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AN ABSTRACT OF THE THESIS OF

Bashir Ahmad Aqil for M.S. in Agronomy

Title: Germination inhibitors of sugar beet seed.

A germingtion study was conducted in the seed
technology laboratory of the American University of
Beirut during 1965-66. Different methods for increasing
the germination and vigor of sugar beet seed were tried.
Washing the sgeds in running water for 24 hours and
soaking at 30°C or 40°C for 12 hours improved the
germination considerably. The improvement in germination
was considered mainly due to leaching out of inhibitors.
The oscillating vacuum when applied on sugar beet
seeds presoaked for different periods of time decreased
the germination as compared to that obtained by soaking
alone. Various concentrations of gibberellic acid,
indoleacetic acid, kinetin, thiourea, hydrogen peroxide,
potassium nitrate and naphthaleneacetic acid were used
both for presosking sugar beet seed and as germination
media. The growth promoters neither stimulated germina-
tion nor inactivated the toxic substances.

The effect of the water extract of sugar beet seed
was studied on various crop seeds and seedlings. The
extract inhibited the germination percentage and develop-
ment of radicles and plumules. The effect was, however,
differential and more marked on radicles than on plumules.
. When low concentrations of the extract were applied on
seeds and seedlings of alfalfa, sorghum and oats, there
was less inhibition. At high dilutions of the extract
a significant increase in germination and growth was
found, The stimulation was common in oats as compared
to alfalfa and sorghum, and in plumules as compared to
radicles,

Por determining the location of the germination
inhibitors, the seed balls were separated into true seeds
and pericarp tissue and their water extracts were prepared
and tested for their inhibitory properties. The inhibi-
tors were found to be concentrated in the pericarp tissue
and practically absent from the true sugar beet seeds.
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I. INTRODUCTION

The fact that some sugar beet seeds are dormant
and do not germinate readily is well known To growers as
well és to seedsmeﬁ; Under optimum conditions of tempe-
rature and moisture 1in the laboratory germination takes
a long time to complete. In addition to slow germination, 
the radicles become black in color and often die after
emerging from the seed ball and before the final count
can be made. As a result the total germination of sugar
beet seed as determined in the 1aboratbry is very much
reduced, Reduction in the field has also been observed

especially under low moisture conditions in the soil. In

géﬁeral, howevér, germination in the field under favourable
conditions of moisture and temperature is relatively
better than that in the laboratory. Therefore, laboratory
germination tests which are meant to give a good estimate
of the germin&bilt@’of the sugar beet seed in the field
are not depeﬂdableb-

Tﬁis dormancy in sugar beet seed is attributed to
the presence of hard pericarp tissue, high osmotic pressure,
and the presence of germination inhibitors. It is
generally accepted that the germination inhibitors which

are water soluble play the major role in inhibiting




"gérminatian; Water soluble eXtracts of aagar baet'aeed
balls have also been found TO0 inhibit the germination of
many other crop and weed Seeds, HOwaaer, very little
information 1s available about the nature of the inhibitory
substances, or about their effect on the germination and
growth of crop seeds.

. Any traatmeat that stimulsates germination and
'improvés the vigor of the seedlings Wlll be considered
of great 1mportanca for decrea31ng the germination parlad
in the 1aboratory and for improving the stang in the field,
Such a treatment w111 not only help in developlng a,
standard germlnatlan procedure low in variation among
gérmination tests, but it may also make the laboratory
tests more comparable with germination in the field, 'In
an attempt to solve this problem the Internatlonal Seed
Testing Association recommends the soaking of sugar beet
seed prior to germination. Some seed technologists prefer

washing in running water to Soaking, Neither soaking nor

- and unlformlty among germination tests.,

In this study soaking and washing in running water
for different periods of time and at different tempera-
tures were compared, Various growth regulators and other
chemicals were tested for their effect on germination and

vigor. The effect of the inhibitory sugar beet water




was studied. In addition, a location study of the inhi-

Bitory material in the seed ball was conducted;



IT. REVIEW OF LITERATURE

- The sugar beet seed, because of its manifold pro-
blems, has been an item of research for many years. The
Lseed+is a multigerm and is often called a seed ball or a

glomerule, On germination each seed ball may produce as
 many seedlings as seven. Thfough extensivé breeding work,
however, monogerm seed has been developed and is noﬁ
replacing the multigeﬁm in many agricultural areas 1in

the world. One major problem of sugar beets, whether

the seed is a multigerm or a monogerm, is its slow germi-
nation., Many causes of this behaviour have been reported,
The available literature concerning these causes and the

methods of hastening germination is reviewed below,
Causes of Slow Germination

Hard;pericarp tissue., The maternal tissue which covers

the true seeds is very hard. The scarification of sugar
beet seed has been a common practice fo increase germi-
n=tion. Hemicellulose was determined by Lackey (1948)
to be the cementing substance holding seed-caps on sugar
beet seed balls., The germination was increased when the
seed-caps were loosened by treating the seeds with a

solution of ten percent sodium phosphate, three percent
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hydrochloric acid or three percent sulfuric acid. ©Snyder

(1959¢) reported that varieties differ in the degree of

‘tightness of the seed-caps over the seed balls. When the

seed balls were notched to expose a portion of each true

seed, germination was more rapid. than that of the whole

éeéd bails. But when the true seeds were separated from

the seed balls, the germination was slower indicating a
stimulating effect of the maternal tissue on the germina-

-tion. Peto (1964) reported that germination of monogerm

seed having tight seed-caps was greatly improved by

/ ¢hipping off part of the cap. OSimilar results were

obtained by alternate soaking in water and drying, by
treating the seed with enzyme hemicellulase and three

percent hydrochloric acid.

Osmotic pressure. The failure of many seeds to germinate

while in the fruit, has been attributed to high osmotic
pressure of the surrounding juice. Evenari (1949, pp. 159-
160) reviewed the work of Duym et al. who reported that

the inhibitory action in the germination of sugar beet

seed ﬁés due to high osmotic pressure. It was reported by
Dubetz (1958) that at low moisture levels, the application
of fertilizers increases the osmotic pressure of the soil
moisture and as a result a significant reduction in germi-
nation takes place. Through the use of isotonic solutions,
it was soon realized that osmotic pressure was only one

factor, and was often playing a minor role in the



iﬁhibition of -the germination process., Evenari (1949, pp.
_159-16O)Iemphasized that some other factors were also
résponsible'for the inhibition. It was reported that
éoiutioné isotonic to grape-juice had less inhibitory
action on germination than the grape-juice itself, Stout
r=and Tolman (1941a,pp, 691-693) found that sugar beet seed
was tolefant to high osmotic pressure, Using solutions
isotonic to the watef extract of sugar beet seed TO
percent higher germination wes obtained than that in the
extract. Tt was also determined that copper, zinc and
lead as well as gums and tannins are present in the
extract but not in quanﬁities large enough to cause any

appreciable degree of toxieity. According to Snyder et ale

(1965) the osmotic pressure is not a major factor in the
inhibition of the germination of sugar beet seed. The

inhibition was not caused by inorganic substances in the
fruit but largely by the presence of toxic organic sub-

stances.

