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Seeds of Anagallis arvensis, a ecommon winter annual of crop-fields, show
post-harvest dormancy varying between four months to more than a year.
Duration of dormancy depends upon climatic factors like temperature and
rainfall during the storage. Seeds contain water-soluble inhibitor, which
appears to control the duration of dormancy; higher amount of inhibitor
being associated with deeper dormancy. Light seems to be necessary to
counteract the effect of inhibitor.

INTRODUTCTION

Anagallis arvensis, a member of family Primulaceae, is a common winter
annual of crop-fields in India. Tts seeds mature in the months of March and
April, but germinate in nature at the start of winter season in November
when temperature is low. TFurther, the seeds have been shown to be light
sensitive (Grant Lipp and Ballard 1963). It was observed that freshly
collected seeds gave very low germination percentage, even when moisture,
low temperature and light were provided. But when these seeds were washed
in running water, under same experimental conditions, more than 80 per cent
germination occurred. These observations suggested the occurrence of post-
harvest dormancy and the presence of some water-soluble inhibitor in the
seeds of A. arvensis. This paper presents observations on some factors affect-
ing the duration of post-harvest dormancy and the possible role of inhibitor
in controlling the dormancy.

EXPERIMENTAL PROCEDURE

Seeds of 4. arvensis were collected from wheat-fields in eight districts of
Uttar Pradesh in the first fortnight of April 1965. They were stored in
bakelite screw stoppered glass jars at laboratory temperature in darkness.

Germination tests were made by placing the seeds between moist folds of
filter paper in Petri dishes. Petri dishes were placed in light-proof cardboard
boxes, which were placed at 9-12 °C. Germination test was carried out for 15
days and daily the dishes were exposed to white light of about 160-200 lux
intensity for 10 minutes. For each treatment three Petri dishes, with 100
seeds in each, were used.
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REsuLTs

ExPERIMENT 1. Germination of seeds stored at room temperature

Seeds collected from the university campus were periodically tested for
germination. The results are presented in Fig. 1. It is evident that as the
seeds age the percentage as well as the rate of germination increases. TFifteen-
day-old seeds gave 17 per cent germination in 18 days. After eight months
91-5 per cent germination was obtained within 12 days.
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Fre. 1. Effect of age (months) on the rate and the
percentage germination of seeds of Anagallis arvensis.

Seeds collected from seven other districts of Uttar Pradesh were stored in
the laboratory and tested for germination at four-month intervals. It was
found (Table I) that in all collections, the percentage germination increased
with increasing storage period,

Tasre 1

Peorcentage germination of seeds from different localities during
storage at room temperature

Storage period in months

Localities
4 8 12
Agra .. 560170 70-614-0 82:3£3-0
Etawah .. 75639 84.0t1-6 90-9+0-9
Jhansi .. 888123 94-3+3-6 96-6+t1-8
Gwalior .. 863121 89-0+3-7 959121
Kanpur .. 146126 820116 89-9t1-1
Banda .. 490124 60-0+2-9 75:3%1-9
Allahabad .. 856x1-6 89-0t1-4 94-6 £2:0

(Mean T standard deviation)
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It is also clear that duration of dormancy varies in different seed collec.
tions. After four months seeds from Jhansi, Gwalior and Allahabad were
almost out of dormancy, while those from Agra and Banda remained dormant
to a certain extent, even after a period of eight months in storage.

EXPERIMENT 2. Germination of seeds stored at different temperatures

In this experiment seeds collected from university campus were stored
at 10, 20, 30 and 40 °C in tightly corked specimen tubes on 29 April 1965.
Results of germination tests made after three and eight months are given in
Table II.

TasrLe IT

Percentage germination of seeds stored at different
temperatures

Storage period in months

Storage
temperature °C
3 8

0 .. 63-3+3-7 63-3+£3-7
10 .. 81-0+0-8 856129
20 .. 83-3+2.7 90-3%1-8
30 . 86-310-8 80-3+1-2
40 .. 92:0%t1-6 —_ -

(Mean t standard deviation)

It is axiomatic that the removal of dormancy depends on storage tem-
perature. After three months, seeds stored at 40 °C had become non-dormaunt,
whereas those stored at lower temperatures were still partially dormant.
After eight months the seeds stored at 20 °C had reached non-dormant state
and those stored at 10 °C also showed an increase in germination percentage.
Seeds stored at 0 °C still gave only 63 per cent germination.

