3/25/23)
WeIght ___ Perceuntage gain In +eight d0e Lo Water absorbed. Germinaticn
where : Trials per | 1 T ; '
Grown 100 ¢ 13 24 | 38 . 48 60 72 84 96 130 144 3 6
Grains . hrs. hrs. | hrs.; hrs. hrs., hrs. hrs.] hrs. nrs. hrs. days days
First  3.356 27.59, 38.72 48.18 | 42.97 | 59.5488,70  81.58093.98 vi-6.78 130,056 50 10V
Del Norte Second 3 .847 27.68, 35,55 48.49 | 51.10 | 57.99 65. 50. 760 .01 1239.45 183.00 47 I3
Average 3.858  27.64 30.64 147.81 | 50.54 | 58.7766.21_ 8l.1733.42 128,12 181,50 _ag S
First 3.708  24.55 3Z.57 143, 58 | 47.47 | 53.35 59.68 72.4983.34 11£.53 169.023 | 34 99
Hooper Second | 4.005 . 04.34 54.68 43.47 47.39 | 53. 3159.72  70.81jgs.89  113.67 173,64 33 100
Average | 3.388 . 04.45 34.83 43,55 47.38 | 55.5859.68 35,27 I117.80 171.33 z: 85 g99.§
First _ 5.341 _ 29.90 39.17 148.39  50.88 , 56.4564.11 8071825.41 133,00 I86.55 SO ' 1VV
Saguache Second 3.344 39,317 38.89 48, 08 | 43,96 56,0765.33  ©l. 6%.25 133 w” 4191.56 805 10U
Average 3.343  29.R1 53.93 48.24  B0.18  56.25 83. 3. 83 | 153.28 188.94 62.5 100
First 3.947 _ 26.95 57.92,47.95 | 51.28  60.4570.55 54.11p3.66  137.06 163.10 6 30
Ft. Collins | Second 3,375 _ 27.3%4 35.42 |46.04 | 50.99 | 60.3467.80 05.0]lp6.80 129,48 171.88 67 88
1920 Average 4.661 57.15 38.08 [48.90, 51.11  A0.4068.68 £4.8lPo.80 138.57 169.60 71 .5 89
First _ 5.588  26.87137.6548.59 | 51.17 | 80.09 71.0l B82.9g104,72 146,01 204,40 ©0 10C
Ft. Collins | Second | 3.889 _ 26.18 37.40 46.08 | 50.74 | 55.76 68,39 _c7.09102.47 143,93 194.95 65 100
1921 Average 3.639 | 26.53, 37.56 [46.29 | 50.98 | 50.45,70.80 B8.cHk03.60 142.47 199.68 €3.5 100
Teble 51
Preston (Test began 3/35/33)
Weight | Percentage gainvin~weirht due to warer abscrbed Germination
Where Trials per ; : e
Grown 100 113 24 38 48 80 73 8¢ = 9886 130 144 3 6
’ Grains fhrs. hrs. hra. . hrs. hrg, hrs. nrs. hrs. hrs. | hrs. days days
' First 3.976 i29.30 |42.31 | 83.15 | 63.40 | 81.72 T00, 33 1. 65‘105?737205;88m344.33 Jo 4y °
Ft., Collins | Second | 38.884 130.47 '42.40 | 52. 18 ' 60.08 | 77.535 “9Z.14 111.26 1°7.80 107,71 335.45 9% 100
1920 Average | 3.930 130,84 143.36 | 53.87 | 51.21 | 75.63 97.24 112.96 129,99 201.30 341.89 ©3.5 99
First 2.701 |127.44 139.80 | 49.62 158 28 130.62'101 o5 125.18 145,28 240.08 o02.094 96 0%
Ft. Collins [Second 2,708 27.47 139.38 | 49.89 | B8.53 88705 101.08 123.50 140,128 241,39 386.0 94 100
1921 Average | 2.730 27.46 39.56 | 49.46 | 58.40  81.34,101.15 124,39 145.80 245,26 39%.60 9o 9.0
First  3.578 125.88 35.01 | 45.82 | 55.17 | 73.13 00.35 108.17 128.44 215.79 267,24 94 | 100}
Del Norte Second | 3.730_|26/03 |40.00 | 49.54 | 55.91 | 75.78 9.17 110.18 120.87 213,231 2€c.46 ° 97 _ 10V
1931 Average | 3.699 [25.08 [30.96 | 40.58 | 55.54 | 74.48 O01.296 105.18 120.05 214,51 207.85 | ©5.5 100
