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Impact of seed cold stratification on apricot
germination and subsequent seedling growth as
well as chemical constituents of seeds during

stratification

Abstract

Freshly harvested seeds of apricot varieties “Balady (Amar)” and “Hamawy” were found to
be dormant and did not germinate at all. A specific low-temperature stratification treatment
was required to overcome seed dormancy. 5°C cold stratification was found to be the best
for breaking seed dormancy, germination and seedling growth. Increased seed germination
percentage was recorded when the period of stratification prolonged. Seedling developed
from stratified seeds had better growth than those developed from non-stratified seeds.
Apricot seeds required a cold stratification of about 12-15 days for “Balady variety (Amar)”
and15-18 days for “Hamawy” variety “to reach maximum germination and normal seedling
growth.

Chemical constituents of apricot seeds (total and reducing sugars, total free amino acids
and total indoles were increased while that of free phenols and total soluble phenols
were decreased) when stratification period prolonged. Therefore, it can be suggested that
breaking of dormancy is coincided with several changes in different chemical constituents
of seeds. Some of these materials increased and other materials which decreased at seed
germinations.
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Introduction

Prunus is could be a massive, numerous genus in Rosaceae family
unremarkably cited as stone fruits. Principle business crops in this
genus embrace peaches, nectarines, plums, prunes, apricots, cherries
and almonds. Seeds of stone fruits do not germinate immediately after
harvest and a period of after ripening is essential for certain chemical
and other changes to take place in the seed and for dormant embryo
to grow.! Dormancy is outlined as a physiological mechanism that
completely different metabolic pathways, light-weight perception,
hormones, cell cycle and abiotic stress resistance.? Seed dormancy may
be a physiological development in plants, that is caused by external
or internal factors, and forestall of seeds germination, even in best
conditions. Seed dormancy is also caused because of laborious testa,
immature embryo, rudimentary embryo and inhibitors materials.’ In
this respect, Garcia et al.* reported two independent dormancies in
seeds of drupe a physical (external) and embryo (internal) dormancy
that are essential for higher survival and institution of seedlings within
the field. Seeds of temperate fruit species would like an extended
time to germinate as a results of their demand of stratification or cold
treatment.'® Seeds of temperate fruit species don’t germinate as a
result of seed dormancy although conditions like water, temperature,
and oxygen are appropriate for germination. Seed dormancy is
classed as physiological, morphological, morpho-physiological,

physical, and combinable dormancy (physical and physiological).®’
These mechanisms of dormancy area unit gift within the seeds of
all temperature fruit species, as well as peach, cherry, and apricot.??
Generally, these germination issues in temperate fruit species are
with success overcome by cold stratification of seeds for many
months throughout winter. However, seeds of temperate fruit species
need a protracted time to germinate underneath ancient stratification
or natural conditions. Therefore, quick and uniform germination
techniques are fascinating for fruit-growing and breeding studies.'
Various ways are tried to beat dormancy of stone fruits. Stratification
has been used historically to interrupt seed dormancy in Prunus sp.’
Scarification can be done either mechanically or chemically.?

Several researchers working on breaking dormancy such as'>?
and 2020 on Buds'**? on seeds. The beneficial effect of stratification
on seed germination were studied by

Materials and methods

The fruits of apricot varieties” Balady (Amar)” and “Hamawy”
were collected from bearing trees grown in private orchard at Ibshawai
district, Fayoum governorate, Egypt by hand-stripping in June 1998
and 1999. All the fruits were packed in plastic bags and transported
to the laboratory. Seeds obtained by breaking fruits were sampled
randomly for all the experiments. Initial viability was obtained using
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the cutting method. The seeds were washed carefully with tap water
and air dried. Hard shell (endocarp) of seeds was removed. Seeds were
stored in opened-mouth jams at room temperature before stratification
treatments were applied.

