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Abstract | Seed dormancy impacts seed germination success and seedling health. Ethylene plays a crucial
role in facilitating the breaking of seed dormancy by initiating essential biochemical and physiological changes
that are necessary for successful seed growth and development. It was hypothesized that acetylene (C,H,) from
calcium carbide (CaC,) has the potential to induce an ethylene response in seed for breaking seed dormancy
and better seedling growth. A study was conducted to evaluate the impacts of C,H, released from ten CaC,
concentrations, i.e., 2, 4, 6, 8, 10, 12, 14, 16, 18, and 20 mg petri-plate™, on seed dormancy and seedling
growth in sweet pepper. Results indicated that CaC, significantly induced 100% early seed germination, with
significant improvements in post-germination variables. CaC, applied at 14 mg petri-plate™ was found to
be an optimum dose for regulating seed dormancy and post-germination growth positively. However, CaC,
>16 mg petri-plate™ proved lethal and suppressed the germination or growth of the seedlings. Compared to
control treatment, improvements in seed sermination and growth variables, i.e., 8 to 37% in seed germination,
5 to 22% in seedling biomass, 5 to 46% in shoot length, and 3 to 37% in root length, suggest that calcium
carbide, easily available on the market, can be used for seed dormancy breakage and better crop stand.
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Introduction hormones in seed physiology at molecular and

genomic levels, a significant change in germination

oor seed germination is still a top issue, particularly ~ can be achieved (Miransari and Smith, 2014). Sweet

during off-season seeds usually remain dormant

to unfavorable environmental conditions.
Germination processes are strictly regulated by the
joint counteraction of different phytohormones

(Wang et al., 2024). However, by regulating these

due

pepper seeds germinate at 30°C, otherwise, these seeds
remain dormant. During the off-season (October to
November), the most of sweet pepper seeds remain
dormant, and thus seedling vigor is very poor.
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Ethylene (C,H,) is one of the phytohormones that
play a key role in seed physiology and germination
(Abeles et al., 2012; Sun et al., 2020; Baharudin and
Osman, 2023). Plant physiologists believe that it
is abscicic acid (ABA) that delays or prevents seed
germination and determines the depth of dormancy
during development (Sano and Marion-Poll, 2021,
Kozaki and Aoyanagi, 2022). However, ethylene
negatively regulates ABA accumulation in the
seeds, and its signaling triggers seeds to germinate
by accelerating endosperm weakening and testa
rupturing (Kucera ez al., 2005; Arc et al., 2013; Bhoi
et al., 2023). During seed germination, the water
uptake by seeds is triphasic; Phase I-imbibition (a
rapid initial uptake), Phase II- plateau phase (uptake
of water for metabolic preparation for germination),
and Phase IIT uptake for hydraulic growth of the
embryo (further increase in water uptake that occurs
directly after germination to cause hydraulic growth
of the embryo and the emerged seedling) whereas
ethylene regulates these water uptake phases by
interacting with ABA (Linkies ez al., 2009). Stein ez
al. (2021) observed embryonic dormancy breakage
in sweet cherry seeds due to exogenous C H,. The
efficacy of exogenous C,H, for breaking dormancy in
dormant and non-dormant seeds is well reported in
the literature (Abeles ez al., 2012; Shakar ez al., 2016;
Sun et al., 2020; Stein ez al., 2021; Bailly ez al., 2023).
However, the rate and type of C,H, source, C,.H,
exposure time, and plant species/genotype are the
factors that affect the efficacy of exogenous C H, for
improving germination.

In addition to stimulating germination, ethylene
also induces root proliferation (Dugardeyn and Van-
Dser-Straeten, 2008) and is considered especially
influential in fashioning the root system (Sun ez a/.,
2020). Ethylene inhibits auxin activity during primary
root cell elongation and initiates lateral root growth
in seedlings (Patrick ez al., 2009). Negi ez al. (2008)
confirmed that exogenous 1l-amino cyclopropane
1-carboxylix acid (ACC) initiates lateral roots. Patrick
et al. (2009) also corroborated root proliferation due
to exogenous ACC. They observed inhibition of root
elongation at higher rates of ACC but significant root
proliferation with more root-hair. Various studies
have elaborated on the role of exogenous C,H, in
improving germination and patterning root growth.
Conclusively, exogenous C,H, is an effective tool to
improve the germination of dormant seeds.