Germination inhibitors. Another possible cause of dormancy

in sugar beet seed may be the presence of germination
inhibitors or some toxic substances which are widespread
in nature. The germination inhibitors may inhibit some
metabolic pathways but their removal, or a lowering in
their concentration may stimulate germination. On the

other hand, toxic substances cause irreversible injury to



'thﬁ tissues, Evenari (1949, pp. 156-184) listed over 100
plaht‘sﬁecies which contained germination inhibitors,
Theée inhibitory substances were classified into ammonisa,,
ethylene, mustard oils, organic acids, unsaturated lac-
toﬁés, aldehydes, essential oils, phenols, and alkaloids.,
It was determined by Tolman and Stout (1940, p. 829)
“‘that sugar beet seed balls contain some water soluble
substances which produce a toxic effect during germination.
These toxic substances retard germination and kill the
radicles. Stout and Tolman (1941a,p. 711) worked on the
nature of the toxic substances ang observed that the toxic
effect was largely due to the release of ammonia by enzy-
matic hydrolysis of the nitrogenous éompounﬂs of the
extracts., It was found that 0.3-0.4 mg of nitrogen as
ammonia were released per ml of solution. This amount
was toxic when tested in synthetic solutions. In support
t0 this finding Tolman (1948b) reported that seeds produced
'1n saline soils high in nitrates contained more inhibitors,
On the other hand, it was reported by Snyder (1959b) that
there were no marked differences in the speed or the
percent germination of the seed from sugar beet plants
supplied with excess quantities of nitrogen. Rehm (1953,
p. 12) divided the toxic principles into two classes:
(1) primary inhibitors such as inorganic salts and organic
compounds which are present in the dry seeds and can be

removed by waéhing, (2) secondary inhibitors such as free




ammonia which 1s not present in the seed at the beginning
but develops during germination. Rehm (1953, p. 12)
-'cdnfirmed the results of Stout and Tolman (1941&) but
boﬁsidered the bacteria, which usually develop in large
numbers on germinating beet seeds, to be responsible for
the reduction of nitrate into free ammonia. Accofding to
De Kock et al. (1950) ammonia plays only a minor role in
the Tactors affecting the germination of sugar beet seed,
It was not possible to demohstrate the activity oflthé
enzymes which could liberate ammonia in quantities
sufficient to cause inhibition. Miyamoto (1957) also
questioned the formation of the minimum toxic concentration
of 0.1 mg of nitrogen as ffee ammonia per ml of solution
in the vicinity of seeds during germination.

An unsaturated yellow oil was separated by De Kock

et al. (1950) from the aqueous extract of sugar beet seed

and was referred to as the main factor responsible for the
inhibition of the germination of sugar beet seed. The oil
was found to inhibit salt uptake, respiration and the
activity of the polyphenolase enzyme in the sugar beet root.
De Kock and Hunter (1950) reported that thié yellow oil

was a powerful germination inhibitor when tested on cress

(Lepidium sativum) and other seeds, with prorcuncid effect

on the radicles., According to Miyamoto (1957), on the
Other hand, the inhibition of germination is due to the

high oxalic acid content in the sugar beet seed. Every



sample tested for oxalic acid contained more than the

minimum concentration of water soluble oxalates required

. %o inhibit germination. Snyder et al. (1965) found a high

correlation cO—efficient (-0.66) between the speed of
germihatidn and the soluble oxalates in the seed ball
extracts., The correlation was not higher because there
appeared to have been additional subsfances in sufficient

concentration to cause inhibition of the germination

~ process in some samples containing little soluble oxalate.

Inhibitory.Action_of the Beet-seed Extract

Tolman and Stout (1940, p. 829) found that water
soluble substances present in the-seéd balls ﬁrqduced.a
toxic effect.on_germinating sugar beet seeds both.by
retarding germination and by killing the radicles., Stout
and Tolmag (1941a,pp. 701-704) reported that the toxicity
Oof the water soluble extract from sugar beet seed balls

was not specific to sugar beet seed only, but also affected

the germination of several other seeds. There was either

an inhibitory or a retardihg effect on the germination in
all the cases when the extract was applied on the seeds

of onion, lettuce, radish, cucumber, cantaloup, tomato,
sweet corn and beans., However, a differential response to
the extract was observed. According tovaenari (1949,

P. 158) the germination inhibitors are usually non-specific,

The work of Froeschel as quoted by Evenari (1949, pp. 158-
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159) indicated that the inhibitors in the fruits of Beta

vulgaris and the seeds of Trifolium pratense inhibited the

' germination of seeds in 28 species belonging to 14

families. A one to four concentration of Beta fruit

‘extract inhibited the germination of seeds of Amaranthus

caudatus completely, depressed the germination of Lepidium

‘seeds to four percent, and did not affect the germination

~of Ipomoea turgprea, The unsaturated yellow oil that was

separated from the water extract of the sugar beet seed

balls (De Kock and Hunter 1950) inhibited the germination

of Lepidium sativum and other seeds with ‘pronounced.

offect on the radicles., When the inhibited Lepidium

seedlings were washed, the germination was stimulated. I%
was éonsidered that glycolytic reactions continued in thé
inhibited seeds and when the inhibitor was washed out,
abundant energy was available for subsequent growth.

Evenari (1949, p. 153) reported that the weed

Agrostemma githago did not germinate in the field where

Beta was growing nearby. Possibly Beta excretes a sub-

stance which inhibits the germination of Agrostemma seed.

Klikoff (1964) reviewed the work of Froschel and Funke

that Malandrium and rye do not develop when planted with

sugar beets in the soil. The effect of toxin present in
sugar beet seed was studied as an autotoxin and as a
possible inhibitor of the germinatidn of other seeds. NoO

autotoxicity was observed and none of the tested species

10
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except Poa bulbosa were significantly affected when germi-

.rnated with sugar beet fruits in the soil.
- Efforts to Improve Germination

. Eliminsation of pericarp restriction. ILackey (1948) improved

the germination of sugar beet seed by loosening the seed-
caps. The alkaline solutions used, loosened the seed-caps
but depressed the germination., On the other hand, the I
acidic solutions of three percent hydrochloric acidlahd
three percent sulphuric acid increased the germination

more than ten percent over checks treated with distilled
wéﬁer, It was found by Stewart (1950) that the germination
of Beta trigyna could be improved by sulphuric acid scari-
fication. = Snyder (1959c) succeeded in hastening germination
by notching the seed balls so as to expose a portion of

the true seed. Peto (1964) applied alternate soaking and
drying for loosening seed-caps and got higher germination.

-Soaking and washing, It was reported by Skundra and

Doxtator (193%38) that the Association of the Official Seed
Analysts of North America recommended the soaking of

beet seeds for two hours at a temperature of 20°C before
the germinstion test. Tolman and Stoﬁt (1940, pp. 824~
827) compared soaking with washing and found that washing
in running water was more effective in removing the toxic

substances. Washing beyond six hours gave no apparent

- advantage. For soaking, the quantity of water used was



yéry important and washing the samples for five minutes
in running water after soaking had é markéd effect on
Snbsequent germination, Tolman (1948a)mentioned in a

. report of the Seed Germination Committee of the American
Society of Sugar Beet Technologists that washing the |
sugar beet seed is more convenient and is a better_standard
procedure than soaking. The Committee recommended that
ﬁashing the seed in running water for a period of two
hours be made as a standard procedure, An improvement

on the washing method was introduced by Rehm (1953, p. 12)
where the seeds should be washed in running water for two
hours and then disinfected by dipping in 0.5 percent Aretan
solution for twenty minutes. The seeds should then be
dried without further washing. The disinfected seeds would
germinaté without the development of bacteria and the
formation of free ammoniéa According to Stout and Tolman
(1941a, p. 711) the beneficial effect of washing or soaking
the seeds prior to the germination test is the removal of
the water soluble nitrogen fraction of the pericarp tissue.
Stout and Tolman (1941b) tried to make the laboratory
germination test of sugar beet seed to represent the actual
germination in the field. By means of washing, the germi-
nation rate was increased and the total germination per-
centage was raised to a point comparable to the soil germi-

nation. It was suggested that further studies should be

12
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madé to determlne what modifications of the practice or
"speciflcatlons as to the quantity of water in proportion to-
the sample that may be recommended. Miyamoto (1957)

found improved germination by inactivating free oxalstes

in the sugar beet seed by treating it with a mlxture of -

M/ 1000 mercuric acetate and 0.5 percent magnesium sulphate.

-_ppllcatlon of growth promoters. Growth promoters have

been used to increase germination in many dormant seedsﬁ
However, their effects on all the seeds have not been -
established as yet and contradictory results are very

ccmmon, It was reported by Kahn (1960) that gibberellic

acld promoted germination in the dark of Lactuca scaricla
anaILactupa sativa species which normally require light
for germination. Gibberellic acid may be substituted for
light and when it is so used counteraots the inhibition by
hlgh temperature, 1nfra-red light, and high osmotic
pressure. Anderson (1962, p. 739) got higher germination
when dormant brown top millet(Panicuﬁ ramosum)seeds were
germinated in a solution containing 692 mg of gibberellic
acid per litre. Similarly Donoho and Walker (1957)
obtained high germination of peach seed by the application
of gibberellic acid. Peterson (1958) failed to obtain any
effect on percent germination or vigor of seedlings from
Spray applications of gibberellic acid on sugar beet seeds.,

Similarly Snyder (1959a)could not hasten the germination




of éugar-beet seed by soaking it in gibberellin solutions
-Cup to.a.concentratian of 10,000 ppm. Hard seededness in
‘legqmes is a kind1of anatomical dormancy which is usually
broken by scarification. Fletcher and Martin (1962) could
not replace scarification by breaking the anatomical dormancy
af-légumeslby gibberellic acid treatment.