Stratification treatments

For stratification treatments, the seeds with removed endocarp
were mixed with moistened sand. Afterwards they were subjected
to a period of stratification at 5°C. Seeds were stratified in pots of
30%40 cm. Stratified seeds were regularly irrigated once per week.
To prevent the water loss during stratification upper surface of pots
was covered by a sack. The following stratification were applied for
each species: Cold stratification (CS) for 0,3,6,9,12 and 15 days in
1998 and for 0, 3, 6, 9 and 12 days in 1999 years for “Balady (Amar)”
variety. And 0, 3, 6, 9, 12, 15 and18 days in 1998 and for 0, 3, 6, 9,
12, and 15 days in1999 years for “Hamawy” variety. Sowing time
(ST) in 1* July of 1998 and15th July 1999 years. Control (without
pretreatment). Dishes were placed at 25°C in incubators to allow
germination. The germination% was calculated at three days interval
during a period of 15 days.

Effect of exposed seed to cold stratification on growth
characters of seedling after 120days from planting

During 1998 and1999 seasons, four samples divided into three
replicates each of 45 seeds from each variety were stratified at 5°C.
The first two samples were stratified for 15 days, the second two
samples were stratified for 3 days later (12 days), the third two samples
were stratified after another 3 days (9days) while some seeds are left
without stratification. The seeds were sown after a given stratification
period each in plastic pots (25x12cm) containing sterilized clean
sand and kept under shade greenhouse conditions. Seedlings height
(cm), seedlings thickness (mm), fresh weight (g) of the above ground
portion as well as root fresh weight of seedlings were measured for
each treatment 120 days after seed sowing.
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Determination of chemical constituents in seeds
during cold stratification

In both seasons samples of 20 seeds were taken at 3 days interval
and extracted with the methanol being changed every 24 hours.*
The combined methanolic extracts were filtered and evaporated
under vacuum at 40-+2°C and transferred into aqueous phase for the
following determinations:

Determination of total and reducing sugars

Total and reducing sugars were determined as mg/g dry weight
using phosphomolybdic acid reagent according to A.O.A.C.*

Determination of total free amino acids

Total free amino acids were determined as mg/g dry weight
according to Jayarman®® with some modifications.*

Determination of total indoles

Total indoles were determined (as ug/g dry weight) according to
Larsonet al.”’

Determination of free and total phenolics

Total and free phenols in seeds were determined as mg/g dry
weight using folin-ciocalteu reagent and Sodium carbonate solution
according® with some modification.

Statistical analysis

All studied treatments were arranged in a complete randomized
block design with three replicates for each and were statistically
analyzed according to the method of Duncan®® The values presented
in the results obtained in the Table 1 is the mean of the two seasons
under the study.

Table | Effect of cold stratification period on the items of seedling growth after 120 days from planting

Stratification

. Roots Shoot Seedling Seedling Roots Shoot Seedling Seedling
Ztelélgg(days) weight (g) weight (g) height (cm) thickness (mm) weight (g) weight(g) height (cm) thickness (mm)
"Balady Variety Amar" "Hamawy" variety
0 (Z) 3.96b 5.7b 42.3b 3.0b 3.4b 4.9c 34.7¢ 3.0b
9 4.1ab 6.9ab 57.7a 3.5b 3.4b 6.1b 49.2b 3.5b
12 4.7a 8.la 62.4a 5.0a 4.3a 6.0b 50.6b 4.5a
15 4.6a 7.8a 59.0a 4.5a 4.1a 7.3a 54.3a 5.0a

The values presented in the results obtained in this table is the mean of the two seasons under the study

Mean separation, within columns, by Duncan’s multiple range test, 5% level

Results
Seed germination

Data in (Table 2 & 3) indicated that seed germination percentage
was significantly increased (after 15 days germination at 25°C)
t094.6% and 96.1% in “Balady (Amar)” and “Hamawy” varieties
respectively as compared to the control (non-stratified seeds) 20.8%
and 17.3% after 15 and 18 days cold stratification in 1998 season.