First | 3.814 |28.86 20.80] 49.57 | 55.55 | 74.67 97.19 115.46 16,4 218,69 368.87 & 99 99
Saguache Second | 3.153 128.86 [40.43 | 49.44 | 58.45 | 75.70 07.64 11C.086 143.08 832.60 284.07 | ©8 100_
1921 Average | 3.184 |23.86 |40.32 | 49.41 | 56,00 75.19, ©7.55 117.26 150.8, 385.66 276,47 ;| 58.5 9.9
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Table 52
Club California #114 (Test began 3/25/23) ,
| I Weligngy E Percentace galin in wel-nt due to,6 watel absorbed, Poorrdnetine
Where § [ per | f T 1 : ;
Grown  Trisls | 100 = 12 - 24 36 48 60 s 84 . 98 12
Devis First . B4 794 $0.38 53.07 6c.868 80.48 106.737179,30 148.67 174.83 229.31 288,07 89» . 9‘5
(alifornia Tecond . 2.864  3U.B28  LI.S% BB.89 BU.,BL 1U5.3UTIZ. 6] 130.07 800 018 22755 07 =5
1920 AveéTage =.764 90,50 °2.01 8B.B5 B0.00 10%.971y="gg 114,37 1G7.87 215.24 J65.88 88 E2 T3
Davis First i 2.700 27.06 46.40 00.19 08,80 97.80122.40 141.16‘ I175.18 208.10 2eh.73 98 T8
Califeornia Second [ 8.7928 &B.o6 47.lo 06,07 £E8.50 g7.19 12518 [21.54 17C.17 204,00 250.50 8 )
1931 Averageé | 3.718 27,91 48,77 55.83 68,81 97.17 Tpz 7y 131,35 171.68 20c.00 263.71 97 TE.E
First [ o0.998 @ 2%.69 ©S. -3 22 15 5% %3 115.18 150,70 183.31 BL7.58 © TOO
1931 | Average | 5.401 ob.0& 39.80 DBI.48 ©o.77 3s.79 OIl.18 Jll4-88 I51.81 187.44 B822.83 29 100
Table 53
Defiance Califcrnia #955 (Test began 3/6/23)
T Weight | ercent n in weigh | Geriins
Where | é pe% ? enrags gaI/ 1 we}g v due tc water abscrbed ‘ chrw~F“tion
Grovm Trizls  1C0 12 ! 34 ] 3 | 48 | 80 73 . 84 96 120 144 3 &
Grains | nhrg, | hrs, | hrs. ~ hrs. |hrs. hrs. _hrs. hrs. _hrs. hrs, ' days days
Davis First 3.007 ' 30.52 44.39 56.18 70.33 '88.67 114,83 140,30 164.81 203.88 351.68 93 93
C:lifornia Second S. 208 32,068 45,88 53,18 73.2% 92.07 TIT.00 1&7.77 172,80 /338.2U &7d.76 95 24
1220 Average [s.27o 31,59 45.583 B7.87 71.84 T0.37 118,98 l3d.09 IcB.70 32l8.1l4 soc.75 B gS8.0
Davis FiIr sV J.478  27.Cl 4I,I1 45,81 52.14 &3.00 T03. 24 119.8¢ 147.71 177.80 s41.9¢€ 99 k]
Caiii-rnia Second 5,404 27.66 41.87 48,88 58,70 dl.Ig 100,09 117.80 145.98 175.60 &95.20 U8
1¢23 Average |J.464 37.%& 41.49 48,53 58.88 ©83.38 1ll.c4 TI8.60 14c.82 175.40,837.76 8.0 99
First 5,283 27.2& 41.08 46,80 [©5.04 73.18 I7.97 [1iC.sU 130.18 100.80,157. 01 4% 29
Del Norte © Second S.C74 26,97 4C0.87 4B.cd 04.18 20,50 TOC,E5] 115.40 [14c. 71 1C7.00 =nlz.P8 o©F 100
1921 | Average [3.878  27.11 141,15 T45.87 [54.86  19.&9 T0.31 | 112.80 136.44'158,.70 192.27 o8 9.0
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Table 54
White Federation Calif. #4213 (Test bagan 3/¢/33) B
Where We}ght Peroentage‘gain i? weight du€ o watsr absorbed Ger.ination
Gicwn Triasls ! per - an e . ) N _ :
1100 15 24 36 48 60 73 4 96 120 144 5 B
- Graing hrs. hrs. Aars. hre. hrs. _ hrs. ars., hms. ars. ATS.  dovs | davs