~ Salisbury (1957) reported that kinetin promoted
the germination of lettuce seeds. Belderok (1961, p. 706)
reviewed the work of Pollork and of Moorman and réported
that kinetin removes the inhibiting infiuencé exerted'by
the.covering layers of the lettuce seeds. As concluded
by Leff (1964), kinetin interacts with light in the
promotion of the germination of Grand Rapids lettuce
éeeds¢r The interaction was at its optimum when the seeds
received low intensity illumination.

Indoleacetic acid stimulates germination only under
very specific conditions and gives quite contradictory
results at different concentrations. When applied at
1077 u cdncentration, as réperted by Mayer and Poijakoff~
Mayber (1963, pp. 97-98), the germination of lettuce seeds
was raised from seven percent to 25 percent. Pearse
(1948, p. 45) reported that a 0,01-0.001 N solution of
indoleacetic acid increased the,gerﬁination percentage
of some 0ld sugar beet seeds when soaked fof 24 hours in
the solution. The germination of barley séed, however,

could not be improved when Lafferty (1940, pp. 26-27)
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gpplied indoleacetic acid in the powder form at the rates
- of 2-160 ppm by weight of the seed, The plumules were, how-
ever, stimulated at high'concentratioﬁs. _

| _'_'Iafferty (1940, pp. 26-27) also tried to iﬁpro#e
the éérmination of barley seed by applying naphthaléne—.
acetic acid in the powder form at the rates of 2-160 ppm
by weight of the seed. The germination was not increased
but on the contrary the root growth was rather retarded;.
According to Barton (1961, p. 578) soaking sugar beet
and many other kinds of seeds in solutions of potassium
l-naphthaleneacetate at concentrations of 320.0, 106.6,
35.5,;11.8; 3.7, and 1,2 mg per litre failed %o increase
the speed or the percentage of germination. Seedling
injury was obtainéd at the high concentrations used.

Thiourea stimulates the germination of many seeds

at higher concentrations but inhibits the subsequent
growth unless it is removed. Using a 0.25 M thiourea solu-
tion as a germination medium, Belderok (1961, pp. 738-739)
observed a considerable increase in the seedling vigor of
newly harvested wheat seed. Anderson (1962, p. T37)
observed that for brown top millet seed, moistening the
substrata with one gram per litre thiourea soluion,
served both as a fungicide and as a stimulant in breaking
'dormancy. Mayer and Poljakoff-Mayber (1963, pp. 92-93)
reported that thiourea greatly improves the germination

of lettuce seeds when they are presoaked in the solution.



1Theieffective concentration, in this connection, was
’Téﬁorted to be 0.5 percent by Thompson and Kosar (1939)
aﬁd'0a5-3 percent by Mayer and Poljakoff-Mayber (1963,
. PP 92-93).

Nakamura (1962, pp. 710=724) experimenﬁed dn.the
germination of many dormant'graés seeds. it_was_fgund that
a 0.2 percent solution of potassium nitrate broke dormancy
in seeds of timothy, Kentucky bluegrass, perenﬁial'ryeu
gfass, African millet and Japanese lawngrassu1 According
to Sch%éndiman and Shands (1943), a 0.2 pefcent solution of
potéSaium nitrate was equally as effective as prechilling
in overcoming delayed germination of freshly harvested

seeds of Vickland oats (Avena sativa). Mayer and Poljakoff-

Mayber (1963, pp. 90-92) reported that a potassium nitrate

solution stimulated the germination of Lepidium verginium,

Eragrostis curvula, Polypogon monspelliensis, Agrostis

spp. and Sorghum halepense when applied at a concentration

of 0.017 percent. The promotion of germination by potassium
nitrate is usually light and temperature dependent. Toole
and Toole (1941, p. 86) reported that the germination of

Digitaria ischaemum was promoted by nitrate solution at

low temperature alternations which were otherwise unfa-

vourable for germination. The germination of Eragrostis

curvula, as reported by Mayer and Poljakoff-Mayber (1963,

P. 92), was stimulated by a 0.2 percent pctassium nitrate

16
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solution at constant temperatures between 15 and 3000
fin:the dark but with no effect at alternate or higher
temperatures. On the other hand, Toole (1938, p. 242)

'reportéd stimulation of Polypogon germination by potassium

nitrate solutions‘only at alternating temperatures.

| Hydrogen peroxide also increases germination-ef some
seeds. Belderok (1961, pp..706-707) reviewed the ﬁork
of'Poliork and of Moorman who found that hydrogen peroxide
 promoted the germination of dorment barley to a consi-
deféble extent. The germination was stimulated both at
optimum water supply and at an excess of water but there
was no difference whether the seeds were presoaked or

germinated direetly in the hydrogen peroxide solution.
The Location of the Inhibitors

Tolmen and Stout (1940, p. 820) suggested that
the main factors, causing large differences between varieties
in the germination rate, are to be found in the pericarp
of the seed ball rather than in the true seed. The varietal
differences were largely dissipated when naked seeds instead
0f seed balls were germinated. As determined by Rehm
(1953, p. 2), the pericarp tissue contained more nitrate
than did the true seed. It was concluded that the
pericarp tissue was mainly responsible for the inhibi-
tion., Snyder et al. (1965) determined the oxalate

contents of whole seed balls, processed seed balls



and the pericarp métefial removed in processing. The
'éxalate was found concentrated in the outer pericarp tissue
"of the seed balls., The extract'of'proceSSed seed balls
' did not inhibit the germination of wheat seed. Snyder

" (1959¢) reported that the pericarp tissue showed some

stimulatory effect on the germination of naked seeds.
oummary

Dormancy in sugar beet seed 1s attributed to the.
tight seed-caps over the true seeds, high osmotic pressure
and the presence of germinafion iﬁhibitors in the pericarp
tissue. It is generally believed that the germination
inhibitors which are water soluble, play the major role
in this dormancy. Soaking or washing the sugar beet
seeds in water improvéd the germination. The water extract
of the sugar beet was found to be inhibitory to the
germinatioﬁ of other seeds. The nature of the inhibitory
materiél as well as its mode of action on germination and

growth are not known.,




III. MATERIALS AND METHODS

The research work was conducted in the seed techno-
logy.labOratory of the American University of Beirut,
- Lebanon during 1965-66. Thirteen sugar beet varieties
were obtained from the Agricultural Research and
.Educgtion Centre, Beqaa, Lebanon. A preliminary gérmi—
nétion test was carried-out on these 13 varieties and
from thése the two varieties Mezzano AU/N and Maribo
Auta-poly 7015 were selected for the present study.
These two varieties were the slowest in germination and
.thereby it was expected that these varieties would
contain a maximum amount of inhibitory materiaesl. KEven
though the seeds of the variety Mezzano AU/N were fairly
uniform in size, the seed lot was divided into three
fractions: ©OSmall, medium and large. The medium fraction
in which the seeds varied from 4.5-0.0 mm in size was
used in this study. The seeds of the variety Maribo
Auta-poly 7015 were mixed thoroughly and sampling was done
by the Boerner divider. The #ariety Mezzano AU/N was used
in the study of methods of increasing germination in the
sugar beet seed., The variety Maribo Auta-poly 7015 was
used to study the effect of the inhibitors on the germi-

nation of other crop seeds and to find the location of the

19
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“inhibitors.
Methods of Increasing Germination

Washing-the seed in running water. The washing of the

sugar beet seeds was done by tying a sample of seed in
-arpiece of linen cloth and then putting it in a glass
tfodgh under the running tap water. The temperature of

. the running tap water was not controlled and it varied
f;om j6-1900 during the study. ©Six washing times were
compared namely O, 2, 6, 12, 24, and %6 hours. The
washed seeds were dried between two blotters for three
minutes before they were put to germinate. Duplicates of
100 seeds each were put between folded blotters 20 x
BO.cm in size., The seeds were then placed in the Stults
germinator at an alternating temperature of 20-30°C,
After 84 hours the number of seedlings of the one centi-
meter and more in size was recorded to indicate the speed
of germination. The experiment was repeated four times
and the results of the four replicatibns were analysed
statistically. .

