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ABSTRACT

Seed emergence and germination are critical initial phases in the plant life cycle, during which the
embryo successfully overcome dormancy, activate metabolic process, and stimulate early seedling
establishment. Seed priming is a simple, low-cost pre-sowing technique used to enhance germination
performance and early seedling vigor. The present study was carried out to investigate the effects of
plant priming agents on germination, and seedling growth responses of sorghum seeds. The treatments
consisted of soaking the seeds of sorghum in moringa leaf extract, aloe vera extract, coconut water
extract, lemon grass and lime extract for 10hours. The result reveals that, priming with moringa leaf
extract, aloe vera extract, coconut water extract and lemon grass increased final germination
percentage, germination index, root length, shoot length and seedling fresh weight of both cultivars as
compared to all pre sowing seed treatments including control. Seeds of sorghum cultivars primed with
moringa leaf extract, aloe vera extract, coconut water extract and lemon grass, significantly reduced
the time taken to 50% emergence and mean emergence, increased final seedling emergence
percentage and seedling growth. Results also indicated that priming with varying plant aqueous
extract improved germination potential and seedling establishment of the cultivars and it proved to be
better option than control which resulted in poor emergence and seedling growth. The highest
germination was recorded on seeds primed with moringa leaf extract with (93.33%) and is
recommended for priming of sorghum seed.
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INTRODUCTION

Plants are highly susceptible and sensitive to adverse environmental conditions during the
seedling and early vegetative stages. Dembélé ef al., (2021) reported that, Early-season drought limits
crop germination. Climate change is characterized by increased in temperature and drought. Globally,
climate change negatively impacts agricultural productivity by reducing seed emergence, impairing
germination, limiting plant growth, and ultimately diminishing both the quantity and quality of
harvested crop yields. Among the crops affected by climate change, sorghum is an important crop for
smallholder farmers (Niyibigira, 2012), who lack the resources to adapt to the impacts of climate
change (NBDF, 2014). Climate change induced high temperatures disrupt sorghum crop growth and
development, causing reduced yield due to disturbances in cell division, metabolism, photosynthesis,
and nutrient uptake (Ndlovu et al.,2021; Prasad et al., 2021). As a result, Stresses at any stage of crop
growth can cause an irreversible loss in yield potential (Pirasteh-Anosheh et a/., 2011; Hamidi and
Pirasteh-Anosheh, 2013).

Seed germination is affected by adverse environmental conditions including salinity, high
temperature, and drought (Wahid et al.,2007). High temperature regimes due to climate change affect
the percentage of seed germination, photosynthetic efficiency, crop phenology, reproductive biology,
flowering times, pollen viability and pollinator populations (Kumaraswamy & Shetty, 2016; Antle
and McGuckin,1993). Good seedling establishment is an important prerequisite for successful crop
production (Lamichhane et al., 2019). Poor seed germination and establishment of crop plant remains
significant constraints in achieving optimal crop performance, particularly under the increasingly
unpredictable environmental conditions exacerbated by climate change. According to Koirala (2017),
faster emergence, better and more uniform stands, less need to re-sow, more vigorous plants, earlier
flowering, earlier harvest and higher and stable grain yield were the benefits of seed priming.
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Seed priming is a simple, affordable pre-sowing method that improves seed performance and
synchronizes germination in both stressful and non-stressed conditions by stimulating the
physiological processes within the seed. Seed priming, a pre-sowing partial hydration treatment that
activates early metabolic processes without radicle emergence, enhances germination rate and
uniformity, reduces seedling emergence time, promotes seedling growth and development, regulates
key physiological, biochemical, and molecular processes, improves nutrient uptake and stress
tolerance, and ultimately contributes to higher crop yield (Ceritoglu et al., 2024; Mondal et al., 2022;
Mustafa et 1.,2017; Dastanpoor et al., 2013). It entails the partial germination of seed by soaking in
either water or in a solution for a specified period of time and then re-drying them just before the
radicle emerges (Neto and Tabosa, 2000). Priming is a useful tool for improving the quality of
seedlings (Mavi et al.,2011). Seed priming stimulates many of the metabolic processes involved in the
early germination phases and it has been noted that seedlings from primed seeds appear faster, grow
more vigorously and perform better under adverse conditions (Chavan et a/.,2014). However, priming
techniques, environment, and genotypes (seed coat), priming solution composition and Osmotic
potential affect priming efficiency.