Calcium carbide has recently been reported to
increase the concentration of the plant hormone
C,H, in soil air as a result of microbial reduction of
C,H, into C H, (Arshad and Frankenberger, 2002).
Acetylene (C,H,) liberated by the hydrolysis of CaC,
has poetential to induce C,H, physiological role in
seeds. Calcium carbide improved germination rate of
different seeds, predominantly tomato (Siddiq ez a.,
2012), okra (Kashif ef a/, 2012), cucumber (Shakar
et al., 2016a, b), etc. Seeds treated with coated CaC,
germinated much earlier than the untreated seeds.
Moreover, CaC, dependent release of C H  effectively
induced the classical triple response in Pisum sativum
seedlings (Khalid ez a/., 2006). Siddiq ez al. (2012)
reported that seeds of all tomato genotypes treated
with CaC, germinated earlier than untreated and
led to maximum seed germination rate. Similarly,
Yaseen e al. (2012) reported a 10 to 80% increase in
the germination of tomato, cucumber, and okra seeds
as a result of coated CaC, application. In addition
to the induction of C,H, response, C,H, released
from CaC, inhibits nitrification and denitrification,
and thus improves nitrogen use efficiency in plants,
resulting in better post-germination growth and crop
stand (Kumar ef a/, 2015; Mahmood and Yaseen,
2016). 'This study indicates the potential of CaC, to
act as an C,H, analog to break seed dormancy and
improve post-germination growth in sweet pepper.

Materials and Methods

Seeds of sweet pepper (Capsicum anuum) cv. Yolo
Wonder F-1 (85% germination rate at 25+2°C) were
purchased from the market and stored at 25+2°C.The
germination of the purchased seeds was assessed by a
germination test. The response of seeds to ten rates of
CaC, (2,4,6,8,10,12,14,16,18,and 20 CaC, mg per
petri-plate) was determined by placing sweet pepper
seeds evenly in an 80 cc (cm®) petri-plate containing
filter paper Whatman No. 1, moistened with 7 ml
of distilled water. A treatment without CaC, was
also used as a control for comparison. The control
treatment contained CaSO, equivalent to Ca in 2 mg
CaC, just to nullify the Ca effect on seed germination
and seedling vigor. The seeds were surface sterilized by
dipping in 70% ethanol for 2 minutes, followed by five
rinses with distilled water and drying with filter paper
(Whatman No. 1) before the use in the experiment.
Two autoclaved Whatman No. 1 filter papers were
placed at the bottom of each petri-plate and then the
required rate of CaC, according to the treatment plan
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was placed in the center of it. The third filter paper was
placed over it while sterilized seeds were spread on it.
To inhibit the leakage of acetylene from petri-plates,
each petri-plate was covered and tightly sealed with
silicone and parafilm tape. After sealing the plates
with silicone and parafilm tape, de-ionized water (7
mL, sufficient for moistening two filter papers) was
injected into each petri-plate though a rubber septum
by using a 12 mL disposable syringe. In each cover
of perti-plate, a hole of 4 mm diameter near its edge
was made, plugged with a rubber stopper, and sealed
with silicone before use. All activities were performed
in a laminar hood. All petri-plates were placed in
an incubator (Sanyo Incubator MIR 253) under
experimental conditions of 15+2°C temperature and
12/12 hours day and night, i.e. a light/dark period
of four weeks. The light period was maintained with
the help of cool white fluorescent bulbs (FL40SBR;
National, Tokyo, Japan) fitted in the incubator that
produced a photosynthetic photon flux density of
200 pmol m™ s, In each petri-plate, the filter papers
were kept wet on a weight basis by injecting de-
ionized water through a rubber septum using a 12 ml
disposable syringe. Germinated seeds with a radicle
at least 2 mm long were counted after every 24 h
interval for four weeks. At 528 h of incubation, the
covers were removed, and data about seedling length,
seedling weight, and chlorophyll contents were taken
to calculate the means. The germination percentage
was calculated as percent of the seeds germinated.
The mean germination time (MGT) was calculated

according to the equation of Ellis and Roberts (1981).

