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Abstract

Seed germination is the most essential stage of the plant life. Prior to germination, seed dormancy provides protection
to the seed against germinating under unfavorable conditions. The seeds of many plants in arid regions are particularly
characterized by having a hard seed coat. Seed dormancy is essential to the survival of plants, however in some incidents
such as reforestation on desert areas, it is important for ecologists to investigate methods of breaking the dormancy of
seeds in order to maximize the production of plants. In this study, we tested four methods of seed pre-treatment (Me-
chanical scarification (MChip), chemical scarification with sulfuric acid at two exposure durations (SAcid15, SAcid30),
and soaking in water for 24 h (Soak)) on 9 flowering plants (Senna italica, Sorghum sudanense, Tephrosia nubica, Senna
angustifolia, Acacia tortilis, Senna occidentalis, Abutilon pannosum, Prosopis cineraria, Crotalaria persica) of the UAE. Six
germination parameters (Final germination percentage (G) %, Mean germination time (MGT) day, Mean germination
rate (MGR) day, Coeflicient of velocity of germination (CVG) %, Mean Daily Germination Percentage (MDG) %, and
Germination index (GI) day) were calculated to assess the germination. Final Germination Percentage (G) significantly
improved (P < 0.005) in seven species (100% in S.italica, 98% in S.sudanense, 97% in T.nubica, 99% in S.angustifolia,
98% in A. tortilis, 99% in P. cineraria, and 93% in C. persica) with Mchip and SAcid30 (1.124% in S. italic, 28% in S.
sudanense, 3% in T. nubica,82% in S. angustifolia, 96% in A. tortilis, 99% in P. cineraria, and 25% in C. persica), three
species (1.562% in S. italica, 28% in S. sudanense, 3% in T. nubica, 62% in S. angustifolia, and 62% in P. cineraria) with
(SAcid15), and only two species (3% in T. nubica and 5% in A. tortilis) with Soak. S. occidentalis was the only species that
did not show significant changes in germination parameters after each treatment. Mechanical scarification is the safest

and most affective pretreatment method according to our findings.
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Introduction

The first stage of plant growth is germination, and it is
one of the most sensitive phases for the formation of all
plants (Kheloufi et al. 2019). For trees and desert spe-
cies in particular, the hardness of the seed coat then in-
flicts on the seed a physical dormancy. It is a protective
mechanism that initiates the germination solely under
favorable environments to ensure the subsistence of the

successfully germinated plant (Venier et al. 2011). As a
result, hard-coated seeds require particular pretreatment
methods prior to sowing to achieve quick and high ger-
mination rate (Burrows et al. 2009). Numerous researches
have been conducted to develop functional treatments
to ensure that the seeds germinate quickly by break dor-
mancy artificially (Iroko et al. 2021). The strength of dor-
mancy may differ depending on the genotype and the
environment in which the seeds are formed (Kheloufi et
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al. 2017). Treatments such as chemical stratification (typ-
ically with acid) (Hassan et al. 2024), mechanical scarifi-
cation (using sand paper or clippers), water soaking (hot
or cold) are commonly used because they can improve
the seed germination rate in a reasonably short period of
time (Kheloufi et al. 2017; Iroko et al. 2021). The principle
behind these methods is derived from natural processes
that occur in nature, such as dispersal through wind and
being scratched against sands and rocks, animal vectors
such as birds and camels which eat the seeds and dispose
them through excretory system (Cain et al. 2000; Levey
et al. 2005; Venable et al. 2008). The effectiveness of these
methods is to control the impermeability of the seed coat
and increase seed germination has been reported for dif-
ferent species (Burrows et al. 2009; Al-ansari and Ksiksi
2016; Kheloufi et al. 2017; Kheloufi et al. 2019). However,
the effectiveness of these treatment varies with plant spe-
cies, acid concentration and duration of treatment, in the
case of chemical stratification (Kheloufi et al. 2017). For
example, in the case of Ghaf trees (Prosopis cineraria) the
germination percentage was improved for up to 75% with
the use of sulfuric acid pretreatments (Hassan et al. 2024).
Soaking in distilled water was reported to improve germi-
nation percentage in perennial grass like Leymus chinensis
by up to 89% (He et al. 2016). Moreover, mechanical scar-
ification improved germination percentage of some grain
species like Avena fatua by 25% (Rocha et al. 2022).

In this research, a collection of 9 flowering species
(Senna italica, Sorghum sudanense, Tephrosia nubica, Sen-
na angustifolia, Acacia tortilis, Senna occidentalis, Abutilon
pannosum, Prosopis cineraria, Crotalaria persica) from dif-
ferent plant families in the UAE were selected to test four
pretreatment methods on six germination parameters: Fi-
nal germination percentage (G) , Mean germination time
(MGT) , Mean germination rate (MGR) , Coeflicient of
velocity of germination (CVG), Mean Daily Germination
Percentage (MDG), and Germination index (GI). The
overall goal is to establish the most effective pretreatment
method for each of the species, providing a solid method
for breaking the dormancy of the seeds and achieving the
highest levels of germination parameters, and ultimately
higher germination and seedling growth and survival rate.