Moreover, germination percentage was increased to 97.2% and 98% in
“Balady (Amar)” and “Hamawy” varieties respectively as compared
to the control (non-stratified seeds) 18.2% and13.4% after 12 and 15
days stratification period in 1999 season.

The data also show that cold stratification at 5°C had a stimulating
effect on seed germination. Moreover, the number of days required for
seed germination was decreased with the increase of cold stratification
period (Table 2 & 3).
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Concerning apricot varieties, it is well noticed that “Balady
Variety (Amar)” and “Hamawy”variety varied in their stratification
requirements. Thus “Hamawy” seeds required 3 days stratification
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longer than “Balady Variety Amar)” seeds for their dormancy to be
released. Furthermore, stratification period in season 1999 was three
days shorter than those in 1998 season (Table 2 & 3).

Table 2 Effect of cold stratification period on germination% of apricot seeds during 1998 season

Stratification

period(days) Germination period (days) at 25°C
at 5°C

"Balady Variety Amar" "Hamawy" variety

3 6 9 12 15 3 6 9 12 15
0 (Z) 9.4cd 10.0d 15.2d 16.4d 20.8d 07.0de 08.3d 10.2¢ 12.4¢ 17.3¢
3 4.0d 08.0de 09.1de 10.0e 10.5¢ 2.4c 03.5de 05.0c 06.4f 07.2f
6 2.0e 04.0e 6.10e 9.00e 09.4c I.2¢ 2.60c 03.4c 04.2f 05.8f
9 14.5¢ 25.5¢ 32.5¢ 36.0c 42.0c 12.6d 23.4c 28.3d 30.1d 32.4d
12 28.8b 33.8b 40.0b 53.0b 64.6b 22.8¢ 26.6¢ 34.2¢ 46.3c 58.3¢c
| 5% 58.8a 87.5¢ 94.0a 94.0a 94.6a 46.3b 58.8b 73.2b 78.3b 80.4b
18 62.4a 78.3a 89.2a 96.1a 96.1a

The seeds of “Balady Variety Amar” started to germinate during stratification (Z)

Mean separation, within columns, by Duncan’s multiple range test, 5% level

Table 3 Effect of cold stratification period on germination % of apricot seeds during 1999 season

Stratification

period(days) at 5°C Germination period (days) at 25°C

"Balady Variety Amar" "Hamawy" variety

3 6 9 12 15 3 6 9 12 15
0 (2)6.2d 12.0d 14.3d 17.0d 18.2d 5.2d 06.3d 8.2d 9.0e 13.4¢
3 2.0d 6.2d 73e 15.2d 14.4d 1.3d 2.0d 3.2d 6.3e 7.8f
6 12.2¢ 20.6¢ 28.8¢c 30.2¢ 36.4c 10.7¢ 18.2¢ 22.4c 28.3d 24.4d
9 35.4b 46.2b 32.5¢ 60.3b 70.2b 16.4c 19.2¢ 25.3c 35.0c 46.6¢
12* 60.2a 88.2a 95.0a 97.2a 97.2a 40.0b 52.2b 66.0b 72.0b 78.0b
15 58.0a 64.0a 82.0a 95.0a 98.0a

The seeds of “Balady Variety Amar” started to germinate during stratification (Z)

Mean separation, within columns, by Duncan’s multiple range test, 5% level

Vegetative growth of apricot seedling

Vegetative growth of apricot seedling after 120 days from planting
(Table 1) indicating that seedling developed from stratified seeds for
12 days (“Balady Variety Amar)”) and 15 days(“Hamawy” variety)
had significantly the best vegetative growth compared with the
corresponding ones developed from non- stratified seeds.

From the previous results it can be concluded that, apricot seeds
(“Balady Variety Amar”) and “Hamawy” variety required a cold
stratification period of about of 12-15 days for “(Balady Variety
Amar)” and about 15-18 days for “Hamawy” variety to reached
maximum germination and normal seedling growth.