EXPERIMENT 3. Germination of seeds stored in sotl at different depths

Seeds from university campus were used in this experiment. Seeds (pre-
viously stored at room temperature) were placed in nylon cloth bags (10X 5
cm) and specimen tubes (tightly corked and sealed with wax), which were
buried in soil at different depths on 12 July 1965. The nylon bags were
perforated and hence the seeds were exposed to natural conditions of leaching,
etc. Sealed specimen tubes served as controls. At intervals the seeds were
removed from the soil and placed for germination in the laboratory. The
results are set in Table III.

The data given in Table IIT show that leaching action of rain-water
removes the dormancy of seeds of 4. arvensis. The seeds lying in the surface
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TaeLe IIT

Percentage germination of seeds buried in soil at different depths

Depth Per cent germination after
Treatment in
em 15 90
days days
Nylon bags .. .. 10 99-0+0-0 94-3+4.4
Nylon bags .. .. 20 94-6%2-4 92-0+£2:9
Nylon bags .. .. 30 94-0%2-1 87-0t0-7
Sealed specimen tube .. 10 75021 86-0t2-1
Sealed specimen tube 20 77-4+2.6 86-3+4-8
Sealed specimen tube .. 30 744+ 19 83-:0+2-9

(Mean * standard deviation)

layer of soil (10 c¢m) become completely non-dormant within 15 days,
presumably due to greater leaching activity. On the other hand, seeds buried
at greater depths show slightly lower percentage germination. But in general,
seeds enclosed in nylon bags gave higher percentage germination than those
kept in sealed tubes. During these 15 days total rainfall was 153-4 mm.
After three months (end of the rainy season) the percentage germination of
seeds enclosed in nylon bags slightly decreased.

EXPERIMENT 4. Effect of washing on germination

Seeds from university campus were washed in running water for various
durations and then placed for germination. This experiment was done 20
days after seed collection. Results are set in Table IV.

TaBLe IV

Effect of washing on germination

Washing dura- Per cent ger-

tion hours mination
0 (control) .. 12-2+2-2
24 .. 80:51+2-4
48 .. 82:0+1:9
72 .. 74:0t3-2

(Mean * standard deviation)

It is evident from Table IV that washing of seeds increases percentage
germination. This observation suggests the presence of water-soluble in-
hibitor which is removed by washing.
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In another experiment (performed six months after collection) seeds
from Agra were washed for 48 hours. One lot of seeds was kept for germination
immedijately. The rest of the seeds were divided into two lots, which were
placed in a dry Petri dish in darkness at 10 and 30 °C. Germination tests
were made after 2, 20 and 45 days, with portions of seeds from both lots.
The data obtained are given in Table V.

TABLE V

Effect of air drying the washed seeds on percenlage germination

Storage period in days

Storage
temperature °C T T
0 2 20 45
] 6+1- 6+1 5-34+9.7
30 ootog OUBELE  SS6EL6  853E27
10 90-0£1-6 86-3t1-5 81-:0+1-4

(Mean ¥ standard deviation) .

Table V shows that if washed seeds are allowed to air dry, either at 10 or
30 °C, their percentage germination decreases. This experiment supports the
data obtained in Experiment 3.

ExPERIMENT 5. Effect of aqueous seed-extract on germination

Extract of two 0'5 g lots of seeds from Agra, one lot, being washed in
running water for 48 hours, was prepared as follows. A lot of 0-5 g seeds
was crushed with small amount (about 10 ml) of glass distilled water in a
glass mortar. The extract was decanted in a 50 ml centrifuge tube. Residue
was further extracted thrice with small quantity of water. Combined extract
was centrifuged at 2,000 rpm for two minutes and the supernatant was poured
in a 50 ml volumetric flask. The residue in the centrifuge tube was suspended
in 5 ml water and centrifuged. Supernatant was added to the 50 ml volu-
metric flask and the volume was made up. Test seeds (university campus
collection) were placed for germination between folds of filter paper moistened
with 10 ml of seed-extract. In all the subsequent experiments similar pro-
cedure was followed.

Data given in Table VI show that extract of unwashed seeds'is more
inhibitory than the extract of washed seeds. But slight inhibition is caused
by extract of washed seeds also. Analysis of variance of data gives F value
due to variation between treatments to be 13-24, which is significant at one
per cent level. Hence it appears that washing does not completely remove
the inhibitor, but decreases its amount to a level, where germination is not
impeded.
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TaBLE VI

Effect of extracts of washed and unwashed seeds
(Agra collection) on germination of seeds
collected from university campus

Per cent germination on

Treatment,
extract of
Tth day 15th day
Unwashed seeds .. 36-0 82:0
Washed seeds .. 44-0 86-0
Water control .. 45-6 91-6

ExPerIMENT 6. Inhibition by extract of seeds imbibed for different periods

0-5 g lots of seeds of Agra collection were placed between moist folds of
filter paper at 9-12 °C. After different periods of imbibition extracts of
seeds were prepared and 10 ml of it was pipetted into Petri dishes containing
seeds from university campus. Percentage germination of seeds from uni-
versity campus are given in Table VII.

