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DORMANCY AND GERMINATION IN FRUITS OF THE SUNFLOWER
CHAPTER I
INTRODUCTION

For many years reports of dormancy in seedsl of many
species have appeared in the literature. These seeds were
reported to be dormant due to their failure to germinate
when placed in environmental conditions usually considered
favorable for germination. They were shown by other means
to have viable embryos, and their failure to germinate was
attributed to impermeability of the fruit or seed coats to
water or gases, mechanically resistant coats, immature em-
bryos, the presence of germination inhibitors, and special
requirements on the part of the embryos. Germination inhib-
itors (8) and seed germination (5, 27, 42) have been re-
viewed recently.

Dormancy is usually more pronounced immediately after

maturation of the seeds or fruits; and in most cases the

1Many structures other than seeds have been called
"seeds" because of their physiologic behavior and their use
as propagation units. These include achenes, caryopses,
nutlets, and samaras, all of which are dry fruits.
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depth of dormancy decreases with passing of time, with leach-
ing, or with exposure to cold temperatures during the winter
following their maturation. In temperate regions seed dorm-
ancy has survival value in species that are not winter hardy,
because it prevents autumnal germination of the newly matured
fruits.

Extended dormancy after maturation of the seeds seems
to be widespread among native species, but mature seeds of
most crop plants exhibit either no dormancy or only a short
period of dormancy immediately after harvest. The lack of
extended dormancy in these seeds probably has resulted from
selection of seed for rapid and complete germination.

No reports have been found in which dormant seeds or
fruits of a native species were compared physiologically and

biochemically with non-dormant seeds of a domestic variety

of the same species. The annual sunflower (Helianthus annuus
L.), a common weed species throughout much of the United
States, and the domestic "Russian Mammoth" sunflower which

is considered to be a variety of the same species, presented
the opportunity for such a study. The fruits of the native
sunflower had been observed to have extended dormancy (E. L.
Rice, personal communication), while those of the domestic
variety, although reported to be dormant immediately after
harvest, rapidly break dormancy at room temperatures and

show rapid and complete germination within 10 weeks from

harvest (51).
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This paper characterizes dormancy in the achenes of
the native sunflower and reports means of breaking that dor-
mancy. It also reports the isolation of certain substances
from extracts of dormant and non-dormant fruits of the na-
tive sunflower and from extracts of the non-dormant fruits
of the Russian Mammoth variety. Paper chromatography was
used to make these isolations and to make a comparison of
the presence of these substances and the sequence of their

appearance in the fruit extracts.



CHAPTER II
MATERIALS AND METHODS

Mature fruits of the native sunflower were collected
on a road cut south of Norman, Oklahoma, at l-week intervals
from late September through October of 1963 and 1964. One
small collection of fruits was made on May 7, 1965, from
plants grown in the greenhouse. Unless indicated differ-
ently in the text, all studies reported were made using
fruits collected October 19, 1963.

Fruits of the domestic variety were obtained from a
commercial seed company (Burpee, Number 6111 "Russian Mam-
moth") .

Preliminary tests were made to verify the existence
of dormancy in the native sunflower fruits. Then dormancy
was explored by water leaching to check for the‘presence of
germination inhibitors, by constant and alternating temper-
atures on leached and non-leached fruits, by high oxygen
concentrations, by mechanical scarification, by treatment
with thiourea and gibberellic acid (GA), by moist strati-
fication (2-5°), and by dissecting out the embryos for
germination and inhibitor studies.

y
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Extracts were prepared from both wild and domestic
varieties by leaching in distilled water; by boiling in 50%
methanol, 80% isopropanol, or 95% ethanol; and by Soxhlet
extraction with 95% ethanol. Water leaching and Soxhlet
extraction were used most frequently.

Water leachates were prepared in 2 ways. Leachates
were prepared by placing a known quantity (10 or 100 fruits)
on & 4.5-cm disc of Whatman No. 1 filter paper in a S5-cm
petri dish and soaking them in 2 ml of 0.05 ¥ phosphate buf-
fer (pH 5.6) for 24, 48, or 72 hours. The fruits were then
removed and the disc and water solution were bioassayed for
inhibitor activity.

Water leachates from larger quantities of fruits (S50
g) were prepared by gravity percclation of distilled water
over the fruits in a leaching apparatus (fig 1) redesigned
from that of LeCroix (23). It consists of 2 chambers made
from 35 mm Pyrex tubing. Chamber B has an attached valve
with a pointed moving part that was ground to make a tight
seal when seated on closing of the valve. Chamber A has a
similar valve, but it is separated from the chamber by a
short length of Tygon tubing which is the closure point for
a screw type pinchcock. The seeds are placed in chamber B
with a plastic screen or glass wool covering the outlet in
the bottom to prevent seeds from clogging the valve. The
water used in leaching is placed in the beaker (C), and tube

D is connected to an aspirator or other vacuum source.
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When the aspirator is turned on, the 2 ground glass
valves close due to the reduced pressure in chamber A, and
the leaching water moves up tube E until the water level
falls below the open end of the tube. The column of water
then breaks, and the reduced pressure in chamber A is relieved
as air enters tube E. This allows the glass valves to open
due to the force of gravity, and water flows from chamber
A into chamber B with the seeds. The rate of water flow
from A into B can be controlled by the pinchcock valve
between the chambers. When enough water seeps through the
seed to raise the water level in the beaker to the end of
tube E, the reduced pressure in chamber A initiates the re-
filling of that chamber. Because the water is aerated each
time it empties into chamber A, seeds can be leached for
long periods without anaerobiosis.