MGT =
>n

Where n is the number of seeds that germinated on
day D, and D is the number of days counted from
the beginning of the germination experiment. The
germination index (GI) was calculated as described

by the Association of Official Seed Analysis (1990)

using the following formula:

No. of germinated seeds

ol No. of germinated seeds

Days of first count Days of final count

'The vigor index (VI) was calculated according to the
following formula (Dezfuli ez al., 2008).

VI = [seedling length (cm)] % [germination percentage]

Chlorophyll content was measured from the seedlings

of each petri-plate usinga SPAD 502 Plus Chlorophyll
Meter under light from cool white fluorescent bulbs
fitted in the incubator. Shoot and root lengths were
measured using measuring tape, while the shoot
length was divided by the root length to calculate the
shoot length to root length ratio (SL:RL). Seedlings
were weighed using a top loading balance to calculate
mean seedling weight.

Statistical analysis

A completely randomized design (CDR) with four
replications was used. The data were subjected to
an analysis of variance (ANOVA). The means were
compared by the least significant difference (LSD)
test at the 5% level of probability (Steel ez al., 1997).
The data were transformed in Varsine before the
statistical analysis. Nonlinear regression analysis was
used to determine how CaC, affected the germination
percentage. Germination (%) values at different rates
of CaC, were fitted to a functional three-parameter
logistic model using SIGMA PLOT 2008 (version
11.0, SyStat Software GmbH, Schimmelbuschstrasse
25 D-40699 Erkrath, Germany). The model fitted

was:

max

(Go%) = <
[1+(

2%
Where; G is the total germination (%) at concentration
X, Gmax is the maximum germination (%), X, is the
rate of CaC, for 50% of the maximum germination
and g indicates the slope. Similarly, nonlinear
regression analyses for MGT, GI, VI, shoot length,
root length, and biomass at different rates of CaC,
were also determined and fitted to a cubic polynomial
model using SIGMA PLOT 2008. The model fitted

was:
v = yo + ax + bx* + cx?
Whereas y is the response and x is the rate of CaC.,.

Results and Discussion

Seed germination attributes

A three-parameter logistic model {G (%) = 89/[1 +
(x/153)5.1], R? = 0.988} was fitted to the germination
(%) of C. annum obtained at different rates of CaC,
(Figure 3). The difference between the germination
of treated and untreated seeds was significant at p <
0.05. The model indicates corresponding changes in
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Table 1: Effect of different rates of calcium carbide on germination percentage of sweet pepper cv. Yolo Wonder F-1 at

15+2°C

:5; 5 E-? Growth period (hours) Mean % increase
§ 3 fEf%‘i 120 144 168 192 216 288 312 336 384 480 504 528 :’rvo"i‘”“'
0 (T) 83j 167 250h-j 33.3g-i 41.7fh 66.7c-e 75.0b-d 83.3a-c 91.7ab 91.7ab 91.7ab 91.7ab 59.7G -

2 (T) 83j 167§ 25.0h-j 333g-i 41.7fh 66.7c-e 83.3a-c 100a  100a  100a 100a 100a 64.6F 8%

4 (T) 167§ 25.07hj 33.3g-i 41.7h 50.0e-g 66.7c-c 83.3a-c 100a  100a  100a 100a 100a 68.1EF 14%

6 (T) 167§ 25.0h-j 33.3g-i 41.7h 50.0e-g 75.0b-d 91.7ab 100a  100a  100a  100a 100a 69.4D-F 16%

8 (T, 25.0h-j 333g-i 41.7h 50.0e-g 50.0e-g 75.0b-d 91.7ab 100a  100a  100a  100a 100a 72.2C-E 21%