Tasre VII

Effect of extract of seeds imbibed for different durations on germination of university
campus seeds

Extract of seeds imbibed for

Water E)ftra,?t of (in days)
control unimbibed
seeds 1 2 3 4 5 6
Percentage germina-
tion of seeds from} 80-0 76-0 76-3 67-3 506 610 656 703

university campus

The data show that the extract of unimbibed seeds is slightly inhibitory.
Inhibition increases with imbibition up to third day. After third day, inhibi-
tion decreases gradually up to sixth day. Analysis of variance of the data
yielded F value, due to variation between treatments, to be 48-1, which is signifi-
cant at 0-1 per cent level. Hence it appears that when Anagallis arvensis seeds
are placed for germination, there is an increase in the inhibitory activity and
only when this activity decreases, germination is possible by sixth or seventh
day.
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ExPERIMENT 7. Effect of seed-extract on water uptake of germinating seeds

100 mg lots of seeds of university campus collection were allowed to
imbibe at 9-12 °C in extracts prepared in Experiment 6. After three days
seeds were removed, dried between folds of dry filter paper and weighed.
Increase in weight is presented in Table VIII.

TaBLE VIII

Water uptake by 100 mg seeds (university campus) in different
seed-extracts

Extract of seeds imbibed

Wator Ex.tra(':t of for (in days)
unimbibed
control
seeds
2 4 6
t t *
Water uptake } 40-2 378 393 397 418
in mg

* Average of four replicates in each treatment

It is observed that there is no significant difference in water uptake by
seeds in extracts of different imbibition periods. Hence it follows that the
inhibitory effects of seed extract are not due to osmotic reactions, but are the
result of chemical inhibition.

ExpEriMENT 8. Effect of extract of seeds stored at different temperatures
on germination

Extracts of seeds stored at different temperatures (Experiment 2) were
prepared and applied to seeds of university campus collection placed for
germination. Results are presented in Table IX,

TaBLE IX

Effect of extract of seeds stored at different temperatures on germination of
university campus seeds

Extract of seeds stored at °C

Water
control
0 10 20 30
Percentage germination
of seeds from university 826 86-0 88-0 92-3 92-6

campus
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It is observed that inhibitory activity of extract increases with lowering of
storage temperatures. These data have been subjected to analysis of variance
and the F value due to variation between treatments is calculated to be 19-3,
which shows that variations due to seed-extracts are significant at 1 per
cent level.

ExperiMENT 9. Effect of extracts of freshly collected and one-year-old
seeds on germination

Extracts of freshly collected dormant seeds (April 1966) and one-year-
old (April 1965) non-dormant seeds (both from university campus) were added
to Petri dishes containing non-dormant seeds of unmiversity campus (April
1965) placed for germination. Data are set in Table X.

Tasie X

Effect of extract of dormant and non-dormant seeds
on percentage germination of non-dormant seeds

Per cent germination,

Treatment, after
extract of o
7 15
days days
Dormant seeds .. 29-3 74-3
Non-dormant seeds .. 39-6 82-0
Water control .. 46-3 90-0

In a paralle]l experiment the freshly collected seeds gave only eight per
cent germination, showing that they are strongly dormant. From this experi-
ment it is clear that the extract of dormant seeds is more inhibitory than
that of non-dormant seeds. F value due to variation in treatments, calculated
by analysis of variance, is 109-1, which is significant at 0-1 per cent level.
Hence it is apparent that the inhibitor content of dormant seeds is greater
than that of non-dormant seeds.

ExpErRmMENT 10. Effect of light exposure during imbibition on the
inhibitory activity of seed-extract

Two batches of seed of 0-5 g lots were allowed to imbibe water for three,
six and nine days. One batch was kept in complete darkness, while the other
was exposed daily to light of 160-200 Jux intensity for 10 minutes. Experi-
ment was so arranged that all the imbibition periods ended the same day,
when their extracts were prepared and tested with seeds of university
campus. Results are given in Table XT.
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Data presented above have been subjected to analysis of variance, which
shows that the difference, due to effects of extracts of seeds exposed to light or
kept in darkness during imbibition period, was significant at 0-1 per cent
level. However, the differences due to various imbibition periods were found
to be insignificant. Nevertheless, this experiment does show that the extract
of seeds exposed to light is less inhibitory.