The leaching water was changed in the apparatus at
6-hour intervals. Distilled water (100 ml) was added to
replace the leachate. This leaching procedure was contin-
ued for 72 hours (later 48, then 36 hours) for a total of
12 collections. During the leaching process, the leachate
collections were separately labeled and stored at 2° until
all collections had been made. At that time, a 1 ml aliquot
of each collection was bioassayed for inhibitory activity.
The remainders of all leachate collections showing inhibito-
ry activity were then combined and reduced in v<iume in a rot-

ary evaporator under reduced pressure at temperatures less
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than 50°. An amount of methanol equal to one-fourth the
volume of the extract was added to facilitate evaporation.

The concentrate was adjusted to pH 2.8 with 0.1 N
HC1 and extracted by shaking 5 times with equal volumes of
diethyl ether. This acidic ether fraction was evaporated
to dryness, taken up in a known volume of methanol, and mea-
sured aliquots equivalent to 0.25, 0.50, or 1.00 g of fruits
(fresh weight) were streaked on paper for chromatography.

The extracted water was evaporated to dryness on the
steam bath. The residue was taken up in methanol and
streaked on paper for chromatography.

For Soxhlet extractions, the fruits were dropped into
boiling 95% ethanol and boiled for 10 minutes. The boiled
fruits were transferred to the Soxhlet apparatus along with
the hot ethanol and extracted for 24 or 36 hours with the
extraction chamber emptying every 45 minutes.

The ethanolic extract was reduced to dryness in a
rotary evaporator under reduced pressure with the temperature
maintained at less than 50°. The residue was taken up in
distilled water (25 ml at 45-50°) and filtered to remove the
insoluble material which was mostly lipid in nature. The
filtrate was adjusted to pH 2.8 with 0.1 N HCl, and the sub-
sequent treatment was the same as for the water leachate
from large quantities of fruits.

Several solvent systems were utilized in chromatogra-

phy. Isopropanol-acetic acid-water (IAW) (80:2:18, v/v/v)
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was the most commonly used solvent system in preliminary
separations. Other solvents used were n-butanol-acetic
acid-water (BAW) (63:10:27 v/v/v) and 6% acetic acid (6
ml of glacial acetic acid diluted to 100 ml). Descending
chromatography was used exclusively in the reported stud-
ies, using 19.5-cm wide strips of S§S 2043-b chromatogra-
phy paper. The solvent was run the same direction on all
papers with no prior equilibration.

Elution of materials from the chromatograms was ac-
complished by soaking the excised sections of the chromato-
grams in small volumes (ca. 25 ml) of absolute methanol for
10 minutes followed by shaking for 5 minutes, then decanting
the methanol. This was repeated 3 times. The methanol ex-
tracts were combined, reduced to dryness, and either applied
to another paper and rechromatographed, or hydrolyzed.

Hydrolysis of chlorogenic and isochlorogenic acids
was accomplished by use of 10 ml of 0.5 N KOH at room tem-
perature for 4 hours. The hydrolysate was acidified with 0.5
N HCl to pH 2.8 and extracted with diethyl ether as were the
plant extracts. The ether solution was evaporated to dryness,
taken up in absolute methanol, and applied to another paper
for chromatography. The water residue from the hydrolysis was
evaporated to dryness over the steam bath, and the dry residue
was extracted with absolute methanol to eliminate the KCl.
This methanol extract was reduced to dryness, taken up in

a small volume of absolute methanol, and applied to paper.
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Methods and reagents used in locating materials on
chromatograms were:

1. Ultra violet light (2537 and 3660 A)

2. Ammonia vapor

3. Sodium picrate paper (1)

4. Ferric chloride-potassium ferricyanide (37)

5. Ehrlich's reagent (37)

6. Hoepfner's reagent (33)

7. Sodium metaperiodate-piperazine-sodium
nitroferricyanide (3)

8. Diazotized p-nitroaniline (40)

9. Fast Red GG (stable diazo salt of p-nitroaniline)
(29)

10. Fast Bordeaux BD (stable diazo salt of 4-amino-
2,5-dimethoxybenzonitrile) (29)

11. Ethanolic AlCl 1% (u40)

3’
Biological activity of the extracts and of materials
on chromatograms was determined by the use of blond psyllium

seed (Plantago ovata Forsk.) in germination tests run at 25°

(24). Tests were made on the leachates by adding aliquots
to petri dishes containing a 5-cm disc of Whatman No. 1 fil-
ter paper and adding 0.05 M phosphate buffer (ph 5.6) to
give a total incubation volume of 2 ml. Tests on chromato-
grams were made by cutting out the zones of interest and
placing them in petri dishes with 2 ml of the phosphate buf-
fer.

Mechanical scarification was done by grinding a small

hole in the flower scar of the fruits with a high speed
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dental drill, or by making a small split in the coat by means
of a scalpel.

Alternating temperature studies were run in a cold
room thermostatically controlled at 15°. An incubator was
wired into a time clock and installed in the cold room. When
the time clock was in the "off" cycle, the temperature would
drop to that of the room. When the time clock was in the
"on" cycle, the temperature in the incubator would rise to
25°., There was a time lag of approximately 1.5 hours in
changing from one temperature to the other. The clock was
set for 8 hours at 25° and 16 hours at 15°.

Fruits were stratified by adding 50 g (approx 9000)
of fruits and 400 ml of washed, air dried, white quartz sand
to a 1 pint size polyethylene freezer bag. Distilled water
(50 ml) was added, and the bag was closed. These packages
were placed in cold storage at 2-5° for varying periods of
time. Storage at this temperature in moist sand resulted
in complete breaking of dormancy in 6 to 8 weeks. For small
quantities (5-10g) of fruits, another technique was used.
The fruits were placed in a petri dish on a disc of Whatman
No. 1 filter paper, and an amount of distilled water was
added that was equal to the weight of the fruits. The petri
dish was then placed at 25° for 72 hours to obtain maximum
imbibition, and then transferred to 2-5° for cold treatment.