Plant species

Senna italica, also known as Italian senna, is a leguminous
plant that is native to the Mediterranean region and is widely
distributed throughout North Africa, the Middle East, and
parts of Asia (Omer 2022). The plant has several character-
istics that make it valuable, including its pinnate leaves, yel-
low flowers, and ability to grow up to 5 meters in height. S.
italica is primarily used for its laxative and purgative prop-
erties, as it contains anthraquinone glycosides that stimulate
the colon and promote bowel movements (Olorukooba et
al. 2022). Additionally, the plant is used in traditional med-

icine to treat skin diseases, fever, and inflammation (Omer
et al. 2022). S. Italica has several other uses, including as a
natural dye and as a source of edible seeds (Olorukooba et
al. 2022). Its medicinal properties and other uses continue
to make it a valuable plant species today.

Sorghum sudanense, also known as Sudan grass or Sor-
ghum sudan grass, is an annual grass species that is com-
monly grown for forage. It is rich and fiber and contains
high protein levels which makes it a favorable source of
nutrition for livestock (Ananda et al. 2023). It is a hybrid
between Sorghum bicolor and Sorghum arundinaceum and
is known for its high yield and fast growth. S. sudanense
has the ability to grow in a wide range of soils and it rel-
atively drought tolerant, making it a standard option for
farmers particularly in dry and arid regions (Josephrajku-
mar et al. 2022). Moreover, it is used in soil conservation
studies and as a cover crop due to its capability to recover
soil fertility and structure (Balehegn et al. 2022).

Tephrosia nubica is a leguminous shrub species grows
up to 2 meters tall and has a wide range of uses in ag-
riculture, environmental conservation, and traditional
medicine. The plant is known by its dark green leaves and
purple flowers that bloom after periods of rainfall (Jong-
bloed 2003). T. nubica is used in traditional medicine to
treat illnesses like fever, stomach disorders, and malaria
(Al-Yousef et al. 2020). The plant is also used in the agri-
culture field as a cover crop and green manure, as it is able
to fix nitrogen in the soil, therefore enhancing soil fertility
(Coulot and Coulot 2023).

Senna angustifolia is a perennial shrub that grows up to
1 meter tall and is native to India, Pakistan, United Arab
Emirates, and Sudan (Jongbloed 2003). The plant is char-
acterized by its narrow, stretched leaves and yellow flowers
that bloom after rainfall. S. angustifolia is widely cultivated
for its medicinal characteristics, mainly as a natural laxa-
tive. Additionally, S. angustifolia has been used in tradi-
tional medicine to treat a wide range of diseases, including
arthritis, ever, and skin diseases (Vali et al. 2020).

Acacia tortilis, or Umbrella Thorn Acacia, is a tree spe-
cies that is native to The Middle East and Africa (Or and
Ward 2003). It is known by its unique umbrella-like shape
and sharp, long thorns that protect it from herbivores. A.
tortilis has traditional medicine and modern agriculture
uses. The tree is also significant in agroforestry and land
management systems, as it is able to fix nitrogen in the
soil, improve soil fertility, and provide shelter for livestock
(Al-Shaharani and Shetta 2011). Moreover, the tree has
multiple environmental benefits including, preventing
soil erosion, providing habitat for wildlife, and helping to
minimize desertification (Omer et al. 2022).

Senna occidentalis, also known as Negro coffee or coffee
senna, is a shrub species that is native to tropical regions
of Africa, Asia, and the Americas (Nde et al. 2022). It
grows up to 2 meters tall and is known by its green, feath-
ery leaves and yellow flowers that bloom in the summer
(Jongbloed 2003). The plant has been shown to have in-
secticidal abilities, making it a unique natural pest control
studies and applications (Lusweti et al. 2023).
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Abutilon pannosum, or velvetleaf abutilon, is a perenni-
al shrub species that is native to Asia and South America.
It is recognized by its soft, velvety leaves and bright yellow
flowers that bloom during the year (Jongbloed 2003).In tra-
ditional medicine, the plant has been used to treat digestive
and respiratory issues, and leaves are steeped to make tea that
is alleged to have antioxidant and anti-inflammatory prop-
erties (Arbat 2012). In horticulture, A. pannosum is grown
as a decorative plant due to its pretty leaves and flowers. It is
also used in landscaping, as it is drought-resistant and able
to grow in a multiple soil type (Roba and Oba 2009).

Prosopis cineraria, also known locally in the UAE as the
“Ghat” tree, is a species of small, thorny tree native to arid
regions of the Indian subcontinent and the Middle East
(Garg and Mittal 2013). It is known for its deep roots and
feathery green leaves, both characteristics that are import-
ant for the survival under harsh desert conditions (Jongb-
loed 2003). The tree has essential uses in traditional med-
icine. Various parts of the tree like leaves, bark, and pods
have been used to treat a variety of conditions, including
asthma, digestive disorders, and skin diseases (Janbaz et
al. 2012). In agriculture, the tree is used for soil stabiliza-
tion and land restoration (Gupta et al. 1998). P, cineraria
is also an important source of honey, as bees are enticed to
its aromatic flowers (Afifi and Al-rub 2023).

