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Seed anatomical studies on dormancy and germination in Chamaecrista absus
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Abstract: Present study was conducted to analyze the anatomical structure of seed to study the dormancy
behaviour in Chamaecrista absus. Seed germination behaviour was also studied after breaking the seed dormancy
by artificial seed treatments. The anotamical studies revealed that seed has apical hilar region and seed coat has
four layers consisting of outer cuticle, sub cuticle, palisade layer and inner tegma leading to physical dormancy.
Outer cuticle and sub cuticle layers are very hard to break naturally and hence seeds possess hard seed coat
dormancy. This physically hard seed coat should be made soft to enhance germination. Studies to break dormancy
were conducted involving treatments like hot water, hormones and in combinations of both. The results revealed
that seeds dipped in boiling water made inner layers permeable for water absorption in hilar region and thus
germination enhanced. In specific seeds treated with boiling water for 5 minutes recorded higher germination (82 %)
over untreated control (26 %). . Other artificial treatments with hormones gibberellic acid (33 % ) and ethrel (34 % )
did not enhanced the germination significantly over control.  C. absus has hard coat dormancy and can be
overcame by treating seeds with boiling water treatment.
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INTRODUCTION important factors required for germination. Seeds re-
main viable but ungerminated by avoiding moisture
and oxygen to enter their system. One such mecha-
nism which preents entry of to prevent moisture and
oxygen into the embryo is the impermeable seed coat,
acting as a physical barrier between embryo and at-
mosphere and classified as physical seed dormancy.
This kind of physical dormancy is reported in 17 fami-
lies of angiosperms including Fabaceae and its sub-
families Faboideae and Caesalpinoideae (Baskin and
Baskin, 2001). It was also reported that chemical sub-
stances like polysaccharides, waxes, fats and resinous
are present in seed coat of Fabaceae which are imper-
meable to water (Bewley and Black, 1994). Similarly
in subfamily Caesalpiniodeae, callose are found on the
upper portion of macrosclereid cells in seed coat (Ma
et al., 2004) which restricts the entry of water into the
seeds.

Chamaecrista absus belongs to the family Fabaceae
and subfamily Caesalpinoideae. This is a wild herb
grown widely in tropical climate, has number of me-
dicinal properties and commonly known as chaksu.
Leaves are used as purgative and remedy for coughs,
asthma and bronchitis. Seeds are bitter, astringent,
stimulant and diuretic. This medicinal property has
made the plant to put under cultivation where, pres-
ence of dormancy has made difficult for propagation.
C. abus seeds are 4.5 mm x 4.00 mm trapezoid ovoid,
shiny and black in colour, which are very hard to

Existence and survivality of any plant species depends
on its ability to germinate and establish as an individ-
ual plant. If seeds germinates at wrong time and at
wrong place will lead to death of the plant and is elimi-
nated by nature. To assure their survival, species in
particular wild plants have mechanisms to delay ger-
mination by going to quiescent stage. This mechanism
of viable seed unable to germinate immediately after
repining stage is called as dormancy. Each plant spe-
cies have particular requirements and conditions for
germination, growth and reproduction which are all
well balanced by nature (Li ef al., 1999).

Plant species shows dormancy depending upon the
environmental conditions in which the seed is able to
germinate. Dormant seeds does not germinate even
under favourable conditions until it undergo series of
changes favouring germination process (Ameer et al.,
2013). Recent definition of seed dormancy says that
this character is an innate seed property determined by
genetics that defines the environmental conditions in
which seed is able to germinate (Finch-Savage and
Leubner-Metzger, 2006).

Seed dormancy is removed naturally by series of
mechanisms like drying, heating, wetting, microbial
interaction, complete development of immature embryo
and is many other reasons which can overcome hurdles
of germination. Moisture and Oxygen are the most
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break. In nature, this plant germinates after shower
during August and produces seeds by November or
December. Seeds produced were buried inside the soil
and show dormancy till it experience dry heat during
summer (March-May) and wetting during Rainy sea-
son (June- July). This drying and wetting action
makes the seed to overcome dormancy and germinates
after showers (August). This cycle is maintained by C
absus for its existence in nature. Presence of dor-
mancy in C. absus has also been reported by Gad-
danakeri et al. (2009). However, the type of dormancy
and behaviour is not studied and reported, while, in
other species studies have been conducted to overcome
dormancy by artificial seed treatments (Negi and
Sharma, 2012; Amira and Mohamed, 2013). Souza et
al. (2012) found that an alternative temperature also
helped to remove the dormancy in Schizolobium para-
hyba (Caesalpinoideae). The purpose of this study was
to study the dormancy behaviour by analyzing the ana-
tomical structure and changes in seed coat leading to
germination in C. abus.