Thiourea has been used to break dormancy in seeds

of the peach (43), sugar maple (6), lettuce (41), Fraxinus
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(50), and others (5, 27). Thiourea was tested for its effect
on breaking dormancy in fruits of the native sunflower. They
were allowed to imbibé for 2, 4, 8, 16, and 24 hours in the
following 7 concentrations: 0.001, 0.005, 0.01, 0.05, 0.1,
0.5, and 1.0 M. This gave a total of 35 different treatmentis.

Gibberellic acid1 was also tested for its effect on
breaking dormancy in fruits of the native sunflower. It had
been successfully used in breaking the dormancy of potato
seed (39), seed of some arctic circle plants (21), and others
(27). Dry sunflower fruits were permitted to imbibe in and
were continuously incubated in solutions of 0, 1, 10, 50, 100,
500, and 1000 mg per liter of GA. Each treatment consisted
of 100 fruits in 2 ml of incubation solution and was run in
triplicate.

Effects of high oxygen tension in breaking dormancy
in these fruits were also checked. Concentrations of 20, u0,
60, 80, and 100% oxygen were used. The concentrations higher
than in the normal atmosphere were prepared by adding the
appropriate number of milliliters of water to a prescription
bottle of known volume containing the fruits and a moistened
piece of Whatman No. 1 filter paper. The water was then
displaced by oxygen to give approximately the desired con-
centration. These experiments were set up in series of §

replicates for each treatment.

1GA was supplied through the courtesy of Dr. Edwin
F. Alder of Eli Lilly and Company, Greenfield, Indiana.



CHAPTER IIIX

RESULTS

Inhibitor Studies

Effects of 1-ml aliquots of each of the 6-hour leach-
ate collections on the germination of psyllium seed are
shown in figure 2. All fractions collected during the first
36 hours of leaching showed inhibitory activity in these
tests, while the later collections showed no activity. Ger-
mination of psyllium seed after 48 hours showed only slight
inhibition in the 30 hour collection, indicating a low con-
centration of inhibitor(s) in that and subsequent collec-
tions. Germination inhibition was most pronounced in the
leachate collections made during the first 18 hours. These
data show the presence of a water soluble germination inhibi-
tor in native sunflower fruits, and also show that it is
readily leached.

This was confirmed by dilution studies (fig 3) in
which a 10-fold dilution of the 6, 12, and 18 hour frac-
tions showed considerably more inhibitory activity than the
strongest assayed concentration (1:1) of the 30 hour frac-
tion.

13
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Fig. 2. Psyllium seed germination in 1:1 dilu-
tions of leachates collected at 6-hour intervals from
50 gm of native sunflower fruits. The lower curve re-
presents the number of seeds germinating in 24 hours;
the upper curve, in 48 hours. Germination in the con-
trols is shown by the broken line in each case.
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The inhibitor was readily removed from the leach-
ate by 4 hours of liquid-liquid extraction of the rotary
evaporator concentrates using diethyl ether or ethyl ace-
tate. Bioassay of the extract and the water residue showed
that the inhibitor was present only in the extract. Extrac-
tion by shaking the acidified concentrate with diethyl
ether was not as efficient as with the liquid-liquid extrac-
tion apparatus, but was used more frequently because less
time was required.

Comparable levels of inhibition were obtained using
extracts of equal weights of both the domestic and native
varieties of sunflower. Psyllium seed germination was in-
hibited by water extracts of both the seed (embryo and mem-
branous seed coat that was usually broken in excision) and
the pericarp in both varieties, but was most inhibited by
extracts of the pericarp (fig 4). These water extracts were
obtained by incubating the separate fruit coats and embryos
of 100 native sunflower fruits in phosphate buffer as de-
scribed earlier. Seven Russian Mammoth fruits gave simi-
lar results when separated into embryos and coats and the
water extract bioassayed.

Germination of hull-less oats, poppy, radish, and
tomato seeds was inhibited by these leachates. After a
few exploratory tests, psyllium seeds were used exclusive-

ly for biocassays.
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Presence of the inhibitor(s) from sunflower fruits
retarded germination of all psyllium seeds and completely
inhibited the germination of many of them, even when the
amount present in the test dish was no more than that ex-
tractable from 0.25 g fresh weight of fruits. When these
completely inhibited seeds were removed from the inhibitor
solution after 6 days incubation, rinsed in distilled water,
and placed in inhibitor-free phosphate buffer, germination
began as usual and proceeded at a rate that was only slight-
ly retarded. Thus inhibition of germination by the inhibi-
tor(s) from sunflower fruits appears to be a reversible
blocking of growth.

The inhibitor(s) in the leachate also was active
against some molds and bacteria. Germination of psyllium
seeds was inhibited 24 to 96 hours in low concentrations of
the inhibitor; but deterioration of the seedlings, which
usually started after 72 hours of incubation in the controls,
was inhibited for 3 to 10 days in the presence of the inhibi-
tor.

Fruits of the May 7, 1965, collection from greenhouse
grown plants were compared with fruits collected on October
19, 1963, as to inhibitor content. The fresh fruits were
collected before the head had dried sufficiently to allow
the fruits to shatter from the heads and are called the non-

matured fruits. The earlier collections were made after the
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heads had dried, and the fruits would shatter when the heads
were cut from the plant. These are called the matured fruits.
Two-ml water leachates were prepared as described earlier
from both the matured and non-matured fruits, using 10 em-
bryos per dish and incubating them for 48 hours. Then the
embryos were removed, and the leachate was bioassayed (fig
5). Psyllium seeds in all leachates were completely inhibi-
ted at 24 hours. At 36 hours, seeds in the leachate from
the matured embryos showed only slight inhibition; and after
48 hours, no inhibition was present. After 36 hours, seeds
in the leachate from the non-matured embryos showed strong
inhibition that decreased at each examination but never
equalled germination of the controls.

