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Abstract

Determining pre-sowing treatments at the seedling stage is critical to effectively managing seed germination and
growth. This study investigated the effects of pre-sowing treatments on Grevillea seed germination and early seedling
growth. Grevillea robusta seed germination and seedling growth performance under different water soaking treatments
were evaluated for three months under nursery and laboratory conditions. A total of 250 seeds were pre-treated
with cold water and soaked for 12, 24, 36, 48, and 72 hours, respectively, while the control was not soaked. Each
treatment used a total of 25 seeds. Sow the seeds directly into polyethylene bags filled with a homogeneous growing
medium (top forest soil, sand, and fertilizer) mixed in the recommended proportions to avoid disturbing the root system
after germination. Seeds were sown using a randomized complete block design (RCBD), with 10 treatments and 3
replicates. The growth parameters evaluated were root collar diameter (cm), seedling height (cm), root depth (cm),
survival rate (%), germination presentation, and seed germination rate. The results showed that there were significant
differences (p < 0.05) in the seedling growth parameters (root collar diameter, root depth, and seedling height) of
different pre-planting treatments. The findings indicated that Grevillea seeds immersed in cold water (T3) had a slightly
better survival rate (92%), whereas under T9, root collar diameter (0.44 cm), seedling height (31.05 cm), and root
depth (25.62 cm) all showed slightly greater growth performances. Therefore, cold water soaking (T9) is the best pre-
sowing treatment when compared to other seed-enhancing pre-treatments for promoting uniform and optimal seed
germination and early seedling growth. Seeds sown without any treatment (control) were found to have the poorest
growth performance among all parameters studied. The present study showed that seed germination percentage,
germination time, and seedling vigor were affected by the cold water soaking of seeds. This indicates that pre-sowing
treatments significantly affected seed germination and seedling growth.
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Introduction

The largest species in the genus Grevillea in the family Proteaceae
is Grevillea robusta, often known as southern silky oak, silk oak, or
Australian silver oak (Resch, 1998). It is native to the east coast of
Australia and lives in river, subtropical, and dry tropical rainforest
environments with an average annual rainfall of more than 1000
mm (Bowman, 2000). Population growth and rapid decline in forest
cover, poor increments, low sustainable yields, and increasing demand
have resulted in timber and fuel-wood shortages in the country (Lal,
2010). To meet the growing demand for wood, the timber industry is
promoting short-term rotations of fast-growing tree species such as
Grevillea robusta. Grevillea robusta has been introduced to tropical
and subtropical plateaus and warm temperate regions around the
world since the mid- to late-19" century (Ciesla, 2001). Grevillea
robusta is a fast-growing tree with multiple uses, providing a variety of
goods and services, including building materials, power transmission
poles, timber, fuel wood, shade, windbreaks, fodder, and soil fertility
improvement (Kimaro and Liingilie, 2015; Kuyah et al., 2020; Nyambati
and Kioko, 2018) [1].

Many natural fast-growing tropical tree species contain hard
seeds that have low/poor germination rates and show seed dormancy
(Bezkorowajnyi, 2001). An essential method of woody plant
propagation for mass manufacturing is seed germination (Guan et al.,
2016). Being able to quickly acquire viable, evenly sized seedlings is
one technique to boost the production of healthy seedlings in orchards
and plantations. However, because seeds take so long to germinate,
this is typically a difficult operation. Especially in leguminous species,

a stiff seed coat that inhibits water absorption is the cause of slow
germination (Barton, 1965). Large-scale Grevillea robusta plantations
are being cultivated in Ethiopia's farmlands, degraded forest lands,
roads, railways, community lands and canal belts (Othieno et al.,
2016). These plantations produced a lot of wood, telephone poles, and
firewood that was extremely beneficial (Kuria et al., 2014). However,
the majority of the early plantations had very low production.
Therefore, forest nurseries are essential to the success of any planting
and restoration initiative. The most fundamental and basic method of
plant regeneration, preservation, and proliferation is through the use of
seeds (Benson, 2000). Most species' life cycles begin with the seed phase,
which is the most crucial for survival, dormancy, and germination
(Penfield, 2017). However, for this to happen, seeds must germinate
in an environment that promotes the growth of seedlings and future
plants. It needs technical expertise to grow quality seedlings, including
careful planning of quality seed selection, containers, and required
(Kettenring and Tarsa, 2020; Kildisheva et al., 2020). However, during
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this period various dormancy mechanisms inhibit germination, so the
seeds need to be treated. Some species have very poor germination rates
due to seed coat dormancy (Kheloufi et al.,, 2018). The reason for its
dormancy is its permeability to water. The seeds are treated to ensure
they germinate quickly and evenly. In order to promote the rapid
and uniform germination of seeds sown in the nursery, pre-sowing
treatment is carried out (Krishnan et al., 2014; Wang et al., 2016) [2].