Crotalaria persica, also known as Persian crotalaria, is a
shrub that is native to Asia and some parts of the Middle
East. It is known by its green, spear-shaped leaves and yel-
low flowers that flourish in the summer (Jongbloed 2003).
In traditional medicine, the plant has been used to treat ill-
nesses like skin condition, fever, and respiratory infections.
Its seeds are used as a de-wormer, to remove parasitic worms
from the body (Bhatt et al. 2016). In modern agriculture, C.
persica is used as green manure due to its ability to improve

soil fertility by nitrogen fixation. The plant has also been
shown to have insecticidal abilities, making it a natural pest
control method (Mathimaran et al. 2007).

Overall, all 9 species (Fig. 1) are valuable grass, shrub
and tree species with a wide range of benefits for environ-
ment conservation, human health, and agriculture.

Collection sites

All species were collected from different locations in Al-Ain
City (Fig. 2) (United Arab Emirates University main campus
(24.2006°N,55.6760°E), Al-Ain Zoo (24.1739°N, 55.7359°E),
Local Plants Park Asharij (24.0718°N, 55.4523°E), and Ma-
zyad district (24.1818°N, 55.6760°E). The seeds were col-
lected from the trees and kept in their pods. The pods were
then transferred in black plastic bags and stored at lab room
temperature until the time of experiments.

Pretreatment methods

Each preliminary treatment was carried out as a distinct
experiment, involving a total of 20 seeds for each of the spe-
cific four pre-treatments. These seeds were cleaned with a
15-minute soak in 5% bleach solution, then placed in 9 cm
petri dishes with one layer of filter paper at the bottom.
Each pre-treatment was repeated five times (total of 100
seeds per species per treatment). During the 14-day germi-
nation trial, the seeds were monitored for germination and
sprayed with distilled water as necessary. All the petri dish-
es were maintained in an incubator set at a temperature
of 24°C with continuous darkness. Germination progress
was recorded every afternoon at 3 pm, and the germinated

Figure 1. Plant seeds used in the study.
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Figure 2. United Arab Emirates map. The squares represent the 4 collection cites of the seeds inside Al-Ain City.
Maps were generated by RStudio softwere Version: 2023.09.1+494.

seeds were discarded from the petri dishes after counting.
On the 9™ day, any remaining seeds were cleansed again
with the 5% bleach solution, and the filter papers were re-
placed to prevent bacterial and fungal growth.

The pretreatments that were examined included man-
ually chipping with nail clippers across the seed (Mchip),
soaking in tap water for 24 hours (Soak), and exposure
to sulfuric acid (96% H,SO,) for two durations of 15 and
30 minutes (SAcid15, SAcid30). All these groups were

compared against a controlled treatment (Control), which
included the disinfecting step of the seeds only.

Germination parameters calculations and equa-
tions

Six germination parameters were assessed according to the
formulas listed by Al-Ansari and Ksiksi (2016)(Table 1).

Table 1. Six germination parameters assessed according to the formulas listed by Al-Ansari and Ksiksi (2016).

Parameter

Equation

Final Germination Percentage (G) total seeds germinated at end of trial

x 100

number of initial seeds used

Mean Germination Time (MGT) &; where F is the number of seeds germinated on day x
X F
Mean G ination Rate (MGR
ean Germination Rate (MGR) g = i; where T is mean germination time and CV: coefficient of velocity.
100 T
Coefficient of Velocity of NI+N2....Ni/100 x N1T1+....NiTi; where N is the number of seeds germinated every day and T is the
Germination (CVG) number of days from seeding corresponding to N
Daily Germination Percentage = percentage of full seed at the end of test divided by the number of days to the end of the test
(MDG)

Germination Index (GI)

(20xN1) +(19xN2)+....+(1xN20); where N1,N2....N20 is the number of germinated seeds in the first,

second and subsequent days until 20" day and the multipliers (e.g. 20,19...etc.) are weights given to the days

of the germination.

Innovations in Agriculture
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Statistical analysis

One-way ANOVA was used to compare the means of each
treatment per species. For all comparisons, Dunnetts
method was used for P-value adjustments. All statistical
analysis and graphs were generated using different packag-
es available in RStudio software (Version: 2023.09.1+494.)

Results

The mean values of six germination parameters for nine
flowering species are illustrated in Figs 3-8. These values
were influenced by four treatments: Mechanical Chipping
(Mchip), 24-hour Soaking in tap water (Soak), Sulfuric
Acid exposure for 15 minutes (SAcid15), and 30 minutes
(SAcid30). One-way ANOVA and Post Hoc tests were ap-
plied to compare the means of the Control against the four
treatments, and significant differences (P < 0.001) were
marked on the graphs with letters.