Additional leachates were prepared from the same em-
bryos by transferring the embryos to fresh buffer and filter
paper and incubating them for another 48-hour period. Leach-
ates from matured embryos showed no further inhibition, but
the leachates from the non-matured embryos continued to show
a germination inhibitor in the leachates (fig 5, lower curve).
Inhibitor production continued through fifteen 48-hour incu-
bations of the same embryos. These embryos showed no signs
of bacterial or mold contamination. Germination did not oc-
cur in the dark; but when transferred to light, 10% of the
embryos showed some degree of germination (development of

chlorophyll in isolated areas of the cotyledons and spreading
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apart of the cotyledons, but no epicotyl of hypocotyl growth).

Leachates were similarly prepared from pericarps of
20 fruits from these 2 collections. The coats of the non-
matured fruits were found to contain little inhibitor because
germination of psyllium seed in these tests approximated that
of the controls after the initial 24-hour reading. The coats
of the matured fruits showéd expected high levels of inhibi-
tor (fig 6).

The inhibitor has been found to be soluble in water,
diethyl ether, methanol, ethanol, isopropanol, and ethyl
acetate, but insoluble in petroleum ether (bp 30-60°). It
was extracted into diethyl ether at pH 2.8; thus it is prob-
ably acidic. It was found to be phenolic in nature by its
reaction with the ferric chloride--potassium ferricyanide
reagent and by its coupling reaction with diazotized reagents,
including diazotized p-nitroaniline, the stable diazo salt
of p-nitroaniline (Fast Red GG), and the stable diazo salt
of 4-amino-2,5-dimethoxybenzonitrile (Fast Bordeaux BD). It
does not fluoresce under either short (2537 A) or long (3660
A) wavelength UV light, either with or without ammonia va-
por treatment. However, it does weakly absorb under short
wavelength UV light.

Actual identification has not been made, but it is
not a cyanogenic glycoside because all tests (1) for HCN
were negative with extracts from both the native and domes-

tic varieties of sunflower.
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Germination Studies

Seeds in the leached fruits of the native sunflower
were expected to germinate as a result of the loss of the
inhibitor(s) during leaching. Germination tests at 25° re-
sulted in poor germination with both leached and non-leached
fruits. Germination in tests with leached fruits was usu-
ally about 0.25%, while that of the non-leached fruits was
usually about 0.04%. In no case did germination exceed 3%
in these tests.

0f the 35 thiourea treatments, 1 gave 3% germination,
8 gave 1% germination, and the remaining 26 treatments gave
no germination. Germination that occurred was randomly dis-
tributed throughout the treatment series and showed no con-
sistency.

Dgring studies on the inhibitor in the embryos and
pericarps, most of the excised embryos showed some develop-
ment during incubation. This consisted of a slight geotro-
pic curvature at the radicle apex. If these embryos were
exposed to incandescent light, the cotyledons spread apart
and developed chlorophyll. In a few embryos the hypocotyl
slowly elongated, but epicotyl elongation did not occur.
Table 1 shows the percentage distribution into size classes
of seedlings developed from embryos of dormant, non-leached

fruits and of fruits leached for 48 and 72 hours. The
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Table I. Percentage distribution into size classes
of seedlings showing arrested development following 96 hours
growth.

Scurce of Size classes
seedlings
less than 1-2 cm more than
1l cm 2 cm
Non-leached 77 18 5
embryos
Leached for 78 11 11
48 hours
Leached for 68 16 16

72 hours
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separation into size classes was made after 96 hours of de-
velopment. At a similar age, 70% of the seedlings from
fruits which had been cold treated for 4 weeks fell into the
larger size class, and most of these had total lengths of 4
cm or more. None of the seedlings from embryos of dormant
fruits (table I) exceeded 4 cm in length and 68% or more of
them were in the smallest size class, indicating little de-
velopment. However, these seedlings from the embryos of dor-
mant fruits developed more normally following cold treatment
at 2-5°. Decomposition by bacteria and molds began as early
as the fifth day from the start of the test in the seedlings
from leached fruits, but seedlings obtained from non-leached
fruits did not begin deterioration until several days later.

The fact that there was some development of the em-
bryo during incubation following excision from the fruit sug-
gested lack of permeability in the fruit coat to either oxy-
gen or water. Slight stimulation of germination was obtained
with concentrations of oxygen above 60%; but germination was
variable, and the slight differences did not prove signifi-
cant.

Imbibition studies (fig 7) showed that fruits with
split pericarps reach maximum inbibition after 36 hours, af-
ter which time a few seeds germinated. Maximum imbibition re-
sulted in about a 40% increase over air-dry weight. Fruits
with intact pericarps imbibed more slowly, but after 72

hours, they reached the same percent weight increase after
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—e—e =split coats

o—o—0 =intact coats

— Percent Increase in Weight

—-> Hours of Imbibition at 25°C

Fig. 7. Percent increase in weight during imbibi-
tion of sunflower fruits having split and intact pericarps
(fruit coats).
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which a few seeds germinated. Weight increases above the
40% level were due to germination and growth of the seed-
lings.

Figure 8 shows the effects of increasing concentra-
tions of GA on germination in dormant sunflower fruits after
18 days incubation in the GA solution. GA treatment appar-
ently stimulated germination at all concentrations used,
but the stimulation attributed to 1 and 10 mg per liter of
GA did not prove significant. Growth rates were not deter-
mined for seedlings obtained through GA treatments, but the
seedlings did not show retarded growth like that in seed-
lings obtained from excised embryos.

Alternating temperatures between 15 and 25° stimu-
lated germination in about 20% of the fruits of the native
sunflower. After imbibition for 72 hours, one diurnal alter-
nation stimulated germination in a few of the fruits. Six
to 8 diurnal alternations were sufficient to give the maxi-
mum of 20% germination. Additional alternations gave no
further increases in germination,

Effects of increasing lengths of cold treatment at
2-5° on breaking dormancy in fruits of the native sunflower
are shown in figure 9. TFollowing imbibition for 72 hours at
25°, all cold treatments used gave significant stimulation
of germination. After 4 to 6 weeks of cold treatment, many
seeds will germinate at 2° and show both root and hypocotyl

elongation. After 6 weeks cold treatment, germination is
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essentially complete following transfer to temperatures favor-
able for germination. Cold treatment was used to obtain all
lots of non-dormant native sunflower fruits used for chroma-
tography studies.

