INFLUENCE OF TEMPERATURE LEVEL AND DURATION OF HEAT
EXPOSURE DURING SEED MATURATION ON SEED GERMI-
NATION AND SEEDLING GROWTH OF BARLEY
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A gingle brief expoaure to high temperature sireas during seed matyza-
tion stimulated increased seedling emergence o the fieshly harvestsd
barley seed when proper time-temperature relationship was- gsed.
Within & ranges of 49°C. o 60°C. germinability was increased when
the plants wers directly atressed at 49°C. for 2 howrs at 22 daye after
awh emergence or more sifely By plaving the plants at 38°C. rajsing
the temperatute duripg next {4 hours to 34°C. holdiog at that
temperature for I to 2 hours before subsequent cooling to greenhouse
temperature and returning them (o the pre-giress conditions, Stressing
ihe sexd abrupily at 54°C. for 2 hours reduced viability and the §0°C.
streas killed the s22d on account of intensified rhermal injury. Seedlings
raised from the seed siressed for 1 to 2 hours at 34°C. after 90 mimutes
heating from 38*C. to 34%C. were pormal. Longer siress resulted In
stusnited seedlings with parrower leaves.

INTRODUCTION

Prevailing temperatures during maturation of seed while on parent
plant are recognized to be associated with germinability and later growth.
Increased germinability afier mederate but warm maturation temperatures
have been reported by several workers (Dotzenko, 1967; Evenari, 1965;
Harrington and Thompson, [952; Laode, 1967; Stearns, 1960; Yon Abramg
and HMand, 1956). The influence of a brief but more severe exposure during
seed maturation has not been much investigated. Laude (1967 sugpestad
the existence during seed maturation of & sensitivity gradicnt to high temperature
stress in Atlas barley and reported an increased germinability at harvest in
some instances. In his experiments barley stressed at 49°C. showed relatively
higher emergence than that siressed at 54°C. but an exposure time of 5 hours
seems to have depressed the expression of maximum stimulatory effect on seed
germipability, Khan (1967) observed that permination of freshly harvested
seed of Atlas barley is depressed following heat stress at 7 to 10 days after awn
emergence, but 13 enhanced by the same siress applied some three weeks after
awn emergence. The depression in these instances was attributable to reduced
viability associated with thermal injury,
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'The objective of the present investigation was to determme the respon-
siveness of barley during maturation to heat stress, and to consider the im--
portance of the responses in terms of germination and seedling growth.

MATERIALS AND METHODS

A mildew-resistant type of Atlas barley, designated U.C.D. 2010, was
grown in the greenhouse in é-inch pots, filled with & mixture of two-thirds
loam soil and one-thied sand, Four plants per pot, watered as ncgessary
to preyent meisture shiess, weve grown to matarity, Greenhouse temper-
atures were maintained near 21°C. day, and 15°C. night, except during
the summer months when day temperatures reached 26°C, or slightly above,
In winter to insure heading, the day lengths were extended to 17 hours by
incendescent fighting which permitted an.intensity of approximately 100 fr, C.
at vppermost leaf height,

The age of the caryopsis during maturation was stated in terms of days
after awn emergence of that spike carrying the carvopsis, A tag bearing the
date of awn emergence was placed on each jointing culm, Plants were sub-
jected to heat stress some three weeks after awn emergence. ‘The stresses were
applied in a chamber controlled as to air-temperature, humidity and light.
Since the heating capacity of the stress chamber was such that the dvration of
time reguited to reach different temperature regimes varied considerably, the
plants were moved from the greenhouse directly into the stress chamber when
the air-temperature of the chamber had reached 49°C, 54°C or 60°C. (The
latter was expected to be a near lethal temperature), They were maintained
at each temperatare for 2 hours then cooled for 30 minutes before returning to
the pre-stress conditions.

For the heat stress at different durations of ¢xposure, the plants were
introduced into the stress chamber when the air-temperature in it had reached
38°C. During the next 90 minutes the temperature was gradually raised to
54°C., and held at that temperature for §, 2 or 3 hours befors the plants were
removed from the chamber and returned to the greenhouse after subsequent
cooling, iz

Seed was harvested when all green coloration had left the spike.
Immediately upon harvest replicated 50-seed samples were planted at one half
inch depth in moist sand and germinated in a growth chamber at constant
A°C. with 8 hours of low intensity illumination daily. Germinability was
based on seedling emergence counts recorded for 21 days.