Germination percentage (G)

Fig. 3 shows that Final Germination Percentage (G) sig-
nificantly improved (P < 0.001) in seven species (100% in
S. italica, 98% in S. sudanense, 97% in T. nubica, 99% in
S. angustifolia, 98% in A. tortilis, 99% in P. cineraria, and
93% in C. persica) with Mchip and SAcid30 (1.124% in S.

italic, 28% in S. sudanense, 3% in T. nubica,82% in S. an-
gustifolia, 96% in A. tortilis, 99% in P. cineraria, and 25%
in C. persica), three species (1.562% in S. italic, 28% in S.
Sudanense, 3% in T. nubica, 62% in S. angustifolia, and
62% in P, cineraria) with (SAcid15), and only two species
(3% in T. nubica and 5% in A. tortilis) with Soak.

Mean germination rate (MGR)

For Mean Germination Rate (MGR), as illustrated in
Fig. 4, significant improvement was detected in seven
species (0.892 days in S. italica, 0.68 days in S. sudanense,
0.586 in S.angustifolia, 0.844 days in A. tortilis, 0.568 days
in A. pannosum, 0.972 days in P. cineraria, and 0.78 days
in C. persica) with SAcid30, four species with SAcid15
(0.654 days in S. italica, 0.428 days in S. angustifolia, 0.456
days in A. tortilis, and 0.502 days in A. pannosum), and
one species (0.674 days in S. angustifolia) with Mchip.
Soaking did not yield a significant enhancement in this
parameter for any of the species.

Mean germination time (MGT)

Fig. 5 exhibits that Mean Germination Time (MGT) sig-
nificantly improved in seven species (0.892 days in S.
italica,0.8 days in T. nubica, 1.778 days in S. angustifolia,
1.212 days in A. tortilis, 1.806 in A. pannosum, 1.03 days
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Figure 3. Final Germination Percentage (G) mean values for the nine flowering species, as affected by 5 treatments
(Control, Mechanical chipping (Mchip), 24 h soaking (Soak), Sulfuric Acid exposure for 15 minutes (SAcid15), and 30
minutes (SAcid30). The scatter plots represent the Mean values for each replica.
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Figure 4. Mean Germination Rate (MGR) mean values for the nine flowering species, as affected by 5 treatments
(Control, Mechanical chipping (Mchip), 24 h soaking (Soak), Sulfuric Acid exposure for 15 minutes (SAcid15), and 30

Germination treatment

minutes (SAcid30). The scatter plots represent the Mean values for each replica.

Abutilon pannosum Acacia torfilles Crotalaria persica
1001 Fvalue= 1587 Fvalue= 31.82 a, Fvalue=10.73
P value< 0,001 P value< 0.001 i P value< 0.001 P
0.75 a * I:
. b .
a a . b eb b
: . b b
U801 b L .I' + R P I I ’
. be T £ C z .
(1] . - . H *e ° 'I
0.25 ﬁ ‘I L »
’ I
[ ]
0.00 .
% Prosopis cineraria Senna angustifolia Senna italica
T
;7 091 Fvalue= 5056 £ Fvalue=7.912 Fvalue= 31.48 a
" Pvalue< 0001 P value< 0.001 P value< 0.001 I
Ly r m b
5 [ i e T
T b abe
Zoso b b be ¢ T d
£ b o - I = I T
; I
0025 I 4
H I
)]
= 0.00
Senna occidentalis Sorghum sudanese Tephrosia nubica
10
7 . . ‘-";:a : F value=6.069 r ‘I 706?1" i ™
ab . P value< 0,001 a vaie=2
075 ; ab Iab P value> 0001 3 a a
» b £[' I .
. b ab .
0.50 . . b = b a . o
> . T I I . 3
LN )
0.25 .
Fvalue= 4.296
Pvalue< 0,001
0.0 . -
Control  Mehip  SAG1S SAcdI0  Soak Coftsl  Mchin  SAGiH15 SAG30  Soak Convol  Mchip  SAcid15 SACdID  Soak

Abufilon pannosum Acacia fortilles Crotalaria persica
Fvalue=1631 Fvalue =2413 Fvalue = 6.512
P value < 0,001 ® Pvalue < 0,001 P value < 0.001
.
8 ¢ a
a .
B . a8 >
T b b . . a A 3 ab o2
3 i‘ . ” b » L . ., .. ¥ T
. a = b I
x * o . % < I.o ; et .
0 .
:% Prosopis cineraria Senna angustifolia Senna italica
0 |Fvalue=8378 Fvalue=17.2 || Fvalue=11.06
E P value < 0.001 P value < 0.001 | | P value < 0.001
Fe I
c
§ L
& a : a b
£
I I A ab I h b b b b b I
g3 = - Am' I =
} = s SN’
20
Senna occidentalis Sorghum sudanese Tephrosia nubica
Evalpe=337 Pvaue <000 Prabe <001
) Pvalue <0.001 value <0 value < 0.
8
a a 4
as a a
3 ab ab ph—p b . b
ab :I b * ¥ T an I ] L] b. Ll
L] # el ;'. I [ ] ‘k' I I
0 .e -
Contol  Mchip  SAcdiS SAcd3d  Soak Conrol  Mchip  SAcdi5 SAcid30  Soak Catol  Mchip  SAcidl5 SAGdid  Soak