As Grevillea robusta becomes more important, its systematic
cultivation becomes more important for productivity. However,
little information is available on the scientific management of this
species. Pre-sowing treatments may affect the germination period and
germination rate of different tree seed species (Azad et al., 2013). Seed
germination rates and germination processes have been reported based
on numerous studies on different species of some tropical forest trees
(Fischer et al., 2016; Kennedy and Swaine, 1992; Maass and Burgos,
2011). Pre-sowing seed treatments directly impact tree growth and
the success of planting activities. Sometimes, healthy seeds will not
germinate even with the right temperature, light, and adequate moisture
(Tamado et al., 2002). Seed dormancy is the failure of developed seeds
to germinate under the right conditions (Bradbeer, 2013). The main
problem encountered in the production of afforestation seedlings
in arid and semi-arid areas is poor seed germination due to hard
seed coats (Bradbeer, 2013). The Grevillea robusta seed dormancy is
mainly due to the hard seed coat, which affects seed germination. In
order to break dormancy and obtain rapid germination, the seeds of
the tree species must undergo some physical treatment if they are to
be successfully incorporated into a tree planting program. Pre-sowing
treatments of seeds break down the resistant seed coat and allow the
embryos to absorb moisture (Veiga-Barbosa et al., 2016) [3].

Therefore, pre-germination seed treatment is one of the most
important factors for successful seedling production and is responsible
for higher growth performance of plantations. Reforestation and
afforestation programs that incorporate these species into their
planting plans are expected to receive an abundance of planting
material from nursery operators. There is insufficient information on
pre-sowing treatments for seed germination and early seedling growth
of most tree species in Ethiopia. Unless we master the details of seed
germination, there can be no viable saplings. This study evaluated the
effects of different pre-sowing treatments on Grevillea germination and
growth during nursery and laboratory cultivation. The main purpose
of this study was to investigate the effects of nursery and laboratory
pre-sowing treatments on grevillea seed germination and early seedling
growth [4].

Materials and Methods

Description of the study area

The trial was conducted for a year at the nursery and laboratory
of the Bako Agricultural Research Center. The center is located in
western Ethiopia, 9°%6’'N, 3709’E, 250 km from Addis Ababa and 1,650
m above sea level (Figure 1). The climate is warm and humid, with the
annual average minimum temperature, maximum temperature and
average temperature from 2000 to 2021 being 13.6, 28.6 and 21.1°C,
respectively. The annual rainfall in this area is 1279.6 mm, with the
highest rainfall from June to August (meteorological data records of
Bako Agricultural Research Center) (Figures 2 and 3). Soils in this
region are typically reddish-brown in color and have a pH that ranges
from slightly high to acidic [5].

Experimental design and treatments

The research work includes laboratory testing and nursery
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Figure 2: Long-term total annual rainfall and mean annual minimum and maximum
temperatures (2000-2021).

activities. The study took place over a twelve-week period at the
nursery and laboratory of the Bako Agricultural Research Centre.
Seeds of Grevillea robusta were collected around the study area. Place
collected fresh seeds into perforated plastic bags and exclude, extract
and clean seeds that are insect-infested, physically damaged or rotten.
Seeds were soaked manually and dried in the shade to study the
effects of different pretreatments on germination parameters. Pretreat
Grevillea seeds with cold water at different intervals. The pots are
made from a mix of local soil, forest soil, sand and animal manure.
Sow seeds of Grevillea robusta in polyethylene pots that match the
nursery recommended pot size (Figure 4). Three replicates of 250 seeds
were taken from each treatment, with 25 seeds in each replicate, and
germination experiments were conducted under nursery conditions.
The experiment was conducted using a randomized complete block
design (RCBD) with ten (10) treatments and each block was randomly
assigned to a treatment. Different cold water seed soaking times (12,
24, 36, 48, 72 hours and control (without any treatment)) were used to
evaluate the effect of pre-sowing treatments [6-10].