Davis First 5. 800 22,88  -5.25 54,40  5<.00 ‘ ?3.41 10-.31113c. 21 151.97 187.44;5 225,44, 98 99
C=lifornia Saccnd b.7la 55«81 ‘ 45,37 el 3.0l 34.5 107,230 {1238.1"0 153,31 130.50 590,55 08 o)
123C AvVsroge 3.75¢  J0.10  45.70 54.96 o7.15  35.90 Tu7 o3I 187.28( 1532.59 182.03 334.44] 98 99
DLvis First 4,377 37. 55 41.57 08.16 628.18 77.4Y o5 30 II1.37 185.32 157.10 138.58 &7 ~—5g— ]
Jsiiicrnia Teconda | 4.108  37.c5 4l.91 ot.15 ©65.49 78.10 TS I IIZ. 25 127. 55611 5.18 207.08 28 0
1931 Average  4.19o I7. 50 21.7&8 53.10 ©62.31 77.8B8 T UETTIIT.OBI 125.3%4 153.-0 503.5I ©7.5 55
First 2,428 %5.80 | 53.05 75,19 83.57 118.19 TG, 3T I8I.29] 215.19] 591,30, 374.28 100 | 100
¥t. Collins Tecond | ©.4U0 35.761 056,19 75.289 €5.15 113.36 Tgg.I77177.15] 210.c3] 271,139 332,17 98 5G
1921 Av=Tage] 2.417 35.08  os.08 74.24 Bo.85 112.78-T5C.347I73.23 213.51 281.25] 353.40] 99 T
Fl1rsv S.475 0%.07 . &7.57 45.89 os.00 £7.98 THUA8T 97.54] I115.87 151,00 36C.35] 21 100
Del Ncrte Secnd S T5.24 1 57.94] %5.07 53.08  s57.l4 EP KSR LR SRR YA IS ~To) =3
1zl Average; $.000 23 187 37.76| 45.48 0°2.83 1 ©7.49 73.36| ©-.08| 112,89 154.57| 155.1C] 30.5 TS
Table 55
Hard Fecer-tion Czlif. #3083 (Test began 8/c/33)
f t Weignt | Percentags gain 1in ~elsht aue to water absorbed Geraination
Wisie : Loper | 1 L t . . o o 3 5
Grown CTrisls 1 100 I 12 I 24 A2 {48 =0 72 84 S8 130 144
: " Grzins | hrs. | ars. nrs. | ars. hrs. nTs.] nras. nrs. hrs. | bhrs, days . davs
Davis First 37154 SU.57 47.14 5o.%8 73.28 91.18  110.75/137.1591150.41 185.16 233,50 98 28
Califsrnia ~=Gond 3.0B4  30.09 Z5.93 53.78 71.15 92.07 108,51 125.55 14c.81 178,99 315.17 95 o5
1930 Averzge $..219 I o3 47.04 59.04 7l.o9 o1.68  I109.83]12c.41)14B8.31 535,08 212.24 ©5.5 1 9-.5
T TEvVis “Firsv S.1l00 35.298 43.13 55.18 71.67  9Yb.o4 117,001 1561.981107.84 18-~.20 g42,.08] 359 S5
Culifcrnia  TSesond 3,134 " R5.54  43.55  50.37 V0.0l 95.99  I18.c8| 131,04 158,53 185,191 347,87 98 | 53
1921 Average 5. 144 35.40 43.39 5B.25 71,39 95.17 _ I17.14[131.51]157 34| 185.80] 348.48 7.5 | =7,
TITst 4,188 23.40 43.48 54.168  5..37_ 37.9l _ 105.75| 15, 70] 138,08 173, 58] 504.08] 100 | 10
t. Collins Teoond —£.080 25.83 43.93 54.58  ©e.91  88.37 T07.I8 123,34 140,18 182,01 210.58] 98 100
1921 Average 4.lo4 I3 AT 43.55 54,30 oco.o&d 88.14 10:-.20] 183.081 189,18 150,33 2C7. 3 o9 I1C0
T I ORT B2 B0 42.53  55.35 ©4.19 ] 80.35  I100.38| 115,31 129,94 175,30, 50015 92 [ I00
CDel Horte TSeRd 3977 22,5 42.18 B5.05 55.31 B5.00  98.91| 113.51[1°4.15 15€.31 151,28 88 198
19231  Fvsrige A.0I9  22.75 42.34 55.18 ] 54.00 85.68  99,59[ 113,71/ 157,08 171.08 201.43 95 |99
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Table 56
senora Calif. #908 (Test began 3/¢/33)
CWeTgme [ PErcentage gain 1n weight Cue tc smter abscibed G instion
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SUMMARY