Germination treatment

Figure 5. Mean Germination Time (MGT) mean values for the nine flowering species, as affected by 5 treatments
(Control, Mechanical chipping (Mchip), 24 h soaking (Soak), Sulfuric Acid exposure for 15 minutes (SAcid15), and 30
minutes (SAcid30). The scatter plots represent the Mean values for each replica.
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in P, cineraria, and 1.294 in C. persica) with SAcid30, four
species (3.98 days in S. italica, 0.8 days in T. nubica, 2.166
days in S. angustifolia, and 1.954 days in A. pannosum)
with Soak, four species (1.954 days in A. pannosum, 0.8
days in T. nubica, 3.98 days in S. italica, and 2.166 days in
S. angustifolia) with SAcid15, and one species (1.61 days
in S. angustifolia with Mchip.

Coefficient of velocity of germination (CVG)

Coeflicient of Velocity of Germination (CVG), displayed
in Fig. 6, showed significant improvement in six species
(58.54% in S. angustifolia, 84.344% in A. tortilis, 56.62%
in A. pannosum, 97.23% in P. cineraria, and 78.094% in C.
persica) with SAcid30, four species (65.336% in S. italica,
42.738% in S. angustifolia, 45.6.4 in A. tortilis, 56.62% in
A. pannosum, 97.23% in P. cineraria, and 78.094% in C.
persica) with Acid15, and two species (65.336% in S. ital-
ica, 67.252% in S. angustifolia, with Mchip and only one
species (51.368% in A. pannosum) with Soak.

Mean daily germination percentage (MDG)
In Fig. 7, Mean Daily Germination Percentage (MDG)

significantly improved in six species (12.324% in S. ital-
ica, 9.046% in S. Sudanense,15.256% in S. angustifolia,

16.042% T.nubica ,34.061% in A. tortilis, 8.234% in P. cin-
eraria, and 5.884% in C. persica) with Mchip and six spe-
cies (18.4%% in S. italica, 3% S. Sudanense, 0.5% in T. nu-
bica, 4.426% in S. angustifolia, 17.334% A. tortilis, 19.5%
in P, cineraria, and 4.3% in C. persica) with SAcid30, three
species (11.05% in S. italica, 7.268% S. angustifolia, and
5.168% at P. cineraria) with SAcid15, and only species
(0.7% in T. nubica) with Soak.

Germination index (Gl)

Lastly, Germination Index (GI), shown in Fig. 8, signifi-
cantly improved in six species (7.14 days in S. italica, 6.928
days in T. nubica, 7.07 days S. angustifolia, 7 days in A.
tortilis, 7.07 days in P. cineraria, and 4.426 days in C. persi-
ca) with Mchip, five species (7 days in S. italica, 5.856 days
in S. angustifolia, 6.858 days in A. tortilis , 5.07 days in A.
pannosum, and 7.07 days in P, cineraria) with Acid30, four
species (5.286 days in S. italica, 4.426 days in S. angustifo-
lia, 5.07 days in A. pannosum, 7.07 days in P. cineraria, and
5.714 days in C. persica) with Acid15, and only one species
(4.714 days in A. pannosum) with Soak.

Overall, each species established an improvement in at
least one germination parameter with the use of all pre-
treatment methods. Notably, S. occidentalis was the only
species that did not show significant changes in germina-
tion parameters after each treatment.
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Discussion

In this research study, our primary objective was to iden-
tify the most effective pretreatment method for optimiz-
ing the germination of nine native flowering species in the
arid conditions of the UAE. These species are character-
ized by strong seed coatings, an adaptation to survive in
challenging environmental conditions that inhibit the in-
troduction of germination. Our research addresses a criti-
cal need for understanding dormancy-breaking methods,
offering implications for agricultural and reforestation
strategies and contributing to the conservation of native
species to lessen the risk of extinction.

Scarification and soaking, broadly recognized in the lit-
erature, regularly establish operational rates of improved
germination and are particularly relevant to the condi-
tions prevalent in the UAE.

We demonstrated a comprehensive collection of ger-
mination parameters, each providing distinct insights into
various aspects of the germination process. Final Germi-
nation Percentage offered a complete assessment of overall
success, while Mean Germination Time and Mean Ger-
mination Rate added insights into the timing and speed
of germination, respectively. The Coeflicient of Velocity
of Germination helped to provide a detailed analysis of
germination timing, while Germination Rate Index and
Germination Index served as complete measures reflect-
ing both uniformity and speed of germination.