Seed viability was determined by means of tetrazolinm test {Moore, 1962)
and excised embryo techmique. For the latter, embryos, from the caryopees
of freshly harvested stressed und non-stressed seeds were separated from the
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endosperm with a sharp scaipel after 4 to 6 hours of soaking in water, A
small amount of endosperm adhered to one end of these separated embryos.
This end was placed in contact with maist filter paper in 6015 mm. petri
digshes. The embryos were incubated at constant 20°C. with § hours of light
daily, and those which produced both radicle and plumyle were considered

perminated.
RESULTE AND DISCUSSION

Greenhouse grown barley matured seed some 30 days after awn emer-
gence. Heat stresges of 49°C,, 54°C, or 60°C. for two hours were applied on
22nd day after awn emergence. The germinability of this seed at harvest is
presented in Table 1. Different teraperature regimes were highly significant,
Controlled zeed, not streszed, revealed a degree of fresh seed dormancy. Ths
seed stressed at 43°C, resulted in highest emergence. 54°C, and 60°C. gave
lower emergences attributable to reduced viability associated with thermal
injury. The viability of the seed was appraised before the emergence test by
means of tetrazolium test (Moaore, 1962) and excised embryo technigque, Seeds
which failed to germinate were recovered from the sand after 21 days, rinsed
and tested with tetrazolium. {Table 2).

TABLE 1.—@?:2: of different air temperaiures applied for 3 hours on
22rd doy after awn emergence on seed germinabifity at harvest,

Average number of seedlingst emerged at

Temperature °C 7 days 14 days 21 days
Control aeh 24.0 ha 22.3b 30006
45 i 430 a 46.6 a 47.3 a

54 i 15.0 b 2.6 h 20.6 ¢

50 . 10 ¢ 1.0 ¢ 1.0d

I. Average of three X-seed tamples.

%, Duncaii’s Multipie Range nt 1% probability. Any two means within each em
perind which do not share & l-ettg in mﬁnmm diﬁu?ﬁsniﬁganu:ﬂ. = B
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Tane 2. —Estimate of seed viabillty after heat stress but before the
aptergence test and on recovered seed ofier the test.

Before emergence test Recovered seed

Temperature® Excised embryo test  Tetrazolivm test Teirazolivm test
C

No. No, ger- Ne. No, res- Ne. No, res-
tested minated  tested piring! tested piring

Control 15 15 25 25 2% 25
8 o 15 15 25 25 » .
54 B8 6 25 1t 25 0
60 - 15 0 25 0 25 0

1. Resplration processes within living timues of seed releass hydrogen, which combings
with the coloutbess teicazolium solution and produces ced stain In Hving, healthy tismue, e,
embryo and sentellom,

The control seeds and those stressed at 49°C. were viable and respiring,
but the seed siressed at 54°C, showed less than 50 per cent viability. After the
emergence test all the recovered control seeds were still respiring. Failure to
germinate was probably due to this seed still being in a state of fresh seed
dormancy. No seed stressed at 49°C. was recovered as practicably all of it had
germinated, MNone of the seed stressed af 54°C. revealed respiration indicating
that all the viable seeds had germinated and only non-viable seeds. remained
ungerminated in the sand, The 60°C. stress had killed the seed,

Since there was not appreciable differsnce in germinability of the control
geed and the seed stressed at 34°C,, the fresh seed dormancy in the former
appeared to be equal to the heat injury in the latter, It was felt desirable to
investigate next the effects of different durations of exposure 2t 54°C. and to
evaluate the extent in difference of response when the plants were not abeuptly
shocked at this- temperature as in the previous case, The germinability at
harvest of the seed stressed on the 22nd day after awn emergence for different
durations at 54°C. after 90 minutes’ gradual heating from 38°C. ta 54°C. is
given in Table 3, Exposures of ! and 2 hours at 54°C, after 90 minutes of
gradual heating from 38°C, to 54°C. gave significantly greater emergence than
the control up to 14 days, Thereafter, their difference with the conteol became
non-significant by the end of 21 days due te disappearance of dormancy in the
vontrol seed by that time, Three hours a1 34°C. revealed no superionty either
over the control or 1 to 2 hours stress.at 54°C.  Excised embryo and tetrdzolinm
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tests porformad on the freshly harvested seed (Table 4) indicated that the sced
stressed for 3 hours at 54"C resylted in considerably lower viability probably
due o thermal injury to the seed,