MATERIALS AND METHODS

Seed source: Fresh and mature seeds were collected
from North West region of India (Lat: 16°20°50> N;
Lon: 075°37°05° E) during November, 2013. Seeds
were cleaned and dried to 9 % moisture and were used
for the study. Average weight of C. abus seed is 23-
25mg.

Structural analysis of the seed: Seed coat morpho-
logical analysis was conducted by observing seed and
seed coat using stereo zoom microscope (Motic, 40x
zoom). Seed coat sections were prepared with water
and were observed for morphological structures under
stereo zoom microscope and pictures were capture
using attached digital camera. .

Seed treatment and seed germination: A series of
pilot experiments (data not given ) to determine the
effective hot water temperature (from 60°C to 100°C)
and duration of treatment (2 mins to 10 mins) and con-
centration of hormones from 100 ppm to 1000 ppm, on
germination and seedling vigour were conducted.
Based on the results of pilot study the following levels of
treatments were selected for further experiment.

T1: Hot water (80° C) 15 mins ~ T9: T2 +T6

T2: Hot water (80°C ) 20 mins ~ T10:T3+ T6
T3: Boiling water 3 mins T11: T4+T6
T4: Boiling water 5 mins T12: T1+T7
T5: Boiling water 10 mins T13: T2+ T7
T6: GA3 500 ppm T14: T3+T7
T7: Ethrel 150 ppm T15: T4+T7
T8: T1+T6 T16: Control

Fresh seeds were exposed to the following artificial
treatments in 4 replications (50 seeds/ replication):

Hot water: Seeds were dropped in hot water having
80 °C temperature for 15 and 20 minutes. Later seeds
were removed from hot water and shade dried for 6
hours and tested for germination.

Boiling water: Seeds were dropped in boiling water
for 3 and 5 minutes and later seeds were removed and
shade dried for 6 hours and tested for germination.
Hormone treatment: Seeds were soaked in GA3
(500 ppm) and Ethrel (150 ppm) for 24 hours followed
by shade drying for 6 hours and tested for germination.
Seed germination: Treated seeds were placed in be-
tween two wetted germination paper and rolled before
keeping in plant growth chamber maintained at 30°C
and 90 % Relative humidity for 14 days. Seedlings
with fully grown root and shoot were counted as nor-
mal seedlings, un-imbibed seeds as hard seeds, ab-
sence of root or shoot as abnormal, imbibed but not
germinated as fresh ungerminated seeds (FUG) and
decayed seeds as dead seeds. Germination of seeds
were counted on 8™ day of the test and recorded as
first count and final germination was counted on 14"
day of the test.

The data pertaining to the observations recorded in the
laboratory were analyzed using Completely Random-
ized Design adopting the procedure as described by
Panse and Sukhatme (1967). The critical difference
(CD) was computed at 1% probability.

RESULTS

Structural analysis of seed: Hilar region in C. absus
is apical and consists of micropyle, hilum and lens
(Fig. 1A). The testa consists of four layers, outer cuti-
cle layer, sub-cuticle, palisade layer and inner white
layer (Tegma). Outer cuticle layer is black, thin and
tough. Palisade layer has macroscleroids cells which
are linear and compactly arranged to act as barrier for
water entry. Whereas, in the hilar region the thickness
of middle palisade layer is thicker and supported by
sub-cuticular on upper side and osteosclereids in the
lower side (Figs. 2A and B).

Seed treatment resulted in a series of morphological
changes on outer seed coat of the seed (Fig. 3). Ini-
tially oozing of slimy mucilaginous material was ob-
served on few spots of seed coat. Later these secretions
spread and covered whole seed coat and looked like a
mass of cotton. The erosion was slimy to touch and
found only on outer seed coat. When this slimy mate-
rial was removed on the seed coat, the outer cuticle
layer was eroded and these were in spots arranged in a
line on the seed coat (Fig. 3 E). Seed treatment re-
sulted in removal of outer hard cuticular layer and sub
cuticular layer also. Further, Palisade layer became
soft and inner thin white cell layer turned into a thick
leathery layer after imbibition. Finally, size of the
seed increased by one and half times then the hard
seeds after intake of water (Fig. 4).