Many literatures reported that, Botanical plants contain growth regulatory properties that will
enhance germination and good establishment of seedlings (Imran et al., 2014). According to Foidl et
al. (2001), moringa leaf is also rich in ascorbates, carotenoids, phenols, potassium and calcium, which
have plant growth promoting capabilities and often applied as an exogenous plant growth enhancer.
Among the different natural sources used, extracts of plants and their endogenous growth regulators
such as coconut water are gaining lots of attraction (Foidl et al., 2001). Coconut water with its several
hormones may facilitate the germination rate of seedlings (Overbeek et al., 2001). For instance, Dada
et al., (2019) reported high percentage emergence of Annona muricata seeds with increase in the time
of soaking in coconut water.

Sorghum is the fifth most important cereal crop in the world after rice, wheat, corn and barley
and it serves as the main cereal food for over 750 million people living in semi-arid tropical regions of
Africa, Asia and Latin America (Codex Committee on Contaminants in Foods, 2011). Sorghum holds
a crucial position in global food security due to its versatile usage as a staple food, bioenergy source,
feed for livestock, and industrial products (Habyarimana et al., 2020). sorghum not only pertains to
ensuring food security but also plays a compelling role in fostering sustainable agricultural practices
and stimulating rural development (Arouna, 2020).1t is one of the principal sources of energy, protein,
vitamins, and minerals for millions of the poorest people in the semi-arid region (Stefoska-Needham
etal.,2015).

Despite the potential benefits of plant extract seed priming, the mechanistic basis of
individual phytochemicals remains poorly understood. The soaking duration and redrying procedures
are also not standardized. Most of the result on plant extract priming are always from greenhouse,
there is a need for field validation. Also, the impact of priming on the seed and soil microbiome is
also unknown. Farmers need locally available priming agent or techniques that are both economically
inexpensive and environmentally friendly, to overcome the problem of low seedling establishment in
Nigeria. Hence, this experiment seeks to examine the priming effects of plant extracts on Sorghum in
enhancing germination and initial seedling growth performance under controlled conditions in Jos,
Plateau, Nigeria.

MATERIALS AND METHODS
Study Area

The study was conducted at the screen house of the Federal College of Forestry (latitude
09055’N, Longitude 08053’E and altitude 1,217m above sea level), located at the Jos-North, Plateau
Sate, during rainy season of 2020. The experimental station is located within the Northern Guinea
Savanna ecological zone of Nigeria (Kowal and Knabe, 1972). The experiment was laid out in
completely randomized design (CRD).
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Source of Experimental Seeds

Sorghum seed variety named CSR 01 was gotten from International Crops Research Institute
for the Semi-Arid Tropics (ICRISAT), Kano, Nigeria. It is an open pollinated seed variety. The
variety is locally known as “farafara”.

Treatment Details

The seed was treated with different plant extracts (Coconut water aqueous extract, Moringa
leave aqueous extract, Lime aqueous extract and Lemon grass leaves aqueous extract) as the priming
agents and control. Fresh Moringa leaves, and Aloe vera were obtained from a mature moringa tree at
Agricultural Development Program, Rikkos, Jos-North local Government and its’ juices was extracted
by a locally fabricated juice extraction machine following the method of the foidlet al., (2001), lemon
grass leaves were obtained in the College following the same method as the above, while matured
coconut fruit, lime oranges were purchased from Terminus Market and its water was harvested in the
chemistry laboratory of the College. All the plant materials were taken to herbarium for identification.
The plant materials were washed thoroughly and extraction was done with local machine. These
concentrates were kept for 48 hours. After 48 hours the extracts were filtered by two layer of muslin
cloth to remove unwanted material and leaf debris. The concentrations were mixed with distill water
in ratio 2:1 to form their respective solutions.