When the seed wag directly stressed some three weeks after awn emer-
gente for 2 hours at 54°C, more than 50 per cent reduction in viability was
observed. The abrupt increase in temperature seems to have intensified injury
which could be effectively reduced by placing the plants at 38°C. raising the
{emperature to 534°C. during a 90 minutes’ interval and maintaining at that
temperatyre for 1 to 2 hours. The nature of the *Conditioning effect”™ of 1}
hours of raising temperature was not studied, but would appear to warrant
investigation,

TABLE }.—Effect of durations of air temiperature strexs applied on the
22nd day after awn emergence on the germinability of seed at harvest,

Time nt -54‘.’ C. after 90 Averags nuraber of seedlings! emerged at

mrégge{gm“ 1mm T days 14 days 21 days
Contral i N.Rc BdOobL #.6a
I hr. - 43.0& 49.0 3 49.0a
2 hrs. i 2960 4l.3a 41,68
3 hrs. e 1%.3¢ 27.3b 27.3b

—

i, Averape of thres 50-sead gamples.
2. Dyncap's Multiple Ratige at 1% probabillty. Any two means withie each emergence

pariod which da tiot share a letter ia common differ signifizantly.

The effect of different durations of heat stress at 54°C. oa the subsequeat
geodling growth was studied, The germination fest was commenced } day
after harvest oa slanted subsirates at constant 20°C, with a photoperiod of 8
mours. In this techaique twenty-five ssads were planted in & row at the mid
sectlon of a moist horjzontal blotting-paper. A single ply of thin dry tissue,
wmick a8 Klocnex, was piaced over the seeds, A fine mist of water was sprayed
ovor the tissue, The clinging moist tissue held the seeds firmly in place so that
the substraia conld ba glanted with the embryo snds of the sceds facing downward
and other ends upwarde. For support the blotting-paper was placed on a
rigid piece of non-ioxic plastic. A rack was used to hold the slanted substrate
sheet with the basal portion in a water resgivoir, The plamules grew straight
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TapLe 4 —Estimate of seed viability after beat stress but before the
emergence lest.

Before emergende test,

Time &t 54°C afier -
80 minutes’ heating Excised embrye test. Tetrazolium test,
from 38°C to 54°C.

No. tegted Mo, gar- No. tested  No. nes-

minated piring!
Control ci 15 15 23 25
1 hr, i 13 15 25 25
2 hrs, s 15 14 25 ' 24

3 hrs, | w:  1a 5 v R 16

1. Respirng tlmue within seed, s.g., emnbryo 8nd soutetium dewelop red atein with
coloriess tatrazoligm 0lubion. * i

TABLE 5.-Rool and shoot growth of the seedlings ot 10 days after plonting
of the seed stressed approximately three weeks after awn emergence.

Hours at 54°C after 90 Average Average Average lengthd

minutes’ heating from stod weight emergence?
B Cte M4°C {gms) at 10 days  Root (cm) Shoot (cm)
Contrel i 2.5a 0.0 6.9 13.7
H oo 23 46.6 7.0 12,9
2 o 226 40.0 7.2 13.0
3 . e 230 26.0 4.4 5.1

1. aod 2. Average of three S0-3eed lots,
3. Average of 25 aeediings.
4, Duncan's Multiple Repge at 157 bliity, Any two menns within each trentment

which do not share a leitar in common differ significantly.

apward and the radicles downward long the slanted substrate. Ten days after
planting, the shoot growth was measured from the hypoeotyl to the tip of the
first leaf and the roat growth from the point of radicle emergence to the ip of
the longest root, The resylts are presented in Table 5. Although the control
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seed was heavier than the siressed seed, there was no sppreciable difference
in the root and shoot length of the seedlings emerging from the control seed and
tha seed stressed for 1 to 2 howrs at 54°C, {afier the 90 minutes’ heating from
38°C to 54°C).  The longer expasure of 3 hours resulted in decreased viability,
and reduced voot and shoot growth. These seedlings were stunted in growth
and had narcower leaves ag compared to the normal seedlings. Thaese observa-
tions snggest that temperature stress rather than the seed size exerted greater
influence on seedling growth,
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