The thick hard seed coat became soft and leathery after
breaking dormancy by seed treatment. The seed coat
thickness got reduced greatly near the hilar region and
resulted in entry of water leading to imbibition proc-
ess. The initiation of germination process resulted in
rupturing of carpellary mircopyle region through
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which radical breaks the seed coat and emerges as new
seedling. The thickness of seed macrosclereids near
carpellary micropyle is less resulting in slit like fea-
ture, when compared to other parts of hilar region.
Effect of artificial seed treatment on break seed
dormancy: Seed dormancy in C. absus was found to
overcome after seed treatment. Seed morphology was
found to be different in dormant and non-dormant seed
during germination process. Among different treat-
ments, hot water treatment resulted in breaking of hard
seed coat and helped in imbibition process. In particu-
lar seeds treated in boiling water showed maximum per
cent of imbibed seeds than untreated control. The re-
sults obtained after artificial seed treatment on germi-
nation is depicted in table 1. There was significant
effect among the treatments used to overcome dor-
mancy.

As the temperature of water increased there was a sig-
nificant improvement in imbibition and germination.
Morphological changes in the hilar region after hot
water treatment was observed and found that lens area
became wider and deeper to facilitate water absorption
when compared to untreated dormant seed. Also we
found erosion of cuticle layer and brachysclereids and
exposing osteosclerides and macroscleroids. However,
seeds remain hard until the inner layers absorb water
and became soft. Water absorption in non-dormant
seeds leads to increase in the cell size of macro-
sclerides and also thickened the inner tegma layer.
Seeds boiled in water for 5 minutes recorded higher
percentage germination (82 %) and least hard seed per
cent (3 %). A negative relation was established be-
tween germination and hard seed per cent in all artifi-
cial seed treatments. When the temperature and dura-
tion of the hot water treatment was increased to 10
mins (T5) there was enormous increase in dead seeds

(54 %) and drastic reduction in germination (20 %).
Fresh dormant seeds before treatment showed only 26
per cent germination and higher number of hard seeds
(69 %) even after 14 days of test. While, seeds treated
with plant hormones like Gibberlic acid (33 %) and
ethrel (34 %) does not showed significant improve-
ment on germination over the untreated control and
they were on par with each other.

Early germination was achieved when seeds were
boiled in water for 5 mins (56 %) followed by 3 mins
(45 %) on 8™ day of test. Maximum percentage of
seeds died when boiled in water for 10 mins (54 %).
Further, there was no significant improvement in ger-
mination when water boiled seeds treated with hor-

Fig. 1. Hilar region of the C. absus showing micropyle (mi);
Hilum (hi) and Lens (le) region 14: Dormant seeds; 1B: Non
-dormant seed after treatment.

Table 1. Influence of different seed treatments on germination and hard seeds in C. absus. (Abnormal seedlings are not indi

cated)
Treatments 8™ day of test Germination Hard seeds Fresh Ungerminaed  Dead seeds
% Y% Y% Y% %
T,: Hot water (80°C) 15 mins 22 32 48 10 9
T,: Hot water (80°) 20 mins 23 38 44 4 12
T;: Boiling water 3 mins 45 61 16 8 8
T,: Boiling water 5 mins 56 82 4 1 10
Ts: Boiling 10 mins 18 20 2 2 54
T6:GA3: 500 ppm 17 33 57 6 3
T;: Ethrel 150 ppm 19 34 55 6 3
Te: Ty + Ts 34 52 39 6 1
Tg: T2 +T6 28 58 27 6 7
To:T5+ T 16 41 18 18 18
Ty TatTs 26 48 8 21 8
Ty T1+T; 27 42 32 9 13
T3 Tt T 41 62 24 6 6
T4 T3+T5 36 60 8 14 15
Tis: T4+ T, 18 51 6 28 14
T;¢: Control 13 26 69 1 3
SEm + 1.78 0.88 2.04 0.74 0.57
CD (p=0.01) 4.87 2.40 5.59 2.02 1.56
CV % 291 2.29 3.58 4.14 7.54
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Fig. 2. Longitudinal section of seed coat of C. absus observed by stereo microscopy in extra hilar region (A) and hilar region
(B) : ct, cuticle; sl, subcuticular; Ip, plaisade layer; wc, white cells; le, lens; hi, hilum; mi. micrpyle; ms, macrosclerids; em,

embryo; rl, radical.