Each replicate of seeds were subjected to the following treatments:
(T1) - Control (seeds sown without any treatment), (T2) - Soaked in
cold water for 12 hours, (T3) - Soaked in cold water for 24 hours, (T4)
- Soaked in cold water for 36 hours, (T5) - Soaked in cold water for 48
hours, (T6) - Soaked in cold water for 72 hours, (T7) - Soaked in cold
water for 12 hours + dried + again soaked in cold water for 12 hours,
(T8) - Soaked in cold water for 24 hours + dried + again soaked in cold
water for 24 hours, (T9) - Soaked in cold water for 36 hours + dried +
again soaked in cold water for 36 hours, (T10) - Soaked in cold water
for 48 hours +dried + again soaked in cold water for 48 hours.
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Figure 3: Long-term average monthly rainfall, average minimum and maximum temperatures (2000-2021).

Figure 4: Pre-sowing treatment and management at nursery.

The experiment was conducted in the off-season, with watering Figure 5: Growth parameters measurements (a- root depth, b- collar diameter and
every morning and evening. Seed germination and seedling growth ~ c-height).
parameters were collected to evaluate their impact on seed germination
and early seedling growth in nursery and laboratory [11].

Growth parameters including root collar diameter, height, root
depth, and survival were evaluated at the nursery stage and destructive
sampling method has been used to assess the effects of pre-sowing
treatments. The middle seedlings (10 plants per block) were used as
measurement samples to minimize boundary effects, while survival
counts were performed on the entire seedlings within the block. Use
a caliper to measure the root collar diameter, and use a tape measure
to measure the root neck height and root depth, as shown in Figure 5
[12-17].

Germination test at laboratory

Finally, the investigation also describes germination of seeds in the
laboratory shortly after field experiments. Untreated Grevillea seeds
were soaked in cold water for 12, 24, 36, 48, and 72 h and then sown on
laboratory Petri dishes (Figure 6). If water vapor is removed from the
Petri dish, add distilled water to the Petri dish. Seeds were considered Figure 6: pre-sowing treatment in the laboratory.
to have germinated when the radicle penetrated the seed coat, and
germinated seeds were removed from the Petri dish to avoid double
counting of seeds. Continue daily germination counts until no more

seeds germinate [18]. Nursery data on growth performance of seedlings were recorded

Seed germination and seedling growth performance
assessment
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at the age of three months. These parameters include root collar
diameter (cm), seedling height (cm), seedling root depth (cm) and
seedling survival rate (%). So, use a ruler to measure the stem height
in centimeters (cm) from the soil surface to the tip of the Grevillea
main axis, where new shoots appear. Use a caliper to measure the root
collar diameter in millimeters (mm) near the soil surface. In addition,
detailed practical observations, photographs, and interpretations are
performed regularly, thereby documenting the various morphologies
and anatomy of the seedlings. The effects of pre-sowing treatments on
seed germination and seedling growth are regularly found by counting
germinated seeds and assessing the initial growth performance of the
seedlings. Cumulative germination rates were recorded every other day
of sowing and continued until germination was complete. All growth
parameters were collected to evaluate the growth performance of
Grevillea robusta. Seedling vigor index (SVI) was calculated according
to (Abdul-baki and Anderson, 1973) as the germination percentage
multiplied by the total seedling length (i.e., the sum of shoot and
root lengths). Ten (10) seedlings from each replicate were randomly
uprooted and root lengths were measured. The seedling vigor index
(SVT) was calculated according to (Abdul-Baki and Anderson, 1973) as
the percentage of germination multiplied by the total seedling length
(i.e. the sum of shoot and root lengths).