Soaking the seed in distilled water. The volume of the

water used for soaking the seed has been found to be very
important. In a preliminary experiment it ﬁas determined
that to get the best possible results, the amcunt of the
water for soaking should be 25 times the weight of the

seed. In the present experiments, the scaking was done
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_iﬁ,distilled water at two temperatures,'BOOC and 40°C.

Six soaking times of O, 2, 6, 12, 24, and 36 hours were

' compared. When the soaking was over, the seeds were taken out
and. washed in running tap water for five minutes. The

seéds were then dried and germinated following the same
_prOEedure used on the washed seeds.

Soaking under oscillating vacuum, Samples of the seed

. balls were soaked at 40°C for 1/2; %, 5, 8 and 11 hours.
The_feakers contaihing the soaked seed balls were all
transferred at the_same time to an oven at 4000 where

si£ cycles of oscillating vacuum were applied. ZEach cycle
wés composed of eight minutes of vacuum (=15 pﬁunds per
square inch) and two minutes of release of vacuum., The
seeds were then washed, dried and germinated as in the
previous soaking experiment. .

The effect of growth promotérs. The following solutions

of the various. growth promoters were prepared to study their
effect on seed germination: Gibberellic acid 400, 600 and
1000 ppm; indoleacetic acid 5, 10, and 15 ppm; kinetin

0.5 x 10'5 M and 1 x 10"5 M; potassium nitrate 0.2, 0.4,

aﬁd O.6 percent; thiourea 0.2, 0.4, and 0,5 percent;
hydrogen peroxide 1, 1.5, and 2 percent; and naphthalene-

. acetic acid 0.01 and 0,02 percent. Two methods were used

in this experiment. One method was to.soak the seeds for

12 or 24 hours at rooﬁ.temperature. About ten ml of the

growth promoter solution was used to socak 50 seed balls
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~iiﬁ small petri dishes. After the soaking time, the seeds

- were taken out and washed for approximately one minute
under running tap watér to remove the excess of the growth
promoter. The seeds were then dried between blotters and -

- germinated as usual in duplicates of 25 seeds between

.blotters of the size 13 x 30 cm. The second method was

- to germinate 25 seed balls in duplicates in petri dishes
:using the prepared solutions of the growth regulators as

‘the moistening solution, In addition to the concentrations .
’that were used abqve the following-were also used in the
'sepond method: Gibberellic acid 50 aﬁd fOO ppm, indole-
acetic acid 1 and 2 ppm, kinetin 0.1 x 10;5 M, potassium
nitrate 0.1 percent, thiourea 0.1 percent, hydrogen

pEonide O.5 percent, andfnaphthaleneacetic acid 0,005
percent., TFour replications were used in these experiments
and results were recorded at the end of 84 hours and also

at the end of 132 hours in the second me thod,

Effect of the Water Extract on the Germinetion of

Different Seeds

The water extract of the sﬁgar beet seed balls
was preﬁared by soaking the whole seed balls for 24
hours in distilled water at 10°C, The extract was
prepared by soaking ten grams of seedballs in 100 ml of
water, The extract was then filtered through Whatman

filter paper No. 4 and was referred to as the whole seed
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‘pall extract of 100 percent concentration. The effect

. of the water extract on the initial germination was tested

on the following field crop seeds: Sunflower (Helianthus

“annuus), sugar beet (Beta vulgaris), rice (Oryza sativa),

cabbage (Brassica oleracea), ﬁarley (Hordeum vulgare),

',cotton (Gossypium americanum), perennial ryegrass (Lolium

perenne), vetch (Vicia sativa), wheat (Triticum vulgare),

sorghum (Sorghum vulgare), alfalfa (Medicago sativa),

‘and oats (Avena sativa). ‘These seeds were obtained from

the Agricultural Research and Education Centre, Begaa,

Lebanon. Duplicates of 20 seeds from each lot were

placed on two filter papers'in petri dishes which were

moistened with three to four ml of the whole seed ball

extract. Germination in distilled water was used to serve

as the‘check, An alternating temperature of 20—3000 was

used during the germination period of all the seeds. At an

arbitrary time when the effect of the extract was obvious,

the average radicle length of the seedlings in each petri

dish was measured by taking into consideration all the

normal seedlings. Four fepliéations were used with each

"~ erop to get the average effect of the extract on germination.
In addition to the whole seed ball extract, 50 percent

and 75 percent dilutions were prepared by adding distilled

water. The effect of the different concentrations was observed

on germination of alfalfa, sorghum and oat seeds. In this
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211l the healthy plumules and radicles were

experiment,
dried gently between -

separated from the germinating seeds,

two filter papers to remove any surface water, and the

fresh weight was determinedo

To find the effect of the extract on the subsequent

O seeds of each crop were

~growth of the seedlings about 10

germinated between blotters and twenty normal seedlings

with radicles about one centimeter in length were used

for the test. The seedllngs in dupllcate were placed

on filter papers 1n petri dishes, mmistened with 2.5 ml

of the whole seed ball extract, and allowed TO grow,

Similarly seedlings were allowed to grow in distilled

water to serve as the check. After an arbitrary period of

further growth, the average plumule and radicle lengths

In addition, the effects of

the whole S

plumules and the radicles of oat, sorghum, and alfalfa

seedlings were tested,

The Tocation of the Inhibitors

Tn order To determine the location of the inhibitors

+the seed balls were broken, and the true seeds separated

from the pericarp tissue. The water extract of each part

was prepared and itg effect was then tested on the

germinating seedlings of alfalfa and sorghum and on the
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germination of true sugar beet seeds. The whole seed
balls were ground by the Corona corn mill with grinding
disks adjusted to about three mm clearance to ensure

coarse grinding. The South Dakota seed blower was used

-to help in the separation of the true seeds from the
‘pericarp tissue. Final separation of the true seeds
.and the pericarp tissue was done by hand. Only the

healthy unbroken true seeds were selected for germination¢

The water extracts of the true seeds and the pericarp
tissue were prepared in the same way as that of whole
seed balls., The effect of the two extracts was tested

on the growth of alfalfa and sorghum seedlingé with

‘radicles about one cm long as well as on the germination

ofttrue sugar beet seeds, Ten seeds or seedlings were
put in each petri dish over a filter paper moistened with
tﬁo ml of the extract, The fresh weights of the plumules
aﬁd the radicles were obtained after three days. In
addition, true sugar beet seeds were washed for six

hours and their germination was compared with that of

the unwashed seeds,

In these experiments the replications were spread

over time and analysis was done according to randomized

complete block design (Le Clerg et al., 1962),.



IV, RESULTS AND DISCUSSION

This study was conducted at the seed technology
laboratory of the American University of Beilrut to find
out methods and means for improving the germination of
- sugar beet seed in the 1ab0ratdry as well as to study the

effect of the inhibitory material produced by the seed
‘balls on other crop seeds. In addition an experiment was

done pertalnlng to the locatlon of the 1nh1b1tory material.

in the seed balls.

Methods of Increasing Germination

Washing. The washing of sugar beet seed in running tap

water proved quite effective in improving germination.

The effect of washing the seeds in running water on germi-
nation percentage is shown in Table 1. Zero washing gave
very low germination of 2.8 percent, Washing for two

hours only raised the germination percentage to 15.8.
Further increase in the time of washing was accompanied
with an increase in the germination percentage till the
maximum germinstion of 62 percent was obtained by washing
the sugar beet seed for 24 hours. This increase in germi-
nation with the increase in the time of washing is probably
due to the softening of the hard pericarp tlssue surrounding
the true seeds and the leaching out of inhibitory material

26
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Table 1. Effect on germination of washing sugar beet

seed in running water.