Our methodology involved the application of these
parameters to gain an understanding of the germina-
tion process under four distinct pretreatment methods.
Mechanical scarification (Mchip) and Sulfuric Acid are
particularly effective, enhancing at least one germination
parameter in all species except S. occidentalis. Sulfuric
Acid (Acidl5) demonstrated effectiveness in improv-
ing at least one germination parameter in six species: S.
italica, T. nubica, S. angustifolia, A. tortilis, A. pannosum,

References

Afifi HSA, Al-rub IA (2018) Prosopis cineraria as an unconventional le-
gume: nutrition and health benefits. In: Legume Seed Nutraceutical
Research. IntechOpen. [Accessed: October 21, 2023] https://www.
intechopen.com/chapters/62401

Al-Ansari F, Ksiksi T (2016) A Quantitative Assessment of Germi-
nation Parameters: the Case of Crotalaria persica and Tephro-
sia apollinea. The Open Ecology Journal 9(1): 13-21. https://doi.
org/10.2174/1874213001609010013

Al-Shaharani TS, Shetta ND (2011) Evaluation of growth, nodulation
and nitrogen fixation of two acacia species under salt stress. World
Applied Sciences Journal 13(2): 256-265.

Al-Yousef HM, Abdelaziz S, Hassan WHB, El-Sayed MA (2020) Phyto-
chemical and biological characterization of Tephrosia nubica Boiss.
growing in Saudi Arabia. Arabian Journal of Chemistry 13(12):
9216-9230. https://doi.org/10.1016/j.arabjc.2020.11.006

Ananda GKS, Myrans H, Norton S, Gleadow R, Furtado A, Henry RJ

(2020) Wild sorghum as a promising resource for crop improvement.

and P. cineraria. Soaking in room temperature water for
24 hours (Soak) proved valuable in improving at least one
germination parameter in five species, including S. italica,
T. nubica, S. angustifolia, A. tortilis, and A. pannosum.

While mechanical scarification is time consuming, our
findings place it as the safest and most effective pretreat-
ment method, given its simplicity and accessibility. This
method demonstrated positive outcomes for eight out of
the nine species studied. Sulfuric acid is the second most
effective pretreatment method, mainly beneficial when
a large quantity of seeds is required simultaneously. Al-
though soaking displayed the lowest rate of germination
improvement, its application could be considered for spe-
cies showing significant differences in response.

Conclusion

In conclusion, our study provides valuable insights into the
efficacy of various pretreatment methods, with the optimal
choice dependent upon the specific species, available re-
sources, and time restraints. This understanding contributes
to the broader field of plant germination strategies, offering
practical guidance for sustainable agriculture, reforestation,
and biodiversity conservation efforts. The implications of
our findings extend to both academic and practical domains,
enhancing our understanding of plant physiology and facili-
tating informed decision-making in applied settings.

Authors contribution

Taoufik Ksiksi created the experimental design. Nour De-
bouza was responsible for seed collection, lab preparation
for the experiments, generating graphs, and writing the
initial draft of the manuscript. Sunil Mundra and Iltaf
Shah helped with statistical analysis and editing.

Frontiers in Plant Science 11: 1108. [Accessed: September 27, 2023]
https://doi.org/10.3389/fpls.2020.01108

Nde AL, Chukwuma CI, Erukainure OL, Chukwuma MS, Matsabisa
MG (2022) Ethnobotanical, phytochemical, toxicology and an-
ti-diabetic potential of Senna occidentalis (L.) link; A review. Jour-
nal of Ethnopharmacology 283: 114663. https://doi.org/10.1016/;.
jep.2021.114663

Arbat AA (2012) Pharmacognostic studies of stem of Abutilon panno-
sum (Forst f.). Bioscience Discovery 3(3): 317-320.

Balehegn M, Ayantunde A, Amole T, Njarui D, Nkosi BD, Miiller FL,
Meeske R, Tjelele T], Malebana MI, Madibela OR, Boitumelo WS,
Lukuyu B, Weseh A, Minani E, Adesogan AT (2022) Forage con-
servation in sub-Saharan Africa: Review of experiences, challenges,
and opportunities. Agronomy Journal 114(1): 75-99. https://doi.
org/10.1002/agj2.20954

Bhatt A, Carén MM, Verheyen K, Elsarrag E, Alhorr Y (2016) Germina-

tion and seedling performance of five native legumes of the Arabian

Innovations in Agriculture


https://www.intechopen.com/chapters/62401
https://www.intechopen.com/chapters/62401
https://doi.org/10.2174/1874213001609010013
https://doi.org/10.2174/1874213001609010013
https://doi.org/10.1016/j.arabjc.2020.11.006
https://doi.org/10.3389/fpls.2020.01108
https://doi.org/10.1016/j.jep.2021.114663
https://doi.org/10.1016/j.jep.2021.114663
https://doi.org/10.1002/agj2.20954
https://doi.org/10.1002/agj2.20954