Seedling vigor index (5VI) = Germination(%)x Total Length of Seedlings

Based on the daily number of germination, calculate the
germination percentage and germination rate through the formula
given below.

Number of normal seeds germinated

Germination Percent = — - - x100
Total number of seeds sown
Number of g inated seeds
Gr + y
i Days to |

Statistical data analysis

Data are presented in the form of percentages, figures and tables.
To compare the effects of pre-seeding treatments, statistical analysis of
variance (ANOVA) and general linear models (GLM) were performed
to determine whether there were any statistical differences between
treatments. SAS9.3 was used to conduct statistical tests on the early
survival rate and growth performance parameters of seedlings. Mean

values were separated using the least significant difference (LSD) test.
Statistically significant differences between treatments with p < 0.05
confidence intervals were determined [19].

Results

Climatic condition during the experimental period

During the experiment period, the temperature in this area was
higher and the rainfall was the least. The area received average monthly
rainfall; minimum and maximum temperatures were 61.7 mm, 9.5°C
and 32.6°C respectively (Figure 7). The highest rainfall of 155.8 mm was
recorded in April (end of the trial period) and the lowest rainfall was
recorded in January (beginning of the trial period). Rainfall increased
slightly at the end of the experiment [20].

Growth parameters

Results of this study on seed germination and early seedling growth
showed significant changes (p<0.05) among pre-sowing treatments.
The summary results of germination rate, root collar diameter, root
depth, height and survival rate of Grevillea robusta at seedling stage are
shown in Table 1.

Root collar diameter (RCD)

Statistical analysis showed that there were significant differences
in RCD between different pre-sowing treatments (p<0.05). The largest
RCD (0.443 and 0.433 cm) were recorded for treatment 7 (soaked in
cold water for 12 h and again dry soaked for 12 h) and treatment 5
(soaked in cold water for 48 h). Nursery field data showed that the
minimum and maximum values RCD between different pre-sowing
treatments were 0.37 and 0.443 cm, respectively. The results of this
study indicate that soaking Grevillea in cold water for 12 and 48 hours
breaks the seed coat, thereby promoting germination. Therefore,
soaking Grevillea in cold water for 12 hours before sowing (drying and
then soaking for 12 hours) or soaking in cold water for 48 hours can
ensure the normal growth of the RCD of the seedlings (Table 2) [21].

Seedling height (cm)

The effect of pre-sowing treatments on the average height of
Grevillea seedlings was significant (p < 0.05) (Table 1). Compared with
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Figure 7: Mean monthly rainfall, average minimum and maximum temperature during experimental period.
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Table 1: Summary of variance analysis of Grevillea seedlings under different seed pretreatments.

SV Root collar diameter Height Root depth Survival rate
df MS F F F Pr>F MS F Pr>F
TRT 9 0.016 11.63 ** < 0.0006 11.26 ** < 0.0007 9.02** | 0.0019 18.53 2.06" 0.8089
REP 2 0.002 1.69m 0.1651 1.92 0.1148 1.21m 0.2539 56.42 0.6505" 0.7388
ERROR 18 0.001 86.38
Total 29
*Significantly different at 5% probability; ns: not significantly different at 5%; SV: Source of variation; MS: Mean square; F: F value
Table 2: Average growth parameters of silver birch seedlings under different cold water treatments.
Treatments RCD Ht RD SR
Tl 0.383 + 0.0492° 23.187 + 2.794> 21.5131.272 77.33+10.072
T2 0.377 + 0.067" 21.547 + 5.306° 21.913 3.414% 88.00 10.582
T3 0.420 + 0.010%° 28.080 + 2.669*° 23.547 £ 4.790% 92.00 + 6.932
T4 0.403 + 0.064¢2¢ 24.753 + 7.804%>* 24.600 + 2.2082 82.67 +10.072
T5 0.433 + 0.02920° 28.987 + 4.534% 23.837 £ 2.973* 86.67 £ 6.112
T6 0.370 + 0.046° 23.720 £ 5.304 23.193 + 2.030% 82.67 +6.112
T7 0.443 + 0.021° 29.867 + 1.358% 23.333 + 4.956% 80.67 +7.022
T8 0.377 £ 0.071% 25.433 + 9.2413>¢ 19.920 3.900° 86.67 + 11.552
T9 0.440 + 0.026%° 31.047 +4.0832 25.620=3.4412 80.00 10.582
T10 0.417 + 0.095°¢ 26.0477.2673¢ 23.593=3.493* 84.00 18.00*
CcVv 13.3 21.2 14.9 10.6
LSD (0.05) 0.092 9.474 5.848 15.2