10 (T, 25.0hj 33.3g-i 41.7fh 50.0e-g 58.3d-f 83.3a-c 100a  100a  100a  100a  100a 100a 74.3CD 24%

12 (T, 25.0hj 33.3g-i 41.7fh 50.0e-g 58.3d-f 91.7ab 100a  100a  100a  100a  100a 100a 75.0BC 26%

14 (T, 33.3g-i 41.7fh 50.0e-g 66.7c-e 91.7ab 100a  100a  100a  100a  100a  100a 100a 81.9A  37%

16 (T, 33.3g-i 41.7fh 50.0e-g 58.3d-f 75.0b-d 100a  100a  100a  100a  100a  100a 100a 79.9AB 34%

18 (T,) 16.7§ 25.0h-j 33.3g-i 50.0e-g 58.3d-f 75.0b-d 83.3a-c 91.7ab 91.7ab 100a  100a 100a 68.7EF 15%

20 (T,) 167§ 16.7§ 25.0h-j 41.7-h 50.0e-g 66.7c-e 75.0b-d 75.0b-d 75.0b-d 83.3a-c 91.7ab 91.7ab 59.0G  -1%
Mean 205H 280G 36.4F 469E 56.8D 788C 89.4B 95.5AB 96.2AB 97.7A 98.5A 98.5A

Values sharing same letter(s) in each column do not differ at p = 0.05 according to least significant test. Mean values sharing same letter (s) in
each row do not differ at p = 0.05 according to least significant test. Control containing CaSO equivalent to Ca in CaC, to neglect the effect
of Ca on seedling growth. Italic values indicate % increase in mean germination rate over control (T'). LSD wvalues: Growth period (A) =

5.3920, Rate of CaC, (B)= 5.1624, Interaction (AxB)=17.883.
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Figure 1: Effect of different rates of calcium carbide on root and shoot
length under control conditions after 528 h of incubation ar 15+2°C.
SL: RL ratio: 0.86 (0 mg CaC,), 0.88 (2 mg CaC,), 0.90 (4 mg
CaC,), 0.91(6 mg CaC,), 0.94 (8 mg CaC,), 0.99 (10 mg CaC,),
0.91(12 mg CaC,), 0.91 (14 mg CaC), 0.91(6 mg CaC ), 1.10 (16
mg CaC,), 0.78 (16 mg CaC,) and 0.44 (16 mg CaC,), LSD value
Jor root length = 0.0525, LSD value for shoot length = 0.0.0368,
Bars for each parameter with same letter(s) do not differ at p= 0.05
according to LSD fest.

germination with increasing CaC, rates. However,
germination percentage declined sharply, signifying
partial or complete inhibition of germination at 218
mg (Table 1, Figure 3). Although, the application
of CaC,improved the germination rate, a significant
difference was witnessed at the mean germination
time (MGT). The variations in MGT were according
to cubic model that was fitted to it (Figure 3). Seeds
in the control treatment had 10 days of MGT, which
was reduced to 7 days due to the ethylene analog
effect of CaC,. Application of CaC, up to 14 mg
plate’ reduced MGT, but rates of CaC, 216 mg

plate™ showed the reverse effect, observed at lower
rates. A four-parameter Lorientzian model {y = 0.1+
0.23/[(1+13.1)/0.4]2], R2 = 0.988} was fitted to the
mean germination rate (MR) of C. annum under the
influence of different rates of CaC, (Figure 4). It was
observed that peak MR occurred between 12 and 14
mg CaC, plate (Figure 4).
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N
o
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Figure 2: Effect of different rates of calcium carbide on seedling fresh
biomass and chlorophyll contents in leaves under control conditions
after 528 h of incubation at 15+2°C.

LS8D wvalue for chlorophyll contents = 2.0277, LSD walue for fresh
biomass = 3.810, Markers for each parameter with same letter(s) do
not differ at p= 0.05 according to LSD test.