Changes in the inhibitor content of the fruits during
stratification were followed using the psyllium seed bioassay
on 2-ml water leachates of 100 fruits. Cold treatment of dor-
mant fruits (fig 10) apparently increased the total inhibitor
content of the water leachates. At the same time there was
an increase in the acidity of the water and 95% ethanol ex-
tracts from stratified fruits. The reaction dropped from pH
7.6 in water solutions of 95% ethanol extracts of imbibed
fruits to pH 6.6 in identically prepared extracts of fruits
stratified for 16 days. This increase in acidity was reflec-
ted in an increase in the acidic ether fraction and in the
presence of many more bands of fluorescent materials on chro-
matograms prepared from these extracts.

Soxhlet extracts were prepared from fruits of the
native sunflower that had been stratified for 60 days. The
acidic fraction was removed as previously described. Ali-
quots equivalent to the extract from 1 g fresh weight of
fruits were streaked on paper and developed in IAW. The in-
hibitor was readily located on these chromatograms (fig 11)
as shown by psyllium bioassay of one-fourth (longitudinal
section) of one of these chromatograms. Values shown are

the means of four determinations. Major inhibition after
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24 apd 48 hours was found between Rf's 0.8-0.9 with lesser
inhibition at 2% hours found between Rf‘s 0.7-0.8 and 0.9-
1.0. The inhibition between Rf's 0.7-0.8 was possibly due
to tailing from the inhibitor in the Rf 0.8-0.9 zone. The
inhibition between Rf's 0.9-1.0 probably was not due to in-
hibitors in the chromatographed e#tract. A blank strip of
S&S 2043-b chromatography paper was developed simultaneous-
ly with those carrying the extracts. This blank chromato-
gram was sectioned longitudinally into 4 parts. These U4
strips were then sectioned intoioel Rf units and germina-
-tion tests made on these sections. The same level of ger-
mination inhibition was produced by the Rf 0.9-1.0 zone of
this blank chromatogram (fig 12) as was produced by the same
zone on chromatograms prepared from plant extracts (fig 11).
The inhibition in this zone (Rf 0.9-1.0) seems to be due to
impurities in the chromatography paper.

Inhibition due to the Rf 0.9-1.0 zone was associated
with a light blue-white to cream-white fluorescent material
that could be removed by pre-development of the paper by de-
scending means and allowing the wash solvent to drip off the
paper. Wash solvents used were 2% acetic acid and IAW (80:
5:15 v/v/v). When the developing solvents resulted in over-
lapping of the impurities in the paper with the materials of
interest in the chromatographed plant extracts, it was essen-
tial to wash the chromatography paper prior to its use. When

developing solvents were used that left the plant materials
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of interest widely separated from the front, nc prior wash-
ing of the papers was necessary, and the paper impurities
were ignored.

Stimulation of psyllium seed germination after 24
hours incubation was evident between Rf's 0.2-0.3 on the
chromatograms represented by figure 11. On other chromato-
grams developed in the same solvent (IAW), the zone of stim-
ulation appeared as high as Rf 0.45. It is not known wheth-
er only 1 or several substances are present in this zone.
This zone shows no reaction with phenolic reagents.

Studies on the Isolation and Identification of Components
of the Extracts

Chromatograms were prepared from the extracts of
cold treated fruits previously used (fig 11), and were de-
veloped in IAW. Two distinctive bands were present on these
chromatograms. Both of these zones fluoresced blue with both
long and short wavelength UV light, fluoresced a brilliant
yellow-green when exposed to ammonia vapors, and gave a dark
blue color with the ferric chloride-potassium ferricyanide
reagent for phenols. These data suggested that the constit-
uents of the two bands were isomers of chlorogenic acid.

These bands (referred to as band "A" and band "B")
were cut from the chromatograms and separately extracted from
the paper. The extracts were reduced to dryness, taken up
in absolute methanol, and spotted on other paper strips for

further chromatography in BAW, IAW, and 6% acetic acid.



Table II.

isolated from extracts of cold treated sunflower fruits.

Comparison of known reference compounds with two compounds

Rf values

Fluorescence (UV)

Reactions with standard

reagents
6% Ace- Without  With FeCljz- Fast
Compound IAW tic Acid BAW NHj NH3 Hoepfner's K3Fe(CN)g Bordeaux
vapor vapor BD

Chlorogenic 0.56 0.65,0.78 0.60 1t blue bril YG + (red- dk blue bril Y

acid pink)

Band "A" 0.54 0.59,-- 0.59 1t blue bril YG + (red- dk blue bril Y
pink)

Band "B" 0.70 0.21,0.30 0.73 1t blue bril YG + (red- dk blue bril Y
pink)

Isochloro- 0.70 0.17,0.33 0.73 1t blue bril YG + (red- dk blue bril Y

genic acid pink)

Abbreviations used in the table are:
Y - yellow, YG - yellow-green

bril - brilliant, dk - dark, 1t - light,

g¢
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1 acids were spotted on these

Chlorogenic and isochlorogenic
same papers and developed in these solvents as reference
standards. The two unknown substances from the cold treated
fruits gave Rf values comparable to those of the reference
compounds (table II), and both reacted positively to Hoepf-
ner's reagent, which was reported to be specific for the iso-
mers of chlorogenic acid (33). Thus band "A" and band "B"
are apparently the same as the commercial preparations of
chlorogenic and isochlorogenic acids, respectively. Chloro-
genic acid has been known to be 3-0-caffeoyl-D-quinic acid
for several years. Recently, isochlorogenic acid was shown
to be a mixture of 2 (16) or 3 (36) dicaffeoyl depsides of
Quinic acid. One of these has been identified tentatively

as 3,5-0-dicaffeoyl-D-quinic acid (16).