In the study of wheat in the after-ripening
condition, we rind that after-rivening is a norwmal pnysic-
logical conuit.on existing in all wheats and the length
of the delay due to arter-ripening is a varietal cnaracter-
istic. The average length of the after-ripening period in
wheat is about fiity days after the seed has been harvsstca.

I the seed as soon as harvested is stored in a
warm dry storage (laboratory conuitions) causing a more
rapid loss of moisture from the secd, the perioa ol after-
ripening is shorter than if stored under average ccnuiticns.

The delay due to after-ripening appears tc be a
period of inactive enzyme secretion. The only active enzyune
during the period of filling and after-ripening of tne
seea is diastase of translocation, whicﬁ is only slightly
active on starch paste under normal germinative conditions,
but which beccomes very active under ccol moist conaitions.

A normal germination is reached in after-ripening wheat
under favorabie germinating conuitions, only when the
diastase of secretion, secretea from the epithelial cells
of the scutellum, become active.

A normal germination may be securea in atter-ripening
wheat at any time by placing the seea in & retrigerator unaer
cool (7.1 to 13.4 degrees C.) moist conditions for three
days and then in & germinator at 30 degrees C. for three days.

The after-ripening in delayed germinating seed behaves

in a similar manner to the after-ripening in normal seed

when subjected to the same ccnditionss.
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The period of after-rirgening and delsved gersinaticn is
a continuous one and it is imuossible tc tell where one lesaves
oi1 and the otner beginse

In the geograpnhical distrioution of delayea gerwination
in the United Statés, data shows that twc distinct types
of delayed germinition occur: (1) in varieties grown under
conditions similar tc those existing in the San Luis Valley;
(3) in varieties represented by the subspecies Durum and which
is a physiological condition normally existing in:this tvpe.

The delayea gerwmination exigting in wheat grown in the
San Luis Valley is due tc conaitions existing in the Valley,
tor a ccndition of delayea germination can be produced by
planting normal seed in the Valley. Normal germinating
secd can be produced from the delayed germinating seed of
the San Luis Valley, blanting the seed at Ft. Collins, under
dirferent climatic counultions,. |

Combining the topograpnical ana climatic conuitions of
the Valley, there arc a great many factors that might enter
into the causes of delay=a gerwination. The factors
considered under this stuay were alrxali, altituae, frost,
height of water tazole, and the time oif planting and the time
ot harvest.

Frost, height ot water taole, anu the time of planting
and time of harvesting Were not factors causiang a delayed
germination, for wheat grcwn to maturity uncer these conaisions

beshaved a8 normal wheat.
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The only two conditions existing in the San Luis
Valley, as far as the experimental study was undertaxen,
wnicn enter intc the cause oif delaysu germinaf ion were
algkali ana ailtitudes.

Two types of seeu are produced on the alx«ali scilis
in the San Luis Valiley; one type retaining its clear,
traznsearent enwospsrm showing oniy a slignt delay in
gerwination, ana the otner type proaucing large, opaque
kernels known as "yellow-verry.® 1In the "yellow-perry!
type the biggest delay in germination oCCurs.

#hen the delayea seca frcm the San Luis Vaiiey was
piantea at Ft. Coilins unasr scil conalitions contalnling
li1ttie or no alakii, the "yellow-overry" cconaition was grown
out ana a ncormal seed preauced wiich has & grestelr vitaiily
tnan seeqa oI the same variety grown at Ft. Coliims for
geveral years.

Wnen Deriance wheat was grown in pots contaiiilng
varying per cents ol scaium ana potassium salts, a delayed
germination was prcoduced.

In the altitude tests, Marquis ana Deriance varisties
were grown oetwesn the altitudes or 4,891 feet ana 7,850 feet
and data secured from these tests indicate that a zradual
increase in delay in germination was secured as the altitude
increased., The Defiance variety grown at 4,591 feet germinated
95 per cent in three days, while that grown at 7,850 feet
germinated only 74 per cent., Marquis variety grown at 4,291

feet geruminated 83 per cent in three days, while that grown
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at 7,850 feet germinate-only 84 per cent and so indcicat-
ing that altitude enters into the cause of delayed germi-
nation. )

The duration of the delay in after-ripening was
found to be about fitty days aftsr harvesting. The
duration of delayed germin:stion depends as with after-
ripening, upon the varietal characteristics and upon
storage conditions,

In all cases the duration of the delay in germination
was less than one year after the first test was made.

< When 'delayed germinating seed was placed under the
same conditions as were used in bringing after-ripened
séed to & norwal germination, the delayed germinating seed
behaved similar to the after-ripenea seed, for a normal
germination may be secured either inafter-ripening or
delayed germinating seed at any time, by placing the seed
under cool, moist conditicns in a refrigerator for three
days and then in a germinator at 30 cegrees C. for three
Qay s.

The similar behavior of after-ripening and delayed
germinating seed under the same germinating conditiorms
would indicate that the delayed germination in wheat is
but a prolonged after-ripening period,

The second type of delayed germination under the
geograpnical distribution is one of a normzal physiological
condition and one normal in the subspecie=z(durum) pr-ducing

exceedingly hard grains. From data secured the delayed



germination in durum wheat appears to be due to the extreme
nardness of the endosperm, preventing a rapid intake of
water and also preventing a rapia development of the plumule
and seminal roots. Durum wheat does not reach a normal
germination in three days anad as the wheat of this type ages
it loses its viability as do>a normal germinating varieties.

The Kubanka (aurum) grown in the San Luis Valley
shows a greater delay than either the delayed germi mting
geed from the San Luis Valley or the delay in germination
normal to the @urum type, for Kubanka grown in the Valley
has & combination of both types.

Watsr absorbed by the seeds from different regions
also represents two distinct types, seed grown in the San
Luis Valley and seed grown in California and Colorado.

The seéd grown in the San Luis Valley weighed .889
grams per 100 grains more than the seed grown at California
and Colorado, but the seed grown at Calitfornia and Colorado
had a 4.99 per cent greater water absorption in twelve hours
after the seed was placed in the germinator than the seed
grown in the San Luis Valley.