Germination and vigorous index

Significant differences were also noted in the
germination index (GI) and vigorous index (VI) of
treated and untreated seeds of C. annum. To make
a difference more comprehensive, polynomial cubic
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models {y=0.0146-8.86x+0.001x*+ 0.00006x°} and
[{y=125-6.69x+2.261x*-011x*}] were fitted to GI
and VI, respectively (Figure 5). Both indices vary in
cubic trends, with an increasing rate of CaC, (Figure
6). However, maximum GI and VI were found in
treatments containing 14 mg CaC,. An antagonistic
effect of CaC, on GI and VI was observed in
treatments having CaC >14 mg plate™'i.e. 16, 18, and
20 mg CaC, plate (Figure 5).
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Figure 3: Variations in mean germination time (A) and germination
percentage (B) of C. annum seeds due to application of calcium carbide
under low temperature stress. The bold lines represent a fitted to the
data while dotted lines show 95% confidence intervals. Vertical bars
represent * standard error of the mean.
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Figure 4: Variations in mean germination rate of C. annum seeds
due to application of calcium carbide under low temperature stress.
The bold lines represent a fitted to the data while dotted lines show
95% confidence intervals. Vertical bars represent * standard error of
the mean.
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Figure 5: Variations in mean germination index (A) and vigorous
index (B) of C. annum seeds due to application of calcium carbide
under low temperature stress. Ihe bold lines represent a fitted to the
data while dotted lines show 95% confidence intervals. Vertical bars
represent * standard error of the mean.

Seedling length

Seedlings of sweet pepper in CaC, containing petri-
plates had longer roots and shoots compared to
the control treatment (Figure 1). However, great
variations originated due to differences in rates
of CaC, applied. The polynomial cubic model {y =
1.234-0.084x+0.233x?-0.001x’} was fitted to shoot
length data (Figure 6) which indicated a gradual
increase in shoot length with an increase in CaC, rate
(Figure 6). However, 18 and 20 mg plate™ suppressed
shoot length by 0.233 times with each incremental
unit of CaC,. The model also suggests 12, 14 and 16
mg plate™ as optimum rates of CaC, for improving
shoot length. Like shoot length, variations in root
length are also the best described by polynomial cubic
model {y=1.50-0.055x+0.06x>-0.0008x’} (Figure 6).
Those rates of CaC,, that accelerated shoot length,
also improved root length of sweet pepper (Figure
6). According to fitted model {y=1.50-0.055x+0.06x>-
0.0008x’},a strong synergistic relationship between 12
and 14 mg CaC, and root length exists. Furthermore,
it also predicted an antagonistic effect of CaC, applied
at rates 2 15 mg plate™.

22 25
20

18
16
14
12
10

Root lenght (cm)
Shoot lenght (cm)
=
o

08
06 y=1.50-0.055x+0.06x%0.0008x*
04 '

02 -05
0 5 10 15 20 25 0 5 10 15 20 25

¥=1.324-0.084x+0.233x2-0.001x3

CaC, (mg petri-plate ') CaCy(mg petri-plate™)

Figure 6: Variations in root length (A) and shoot length (B) of C.
annum due to application of calcium carbide under low temperature
stress. The bold lines represent a fitted to the data while dotted lines
show 95% confidence intervals. Vertical bars represent + standard
error of the mean.

Seedling biomass and chlorophyll contents

Calcium carbide improved the seedling biomass of
sweet pepper compared to the control (Figure 2).
According to the polynomial cubic model {y=64.74-
0.38x+0.4045x°-0.023x°} fitted to biomass, CaC,
improved biomass in cubic trend quite similar to
other variables (Figure 7). However, maximum
biomass was observed at 12 and 14 mg CaC, plate™
(Figure 7). he model fitted to biomass simulates
complete growth inhibition upon > 20 mg plate™
CaC, application. Similar to biomass, a significant
difterence in leaf chlorophyll contents was observed

due to CaC, application (Figure 2).
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Figure 7: Variations in biomass of C. annum seedlings due fto
application of calcium carbide under low temperature stress. The
bold lines represent a fitted to the data while dotted lines show 95%
confidence intervals. Vertical bars represent + standard error of the
mean.