The identities of these 2 bands with commercial
chlorogenic and isochlorogenic acids were further confirmed
by examination of the products of their alkaline hydrolysis.
The ether soluble and ether insoluble fractions of the aci-
dified hydrolysates were spotted on chromatography paper
along with caffeic and D-quinic acids as reference compounds.
The chromatograms were developed in IAW and 7% acetic acid,
and gave good agreement between the Rf's of the hydrolysis

products and those of caffeic and quinic acid (table III).

I1The known isochlorogenic acid used in the early
studies was supplied through the courtesy of Dr. E. L. Rice
of the University of Oklahoma. The isochlorogenic acid used
in later studies was a commercial preparation from Mann.



Table III. Comparison of reference compounds with the hydrolysis products
of chlorogenic acid (band "A") and isochlorogenic acid (band "B") isolated from

sunflower fruits.

Compound Rf values on S&S 2043~-b UV Fluorescence Quinic acid
IAW 6% Acetic Without  With test
NH3 NHj3
Caffeic acid 0.82 0.35 blue 1t blue
Quinic acid 0.30 0.96 - - yellow
Hydrolysis products
Acidic fraction of "A" 0.80 0.34 blue 1t blue
(ether solubles)
Water fraction of "A" 0.28 0.96 -- - yellow
(ether insolubles)
Acidic fraction of "B" 0.8%4 0.34 blue 1t blue
(ether solubles)
Water fraction of "B" 0.30 0.96 -- -- yellow

(ether insolubles)

8¢
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Chromatography of chlorogenic acid and other similar
substances in predominantly aqueous acidic solvents separates
the cis and trans forms of these compounds (38). When chro-
matographed in 6% acetic acid, chlorogenic acid in the plant
extracts produced only 1 band which coincided with the band
having the lower Rf (trans form) from reference chlorogenic
acid. However, isochlorogenic acid produced 2 distinct bands
when chromatographed in this solvent systems. These 2 bands
coincided with those produced by the reference isochlorogenic
acid.

While chlorogenic and isochlorogenic acids were both
present in the extracts from stratified fruits of the native
sunflower, neither could be detected on chromatograms pre-
pared from equivalent quantities of extracts from dry fruits.
The time and sequence of appearance of these acids during
the breaking of dormancy was studied in a series of extracts
from the fruits. The fruits were extracted with 95% ethanol
in the Soxhlet apparatus. They were extracted dry; after
24, 48, and 72 hours of imbibition; and after 1, 2, 4, 8, 16,
and 32 days of stratification at 2-5° following initial im-
bibition for 72 hours at 25°. Diagrams of the chromatograms
prepared from these extracts (IAW solvent) are shown in fi-
gure l3a,b. The fluorescent color of each band is indicated
on the diagram of the chromatogram on which it first ap-

peared. Arrows connect equivalent bands on the diagrams.

Chlorogenic acid appeared first. It was not found




light

72 Hours Imb
+
| Day Cold

10
i . —

5 ‘creum yellow — ——3 gt Bive

dark violet ¢ K\‘\j
a dark blue 7
| light blue
7t - [ -
e} - : —
51 i i -
4t - -
3f faint blue — e\;
2} - i
1} : - :

Dry 24 Hours Imb 48 Hours Imb 72 Hours Imb

Fig. 13a. Diagrams of chromatograms prepared from

extracts of wild sunflower fruits.
veloped in IAW.

Chromatograms were de-
Imb indicates imbibition.

Oh



10

pink-lavender

llight blue

light blue-grox ‘

/dork violet

cream yellow IF-\—J < FR—
light bl
ig ue ] L F
dark violet e A dark blue
ligit biue 7 R [
brilliant blue e ——
[- - R
- i 2 B
bright blue k"_,/—a k\\\\\‘
light M,— i
faint blue #,'\; - i
L F L
72Hours Imb 72Hours Imb 72 Hours Imb 72 Hours Imb
+ + + . +
2 Days Cold 4 Days Cold 8 Days Cold 16 Days Cold

Fig. 13b.

Bole yellow

o

72 Hours Imb
+
32 Days Cold

Tth



42
in extracts of dry fruits, nor in extracts of fruits at dif-
ferent imbibition stages, but appeared between 48 and 96
hours after beginning stratification. It is identified in
figure 13b as the bright blue band between Rf's 0.51 and 0.61.
Isochlorogenic acid appeared between 16 and 32 days after be-
ginning stratification. It is represented as the light blue
band between Rf's 0.63 and 0.76 on the diagram of the chro-
matogram prepared from extracts of fruits receiving 32 days
stratification. After it appears, isochlorogenic acid ap-
parently becomes the predominant isomer in the non-dormant
(stratified) fruits. The germination inhibitor present in
these fruits is represented as the dark violet band between
Rf's 0.8 and 0.9 on these diagrams. It is widely separated
from either chlorogenic or isochlorogenic acid on chromato-
grams developed with IAW.

Fruits of the domestic variety "Russian Mammoth"
were also examined for the presence of chlorogenic and iso-
chlorogenic acids. Soxhlet extracts (95% ethanol) were
made from dry fruits, and from fruits which had imbibed for
24, 48, and 96 hours. Diagrams of chromatograms prepared
from these extracts are shown in figure 14. These chromato-
grams were run in IAW. Chlorogenic acid again was detected
first, appearing during the first 24 hours of imbibition in
these non-dormant fruits. Isochlorogenic acid appeared be-
tween 24 and 48 hours after beginning imbibition. From the

Rf values, width, and intensity of the fluorescence of the
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bands of chlorogenic and isochlorogenic acid on chromatograms
prepared from ektracts of fruits imbibed 96 hours, isochlo-
rogenic acid became the predominant isomer in the domestic
sunflower also.