T1,T2...: Treatments; LSD (0.05): Least Significant Different at P < 5%; CV: Coefficient Variance

normal germination (control), there was no significant difference in
the plant height of T3, T4, T8, and T10 soaked seeds. The results of the
determination of the height of the Grevillea seedlings indicate that seed
soaking is a suitable pre-sowing treatment for the growth of Grevillea
seedlings. It was observed that the highest heights (31.04, 29.87 and
28.99 cm) were recorded after the seeds of Grevillea were soaked in cold
water for 36 hours, dried and soaked again for 36 hours; soaked in cold
water for 12 hours and dried again, soaked for 12 hours and soaked in
cold water for 48 hours, respectively [22].

Seedlings root depth (cm)

Statistical analysis shows that there was a significant difference in
root depth among different pre-sowing treatment (p < 0.05) (Table 1).
The highest root depth (25.62 cm) was recorded in Grevillea robusta
seeds soaked in cold water for 36 hours and dried again soaked for 36
hours (T9). Untreated seeds and T8 had comparable values (19.9-21.5
cm) which were lower than all soaking in cold water [23].

Seedlings survival rate (%)

The highest survival rate was observed in T3 (92.00 £ 6.93),
followed by T2 (88.00 + 10.58), but the difference between treatments
was not significant (Table 1). Thus, water treatment did not have
a significant effect on the survival rate of Grevillea seeds. Seedling
survival rates recorded at the end of the experiment for different
pre-sowing treatments ranged from 77% to 92%. Generally speaking,
among different pre-sowing treatments, seeds pretreated with T9
(seeds soaked in cold water for 36 hours and then soaked in dry water
for 36 hours) germinate quickly (2 to 8 days), have high collar diameter
(0.440 cm), and plant height (31.05 cm), root length (25.620 cm) and
higher germination rate (97%) and survival rate (80%) under laboratory
conditions). The next best pre-sowing treatments are T7 (soak in cold
water for 12 hours, then dry soak for 24 hours), collar diameter (0.443
cm), plant height (29.87 cm), root length (23.33 cm) and T5 (soak in
cold water for 48 hours), high collar diameter (0.433 cm), plant height
(28.99 cm), root length (23.84 cm) and survival rate under nursery
conditions (86.67%). The profitability of a nursery depends largely

on the germination, growth and survival of seeds in the nursery until
planting (Sohel et al., 2023). Studies on pre-germination treatments of
tree seeds conducted by many researchers have shown that pre-sowing
treatments can significantly increase seed germination rates (Amoakoh
etal., 2017; Azad et al., 2013; TUHETERU et al., 2022) [24].

Start of germination day, end of germination day, and seedling
vigor index

Table 3 presents summary results of germination percentage,
germination start day, germination end day, and seedling vigor index
(SVTI) for Grevillea under nursery conditions. Pretreatment of seeds has
a significant impact on days to germination and germination rate of
Grevillea robusta seeds. The first germination was recorded at 2 day
after sowing from the seeds soaked in cold water under T2 T3, T4,
and T9. Grevillea robusta soaked in cold water (T2 T3, T4, and T9)
significantly (p < 0.05) increased the germination as compared to the
control (seeds sown without any treatment). Compared with other
treatments, germination ended later in the control and treatment (T2
T3, T4, and T5) [25].