Seed germination is considered a model system
for the analysis of plant growth and development
(Jia et al., 2024). It is the germination that decides
when and where all further developments in a plant
have to take place. Thus, germination is a process of
decisive significance, and as such, it must be optimally
regulated (Jia ez al, 2024). Seeds possess sensing
mechanisms that enable them to get information
about the environment. On the basis of signals from
these sensing mechanisms, seeds decide whether to
germinate or not (Sajeev ez al., 2024). These sensing
mechanisms induce different types of seed dormancies
by up- or down regulating ABA and GA (Kozaki and
Aoyanagi, 2022). The ABA/GA ratio is considered
the most critical factor during the germination of
dormant or non-dormant seed (Kozaki and Aoyanagi,
2022). According to Finch-Savage and Leubner-
Metzger (2006) and Sun ez al. (2024), ABA-GA
interaction decides the state and type of dormancy
of a seed because embryonic dormancy persists if the
ABA/GA ratio is higher. Similarly, if ABA/GA ratio
gets lower, the seed dormancy comes to an end, which
can be either because of an increase in GA level or a
reduction in ABA level in the seed (Finch-Savage and
Leubner-Metzger, 2006; Zuo and Xu, 2020; Kozaki
and Aoyanagi, 2022; Sun ez al., 2024).

The seed germination rate of C. annum cv. Yolo
Wonder F-1 was 85%, indicating 15% seed dormancy
at room temperature. However, achieving a 100%
germination rate in CaC, seeds revealed that CaC,

induced brekage of seed dormancy (Table 1).

Seed dormancy might be broken because of the
physiological role of C,H, in seed germination at
molecular and genomic levels because ethylene down-
regulates ABA, resulting in a narrow ABA/GA ratio,
as reported by Finch-Savage and Leubner-Metzger
(2006), Sano and Marion-Poll (2021), Kozaki and
Aoyanagi (2022),and Sun ez a/. (2024).The findings of
Table 1 showed the early emergence of seeds in CaC,
containing petri-plates, which might be a result of the
breakage of dormancy induced by C,H,, as reported
in apple seeds (Gniazdowska ez al, 2007) and in
cucumber seeds (Shakar ez a/.,2016). Calcium carbide
releases C H, upon hydrolysis, which is well reported
to give the C,H, reaction (Abeles ez a/., 2012). In a
nutshell, the better germination of the CaC, treated
seeds than the seeds under control is just because of
CaC,-induced C,H, response. In later studies, C,H,
was measured and was found that CaC, containing
seedings had higher C H, concentrations compared
to control (data is not given). Moreover, CaC,
induced C,H, might have positively regulated C H,
biosynthesis, which is then perceived by receptors
such as ETR1 and EIN2 in order to stimulate seed
germination (Arc ez al., 2013). However, a significant
reduction in seed germination compared to control
was observed when CaC, was applied at 216 mg
CaC, plate” (Table 1, Figure 3). Higher rates of
Ethephon suppressed seed germination of Echinacea
angustifolia and Echinacea pallida with Ethephon, a
CaC, based product (Qu ez al, 2000). This negative
effect of Ethephon might be a result of excessive
C,H, biosynthesis. Sano and Marion-Poll (2021) and
Kozaki and Aoyanagi (2022) have proposed that any
increased level of ABA in seeds negatively regulates
GA in seeds and prolongs seed dormancy. So, it can
be suggested that the ethylene response of 18 and 20
mg CaC, negatively regulated GA instead of ABA,
caused an upsurge in the ABA/GA ratio, and thus
prolonged the state of dormancy compared to the
control. Linkies ez a/. (2009) have also reported C,H,
induced endosperm cap weakening and endosperm
rupture in Lepidium sativum and Arabidopsis thaliana.
All these physiological changes caused a decrease in

MGT (Figure 3).