Endogenous changes occurring in apricot seeds during
cold stratification

Total and reducing sugars, total free amino acids and total indoles
concentration: Total and reducing sugars, total free amino acids and

total indoles (Table 4 & 5) were present at lower levels in the initial
extract of non-stratified seeds. A gradual increase was recorded with
the advance of cold storage period to reach its maximum levels after
12 and 15 days cold stratification in the first season and 9 and 12 days
cold stratification period in the second season for(“Balady (Amar”)
and “Hamawy” varieties, respectively.

Phenolic content: Free and total soluble phenols content in apricot
seeds (Table 6) were decreased gradually with prolonging the cold
storage period to reach its minimum values after 18 and 15 days
stratification in 1998 and 1999 seasons respectively.

Conclusively, from the present results, it is clear that there was a
relationship between seed germination and several changes in their
chemical contents. Thus, some of these chemical increased such as
total and reducing sugars, total free amino acids and total indoles
while the other chemical decreased during seed germination as free
and total soluble phenols.
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Table 4 Total and reducing sugars concentration (mg/g D.W.) in apricot seeds as affected by period of cold stratification during 1998 season

Days of cold
Stratification

Total sugars concentration (mg/g D.W.)

Reducing sugars concentration (mg/g D.W.)

"Balady Variety Amar" "Hamawy" variety "Balady Variety Amar" "Hamawy" variety
1998 1999 1998 1999 1998 1999 1998 1999

0 64.3 58.15 42.25 542 33 30 40 32.1

3 64.9 64.1 58.15 58.18 35.11 40.1 38 38.4

6 71.1 72.1 58.6 64.1 48.1 46.2 36.8 50.1

9 92.15 89.12 60 71 49.1 50 39.1 52

12 95.12 80 64.1 100.11 493 35.2 49.2 60

| 5% 83.1 56.1 98 449 47 36.5 60 30.1

18 57.2 - 32 -- 30 -- 354 -

Mean separation, within columns, by Duncan’s multiple range test, 5% level

Table 5 Total free amino acids and total indoles concentration (mg/g D.WV.) in apricot seeds as affected by period of cold stratification during 1998 season

SD;);Z;:;;::SII Total free amino acids concentration (mg/g D.W.) Total indoles concentration (ug/g D.W.)
"Balady Variety Amar" "Hamawy" variety "Balady Variety Amar" "Hamawy" variety
1998 1999 1998 1999 1998 1999 1998 1999

0 25.1 20.6 60.1 50.2 7010 851 615 795

3 55.15 52 452 65.1 545 715 600 782

6 70.2 175 80 8l.15 610 661 611 732

9 82.15 198.1 78.2 198 655 714 751 784

12 180.1 150 191 200.1 731 748 431 798

15% 145 150 200.1 152 322 321 456 497

18 70 - 179.15 - 293 - 465 -

Mean separation, within columns, by Duncan’s multiple range test, 5% level

Table 6 Total and free phenols concentration (mg/g D.WV.) in apricot seeds as affected by period of cold stratification during 1998 season

Days of cold
Stratification

Total phenols concentration (mg/g D.W.)

Free phenolsconcentration (mg/g D.W.)

"Balady Variety Amar" "Hamawy" variety "Balady Variety Amar" "Hamawy" variety
1998 1999 1998 1999 1998 1999 1998 1999

0 58 69 77 83 17.5 18 18 19

3 41 54 75 76 17 17.9 16 17.5

6 40 42 50 62 15.5 17.1 15.9 14.1

9 34 39 38 41 13.1 15 8.9 1.3

12 31 30 40 40 10.3 12.5 7.5 8.1

15% 30 28 22 37 9.8 8.1 7 7.6

18 27 - 19 - 9.75 - 5.95 -

Mean separation, within columns, by Duncan’s multiple range test, 5% level
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Discussion