Fig. 3. Morphological changes in the see coat after boiling (a-e). a) Dormant seed with shiny seed coat. b) Formation of cotton like
structure on the seed coat (1 min after boiling. ¢) Seed is covered with mucilaginous material (2 mins after boiling). d-e) outer cuticu-

lar layer is eroded exposing inner sub-cuticular (3 mins after boiling).

mones over water boiling alone. While, seeds treated
Ethrel after water boiling (51 %) did not improved
germination significantly when compared to water
boiling alone (82 %) and recorded maximum percent-
age of fresh ungerminated seeds (28 %).

DISCUSSION

C. absus seeds have acquired dormancy for adaptation
and survival in unfavourable environmental conditions.
Hence, structural analysis was made to study the rea-
sons for seed dormancy and techniques to overcome
this dormancy.

Structural analysis of seed: Anatomical analysis of
C. absus seeds confirmed the features found in Caesal-
pinoideae. The hilum is between the micropyle and
lens (Gunn, 1999) and hilar region is apical. Also the
palisade layer was composed of elongated macro-
sclerides that are tightly packed to resist permeability
(Baskin, 2003) to water. Hot water treatment stimu-
lated the hilum region, resulting in the opening of frag-
ile regions at the lens and hilum, allowing water to
enter the seeds. Rangaswamy and Nandakumar (1985)
reported entry of water thorough hilum and micropyle

in Rhynchosia minima (L.). Similar seed behaviour of
water entering the seed through lens and hilum was
reported in Senna macranthers , (Alexandre et al.,
2012).

Seed treatment to overcome dormancy: Freshly har-
vested seeds of C. absus recorded dormancy and poor
germination. C. absus belongs to Caesalpiniodeae and
physical dormancy has been reported for other species
in this family (Villers, 1972; Morrison et al, 1998;
Alexandre ef al., 2012). Also reported the presence of
lignin in the testa of Caesalpiniodeae leading to imper-
meability for water (Souza and Marcos Filho, 2001).
Pre-sowing seed treatments were found to be effective
to overcome physical dormancy and improve germina-
tion in C. absus. In the present study among the differ-
ent treatments seeds boiling in water for 5 minutes
have recorded maximum percentage of germination.
While, seed treated with plant hormones GA3 and
ethrel did not enhance germination significantly over
control. Hot water treatment was successful in soften-
ing the hard seed coat and made permeable for water
entry. Increase in temperature of water has resulted in
quick breakdown of leginin content in outer seed coat
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10 mm

Fig. 4. Morphological changes in seed size after boiling in
water a) dormant whole seed b) seed coat of non dormant seed.

and allowed water to entry through hilar region. Ag-
boola and Adedire (1998) demonstrated that sudden
dip of dry seeds in boiling water lead to the rapture of
the coat wall allowing water to permeate the seed tis-
sues causing physiological changes and subsequent
germination of the embryo in hard seed coat species.
Duguma et al. (1988) reported high percentage germi-
nation in seeds of Leucaenia leucocephala and Acacia
nilotica and Amira and Mohamed (2013) reported in
Casia fistula after hot water treatment. While, germi-
nation decreases when duration of water boiling was
increased more than five mins in C. absus. This was
due to the damage caused by high temperature for
longer period on growing tip of embryo. Although,
high temperature can break hard seed coat, they also
affect seed viability either through accelerated ageing
(Daws et al., 2007) or by the impact of high tempera-
ture on cellular processes (Probert, 2000). Germination
was faster in water boiled seeds for 5 mins than other
treatments. This entail that seed treatment has also
resulted in early germination particularly in hot water
treatments compared to untreated control.

Similar results were also found in M. meneghiniamam
seeds which showed early germination after hot water
treatment (Ferat and Ibrahim, 2004). An inverse rela-
tion was observed for percentage germination and per-
centage hard seeds in all seed treatments. When ger-
mination is at high peak percentage hard seed was at
the lowest peak. This clearly says that presence of
hard seeds due to physical dormancy leads to poor
germination in freshly harvested seeds (Gaddanakeri et
al. (2009).

Conclusion

In conclusion C. absus self seeding has low germina-
tion because of hard seed coat which can be removed
after seed treatment.  Results in the present study
showed that seed coat has four layers of cells which
are impermeable to water. While, hot water treatments

helped in removing outer seed coat and exposing inner
layers for water permeability in hilar region. Seeds
boiled in water for 5 mins effectively removed physi-
cal barrier for imbibition and showed maximum germi-
nation compared to all other treatments. This con-
firmed that C. absus seeds has hard seed coat made up
of four layers of different kinds of cells which can
break with hot water. Further, plant hormone has no
effect on these hard coat layers of seeds.
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