Water is responsible for remarkable changes in the
metabolism of a germinating seed. Seed absorbs
water in a triphasic pattern. Water uptake by Phases
I and II is usually utilized in enzyme activation, but
Phase III is accountable for the hydraulic growth
of an embryo. Thus, Phase III is the most critical
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for controlling seedling vigor. Although, ABA
has no significant role in phases I and II, it strictly
regulates phase III water uptake in seeds (Manz ez
al., 2005). Manz ez al. (2005) suggested that ABA
negatively regulates phase III water uptake. They
further suggested that phase III water uptake inhibits
the transition from germination to postgermination
growth. According to the data shown in Figure 4, the
treated seeds had more GI and VI compared to the
control which might be happening due to the CaC,-
induced C,H, response. The seeds treated with 2 to
14 mg CaC, might have less ABA than the seeds
in control as a result of the counteraction of C,H,
with ABA.This lessening ABA ultimately accelerated
phase III water uptake and post-germination growth
in terms of improved vigorous index (Figure 6).
However, poor GI and VI at CaC, > 14 mg plate-'
might be happening due to the loss of the ethylene
physiological role. Kashif ez a/. (2012) and Shakar
et al. (2016) also found such C,H, responses in
CaC, treated okra and cucumber seeds, respectively,
because of higher rates of CaC,. Inhibition of post-
germination growth at comparatively higher CaC,
rates might happen due to C,H, biosynthesis above
the permissible limit or the lethal effects of C H, as
all the other conditions were the same. An excessive
C,H, might have blocked the sensing mechanism of
seeds, which diminished CaC, induced by the C,H,
response. Conclusively, all improvements in different
variables shown in Figures 1 and 2 are the result of
C,H, giving response potential of CaC,. However,
these results advocate investigating the CaC,, induced
C,H, response under rhizosphere conditions.

Significant improvements in other seedling vigor
attributes such as root and shoot length (Figure 1),
seedling biomass, and chlorophyll contents (Figure
2) are also evidence of the CaC,-induced response.
An increase in seedling length and weight in CaC,
containing petri-plates is a result of C,H, based root
proliferation and root formation patterns. Adequate
phase III water uptake might have triggered the
embryo axes elongation by testa rupturing and finally
resulted in root elongation. Ethylene induced phase
III water uptake, although, triggers endosperm
weakening and rupturing by inhibiting ABA (Linkies
et al., 2009) but it also inhibits root elongation due
to its physiological role under submerged conditions.
Ethylene induces root proliferation by inhibiting
root elongation, which leads to an increase in the

SL:RL ratio. Ethylene inhibits cellular elongation

by counteracting with auxin, induces adventitious
or lateral roots in the seedlings, and thus causes the
proliferation of roots in plants. The SL:RL clearly
elucidates the pattern of root and shoot growth in the
presence and absence of a C,H, source (Figure 2).
Similarly, an increase in biomass and leaf chlorophyll
contents in treated seedlings (Table 1) might have
occurred due to the triggering of C,H, based phase
IIT water uptake. Finally, the results predict CaC, as
an effective compound to induce C,H, response for
early germination and seedling emergence. Moreover,
this information provides foundations to explore the
role of CaC, based gases in different aspects of seed
physiology and the practicality of CaC, for vegetable
growers, where they need early and fast growth of
vegetables to fetch more benefit from the market.

Conclusions and Recommendations

This study suggests that use of 14 mg CaC, per plate
is an optimum rate of CaC, to break seed dormancy of
sweet pepper. Moreover, results suggest that the seed
germination and seedling vigor of vegetable seeds can
be improved by the use of CaC,. Application of CaC,
as soil amendment can result in a successful crop stand
and provide a strong foundation for the better growth
and yield of vegetables, particularly of sweet pepper.
However, there is a need to use some inhibitors of
ethylene biosynthesis to make CaC, a more eftective
tool for improving seed germination and seedling
growth, as a significant reduction in seed germination
and different seedling parameters was observed due
to excessive release of ethylene from CaC.,.
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