"

, Time of | % germination after 84 hours -
- washin Rk A s R .IYV Mean
(hours | - g S -
i 1 6 g B 2,8
sy 14 18 16 45 15.8
6 27 35 50 - bl Diled
g 42 36 56 45 39.8
.24 63 60 59 66 62.0
36 15 17 o e 15.8

LSD 5% level = 4.1 seedlings
1% level - 5.7 seedlings

Analysis of variance

§_O urce B de fr- MoS il ik
Treatments 5 1793 4 TT**
Replications 5 14457

Error | 15 7338

Rotal g = 23 : 2

- ** Significant at 1 percent levele.
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present in the seed balls. This finding is in line with the
work of Peto (1964) that softening of the seed-caps above
the true seeds with alternate soaking and drying improved
_gErﬁination. Stout and Tolman (1941a, p. 711) Dbelieve
ﬁhat the beneficial effect of washing the seeds prior

to gefmination is due to the removal of the water soluble
nitrogen~fraction of the pericarp tissue. Stout and
Téiman.(1941b) tried to meke the laboratory gerﬁination
 test of sugar beet seed represent the actual'germinafion
iﬁ the field. By means of washing, the germination.rate
was increased and the total germination percentage was
raiéed to a point comparable to the soil germination undér
favourable conditions of maisture.and temperature. In
this study washing for 24 hours was needed to get_maiimum"
germination. Contrary to this, Stout and Tolman (1941b)
reported that six hours of washing was enough to get
maximum germination. Tolman (1948a) gave the recommen-
dation to fThe Seed Germination Committee of the Ameri-

can Socliety of Sugar Beet Technologists that washing the
seeds in running water for two hours be made the standard
-procedure, The time of washing of the sugar beet seed

to get maximum germination, varies from variety to

variety depending on the amount of inhibitory material
present, hardness of the pericarp tissue and the tempera-
ture of the water used for washing. The variety used in

this study was selected out of thirteen varieties on the



bqsis of maximum inhibitory contents. The temperature

6f the runﬂing water was not controlled and varied from
16-19°C during the experimental period. Washing beyond
24 hours decreased the germinatiqn percentage (Table 1).
This decrease in germination is probably due to the loss
of some essential material for the germination processes
due to extended washing since it is known that during the
washing process seeds imbibe water and as a result hydro-
lysis of the food reserves and growth begin,

Soaking. Water imbibition by seeds and dissolution of

inhibitory substances occur faster at relatively high
temperatures. Therefore, soaking the sugar beet seed in
water at 3000 and 40°C was expected to speed_up germina-
tion by é?stening the.removal of the inhibitory substances.
As shown in Table 2, the maximum germination of 59.3
percent was obtained by soaking the seed at 30°C for only
12 hours. This germination is comparable to that obtained
by 24 hours washing as shown in Table 4. The change of
the optimum time from 24 hours of washing to 12 hoﬁrs of
soaking at 30°C indicates that the temperature of the water
used for soaking is an important factor in leaching out

the inhibitors and in accelerating the germination acti-
vities in the seed. As shown in Table 3, 12 hours of

soaking was needed szt 40°C to get a maximum germination

of 55.5 percent which is comparable to the 59.3 percent

29



Pable 2., Effect on germinatign of soaking sugar beet.
: "seed in water at 30°C.

e

s i T

__%;germination after 84 hours

Time of s ]
soakin R 1 R-I1 R .LLL BRIV Mean
fhoursi | = |
=00 1 0 0 1 05
g 10 9 1% 10 10,5
pe- = 32 38 40 38,0
12 60 59 63 B 5943
24 31 28 24 27 27+ 8
36 e 5 5 6 7.0
LSD between 5% level = 3,8 seedlings

means 1% level = 5.3 seedlings
Analysis of variance
Source defo MSD
Treatments 5 2002, 1T**
Replications 3 o
Error 15 6.354
Total 23 2

*%* Significant at 1% level.



Table 3, Effect on germinatign of soaking sugar beet

seed in water at 40°C,

s s

Time of % germination after 84 hours

~ soakin B3 . CRII BOIEE £ R AV Mean
-~ (hours = 252
9 e 0.0 0.0 0.0 0.3
g 16.5 155 1845 17.0 173
g 45,0 44 .5 34,0 49.0 43.0
12- = 60.0 52,0 54,0 560 5545
24 _ 120 205 0,0 6.0 3.9
56 - 00 0.0 0.0 0.0 0.0
LSD between means 5% level = 14,23 seedlings
1% level = 19,70 seedlings
- S __Analysis of variance
sSource - % d.f.; MSS
Treatments 5 2503 .87%%
Replications - - b 20,35
Error . 15 89.24
Total fam oS 2> o 2

*%* Significant at 1% level,

%
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Table 4, A comparison of the effect of the optimum length
of time of washing and soaking on sugar beetd
seed germination.

Treatmeﬁt Time of

= e

% germination after 84 hours _

washing ® I. & 1L - R I1L. R.IV . Hean
or

soakin
4 (hours%
Washing 24 65 60 59 66 62.0
Soaking
at 30°C 12 60 59 63 57 59,3

at 40°C 12 60 52 54 56 5545
Analysis of variance

Source a8y dads MSS F—ratio
Treatments 2 43,58 Non-significant
Replications 3 B.H2 Non-significant
Error 6 9,69

Total
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obtained at 30°C soaking. Only six hours of soaking et
40°¢ gave a high germination of 43 percent which is not
statistically different from that obtained at 12 hours ef
soaking. One important effect noticeable in Tables 2 and
3 is that when the seeds were soaked for more than 12 hours
et 30°C or 4000, the germination was seriously reduced.
-Soaking of sugar beet seed was preferable to_weehing-
because less time was needed in soeking to get equally
high germination., The soaking method has another advantage
over the washing in that it is easier to standardize. The
temperature as well as the volume of the water . are eeeily .
contfolled'{n the former but practicably are uncontrollable
in the latter. Pearse (1948, p. 44) reported that soaking
the sugar beet.eeed in water only increased the'yield of
sugar beet roots in the field over that obtained with dry
seed. The increase in yield was probably due to the better
germination and stend; Tolman and Stout (1940, pp. 824-827),
on the other hand, found washing more effective in removing
toxic substenees as compared to soaking by using only
eight times volume of water to weight of seed for soaking.
In this study, however, it was found necessary in a pre-
liminary test to use 25 times volume of water to weight of
sugar beet seed under controlled temperature for getting
relatively good results. Tolman (1948a)also mentioned
that washing was more convenient and a better standard

procedure than soaking. The results of this study support
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the soaking method in as far as the time economy and the
ease ﬁf standardization are concerned.

In addition to the improvement in germination per-
centage, the general health of the seedlings was greatly
improved. The germination of washed and unwashed sugar
 beet seeds are compared in Figure 1; Figure 1(a) shows
the toxicity effects on the radicles after emerging from
the seed. These radicles are shoft, dark in color and
abnormal compared to the washed (Figure 1b) whiéh look
healthy and show no signs of discoloration.

Vacuum oscilatting between zero and -15 pounds per sgquare

inch was also applied for one hour on seeds soaked for

different periods of time at 4000. The freatment of the
oscillating vacuum (vacuum followed by release of vacuum)

was expected to help in the leaching out of the inhibitors
into the water and consequently reéulted.in improved germi-
nation in a short period of time. Contrary to this expecta-
tion, the treatment considerably inhibited the germination as
compared to that obtained by soaking alone. The effect of one
hour of oscillatiﬁg vacuum after different times of presoaking
the seed at 40°C is shown in Table 5. In all the cases the
germination was very low. Soaking for 12 hours at 40°C
including one hour of oscillating vacuum gave a germination

of 15.5 percent compared to 55.5 percent with no vacuum.

This reduction in germination might be due to the influx

of inhibitory material from the surrounding pericarp tissue



(2) unwashed sugar beet (b) washed sugar beet
seeds | seeds

Figure 1. Germination of washed and unwashed sugar
beet seeds.,

55
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Table 5, Effect of 0501llat1ng vacuum for one hour on
the germination of prescaked sugar beet seed.