The seeds were soaked in their respective solution for 10 hours. After each treatment, seeds
were given three surface washings with distilled water and later dried closer to its’ original moisture
at room temperature. Five seeds from each of the treatments was sown in pots having soil mixture of
top soil, sand and poultry dropping all in ratio 1:1:1.

Method of Data Collection

The germination data was collected for the first 14 days after planting. At 20 days after
planting, the following growth parameters were collected: Seedling length, Shoot diameter (mm),
Seedling root length, Seedling Dry Weight, Seedling fresh Weight

Daily observation for germination of seedling was done for 14 days after sowing. The
seedlings were evaluated as described in Seedling Evaluation Handbook (AOSA, 1991) till a constant
count is achieved. Mean germination time (MET) was calculated according to the equation of Ellis
and Roberts (1981). Germination energy was measured at 4th day of planting. It is the percentage of
germinated seeds at 4" day of planting to the total number of tested seeds (Ruan et al., 2002).
Germination percentage was measured by using the following formula.

GP= No of seeds germinated x 100
Total no of seeds sown

Germination index (GI) was estimated according to the rules of Association of official Seed Analysts
(AOSA) (Anonymous. 1983) by using the following formula.
(Germination index = number of germinated seeds/ Days of first count + ------- + number of
germinated seeds/Days of final count)
Mean Germination Time (MGT) was calculated using the formula of Ellis and Roberts (1981):
MGT =X%Dn/ Zn
Seedling length (cm): The seedling length was measured from ground level to the tip of the main stem
at 20 days, 25 days and 30 days after sowing. The length obtained from three plants was computed
and expressed in centimeters
Data Analysis

The data was statistically analyzed using analysis of variance (ANOVA) procedure for
combined analysis. Means were separated using least significant difference LSD test at 0.05 level of
probability (Steel & Torrie, 1984). Statistical Package for the Social Sciences (SPPS), version 27.

RESULT
Effect of Priming Sorghum Seed with Plant Extracts on Germination %

Table 1 shows the effect of different priming agents on germination percentage of sorghum
seed. The main effect of priming agents were not significant (P<0.05) on germination percentage of
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sorghum bicolor seeds. However, the result shows that the highest mean value occurred in T3
(Moringa leaf extract) with a mean value of 93.33, followed by treatment T>(Aloe vera extract) with a
mean value of 86.67. Treatment Ts (control)gave the lowest germination percentage among the
different treatments with mean value of 66.67.

Table 1: Effects of Different Priming Agents on the Mean Germination % of Sorghum Seed

Treatments Germination %
T 73.33

T 86.67

Ts 93.33

Ts 80.00

Ts 73.33

Ts 66.67

SE+ 12.77

L.S N.S

T1: coconut water extract, T2: Aloevera, T3: Moringa leaf extract, T4: Lime orange extract, T5:
Lemongrass, T6: control.

N.S: Not Significantly

S.E: Standard Error

L.S: level of Significant

Effect of Priming Sorghum Seed with Plant Extracts on Germination Energy

The effect of different priming agents on germination energy of Sorghum seed is as shown in
table 2. The result shows that no significant difference occurred in the different priming agents on the
germination energy of sorghum bicolor at p < 0.05 level of significance. However, Ts and Ts gave the
highest mean value (66.67), followed by Ti with a mean value of (60.00). The lowest mean value
occurred in T2 and Ts that gave a mean value of 53.33 and 53.33 respectively.

Table 2: Effects of Different Priming Agents on the Germination Energy of Sorghum Seed

Treatments Germination Energy
Ti 60.00

T2 53.33

Ts 66.67

T4 53.33

Ts 66.67

Ts 53.33

SE+ 15.86

L.S N.S

T1. coconut water extract, T»: Aloevera, Ts. Moringa leaf extract, T4: Lime orange extract, Ts:
Lemograss, Ts: control.