In the seventy-twoc hour or three day test, the seed
grown in the San Luis Valley had a 13.44 per cent lower
germination and a 230.97 per cent lower water absorption than
that grown at Calirornia and Colorzdo.

The rate of intake of water indicates that conditions
in the San Luis Valley proauce an innibitor which causes a
slow intake of water, and likewise would pfevent a rapid

drying out of the seed, and thus delay tne activity of the
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diastase of secretion and prcduceg a delay in germination.
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RESULTS

Three types of delay in germipnation in wheat were
ifound to exist in thie stuay:

(1) Delay in germination due to after-ripening,
which is & normal physiolcgical conditicn existing in all
wheats. The duration of tais delay is apout fifty days.
The cause of this delay due to aiter-ripening as far as
available data shows is due to & perioa of inactive
enzyres, and a normal germination is reacneu only wnen the
"aiastase of secretion® becomes active.

(2) Delay in germination (delayed germination)
existing in wheat after the perica of after-rigening is
passed. This type of delay is limited t0 ccnuitions similar
to those existing in the San Luis Valley. As far as
experiuwental stuay was undertaken, the two conuitions in
the Valley entering into the cause of delayed germinaticn
were alkeli and altitude. The conuitions existing in the
Valley also proauce in the seed &n inniobitor which prevents
a rapld intake of water and likewise prevents a raric
drying out of the seed.

Seed with this type of delay when placed under the
same conaitions as seed in an after-ripening conditicn,
behaves in the same manner, and a normal germination can be
produced in both types at any time by placing the delayed
seed in a refrigerator under cool mcist conditions for tnree
days‘and then in a germinator for three days at 230 degrees

centigrade.



The similar behavior of the two types of delayedc seed
indicate that the delay is the same and that the delay in
germination after the normal alter-ripening periocd is
passed is but a prolongea period of aiter-ripening produced
bv conaitions similar to those existiag in the San Luis
Valleye.

The durgtion of this delay in gerwination caused by
cunuitions similar to those existing in the‘San Luis
Vailey was tfound to pbe less than one year after the first
germination test was meaae, ana a norwal germination is
reached under normal germinating conuitions only wioen
the "diastase of secrction®™ becomes actives

(3) Delay in germination due to a normal paysiological
condition existing in the subspecies(Triticum durum Desf.)
due to the hard endosperm preventing a rapid intake oi water
and a rapid development of the plumule ana seminal roots.
This type of delay does not come to a normal germination in
the three day tests, and as the seed ages it loses its

viapility as does normal germinating seed.



~-185-

REVIEW OF LITFRATURE,

1. Acton, E. H., cghanges in réserve material of wheat on
keeping. Ann. Bot. 7:383-387, 1893,

3. Appleman, C. O., Biochemical and physiological study
cf the rest period in the tubers of Solanum tuberosum
Bot. Gaz. 61:365-394, 1918.

5. Appleman, C. O., Some cobservations on catalase. Bot.
Gaz. 5Q:183-193, 1811.

4. Appleman, C. O., Physiclogical behavicr of enzymss and
carbohydrate transform.ticn in aftsr ricening in
Potato tubers. Bot. Gaz. 53:306-515, 1913.

5. Arthur, J. C., The paired seeds of cocklebur. Plant
World, Vel. 9, No. 10, Qctober 1208.

'6. Arthur, J. C., Delayed germination of the cocklebur and
other paired seeds. Proc. Ann. Meeting Soc. Prom.
Agr. Sci., 1825,

7. Atwood, W. M., A physiclogical study on the germination
of Avena fatua. Bot. Gaz. 57:386-414, 1914.

8. Bailey, C. H., and Gurjar, A. ¥., Respiration of stored
wheat. Jour. Agri. Res. 12:885-371, 19l18.

9. Ball, C. R., and Clark, J. Allen, Experiments with
Durum wheat. U. S. Dept. Agri. Bul. N¢. 818.

10. Beals, W. J., Vitality of seeds buried in the soil.

Mich. Agri. Experiment Station, Bul. No. 5, 1885.
11. Benchley, W. E., On the strength and development of a )
grain of wheat. Ann. Bot. 33:117-130, 1902.

12. Bessey, C. E., The siructure of the wheat grain. Nebr.
Agri. Experiment Stat on, Bul. No. 33, 1894,

13. Brown, Adrean J., On the existance of a semi-permeable
: menbrane enclosing the seeds of some of the Gramineae.
Annals of Botany, Vol. 81:78-87, 1207.

14, Brown, B. S., Modern propogation of fruit trees. pp.

15. Brown, H. T., and Morris, G. H., Research on the grains of
some of the Gramineae. Jour. Chem. Soc. 57:458=3538, 18%80C.



16.

17.

18.

19.

30.

S4.

zb.

36,

37.