' Time of | ﬂ_gﬁrmlnatlon after 84 hours

presoaking R I R.1I R R Vv  Mean

(bours) . . . o =

0.5 e 5.5 0,5 1,0 "R e 2.2
5.0 10,5 14.0 8e5 6.0 150 10,4
500 } 7#5 905 8&0 1200 11i0 | 9;6
8.0 1065 14,5 14.5 105 = 27a0 154

11.0 12,0 2140 155 135 175 15.5

e TR TS —

4.4 seedlings

1,SD between means 5% level =
1 = 6.0 seedlings.,

1% leve

Analysis of variance

=

Source. = d.f. ~ NSS ;
Treatments 4 148,35 1%%
Replications q 4 35&64*.
Errey 16 % 10.56-
. Total e 2 4, SRR i e
* Significant at 5% level

** Significant at 1% level
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{ . the seeds presoaked at 40°C are compared in Figure 2. The
germination'curveslef the different treatments summarize
the optimum times in hours of washing and sosking for
maximum germinatioﬁﬁ The harmful effects of the prolonged
. treatments are also shown clearly in the diagrem.,

. Growth promoters have been used in many instances to break

dormancy and promote germination in seeds., Their appli-

cation in this study was considered to break the dormancy,

increase the germination and vigor of sugar beetl seeds,
The resulté of the germination of sugar beet seeds that

- were soeked in different concentrations of the growth
promoters are shown in Table 6., In general, the growth
promoters used at different concentrations had no beneficial
effect on germination as compared to that of distilled
water. Soaking the seeds for six or 12 hours in the
different growth promoters had no different stimulating
effect on germination than that of distilled water. It can
be seen from the data in Table 6, that gibberellic acid,
indoleacetic acid, kinetin and potassium nitrate at all
concentrations gave relatively similar results to that of
water at six or 12 hours of soaking before germination.
This indicates that growth promoter solufions had no

stimulatory effect on germination more than the effect of
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Table 6. Effect of presoaking sugar beetd seed in growth
promoter solutions on germination.

Fee P

el ——

Growth promoter Concentra- % germination after 84 hours
tion 6 hour pre- 12 hour pre-
| el soaking soaking
Distilled water (check) | 31 48
cibberellic acid 400 ppm 21 | 41
600 ppm 22 36
1000 ppm 30 . 42
_Inﬂdleacetic acid 5 ppm 21 5
| 10 ppm 24 38
15 prm 33 52
Kinetin 0.5 x 10°° ¥ o7 34
1,0 x 107° M 39 43
KNO3 0,2% 51 41
0.4% 26 | 39
0.6% 20 | 40
Thiourea 0,2% 15 23
0,4% 22 30
0.5% 18 12
H'202 1.0% 12 18
1.5% 15 16
2.,0% 11 17
Naphthaleneacetic

acid 0.01% 8 15

0,02% 11 8

ot e
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' the solution as a medium for dissolving the inhibitory
material. Thiourea, hydrogen peroxide and naphthaiene-
acetlic acid'had rather inhibited germination at all con-
centrations. The results of this study are in agreement
with Pearse (1948, p. 44) who reviewed the effect of growth
_reguiators on sugar beet seed germination and gave a |
~detailed report of failures to get any IresSponsSe. Peterson
(1958) failed to get any effect on percent germination or
vigor of sugar beet seed by spray applications of gibbe-
rellic acid. Similarly Snyder (1959a) could not hasten
cermination of sugar beet seed by soaking in gibberellin
solutions up to a concentration of 10,000 ppm. According
to Barton (1961, p. 578) soaking sugar beet seed in solu~

:'tions of potassium 1—naphthelehe acetate at concentrations
of 320,0, 106.6, 35.5, 11.8, 3.7 and 1.2 mg per litre

failed to increase the speed or the percentage of gérmi-

natione.

The action of growth promoters on sugal beet seed
ig further shown in an experiment where seeds were germi-
nated in petri dishes using growth promoter solutions as
moistening agents. A wide range OF concenfrations of
growth promoters was used in this study. The results of
the germination of the seed in the growth promoter media
are shown in Table 7. The dry seeds when germinated in
petri dishes using water as a moistening agent showed ten

percent germinatlion after 84 hours but this was reduced




of sugar beet seed in growth

Table 7. The germination
promoter media.
Growth Concentra- % seedlings % seedlings
promoter tion ~after 84 after 132
| hours __hours
. {e - 3
| M @ © x O
s RO L e o
o i o 0 —-
= m+L Q0 = m+L Q0
Unwashed 10 O ¢ 4 8 4
| Washed (24 hr)56 0 0 84 @ 0
Gibberellic 50 ppm O 0 O 10 2. 4
acid 100 ppm 4 6 0 14 16 4
- 400 ppm 2 O O 6 14 2
600 ppm 2 G- -0 6 16 4
| : 1000 ppm 2 0 O 8 8 10
Tndoleacetic 1 ppm 6 0 0 0 12 it
acid 2 ppm 4 e O 0 0o 18
5 ppm 2 0 0 2 4 14
10 ppm 10 0 O oN 8 24
15 ppm 2 O O O 8 18
Kinetin sl % WP R 10 o @ 6 6 16
0.5 x 10_5 M 4 0 0 8 4 8
e RGN 14 2 O 4 4 22
KLNO3 0. 1% 0 0 0 0 16 1€
0.2% 0 0 O 10 6 10
0.4% 0 0 O 4 6 2
0.6% 0 0 0 0 BB
Thiourea 0, 1% 0 2 0 0 20 20
0,2% 8 0 0 8 g 2
0.4% 4 0 0 6 4 12
0.5% O 0 O 8 - R
H202 0.5% 2 O O 0 &40 12
1.0% O O O O 0 2
1.5% 0 0 0 0 ¢ 8
2 4 0% 0 0 0 2 0 10
Nephthalene~ 0.005% 0 0 0 2 © 16
acetic acid 0.01% 2 0 0 0 A58
0.,02% 0 0 0 0 . 86

4.1
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to four percent after 132 hours due to the toxiclity
effects on the radicles. When, however, thé seeds were
washed for 24 hours and then germinated in petri dishes,
there was a high germination of 56 percent after 84 hours
- and B4 percent after 132 hours without any toxicity
symptoms. Here again the growth promoters, when used as
mﬁistening media, di& not stimulate germination. It can
alsﬁ be seen from the data in Tsble 7 that there was no
reduction in the toxicity symp toms on the'radiélesg

It can be concluded that the growth promoters at
the concentrations used in these experiments did not
promote germination in any case, inactivate the inhibitors

in situ as was expected, and therefore, did not check

the toxic effects.
Effect of the Water Extract on Other Seeds

The inhibitory material present in the sugar beet
seeds was extracted by soaking the seeds in water for 24
hours at 10°C. The extract was applied on various Crop
seeds to see its effect on germination, radicle emergence

and plumule development, It can be seen clearly in Table

centage and the average radicle length of all the crop
seeds tested. The effect of the extract was, however,
differential in that it was mMOIeE prominent on barley,

a1falfa, sunflowers, perennial ryegrass, cabbage, rice,



Table 8, Effect of the water extract of sugar beet
seed on % germination and radicle development
of different crop seeds. |

Crop seed * Germination Germination = Average ra-
time (hours) (% of check) dicle length

s

, (% of check)
Barley 84 |

A1 18,2
Alfalfa 72 B e 12,0
Sunflower 96 442 28,6
Perennial ryegrass 144 4,2 1.4
Cabbage 84 _ 1003 12:9
Rice 964 19.8 14.3
Sugar beet - |
(Inhibitor free) 96 35.4 | 764 1
Sorghum 72 5542 e 1
Oats 152 6647 6T
Vetch 84 T84 52,2
Cotton 96 i 4245

Wheat 72 90-9 25#3

s C————
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and sugar-beets than on sorghum, oats, vetch, cotton and
wheat. Its effect on the average radicle length was very
high in that the growth was reduced to 50 percent, or less,
of the checks The crops tested are listed as follows |
according to the decreasing effect of the inhibitory
material: Oats, perennial ryegrass, alfalfa, cabbage,
rice, sorghum, barley, wheat, sunflower, sugar beets,
cotton and vetch. The results are in agreement with Stout
and Tolman (1941a, ppe 701-704) who reported that the
toxicity of the water extract from sugar beet seed balls
was not specific to sugar beet seed only but also affected
the germination of several other seeds, The effect was

either inhibitory to germination oI retarding to growth

‘when the extrabt was applied on the seeds of onion, lettuce,

radish, cucumber, cantaloup, tomato, sweet corn and beans.
Similarly Evenari (1949, p. 158) reviewed the work of
Froeschel who found that the inhibitors in the fruits of