N.S: Not Significantly

S.E: Standard Error

L.S: level of Significant

Effect of Priming Sorghum Seed with Plant Extracts on Germination Rate Index

The effect of plant extract priming agents on Sorghum seed is as shown in table 3. The result
shows that no significant difference occurred in among the priming agents on the germination
percentage of sorghum. However, Ts (control) gave the highest mean value (35.32), followed by T4
with a mean value of (32.42). The lowest mean value occurred in Moringa leaf extract that gave a
mean value of 24.43.
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Table 3: Effects of Different Priming Agents on the Germination rate index of Sorghum seed
Mean Germination Rate Index

Treatment GRI
T 32.07
T, 31.23
Ts 24.43
Ts 32.42
Ts 31.17
Te 35.32
S.E 5.09
L.S N.S

T1. coconut water extract, T»: Aloevera, Ts. Moringa leaf extract, T4: Lime orange extract, Ts:
Lemograss, Ts: control.

N.S: Not Significantly

S.E: Standard Error

L.S: level of Significant

Effect of Priming Sorghum Seed with Plant Extracts on Root Length

Table 4 shows the effects of different priming agents on the root length of Sorghum seed. The
result shows that significant differences occurred at p < 0.05 level of significant in the different
priming agents used. Treatment T> (Aloe vera) gave maximum mean value of 2.10, followed by Ts
(control) with a mean value of 1.80. Treatment T4 (lime extract) gave minimum mean value with a
mean value of 1.10. Treatment T> is observed to be significantly different from T; and Ts, but it is
seen to be statistically similar to treatment T3 and Ts. Treatments T (coconut water) and T4 are also
observed to be similar to treatments T3 (Moringa leaf), Ts (lemo grass) and Ts.

Table 4: Effects of different Priming Agents on the Mean Root Length of Sorghum seed

Treatments Root Length(cm)
Ti 1.18

T 2.10°

Ts 1.47%

Ty 1.10°

Ts 1.37%

Ts 1.80%

SE+ 0.34

L.S *

Ti. coconut water extract, T»: Aloevera, Ts. Moringa leaf extract, T4: Lime orange extract, Ts:
Lemograss, Ts: control. Means followed by the same letters are not significantly different at P=0.05
S.E: Standard Error

L.S: level of Significant

Effect of Priming Sorghum Seed with Plant Extracts on Seedling Dry Weight

Table 5 shows the effects of different priming agents on dry weight of Sorghum seed. The
result shows significant differences occurred in the different priming agents used. Treatment T3 gave
the highest mean value with a mean value of 0.27, followed by Ts (0.22). Treatment Ts gave the
lowest mean value with a mean value of 0.03. Treatment T is observed to be significantly different
from Ts and Ts, but they are seeing to be statistically similar. Treatments T, is also observed to be
statistically similar to treatments T2, and Ts. This could be as a result of improve cell elongation in Ts.
Improved seedling dry weight due to priming might be attributed to increased cell division within the
apical meristem of seedling roots, which cause an increase in plant growth and could also be due to
physiological process and repair mechanism that occur during priming (Taylor and Harman, 1990).
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Table 5: Effects of Different priming Agents on the Seedling dry Weight of Sorghum Seed

Treatments Mean Seedling dry Weight (g)
T 0.09%

T, 0.15b

Ts 0.274

Ty 0.032

Ts 0.19¢4

Te 0.22¢d

SE+ 0.034

L.S *

Ti. coconut water extract, T»: Aloevera, Ts. Moringa leaf extract, T4: Lime orange extract, Ts:
Lemograss, Ts: control.

Means followed by the same letters are not significantly different at P=0.05

S.E: Standard Error

L.S: level of Significant

Effect of Priming Sorghum Seed with Plant Extracts on Seedling Fresh Weight

Table 6 shows the effects of different priming agents on fresh weight of sorghum seed. The
result shows significant differences occurred in the different priming agents used (p < 0.05).
Treatment T3 gave the highest mean value with a mean value of 0.34, followed by Ts and Ts (0.28).
Treatment T; gave the lowest mean value with a mean value of 0.13. Treatment T; is observed to be
significantly different from Ts and Ts, but they are statistically similar. Treatments T is also observed
to be statistically similar to all other treatments except Ts.