The results showed that there was no significant difference in
the germination cut-off date of each treatment (P > 0.05), but the
germination start date, seedling vigor index and germination rate were
significantly different (P < 0.05) affected by the pre-sowing method
(Table 3). The shortest germination times are T7 (3-14 days) and T10
(4-14 days), and the longest germination times are control (5-19 days),
T2 (2-18 days), and T3 (2-20 days). , T4 (2-19 days) and T5 (3-21 days)
under nursery conditions. In terms of seedling vigor index (SVI),
under nursery conditions, T3 (47.33) was significantly higher than all
other pretreatment techniques, while T8 (36) was significantly lower
than all other pretreatment techniques. The treated the seeds immersed
in cold water in T3 produced seedlings with high vigor flowed by T8
and T9. This means Grevillea robusta might require time to break the
dormancy and after that soaking in cold water for 36 hours in second
time makes the seed coat softer, which ensures the maximum successful
germination of seed (Chapman et al., 2020). Pretreatment under T10
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Table 3: Effect of seed pre-sowing treatment on mean germination parameters of Grevillea robusta at nursery site.

Treatments SDG EDG Svi Germination Rate
Tl 5.000 1.7322 18.667 + 3.5122 38.633 + 4.023* 2.173 + 0.564°
T2 2.000 1.000° 18.000 4.583° 37.744 £ 2,977 2.980 * 0.46420°
T3 2.000 1.000° 19.667 + 5.8597 47.327 £ 1.066° 3.155 + 0.636°°
T4 2.000 1.000° 19.000 + 6.0832 40.622 + 6.833%° 3.386 + 0.478%°
T5 3.333+0.577% 21.000 + 5.5682 45,756 + 3.162% 3.287 + 0.470%°
T6 4.333+0.577* 15.667 + 2.3092 38.931 + 6.6472>* 2.559 +0.181%
T7 3.000 0.000%® 14.333 £ 3.5122 42.717 £ 3.795¢% 2.844 + 0.608™
T8 4.333 3.512% 17.333 £ 8.083 35.994 + 14.291° 2.719 1.436™
T9 2.000 1.000° 17.000 4.359° 45.079 £ 2.944zbc 3.242 + 0.363%°
T10 3.667 + 0.577%° 14.333 + 2.0822 41.841 £ 10.274¢0° 4.042 £ 0.9432
Ccv 9.24 14.87 11.06 11.05

LSD (0.05) 25 8.7 9.5 1.2

SDG: Start of germination day; EDG: End of germination day; SVI: seedling vigor index
Table 4: Effect of seed pre-sowing treatment on average germination parameters of Grevillea robusta in laboratory.

Treatments SDG EDG GP GR
T1 6.000 + 2.000* 9.667 0.577¢% 14.667 £ 6.110° 1.137 £ 0.569°
T2 3.333 + 1.528™ 12.667 + 1.528% 52.000 + 17.436° 2.560 + 0.862%
T3 4.000 1.732% 14.667 + 2.0822 62.667 +4.619° 1.883 £ 0.440%
T4 2.333 1.155 12.333 £ 0.577¢0° 64.000 8.000° 2.557 +0.237
T5 1.000 0.000¢ 10.667 + 2.0820cd® 56.000 + 20.785° 3.170 + 1.114°
T6 2.333+0.577° 11.333 + 2.309°« 66.667 16.166° 2.880 + 1.038
T7 1.667 + 1.155% 9.000 1.732¢¢ 92.000 + 8.000° 6.097 + 1.619°
T8 1.000 0.000¢ 9.000 1.732¢¢ 96.000 + 4.000° 7.877 +1.575%
T9 1.667 £ 1.155% 8.000 1.000° 97.333 +4.619° 6.633 + 1.7612
T10 1.333 £ 0.577« 10.000 + 1.7320cde 92.000 + 8.000° 6.263 + 0.5312
Ccv 8.35 6.12 15.22 7.35

LSD (0.05) 21 2.8 20.11 1.92

SDG: Start of germination day; EDG: End of germination day; GP and GR: Germination percentage and Rate

treatment significantly increased the germination rate of Grevillea seeds
compared with normal germination (control). The control produced
the longest germination days and lower germination rates. Likewise,
the results of this study showed that germination percentage and
germination rates were improved when Grevillea seeds were subjected
to various pre-sowing treatments of cold water soaking. Pre-sowing
treatments promote rapid germination (Bonner, 1989; Chapman et al.,
2020). Many studies have attempted to break the dormancy of hard-
coated seeds to improve germination rates and seedling vigor (Lott et
al., 2005; Umarani, 2014) [26].