Beta vulgaris inhibited the germination of seed in 28

species belonging to 14 fomilies. While reviewing the
work of Froeschel, Evenari (1949, p. 158) also reported
that one to four concentration of Beta fruit extract

inhibited the germination of seeds of Amaranthus caudatus

completely, depressed the germination of Lepidium seeds

to four percent and did not affect the germination of

Ipomea purpurea. In the present study only one to ten

concentretion of the extract was used, and germination
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of 2ll the seeds was depressed. The plumule developmentd
on the other hand, was Very 1ittle affecteﬁu The germi-
nation of cabbage seed in the sugar beet seed extract

as compared to the germination in distilled water 1s

' shown in Figure 3. The radicles of the cabbage seedlings
show compiete inhibition due to the effect of the sugaf
beef seed extract. The plumules, however, Were inhibited
to a lesser extent. This observation is similar to that
 found by De Kock and Hunter (1950) on the germination of

"Lepidium.sativum seeds

When the extract was applied on the seedlings, it
completely stopped the growth of radicles of alfalfa,
cabbage, perennial ryegrass, sunflower, sugar_beets and
vetch indicating a subsequent effect on growth (Table 9).
There was a decreasing effect on the radicles of sorghum,
oats, wheat, cotton, barley and rice in that orders. The
effect of the water extract on plumule growth was rela-
tively less compared 10 that on radicles.1 The length of
the plumules in wheat was about 50 percent and in barley
about 70 percent of the check. The rest of the plumules

were 1little affected.
The Dilution Effect of the Extract on Germination

It was shown in the previous experiments that the
sugar beet seed extract inhibited the germination of various

crop seeds. The inhibition was differential and more
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(a) germination in the (b) germination in
sugar beet seed distilled water
extract

Figure 3. Germination of cabbage seeds in the sugar beet
seed extract and in distilled water.



Table 9. Effect of the water extract of sugar beet seed
on growth of various seedlings.

Seedling Time allowed Average radicle Average plu-

for growth length mule length

. ___(nours) (% of check) (% of check)
Alfalfa 48 0,0 79049
" Cabbage 48 0.0 90,0
Perennial rye- _ -
' grass 48 | 0,0 100,0
Sunflower T2 0.0 10040
Sugar beet 7a | 0,0 100,0
Vetch T2 0.0 100.0

Sorghum T2 6.7 100,09 .

Oats 75 14.3 : 87.5
Wheat 48 1647 54,5
Cotton 12 167 86.6
Barley 48 50,0 70,6

Rice 120 66.7T - 100,0
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marked on radicles than on plumules, Different dilutions
of the extract were prepared and appliéd on seeds and |
seedlings of alfalfa, sorghum and oats. Fresh weights of
the radicles and plumules were taken as a measure O
evaluate the growth regulatory effect of the different
dilutions of the extract. |

The effect of these dilutions_of the sugar-beet
seed extract on the germination percentage of alfalfa,
sorghum and oats is shown in Table 10. The éxtract'did
not inhibit the germination of any seed at the high dilu-
tion of 75 percent. The full Strength of the éxtract

< (zero dilution), on the other hand, decreased the germi-

‘nation percentage of all the seeds significantly. The

effect was, however, differential at 50 percent concen-
tration, because it decreased the germination of alfalfa
and oats and not of sorghum. The decrease in germination
of seeds with the increase in concentration of the extract
shows that some inhibitory materials present in the extract
became effective at high concentration. The reduction in
germination percentage was mainly due to the inhibition of
radicles that resulted in abnormal seedlings. It can be
seen in Table 11 that fhe radicle weights of alfalfa and
sorghum were not reduced by the 75 percent dilution but
were highly significantly reduced by the 50 percent dilu-
tion. Reduction in the development of oat radicles was

obtained only when the oat seeds were germinated in the
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Table 10, Effect of various dilutions of the sugar beet
seed extract on the % germination of alfalfa,
sorghum and oat seeds.

o= L S e

% dilution of _ % germination
the extract Alfalfa after’ Sorghum after Oats after
144 hours 120 hours 120 hours
Check (water) 90.0 95,0 | 6.0
75 89.4 97,5 5540
50 7546 WU e ek
0 8o 1 41,3 39,6
LSD 5% 12,02 13,94 - AIeT

LSD 1% 17429 | 20,05 . 15.93




" Dable 11. Effect of various dilutions of the sugar beet
seed extract on the radicle development of

alfalfa, sorghum and oat seeds.

% dilution of Fresh welght of radicles (m

the extract Alfalfa after Sorghum after Oats after
144 hours 120 hours 120 hours

Check (water) 671 122.8 | 62.5

15 63,0 | 1378 - 81,6

50 264 1 87.4 ~ 61.5

0 9.6 30,8 39.6

| LSD 5% 22,65 34,67 11,01

LSD 1% 32451 49.86 15.83
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concentrated extract (zero dilﬁtion). These results
indicate that a minimum concentration of the extract is
needed to cause radicle inhibition and that this minimum
concentration may not bedthe same for all the seeds,
Another important effect that can be seen in Table 11 is
the stimulation of oat radicles at 75 percent'dilution‘
Therefore, the extract not only inhibits radicle develop-
ment but may also stimulafé it at lower concentrations.

This kind of inhibition at high concentrations of
the sugar beet seed extract and stimulation at iow dbn—
centrations is characteristic of many growth regulators.
No conclusion can be made at this ﬁoiﬂt concerning the
nature of the inhibitors because the crude extract that
was used in this study was a mixture of many growth
influencing factors. .

The effect of the same dilutions of the extract on
plumule development is shown in Table 12, The céncentrated
form (zero dilution) of the extract caused a significant
reduction in the plumule development of the sorghum at one
percent-level, of the alfalfa at five percent level and no
significant effect on the oat radicles. No inhibition of
the plumules was produced by any dilution of the original
concentration., Instead, at 75 percent dilution, the
plumules of oats were significantly stimulated at one
percent and of sorghum at five percent level. There was

stimulation of the plumules of alfalfa at this concentration



52

LSD 1%

Table 12, Effect of various dilutions of the sugar beet
- seed extract on the plumule development of
alfalfa, sorghum and oat seeds.
% dilution of __ Fresh weight of plumules (mg)
the extract Alfalfa after Sorghum after Oats after
__144 hours 120 hours 120 hours
Check (water) 144,.5 71556 60,1
75 17345 100, 9 96 . 1
50 163.6 o 3 0 | il BT
0 93 .4 _ 48,0 G 58.0
LSD 5% 43,84 o A.es 15.98
65.05 i eDe )8 22.98
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but it was not statistically significant.

This stimulation effect of the extract might be due
to the presence of growth promoting factors that are stimu-
latory only when present at low concentrations. In a
similar study that was done by De Kock and Hunter (1950),
it was considered that glycolytic reactions continued in
the inhibited seeds and when thé inhibitor was washed out,
abundant energy was available for subsequent growth. In
this experiment, however, the stimulation was due to a
specific low concentration of the extract rather than
subsequent stimulation after primary inhibition.