10 Debouza, et al.: Mechanical scarification: The key to optimal germination parameters ...

Desert. Flora-Morphology, Distribution, Functional Ecology of
Plants 220: 125-133. https://doi.org/10.1016/j.flora.2016.03.002

Burrows GE, Virgona JM, Heady RD, Burrows GE, Virgona JM, Heady
RD (2009) Effect of boiling water, seed coat structure and provenance
on the germination of Acacia melanoxylon seeds, Australian Journal
of Botany 57(2): 139-147. https://doi.org/10.1071/BT08194

Cain ML, Milligan BG, Strand AE (2000) Long-distance seed dispersal
in plant populations. American Journal of Botany 87(9): 1217-1227.
https://doi.org/10.2307/2656714

Coulot P, Coulot P (2022) Botanical spottings in the Sultanate of Oman.
Carnets Botaniques 114: 1-17. [Accessed: September 27: 2023]
https://hal.science/hal-03937816/

Garg A, Mittal SK (2013) Review on Prosopis cineraria: A potential
herb of Thar desert. Drug Invention Today 5(1): 60-65. https://doi.
0rg/10.1016/1.dit.2013.03.002

Gupta GN, Singh G, Kachwaha GR (1998) Performance of Prosopis
cineraria and associated crops under varying spacing regimes in the
arid zone of India. Agroforestry Systems 40(2): 149-157. https://doi.
org/10.1023/A:1006006730589

Hassan FA, Alshamsi ASM, Alyafei MAS, Kurup S, Al Busaidi N, Ahmed
ZFR (2022) Enhancing germination of ghaf seeds (Prosopis cineraria
L.) using sulfuric acid scarification and cytokinin. In: XXXI Interna-
tional Horticultural Congress (IHC2022): International Symposium
on Quality Seeds and Transplants for Horticultural, 39-44. [Accessed:
January 15, 2024] https://doi.org/10.17660/ActaHortic.2023.1365.5

He XQ, Wang YR, Hu XW, Baskin CC, Baskin JM, Lv YY (2016) Seed
dormancy and dormancy-breaking methods in Leymus chinensis
(Trin.) Tzvel. (Poaceae). Grass and Forage Science 71(4): 641-648.
https://doi.org/10.1111/gfs.12220

Iroko OA, Rufal SO, Wahab WT (2021) Effect of seed size and different
pretreatment methods on germination of Albizia zygia (DC.) J. E
Macbr, Journal of Applied Sciences and Environmental Management
25(5): 5. https://doi.org/10.4314/jasem.v25i5.19

Janbaz KH, Haider S, Imran I, Zia-Ul-Haq M, De Martino L, De Feo V
(2012) Pharmacological Evaluation of Prosopis cineraria (L.) Druce in
gastrointestinal, respiratory, and vascular disorders. Evidence-Based
Complementary and Alternative Medicine 2012: €735653. https://
doi.org/10.1155/2012/735653

Jongbloed M (2003) The comprehensive guide to the wild flowers of the
United Arab Emirates. Environmental Research and Wildlife Devel-
opment Agency (ERWDA).

Josephrajkumar A, Mani M, Anes KM, Mohan C (2022) Ecological Engi-
neering in Pest Management in Horticultural and Agricultural Crops.
In Mani M (Ed.) Trends in Horticultural Entomology. Springer Na-
ture Singapore, Singapore, 123-155. https://doi.org/10.1007/978-
981-19-0343-4_4

Kheloufi A, Boukhatem FZ, Mansouri LM, Dijelilate M (2019) Maxi-
mizing seed germination in five species of the genus Acacia (Faba-
ceae Mimosaceae), REFORESTA 7: 7. https://doi.org/10.21750/RE-
FOR.7.02.64

Innovations in Agriculture

Kheloufi A, Mansouri LM, Boukhatem FZ (2017) Application and use of
sulphuric acid pretreatment to improve seed germination of three aca-
cia species. REFORESTA 3: 3. https://doi.org/10.21750/REFOR.3.01.25

Levey DJ, Bolker BM, Tewksbury JJ, Sargent S, Haddad NM (2005)
Effects of landscape corridors on seed dispersal by birds. Science
309(5731): 146-148. https://doi.org/10.1126/science. 1111479

Lusweti A, Wabuyele E, Ssegawa P, Mauremootoo J (2011) Senna occi-
dentalis (coffee senna). [Accessed: October 10, 2023]https://www.
cabdirect.org/cabdirect/abstract/20127801992

Mathimaran N, Ruh R, Jama B, Verchot L, Frossard E, Jansa J (2007) Im-
pact of agricultural management on arbuscular mycorrhizal fungal
communities in Kenyan ferralsol. Agriculture, Ecosystems & Envi-
ronment 119(1-2): 22-32. https://doi.org/10.1016/j.agee.2006.06.004

Olorukooba AB, Shehu A, Khan F, Nasir AH, Musa AO, Sani MA (2022)
Anti-inflammatory potential of methanol leaf extract of Senna italica
(Mill.) using cotton pellet-induced granuloma model in Wistar rats.
Journal of Current Biomedical Research 2(3): 209-223. https://doi.
org/10.54117/jcbr.v2i3.24

Omer HAA, Caprioli G, Abouelenein D, Mustafa AM, Uba AI, Ak G, Ozturk
RB, Zengin G, Yagi S (2022) Phenolic profile, antioxidant and enzyme
inhibitory activities of leaves from two Cassia and two Senna species.
Molecules 27(17): 5590. https://doi.org/10.3390/molecules27175590

Omer HAA (2022) Taxonomical, chemical characterization and biologi-
cal activity of Cassia and Senna species. Doctoral dissertation, Sudan
University of Science & Technology.