Apricot seeds are dormant and that dormancy breaking treatments
have to be performed to obtain high germination and that the
dormancy being caused by the permeability of the seed coat and fruit
pericarp rather than by the embryo.**#! Stratification, application
usually increase the germination percentage of the seeds.*** It is
clear from the data that cold stratification at 5°C had a stimulating
effect on seed germination. In this respect, Lewek* reported that
embryonic dormancy is outline as a group of blocks obligatory upon a
process(es) cardinal for growth. In apple seeds, of these blocks square
measure removed as a results of cold treatment (stratification). Certain
other block are responsible for dormancy of embryo, were removed
as a result of a change in hormonal equilibrium.* Also, Bogatck &
Lewek* indicated that the elimination of embryonic dormancy in
apple seeds was connected with a change from domination of PPP to
domination of glycolysis in sugar catabolism during cold stratification.
The presented results also show that “Balady Variety (Amar)” and
“Hamawy” variety varied in their stratification requirements. In this
respect,” reported that apple seed germination relied on the varities
and also the manner of stratification. Among the examined cultivars,
‘Szampion’ seeds germinated at the very best share. Lower seed
germination was discovered for ‘Ligol’, whereas ‘Gold Milenium’
seeds germinated at the bottom share. The bottom germ in ability of
‘Gold Milenium’ seeds can be partially caused by a negative influence
of germination inhibitors gift in apple fruit extracts, that is, abscisic
acids, chlorogenic acids, and so on.*’*® In turn, the lower proportion of
‘Ligol’ seeds’ germination could in all probability be caused because
of their low maturity. Obviously, the variations in their germination
may depended not solely on variety however conjointly. Conjointy
properties the share of seed germination depended not only on cultivar
but also on the year of seed harvest.*” The present study showed that
stratification in water resulted in a rise of share germinated seeds in
compared to control (untreated) seeds. The data also indicating that
seedling developed from stratified seeds had significantly the best
vegetative growth compared with the corresponding ones developed
from non- stratified seeds. These results are in agreement with
those of Kilany® who found that peach seedling height increased
by increasing the period of cold stratification of seed up to 60 days.
The results also show that cold stratification period increased total
and reducing sugars, total free amino acids and total indoles in seeds.
In this respect, Jones & Armstrong®' pointed out that the synthesis
of a-amylase elicited by gibberellin usage and this leads to high
levels of soluble carbohydrates and maltose as a starch hydrolysis
in the endosperm. Moreover, Kilany*® observed the accumulation of
soluble amino acids in peach seed tissues as ripening progressed at
cold stratification. In addition, Daskalyuket al.’> found a decrease in
the content of polypeptides in apple seeds with increasing period of
stratification. On the opposite hand, Kopecky et al.* noted a exact
auxin-like activity in part cold-stratified apple seeds. The absence of
free IAA in dormant seeds and in seeds submitted to cold treatment
was finally confirmed twenty years later.>*

In contrast the information conjointly shown a decrease within
the content of total and free phenols in apricot seeds with increasing
amount of stratification. During this concern, Phloridzin (phloretinb-
D-glucoside) is the most long monomeric phenol in apple seeds. It
amounts up to eight of dry matter and in dormant seeds is found at the
side of condensed tannins, within the seed coat chiefly.”® Its level in
the integument decreased to trace amounts during the first 20 days of
stratification.’® The huge concentration of phenolics with in the coat
has been postulated to play a task in maintaining the dormancy of
the embryo.” On the other hand, lower concentrations of phloridzin,

Copyright:

©2021 El-Yazal etal. 155

its aglyconephloretin and alternative phenolics gift within the embryo
(e.g.,chlorogenic acid) might play a secondary role within the control
of dormancy, poignant the activity of vital enzymes and therefore
at least some of the processes cardinal for the onset, maintenance,
or removal of dormancy.*® Also, Kefeli & Kutacek® suggested that
plant phenol is also divided into three teams, promotive, inhibitor
and inactive. They extra that promotion of plant growth by phenols
might proceed through the modulation of either IAA synthesis or its
destruction.®63
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