The above mentioned dilutions of the extract were
also applied on the seedlings of sdrghum, alfalfa and oats.
The effeét on the subsequent growth of radicles is shown
in Table 13. The radicles of sorghum were significantly
inhibited by the extract diluted to 75 percent. The
magnitude of inhibition was found to increase with the
decrease iﬁ dilution. A significant reduction at the one
percent level in the growth of alfalfa radicles ﬁas
obtained when the seedlings were allowed to grow in a 50
percent dilution of the extract. The radicles of oats
were not inhibited by any dilution but on the contrary,
their growth was stimulated at the 75 percent and 50
percent dilutions. Radicle development of alfalfa,
sorghum and oats was seriously inhibited by the original

concentration of the extract. The dilution effect of the



Table 13. Effect of various dilutions of the sugar beet
seed extract on the growth of radicles of
alfalfa, sorghum and oat seedlings,

=

% dilution of Fresh weight of radicles (mg)
the extract Alfalfa after Sorghum after Oats after
48 hours 72 hours 1€ heurs
Check (water) 5% 1 194 .4 94, 1
75 49.6 8 EEsl 1135.6
50 30.9 759 | 105.9
0 1345 48,8 6843
LSD 5% 13,42 12,48 5042

LSD 1% , 19,31 18.91 7.80
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extract on subsequent growth of the radicles is almost
similar to that on emergence and development (Table 11),
These results probably show that the extract affects the
growth processes that are essential to seed germination
and seedling growth as well,

- The effect of different dilutions of the extract
on subsequent growth of plumules is shown in Table 14,
It can be seen that the growth of plumules was ﬁot inhi-
bited in any case at any concentration of the extract.
In the previous experiment,'however, the full strength of
the extract when applied on seeds of alfalfa and sorghum,
inhibited the plumule development (Table 12). These data
indicate thét after germination the plumules may not be
inhibited by the same concentration of the extract as
that during germination. Instead, the érowth of plumules
was greatly stimulated in this ekperimenta .The plumules
were significantly stimulated in the case of alfalfa at
50 percent dilution; in sorghum at 50 percent and zero
dilutionsand in oats at 75, 50 percent and zero dilutions.

In conclusion the different dilutions of the extract

not only inhibited the germination or growth processes but
also resulted in promotion at comparatively lower concen-
trations. The promotion effect was more common on
plumules than on radicles, In general the stimulation of
seed germination and seedling growth of oats was more

prominent than that of alfalfa and sorghum.



Table 14, Effect of various dilutions of the sugar beet
seed extract on the growth of plumules of
alfalfa, sorghum and oat seedlings,

T

% dilution of Fresh weight of plumules (mg)
the extract Alfalfa after Sorghum after Oats after
A 48 hours 72 _hours 72 hours
Check (water) 99.0 54.8 187.8
5 111.6 46.9 247 .8
50 130.6 e 29,0
0 9845 93.2 241,3
LSD 5% - 23,26 110.05 17.63

LSD 1% 3% . 44 15,21 25,35
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Iocation of the Inhibitors

In this experiment, the sugar beet seed balls were
separated into two parts, the pericarp tissue and the true
seeds., The water extracts of the ground seed balls (whole
seed balls), pericarp tissue and true seeds were prepared
and applied on sugar beet true seeds, and seedlings of
alfalfa and sorghum. Radicle development was chosen as
the criterion for testing the inhibitory effect of the
extracts, It can be seen.from Table 15 that the growth
of the radiqles was not inhibited by the water extract of
true sugar beet seeds. The growth of radicles (fresh
weight in mg) iﬁ'the water-extract of true seeds was very
similar to that in distilled water.

When, however, the water extract of the pericarp
tissue was applied on true sugar béet seeds, and seedlings
of alfalfa and sorghum, the radicles were greatly inhi-
bited. The magnitude of inhibition was comparable to that
caused by the extract of the ground seed balls., These
results show that inhibiting materials are concentrated
in the pericarp tissue and are practically absent from
the true seeds. It can be seen in Figure 4 that the
extract of the true sugar beet seed did not inhibit the
germination of true sugar beet seeds or the growth of

alfalfa and sorghum seedlings. The seedlings look normal

and with no signs of toxiecity. On the other hand,
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Table 15, Effect of different extracts on the germination
of true sugar beet seeds, and the growth of
alfalfa and sorghum seedlings.

Extract Fresh weight of radicles after 72 hr (mg)
ougar beet Alfalfa Sorghum

true seeds seedlings  seedlings

Check (distilled

water) 20,71 55469 11850
Sugar beet true

seeds . 19,39 49,69 118. 19
Pericarp tissue 2+35 15275 58013

Ground seed balls 1440 10.69 33,75

s o - o e o
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Germination of true sugar Growth of alfalfa seed-
beet seeds - lings

Growth of sorghum seedlings

Figure 4., The germination of true sugar beet seeds and
growth of alfalfa and sorghum seedlings 1n
the water extract of true sugar beet seeds.




germination and growth processes are inhibited by the
pericarp tissue extract (Figure 5) and the seedlings look
stunted and abnormal with marked effect on the radicles.,
To substantiate these results, the true sugar beet
seeds were washed in running tap water for six hours and
then germinated in petri dishes. It can be seen from
Table 16 that the growth of the radicles and plumules was
not improved by washing. As there were no inhibitors
in the true seeds, there was no improvement 1n germination
upon washing. The results are in'agreement with the
findings of Rehm (1953, p. 2) and Snyder et al. (1965)
that the pericarp tissue is mainly responsible for

inhibition.
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Germination of true sugar Growth of alfalfa seed-
beet seeds | = lings

Figuré 5e

Growth of sorghum seedlings

The germination of true sugar beet seeds and
growth of alfalfa and sorghum seedlings in
the water extract of pericarp tissues
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Table 16, Effect of washing true sugar beet seeds for 6
hours on radicle and plumule development.

mir ===

Replications Fresh weight radicles Fresh weight plumules

. (mg) _(mg)
: Unwashed ~ Washed Unwashed Washed
I 19,25 32,00 33,00 33,00
i 20,10 17450 32,85 35,50
4 LT 25+50 2 1.00 50,00 %5.00
IV 118,00 22,25 33,00 31450
Mean 20,71 2%. 19 32,21 DJel9

=i




V. OSUMMARY AND CONCLUSIONS

A germination study was conducted in the seed
technology laboratory of the American University of
Beirut, Lebanon, to improve the germination of dormant
sugar beet seeds, determine the effect of the beet seed
-extract on the germination of other crop seeds and
find the location of the germination inhibitors in the
sugar beet seed balls,

Washing the seed in running tap water, soaking in
water at 30° or 4000, subjecting presoaked seeds to
oscillating vacuum (zero to -15 pounds per square inch),
and the use of growth promoters were the methodé tested
to increase the germination and vigor of sugar beet seed.
Highly significant improvement in germination was obtained
by washing the seeds for 24 hours or by soaking at 30°
or 40° C for 12 hours. Washing for 36 hours or soaking
for 24 hours decreased the germination considerably. The
improvement in germination was considered mainly due
to the leaching out of inhibitory substances from the
seed balls. The oscillating vacuum when applied on sugar
beet seed presoaked for different periods of time
decreased the germination as compared to that obtained by

soaking alone. Soaking the seeds for six or 12 hours in

63



64

various concentrations of gibberellic écid, indoleacetic
acid, kinetin, thiourea, hydrogen peroxide, potassium
nitrate and naphthaleneacetic acid had no beneficial
effect on germination as compared to that of distilled
water., Similarly there was no increase of germination
or inactivation of inhibitors when the growth promoter
solutions were used as germination medias

The effect of the water extract of sugar beet'seéd
was studied on various crop seeds and seedlings. The
extract inhibited the germination percentage and develop-
ment of radicles and plumules. IThe effect was, however,
differential and more marked on radicles than on plumules.
When low concentrations of the extract were applied on
seeds and seedlings of alfalfa, sorghum and oats, there
was less inhibition. At high dilutions of the extract,

o significant increase in germination and growth was founda
The stimulation was common in oats as compared to alfalfa
and sorghum, and in plumules aé compared to radicles.

For determining thé location of the germination
inhibitors, the seed balls were separated into true seeds
and pericarp tissue. The aqueous .extract of the pericarp
tissue inhibited the radicles of true seeds, alfalfa and
sorghum. The extract of the sugar beet true seeds did
not show any inhibitory properties and there was no
improvement in germination of frue seeds on washing.

Tn brief the following conclusions can be made:
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1. Maximum germination was obtained when .the
dormant sugar beet seeds were washed for 24 hours or soaked
for twelve hours 2t 30° or 40%9;

0. The different concentrations of the growth
promoters used and the application of the oscillating
vacuum on presoaked sugaf beet seeds did not improve
germination. |

e Thé inhibitory effect of the sugar beet seéd
extract was more prominent on radicles than on plumules.

4, At low concentfation Qf the extract, stimu-
lation of plumules and radicles was observed in some
seeds,

5, The inhibitory material was found to be
concentrated in the pericarp tissue and practically

absent from the true sugar beet seeds.
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