Effect of seed pre-sowing treatment on average germination
parameters of Grevillea robusta in laboratory

Table 4 Summary results of germination rate, germination start
day, germination end day and seedling vigor index (SVI) of Grevillea in
the laboratory. The results obtained showed that germination rates and
duration varied significantly depending on the different pretreatments.
The seeds soaked in cold water for 48 hours and soaked in cold water
for 24 hours and then dried again and soaked in cold water for 24
hours began to germinate earlier than other treatments. Germination
ended in T2, T3 and T4 later in cold water immersion compared to
the other treatments. The results showed that there were significant
differences (p < 0.05) in germination start and end dates, seedling vigor
index, and germination rate between treatments (Table 4). The shortest
germination times are T7 (2-9 days), T8 (1-9 days), T9 (2-8 days) and
T10 (1-10 days), and the longest germination time is the control under
laboratory conditions (6-10 days), T2 (3-13 days), T3 (4-15 days)
and T4 (2-12 days), the highest germination rate was observed, T9
(97.33%) followed by T8 (96%), T7 and T10 (92%), control/untreated

seeds had the shortest germination rate (14.67%). Untreated seeds
(control) had late germination when other treatments had already
completed germination. This means that the optimal treatment for
Grevillea robusta T9 is considered in terms of germination start and
end, germination percentage and germination rate. The main reason
why T9 can successfully germinate is that the Grevillea robusta seeds
need cold water for the first time to break dormancy, and then soak
in cold water for a second time for 36 hours to soften the seed coat
and maximize the germination rate of the seeds, which ensures the
maximum successful germination of seed [27].

Generally speaking, with the extension of soaking time, the
germination rate increases significantly. Furthermore, as the cold water
soaking time increased, the germination rate increased compared to
the control under laboratory conditions. Regardless, these two findings
suggest that changes in pre-sowing treatments contribute to the
production of viable and viable seeds in the laboratory and to improved
survival and growth performance of Grevillea seedlings in the nursery
(Kildisheva, 2019; Sagwal, 2020). Furthermore, this plays a key role
in producing optimum quality and required quantity of seedlings to
achieve the desired development goals of the field plantation. Therefore,
in the process of planting and cultivating Grevillea seedlings, we should
consider choosing appropriate treatment methods to produce high-
quality and large quantities of seedlings to maximize the survival rate
of seedlings and minimize the mortality of seedlings (Cochrane et al.,
2015) [28-36].

Conclusions

The purpose of this study was to explore the effects of pre-sowing
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treatments on the seed germination and early seedling growth of
Grevillea robusta to obtain high-quality seedlings. Studies have
shown that pre-sowing treatments can soften the seed coat and have
a profound impact on the germination and seedling development of
Grevillea, resulting in increased germination rates and better seedling
growth. Among different pre-sowing treatments, T9 had the largest
plant height (31.05 cm), root neck diameter (0.44 cm) and collar
diameter (25.62 mm). Understanding pre-seeding treatments at the
early sapling stage is critical to managing seeds and resources. Based on
the results obtained, it is clear that Grevillea seeds require pre-sowing
treatment to promote seed germination and early seedling growth. This
study showed that there were significant differences in the germination
rate start and end dates of seed germination, seedling vigor index, and
germination rate of Grevillea robusta seeds under different treatments.
It can be seen that among the different pre-sowing treatments of silver
birch, T9, T7, and T5 performed best in terms of germination rate,
germination presentation, plant height, collar diameter, survival rate,
root length, and seedling vigor index. In order to establish a tree species
nursery and produce high-quality seedlings with minimum labor,
time and cost, pre-sowing treatment of seeds is crucial. The results
of this study will help large and small nursery operators to increase
seed germination rates and seedling sales revenue. Therefore, nursery
owners such as government, NGOs and private sector should be
aware of the effects of pre-sowing treatments on seed germination and
growth so that these treatments can be applied to obtain high quality
seedlings for mass production in the shortest possible time. Further
research is needed to understand physical and chemical influences
under laboratory and nursery conditions and to understand the growth
performance of Grevillea [37].
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