A material which reacts with Ehrlich's Reagent (in-
dole test) appeared in the fruits of the native sunflower
during cold treatment, and in the fruits of the domestic va-
riety during imbibition. The Ehrlich positive material showed
the same Rf in JAW (0.88) and BAW (0.90) as did IAA but re-
acted in this test more slowly than did IAA.

Almost all of the fluorescent bands present on the
chromatograms diagrammed in figures 13 and 14 reacted with
the ferric chloride-potassium ferricyanide reagent and with
diazotized reagents, indicating that they are phenolic com-
pounds. The presence of phenolic compounds other than chlo-
rogenic acid has been reported in the stem, leaves, or roots
of normal sunflower plants. These include caffeic acid (fig
15-C) (22, 44); p-hydroxybenzoic acid, p-coumaric acid (fig
15-D), ferulic acid {(fig 15-G), and salicylic acid (22); neo-
chlorogenic acid (53); scopolin (7, 52, 44); and isochloro-
genic and 3-0-feruloyl-D-quinic acids (Dr. A. Zane and Dr.

S. H. Wender- personal communication). Only chlorogenic

and isochlorogenic acids have been definitely identified in

this study.
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CHAPTER IV
DISCUSSION

Ruge (35) reported the presence of a germination in-
hibiting and a germination stimulating material in a black

seeded variety of Helianthus annuus L. Identifications were

not made but the compounds were proposed to be cyanogenic gly-
cosides and thiocyanates, respectively. K8ves and Varga (22)
isolated inhibitors from the pericarps of sunflower fruits

(no variety specified) and identified them as phenolic acids.
The present study confirms the presence of germination inhibi-
ting substances in the dry fruits of both the domestic vari-

ety "Russian Mammoth" and the native variety of Helianthus

annuus L. The inhibitors (one or more) were not found to
be cyanogenic glycosides, but were phenolic in nature. The
specific identity of these substances was not determined,
but chromatographic studies showed that the inhibitors were
apparently the same in the two varieties.

The inhibitor content of dormant potato tubers (18),
dormant buds (2, 19), and dormant apple seeds (26) has been
reported to decline at the termination of dormancy or dur-

ing stratification of the seeds. In Fraxinus excelsior L.

46
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(50) the inhibitor content did not decline during stratifi-
cation. In the present study, no decrease in the inhibitor
content was observed. Instead, there was an increase in the
total inhibitor content of water leachates from cold treated
fruits, and also an increase in the acidity of the extracts.
A germination stimulator appeared during cold treatment as
was reported for sunflower (35), apple (26), and ash (50)
seeds. Like in the apple (26), but unlike the ash (50), this
stimulator could not be replaced by thiourea. GA was found
to stimulate germination in non-stratified sunflower fruits.

Germination did not increase in the native sunflower
fruits as a result of leaching. This apparent lack of con-
trol over germination in the sunflower and the increase in
the inhibitor content during breaking of dormancy, suggests
that the phenolic inhibitors may have some other function in
the fruits. It was noticed in the psyllium seed bioassays
and in germination tests with sunflower embryos that when-
ever the inhibitor was present, attack and decomposition of
the seeds and embryos by bacteria and molds were retarded.
This suggests that the inhibitor may have a positive survi-
val ve:ae through protection of the embryos or young seed-
lings against microbial destruction. Ferenczy (9) reported
antibacterial activity in the seeds or fruits of 52 species
which did not include the sunflower. Rice (32) recently
reported that chlorogenic and isochlorogenic acids, which

were isolated from the leaves of the sunflower, are effective
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inhibitors of the nitrogen-fixing and nitrifying bacteria.
However, the seed germination inhibitor extracted from sun-
flower fruits is not chlorogenic or isochlorogenic acids.
In the crude water leachates, these compounds may exert
antibacterial activity or enhance the antibacterial activi-
ty of the actual germination inhibitor; but on chromatograms
the germination inhibitor is widely separated from these
acids.

It has been shown that pod tissue of the bean con-
tains no inhibitor during early development; but as further
development takes place, inhibitors appear and continue to
increase throughout the maturation process (49). Likewise,
the tissues surrounding the embryo of the apple seed con-
tain more inhibitors at maturity than does the embryo (26).
In this study the germination inhibitor was shown to be pro-
duced in the embryo and apparently translocated into the
pericarp during the maturation and drying of the fruit.

Following excision from the pericarp, dormant native
sunflower embryos were observed to undergo limited develop-
ment when placed in conditions suitable for germination.
This development consisted of a geotropic curvature in the
tip of the radicle, and if they were exposed to light, forma-
tion of chlorophyll and spreading apart of the cotyledons.
The same type of behavior has apparently been observed in
apple (26) and in freshly harvested Russian Mammoth sunflow-

er fruits (51). These seedlings are not dwarf in the same
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sense as the "physiologic dwarfs" in Rhodotypos (11) or in

peach (12) which have telescoped internodes and almost a
rosette appearance. In the sunflower, no epicotyl growth
was observed in these seedlings from dormant embryos and
growth seems to be arrested at the cotyledon stage of seed-
ling development.

Biocassays of blank chromatograms revealed an inhibi-
tor zone between Rf's 0.9-1.0 that was due to impurities in
the S«5 2043-b paper. Previous workers using this paper
have reported inhibition of germination in bioassays due
to materials chromatographing at the solvent front (10, 22,
45, 46, 47, 48, 49). These materials were designated the
"Omega inhibitor" (10) and were thought to be due to the es-
sential oils present in the plant extracts. Since these pa-
pers were not reported to have been washed prior to chroma-
tography of the extracts,:it is possible'that the "Omega in-
hibitor" represents only the impurities in the chromatography
paper.