Or K, Ward D (2003) Three-way interactions between Acacia, large
mammalian herbivores and bruchid beetles - a review: Acacia, her-
bivores and bruchids, interactions. African Journal of Ecology 41(3):
257-265. https://doi.org/10.1046/j.1365-2028.2003.00451 .x

Roba HG, Oba G (2009) Community participatory landscape classifi-
cation and biodiversity assessment and monitoring of grazing lands
in northern Kenya. Journal of Environmental Management 90(2):
673-682. https://doi.org/10.1016/j.jenvman.2007.12.017

Rocha RL, Khalil Y, Maity A, Beckie HJ, Ashworth MB (2022) Mechan-
ical scarification technique breaks seed coat-mediated dormancy in
wild oat (Avena fatua). Weed Technology 36(1): 152-159. https://doi.
org/10.1017/wet.2021.94

Vali DM, Yuvaraj KM, Bhaskar V'V, Kadiri L, Padmaja VV (2020) Effect
of organic manures and bio-fertilizers on growth and yield of senna
(Cassia angustifolia Vahl.) cv. Sona. Medicinal Plants-International
Journal of Phytomedicines and Related Industries 12(2): 283-289.
https://doi.org/10.5958/0975-6892.2020.00037.4

Venable DL, Flores-Martinez A, Muller-Landau HC, Barron-Gafford G,
Becerra JX (2008) Seed dispersal of desert annuals. Ecology 89(8):
2218-2227. https://doi.org/10.1890/07-0386.1

Venier P, Funes G, Carrizo Garcia C (2012) Physical dormancy and
histological features of seeds of five Acacia species (Fabaceae) from
xerophytic forests in central Argentina. Flora - Morphology, Dis-
tribution, Functional Ecology of Plants 207(1): 39-46. https://doi.
org/10.1016/j.flora.2011.07.017


https://doi.org/10.1016/j.flora.2016.03.002
https://doi.org/10.1071/BT08194
https://doi.org/10.2307/2656714
https://hal.science/hal-03937816/
https://doi.org/10.1016/j.dit.2013.03.002
https://doi.org/10.1016/j.dit.2013.03.002
https://doi.org/10.1023/A:1006006730589
https://doi.org/10.1023/A:1006006730589
https://doi.org/10.17660/ActaHortic.2023.1365.5
https://doi.org/10.1111/gfs.12220
https://doi.org/10.4314/jasem.v25i5.19
https://doi.org/10.1155/2012/735653
https://doi.org/10.1155/2012/735653
https://doi.org/10.1007/978-981-19-0343-4_4
https://doi.org/10.1007/978-981-19-0343-4_4
https://doi.org/10.21750/REFOR.7.02.64
https://doi.org/10.21750/REFOR.7.02.64
https://doi.org/10.21750/REFOR.3.01.25
https://doi.org/10.1126/science.1111479
https://www.cabdirect.org/cabdirect/abstract/20127801992
https://www.cabdirect.org/cabdirect/abstract/20127801992
https://doi.org/10.1016/j.agee.2006.06.004
https://doi.org/10.54117/jcbr.v2i3.24
https://doi.org/10.54117/jcbr.v2i3.24
https://doi.org/10.3390/molecules27175590
https://doi.org/10.1046/j.1365-2028.2003.00451.x
https://doi.org/10.1016/j.jenvman.2007.12.017
https://doi.org/10.1017/wet.2021.94
https://doi.org/10.1017/wet.2021.94
https://doi.org/10.5958/0975-6892.2020.00037.4
https://doi.org/10.1890/07-0386.1
https://doi.org/10.1016/j.flora.2011.07.017
https://doi.org/10.1016/j.flora.2011.07.017

	Mechanical scarification: The key to optimal germination parameters in nine flowering species of the United Arab Emirates
	Abstract
	Introduction
	Materials and methods
	Plant species
	Collection sites
	Pretreatment methods
	Germination parameters calculations and equations
	Statistical analysis

	Results
	Germination percentage (G)
	Mean germination rate (MGR)
	Mean germination time (MGT)
	Coefficient of velocity of germination (CVG)
	Mean daily germination percentage (MDG)
	Germination index (GI)

	Discussion
	Conclusion
	Authors contribution
	References