-18c-~

Burgess, J. L., Relation of varying degre=s of neat
to the vitality of seeas. Eleventh Ann. Rept. A. O.
So Ao Of No A‘, 48-51, Jan., 19190

Cary, Merritt, A Biological survey of Colorado.
U. 8. D. A., Bur. Biol. Survey, Bul. No. 33, 1911.

Choate, H. A., Chemiczl changes in whezt during
germination. Bot. Gaz. 71:4C¢~-435, 1221.

Ccne, V. M., and Kezer, Alvin, Irrigatea agriculture in
the San Luis Vallev. Colo. A.r. Exg. Sta. Bul.
No. 209, 1315,

Crocker, Wm., Hechinics of dcrmancvy in sesds. Amer.
Jour. Bot., 4:93-120, 1%1ic6.

Crocser, Wm., Role o1 seeca coat in delayea germinsticn.
Bot. Gaz. 42:205-291, 13500.

Crocker, Wm., Optimum temps.ature for the after ripening
of seexs. Proc. Asso. Off. Seed Analysts, of N. 4.,

, Delayed germination in

Crocker, Wm., and Davis, W. E.
58:285-321, 1l=-l4.

Aiism&a plantago. Bot. Gaz.

Crocker, Wm., and Harrington, G. T., Catalase and
oxidase content of se=ds in relation to their
dorasancy, age, vitality and respiration. Jour. Agr.
Res., 1b5:147-174, 1918,

Dahloerg, R. C., Germination of seeds of Agropyron rerens
Proc. Asso. of Off. Seed Analysts of N. A., 181c-
1917, ,

Davis, W. E., and Rose, R. C., The effects of extsrnal
conditions uoon the after-ripsaning of the seeds of
Crataegus mollis. Bot. Gaz. 54:49-63, 1913.

Dorsey, C. W., Alkali scils of tne Uniisd States,

U. 8. Dept. Azro. Bureau c¢f Soils, Bul. No. 35, 1305.

Du gar, B. M., Plant Physiclowy, pp. 172-17D.

Duvel, J. W. T., Vitziity and germin:tion of seeds.
Ue S. D. A., Bur. Plant Inaustrv, Bul. Nec. 5z, 1304.

Eckerson, S. H., A physiological and chemical stuay of
arter-ripening. Bot. Gaz. 55:386-339, 1813.



$s. Eckerascn, S. H., Microcne:icsl studi=s in the
progressive develogmant of the #heat plaant. %Was..,
Apr. Exp. Sta. Bul. He. 1o¢, 1317

53. Fawcett, H. S., The vitality of we=d seed unier
aifferent conaitions of tre tm=nt ana az stuav oI
tnelr aorwant peri.as. Proc. Iowa Acau. Sc.,
Vol. 15, No. 43.

34. Freemnz=n, Geo. F., Prcaucing bresamaxing whest ICr
varw climates. Hereaitvy, Vol. ¢, Nc. 5, 311-726,
Mav-June, 1213,

55, Freeuwsn, Geo. F., A mecnznical exvlanati n ol
progressive changes in the preporticons of nara and
seIt k2rnels in whest., Jour., Amsr. SO0O0. Agro.,
Vol. 10:24-38, 1918.

38. Gassn=r, G., and Gumme, C., Besrtrage zur froge aes
Irostnarte uer getreidpflanzen. Ber. Deutsch. Bo-.
Gesz1lls 31:507-3515, 1213,

37, Gericke, W. F., Influence of temzs.ature on the
rclation betveen nutrient salt progortion and the
early grovtn or wnext. Amer. Jour. Bot., Vol.
g:5:-88, 1931.

So. Geri W. F., On the protein content cf wheats,

ci > No S., Voli. 52, No. 1l449:446-437, Novawder

UL @
=@ Q
[AS o iy-3
oG
Cib W

b

3. Goss, W. L., Germination of hullea &na un:ullied
timotny. Proc. Assoc. Off. Seed Anziysts cof N. A.,
1915,

40. Groves, J. F., Temcarature and 1ifs duraticn of seeds.
Bot. Gaz. ©4:16%2-1cz, 1917,

41, Guvpy, H. B., Studies in seeds and fruits. go. 417-3%.

42, Harter, L. L., The variability of wheat varietizs in
rzgistance to the toxic salts. U. S. D. A., Burea:
of Plant Industrv, Bul. Nc. 79, 1315.

49, Harrington, G. T., Gerauinaticn and viarnility test of
Jo nson Grass seed. Proc. Assoc. Off. S=ed
Analysts of N. A., pu. 24-35, 1217.

44, Harrington, G. T., Resistance of seed to deassiczcation.
Jour. Agr. Res, Vel. 14, No. 12, Sept., 1213,



46.

47.

48.

49.

5Q.

51.

52.

59.

~133-

Harrinwton, G. T., Physiological prcblexs in
relaticn tc ths germinzticn oif seeds. Proc.
Assoc. Off. Seea pAnilysts of N. A., 19321.