TasrLe XI

Inhibition of germination by exiract of seeds vmbibed
in dark and light (10 minules daily)

Per cent germination of test

Extract of seeds
seeds imbibed in 3 6 9
(imbibition period in days)
Light .. .. 798 818 762
Dark .. .. 73-3 72-3 63-0
Water control .. 883

DiscUssioN

Post-harvest dormancy.—The data given above clearly demonstrate that
the seeds of Anagallis arvensis show post-harvest dormancy. The seeds
gradually become non-dormant during dry storage in laboratory. Hence the
collections from different places cannot be characterized by their percentage
germination, but the period of release from dormancy should be emphasized.
In the collections studied this period varies from less than four months to
more than 12 months under laboratory storage conditions. Grant Lipp
and Ballard (1963) have pointed out that, apart from being genetically con-
trolled, the duration of dormancy in Anagallis arvensis depends on the tem-
perature prevailing during seed formation and maturation. They have shown
that lower temperatures during seed maturation cause prolonged dormancy.

Climatic factors, like temperature and rainfall, to which the seeds of
Anagallis arvensis are exposed after maturation, seem to be of great impor-
tance in controlling the duration of dormancy. Higher temperature reduces
the period of dormancy. Similarly, washing of seeds artificially or by natural
rainfall immedijately removes dormancy. Under Indian conditions seeds of
A. arvensis mature in March-April. Afterwards, they are subjected to high
temperatures (up to 45 °C) during summer (April-June), which is followed by
moderately high (30-35 °C) temperature and plenty of moisture during the
rainy season. (July-September). Later the temperature drops to about

4



170 K. P, SINGH

15-20 °C by the end of October, when germination of 4. arvensis is observed
in the fields.

Water-soluble inhibitor in the seeds.—The observations, that the washing
of dormant seeds induces about 90 per cent germination and that seed-extract
inhibits the germination of same seeds, clearly establish a water-soluble
inhibitor in the seeds of 4. arvensis. Experiment 7 provides additional
evidence for the presence of a chemical inhibitor in the seed-extract. In-
hibitor content seems to change when seeds are placed for germination. Grant
Lipp and Ballard (1963) have shown that non-dormant seeds of A. arvensis
start germinating from the first day they are set out and by fourth day maxi-
mum germination is attained. In our collections germination starts on the
sixth day and continues for about 12 days. Dry seeds contain very small
amount of inhibitcr. When the seeds are imbibed an increase in inhibitor
content takes place. Similarly, in case of Fraxinus excelsior dry seeds do
not contain any inhibitor but, after soaking, a strong inhibitor develops
(Wareing and Villiers 1960). In the case of A. arvensis after three days, in-
hibitor content decreases gradually and germination does not start before the
sixth day.

Possible role of inhibitor in seed dormancy.—The general problem of dor-
mancy imposed by growth inhibitors has been reviewed by Evanari (1949),
Toole et al. (1956) and Wareing (1965). Most of the authors (Barton and
Solt 1949; Luckwill 1952; Lasheen and Blackhurst 1956; Flemion and De
Silva 1960; Villiers and Wareing 1965) did not find strict relation between
decrease of inhibitor and break of dormancy. However, in the case of 4.
arvensis, the decrease in inhibitory activity of seed-extract, when the dormant
seeds step out of dormancy, is very clearly demonstrated. Storage of seeds at
higher temperatures, which reduce the duration of dormancy, also decreases
the inhibitory activity of seed-extract.

It is very likely that the changes in inhibitory activity of seed-extract are
due to changes in the amount of inhibitor. The inhibitor is gradually meta-
bolized during storage, particularly at higher temperatures. Further, it
seems that even after prolonged storage (more than a year) or washing, the
inhibitor is not completely removed. But a reduction in level is sufficient to
allow germination, provided light is available. Probably light is required to
overcome the inhibitory effects either by reducing the amount of the in-
hibitor or by inducing the formation of some growth-promoting substance
(Wareing 1965).

Another explanation that could be offered is that the seeds of A. arvensis
contain two inhibitors. One of them, present superficially, is highly water-
soluble, while the other is deep-seated (possibly in the embryo). The super-
ficial inhibitor is easily removed by washing or is readily metabolized at high

temperatures. But the deep-seated inhibitor is relatively stable and requires
4B
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the action of light to counteract its effects. This inhibitor probably persists
for a longer period, because the anthor has observed that even three-year-old
seeds of 4. arvensis require light for germination.
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