Chlorogenic acid has been earlier reported in seeds
and coats (34) and embryos (31) of sunflower fruits. These
reports were not confirmed in this study with dry fruits of
either the domestic or the native variety. However, chloro-
genic acid did appear in fruits of the domestic variety dur-
ing the first 24 hours of imbibition, but the length of time
for it to first appear in detectable quantities is still un-

known. Chlorogenic acid did not appear during imbibition in
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the native variety, but appeared only after cold treatment
had started. Isochlorogenic acid was not present in the
dry fruits of either variety, but appeared in both after
chlorogenic acid had appeared. In the domestic variety, it
appeared between 2% and 48 hours after imbibition had start-
ed. In the native variety, isochlorogenic acid appeared
between the 16th and 32nd days of stratification.

Chlorogenic and isochlorogenic acids are of inter-
est because of their appearance during the breaking of dor-
mancy in fruits of the native sunflower. Isochlorogenic
acid, chlorogenic acid, other isomers of chlorogenic acid,
caffeic acid, and other 3,4-dihydroxy phenolics have been
reported to be inhibitors of indole-3-acetic acid oxidase
(IAA oxidase) in vitro (13, 14, 15, 38). More recently,
chlorogenic acid has been shown to increase the amount
of readily extractable IAA (20, 30, 54), probably through
in vivo inhibition of IAA oxidase activity.

The appearance of an Ehrlich positive material dur-
ing cold treatment of the dormant fruits of the sunflower
suggests that the chlorogenic acid appearing during strati-
fication may be acting to inhibit IAA oxidase. If this is
the case, cold treatment of these fruits may break their
dormancy by stimulating the production (or favoring accumu-
lation) of a substance which initiates production of chloro-
genic acid. Chlorogenic acid then may inhibit IAA-oxidase

and thus allow IAA to accumulate. With the increase in IAA,
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growth resumes in the embryo.

Chlorogenic acid could even be produced from com-
pounds that are cofactors for IAA-oxidase. p-Coumaric
acid and 3-0-p-coumaroyl-D-quinic acid (fig 15 D and B re-
spectively) have been shown to be very active cofactors (1lu4)
of IAA-oxidase from the pineapple, and have been shown to
be precursors of chlorogenic acid (17, 25). Only a 3-hydrox-
yl group is different in 3-0-p-coumaroyl-D-quinic and chlo-
rogenic acid, and the hydroxylation reaction forming chlo-
rogenic acid may be reversible with p-coumaroyl-quinic acid
being formed from chlorogenic acid. The regulation of growth
may be controlled through the ratio of cofactor to inhibitor
and the resulting activation or inactivation of IAA-oxidase.
The predominant form present (cofactor or inhibitor) may
possibly be controlled by the stimuli already known to af-
fect the plant, such as light quality, temperature, and day
length.

4-Hydroxybenzyl alcohol (fig 15 E) also has been
shown to be a naturally occurring cofactor for IAA-oxidase
from peas (28). It no longer exhibits cofactor activity
following methylation of the hydroxy group (fig 15 F). If
the activation-inactivation mechanism proposed above does
operate in vivo, it Aay be the ratio of 4-monohydroxy to
3,4-dihydroxy or 4-methoxy phenolics that is important in

determining IAA-oxidase activity.



CHAPTER V

SUMMARY

Fruits of the native variety of Helianthus annuus L.

show extended periods of dormancy. Leaching experiments
have shown the presence of one or more inhibitors in these
fruits. The inhibitors were no longer detectable in the
leachate obtained after 36 hours of continuous leaching.
However, this leaching had little positive effect on germi-
nation in these fruits. The embryos from these leached
fruits showed lessened resistance to attack and decomposi-
tion by bacteria and molds. The inhibitor was found to be
active against other seeds and also retarded the decomposi-
tion of these assay seedlings by bacteria and molds.

The inhibitor was soluble in methanol, ethanol, iso-
propanol, diethyl ether, and ethyl acetate; but it was in-
soluble ih petroleum ether. It was acidic and was found
to be a phenolic compound. It did not fluoresce under UV
light, but did ~how weak absorption under short UV. It
was not a cyanogenic glycoside as was previously suggested.

The inhibitor was also found in fruits of the do-
mestic sunflower, variety "Russian Mammoth". Paper chro-

matography has shown that the inhibitors in both these
52
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varieties are apparently the same.

Dormancy in the fruits of the native variety was not
due to impermeability of the pericarp or seed coat to water.
High oxygen concentrations gave no significant increase in
germination. Dormancy was attributed to conditions within
the embryo because excised embryos either failed to germinate
or showed only limited development consisting of a slight geo-
tropic curvature of the radicle apex. If the embryos were ex-
posed to light, the cotyledons spread apart and developed chlo-
rophyll, but no epicotyl growth was observed in these embryos.

Gibberellic acid stimulated some germination at all
concentrations used, but 500 and 1000 milligrams per liter con-
centrations were the most effective. Dormancy was broken in
some fruits by alternating temperatures (8 hours at 25°, 16
hours at 15°), but moist stratification at 2-5° for 60 days
resulted in germination of 100% of the viable fruits. The to-
tal inhibitor content and the acidity of the extracts both in-
creased during stratification. A substance that stimulated
germination of psyllium seeds appeared during stratification
along with an Ehrlich positive material,

Chlorogenic and isochlorogenic acids appeared in that
sequence during cold treatment of the fruits of the native
sunflower and were isolated and identified by paper chroma-
tography. These two compounds also appeared in the same se-
quence in fruits of the domestic variety during imbibition.
Contrary to previous reports, chlorogenic acid was not found

in dry fruits of either variety.
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A germination inhibiting zone present on chromato-
grams at Rf's 0.9-1.0 was found to be an impurity in the

S&S 2043-b paper.
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