Harrington, G. T., Agricultural value of
impermeable seeas. Jour. Agr. Res. Vol. 6,
No. 20, 1218.

darris, F. S., Soil alkali studies, Utah Sta. pul.
No. 145, 3-31, 191A.

Harris, F. S., Effects of alkali salts in soil
in the germination and growth of crops. Agr.
Res. 5:1-54%, 1215.

Headden, W. P., Yellow-berry in sheut. Colo. AZzr.
Exp. Sta. Rul. No. 305, 1313.

Headden, W. P., A study of Colorado wheat. Colo.
Agr. EXp. Sta. Bul. No. 308, 191c2.

Headden, W. P., A study oi Colorado wheat. Colo.
Agr. Exp. Sta. pul. No. 317, 1218,

Headaen, W, P., A study cf Colorado wheat. Colo.
Lgr. Exp. Sta. Bul. No., 212, 121&.

Headaen, W. P., "Black alkalies®" in the San Luis
Valley. Colo. Agr. Exp. Sta. rul. No. 331, 1217.

Hesdoen, W. P., The propzrties of Colorado wheat.
Colo. Agr. Exp. Sta. Bul. No. 237, 1918.

Headuen, W. P., Alxalies in Colcrzao (incliaing
nitrates). Coclo. Agr. Exp. Sta. Rul. No. 239,

Headden, W. P., A study of Colorado wheat. Colao.
Agr. Exp. Sta. Bul. No. 544, 1913.

Hicks, G. H., The germizzticn of seeas
oy certain chemical fertilizers. U.
Division of Botany, Bul. No. 234.

Howara, W. L., An experimentsal studr of the rast
ceriod in plants. University of Missouri
Researcn Bul. No. 17.

Howard, W. L., Rest perica studiss with bulbs and
herbaceous perennial plants. Missouri Agr.
Exp. Sta. Ress=arch Bul. No. 313.



70.

71.

73

75,

74,

75.

Jensen, G. H., Studies on the wmorpholoygy of wheat.
Wasningzton Agr. Exp. Sta. pul. Nc. 135G, 19513,

Jost, Plant Physiology, pp. 34-43.
Kains, M. G., Plant Propagation, pp. 30-31.

Kearney, T. H., The cnoice of crops frc alssli land.
U. 5. D. A., F. B. 448, 1911l.

Kiesselbach, T. A., and Ratcliif, J. A., Freezing
injury c¢f seed corn. Nebraska A.r. Exp. Sta.,
nesearen Bul., No. 1€, 1350,

Konds, Montaro, Uver nachricf= unc reiwing rescnieaen
reifer reiskcrner. Ber. Okarz Inst. Landw.
Fersen. 1:3681-387, 1819.

%,

Lapman, Marcy H., Scils c¢if the San Luis Valley, Colecradc,
U. S. D. A., Bureau cf Soils, Cir. 32. (1z15.)

Lyon, T. L., ana Kezer , Alvin, Winter ¥Whe=xt. Uni.
Nebraska Azr. E4p. Stz. Bul. No. 85:38-38, 1315.

McHargue, J. S., Some points of intersst concerning the
cocklebur and its seeds. Ecolccy Vel., II, No. 3:
110-113, April, 19521.

Osterhout, W. J., On siril:zrity in the beshavior cf
soaium and cotassium . Bci. Gaz. 45:98-104, 1523,
Prefrer, Plunt Physiolcgy, Vol. II, pp. 207-308,

&

Robbins, W. W., Botany of Crop Plants.

Rebbins, W. W., Native vegetation and climate of
Colorado in the relaticn te agriculture. Colo.
Agr. Exp. Sta. Bul. No. 234.

Roberts, H. F., and Freeman, G. F., The yellow-berry
in Kansas hard winter wheat. Kansas a-r. Exp.
Sta. Bul. Nc. 125, 130&.

Rose, R. C., After-ripening and germination ol se=ds
of Tiliu,; Sambuscus and rRubus. Bot. Gaz. 987:
281-3508, 1219.

Rose, D. H., A study of delaysd germinaticn in
eccnomic sesds. Bot. Gaz. 52:425-444, 1915.



-150-

76. Russell, Edwara J., Scil conoition ana plant grosth,
pp- 41-420

?77.Seymour, E. L. D., Facts about lonsevity of seeds.
Seed World, Decesb-r 2, 1221.

78. Shaw, G. W., and Gaurwsznitz, A. J., California
wnite whesats. University of Califcraia Agr.
EXp. Sta. Bul. No. 212.

¥9. Sherman, Hope, Resgirati-n in cormant seeds. Bot.
Gaz. 78:1-4C, 1321.

80. Shirton, H. B., Longevity of cerezls, clovers and
timothy seed. Seed Worla, Fzbruary <0, 138930,

8l. Shull, C. A., Oxvgen pr=-

ssure and the gerazinaticn
of Xanthiuwn sesds. Bot.

Gaz. 48:387-320, 13lZ.

83. Shull, Churles A., Semipesrmezbility of seea coats.
Bot. Gaz., 58:18%2-19z, 1913.

8. Shull, Charles A., The cxy=zen miniwum ana the germinaticn
cf Xanthium seeds. Boit. Gaz. 32:4D58-477.

84, Shull, Charles A., The rols of cxygen in geruinztion.

85, Swith, R. S., Some efiects of potassium salts on soils.
Cornell Univarsity aAgr. Exg. Stz., Memcir, 35.

58. Sterens, O. A., Nctes on the abscrption of wmat:r
by seeds of the cereals. Assoce. Off. Sesu
Analysts of N. A., 1217,

§7. Stevens, 0. H., Notes ¢f the absorrtion of water by
seeds. Assoc. 0Off. Seed Analysts of N. A., 1915-1317.

88. Stewart, John, Effects of alkzli on seed germin-=tion.
Utah Agr. Exp. Sta. @th ,nn. Rept. 1897-38, pp.
XXXi -~ xxxv, 1328.

83. Stewart, John, Efrects c¢f alxali salts in soils in
tne gerwination and growsth of crops. Jour. Agr.
ies. 5:1-53, (1913).

¢U. Stone, A. L., Efrects cf close thressing on oats.
American Seedsman, February 15, 1933.

21l. Stone, A, L., The preoblem precented in obtaining
satiafactory germination tests onnewly harvested
grains and grasses. Eleventh Ann. Rept. Assoc.



Off. Seed pnalysts of N. A., :51-33,
January, 1919.

9d. Thatcher, R. W., The progressive develoument oI the
wheat kernel. Jour. Am=r. Soc. A:zTc. 5:203-313,
1913,

B5.Tottingham, W. E., A preliminary stuav of the
influence of chlcriaes on the growth cf certain
azricultural plants, Jour. Amer. Soc. Agro.
Vol. 2, No. 1, 1912.

94, Trimble, R. E., Coloracoc climatolozy. Colo. A-r. EXg.
Sta. Bul. Nc. 245.

¢5. white, J., Feruents ana letent lire of resting seeds.

96. Wilson, B. D., The transloc.ticz of caglcium in a
scil. Cornell University Azr. Exg. Sta.,
Memolir 17.

87. Year Book of the Degpartment oI Azriculture, 135230,
op. 553,

98. Yesr Book of the State of Coloraao, 1330, pp. 155.

98. Rules for sesa testing. Ruies of Assoc. Off.
Seed Analysts, 1831.

100, Green,J.R., The Soluble Ferments and Fermentation
pPps.15=32,

































































































































	1001
	1002
	1003
	1004
	1005
	1006
	1007
	1008
	1009
	1010
	1011
	1012
	1013
	1014
	1015
	1016
	1017
	1018
	1019
	1020
	1021
	1022
	1023
	1024
	1025
	1026
	1027
	1028
	1029
	1030
	1031
	1032
	1033
	1034
	1035
	1036
	1037
	1038
	1039
	1040
	1041
	1042
	1043
	1044
	1045
	1046
	1047
	1048
	1049
	1050
	1051
	1052
	1053
	1054
	1055
	1056
	1057
	1058
	1059
	1060
	1061
	1062
	1063
	1064
	1065
	1066
	1067
	1068
	1069
	1070
	1071
	1072
	1073
	1074
	1075
	1076
	1077
	1078
	1079
	1080
	1081
	1082
	1083
	1084
	1085
	1086
	1087
	1088
	1089
	1090
	1091
	1092
	1093
	1094
	1095
	1096
	1097
	1098
	1099
	1100
	1101
	1102
	1103
	1104
	1105
	1106
	1107
	1108
	1109
	1110
	1111
	1112
	1113
	1114
	1115
	1116
	1117
	1118
	1119
	1120
	1121
	1122
	1123
	1124
	1125
	1126
	1127
	1128
	1129
	1130
	1131
	1132
	1133
	1134
	1135
	1136
	1137
	1138
	1139
	1140
	1141
	1142
	1143
	1144
	1145
	1146
	1147
	1148
	1149
	1150
	1151
	1152
	1153
	1154
	1155
	1156
	1157
	1158
	1159
	1160
	1161
	1162
	1163
	1164
	1165
	1166
	1167
	1168
	1169
	1170
	1171
	1172
	1173
	1174
	1175
	1176
	1177
	1178
	1179
	1180
	1181
	1182
	1183
	1184
	1185
	1186
	1187
	1188
	1189
	1190
	1191
	1192
	1193
	1194
	1195
	1196
	1197
	1198
	1199
	1200
	1201
	1202
	1203
	1204
	1205
	1206
	1207
	1208
	1209
	1210
	1211
	1212
	1213
	1214
	1215
	1216
	1217
	1218
	1219
	1220
	1221
	1222
	1223
	1224
	1225
	1226
	1227
	1228
	1229
	1230
	1231
	1232
	1233