Table 6: Effects of Different Priming Agents on the Mean Seedling Fresh Weight of Sorghum Seed

Treatments Mean Seedling Fresh Weight (g)
T: 0.132

T, 0.21

T; 0.34°

Ta 0.18%

Ts 0.28%

Ts 0.28%

SE+ 0.05

L.S *

Ti. coconut water extract, T»: Aloevera, Ts. Moringa leaf extract, T4: Lime orange extract, Ts:
Lemograss, Ts. control.

Means followed by the same letters are not significantly different at P=0.05

S.E: Standard Error

L.S: level of Significant

Effect of Priming Sorghum Seed with Plant Extracts on Seedling Length

The impact of seed priming with different priming agents on seedling length is as displayed
(Table 7). The result shows that significant differences were observed among the different treatments.
Treatment Ts is seen to be significantly different from Ts, and its also observed to be statistically
similar to T1, T2, T3 and Ts. Treatment Ts is also seen to be statistically similar to Ti, T2, T3 and Ta.
The highest mean value occurred in Te (20.33), followed by T> and T3 (18.67 and 17.32) respectively.
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Table 7: Effects of Different Priming Agents on the Mean Seedling Length of Sorghum Seed

Treatments Mean Seedling Length (cm)

T 17.332%®

T 18.67%®

Ts 17.32¢

T4 16.37%®

Ts 15.30°

Ts 20.33°

SE+ 2.02

L.S *

Ti.  coconut  water extract, Tx:Aloevera,Ts.Moringa leaf  extract,Ts:Lime  orange

extract,Ts.Lemograss,Ts. control.

Means followed by the same letters are not significantly different at P=0.05
S.E: Standard Error

L.S: level of Significant

Mean Germination Time (MGT)

Table 8 displays the result for the effects of different priming agents on the mean germination
time of Sorghum seed. The result shows that no significant difference occurred in the mean of
germination at p < 0.05. The highest mean value however occurred in treatment T4 (9.75), followed by
9.38 as observed in T>. No much differences were observed between the highest mean value and the
lowest but as such, treatment Ts gave the lowest mean value of 9.15 at p < 0.05 level of significant.

Table 8: Effects of Seed Priming on Mean Germination Time of Sorghum Seed

Treatments Mean Germination Time (days)
T 9.28
T, 9.38
T3 9.29
T, 9.75
Ts 9.15
Ts 9.28
SE+ 0.41
L.S N.S

Ti. coconut water extract, T»: Aloevera, Ts. Moringa leaf extract, T4: Lime orange extract, Ts:
Lemograss, Ts. control. N.S: Not Significantly S.E: Standard Error L. S: level of Significant

DISCUSSION

The essential phases in crop quality and development include uniform seed germination,
seedling growth, and an even plant establishment (Waqas et al., 2019). Seed priming is a
physiological technique that involves the controlled hydration and dehydration of seeds to enhance
pre-germinative metabolism for speedy germination (Dawood, 2018). In our study, seed germination
and seedling growth increased with plant extract priming agents compare to unprimed. This could be
due to the the presence of natural plant growth hormone like zeatin, cytokinin, auxin and gibberellin
and other bioactive substance which regulate germination and growth that has been reported. The
observations from our study indicate that the Moringa leaf extract has highest germination percentage
with a mean value of 93.33, followed by treatment T> (Aloe vera extract) with a mean value of 86.67,
compare to control (unprimed) with 66.67%. The result was seen not to be significant. However, the
observed trends are consistent with reports that botanical extracts can enhance seed germination in
cereals.

The result observation on root length, seedling dry weight and seedling fresh weight shows
significant difference with most of the treatment have higher efficiency than the unprimed.This result
is in accordance with the observation of (Sharma et al., 2014) who observed that seed treatment with
the coconut water solution led to a significant improvement in the germination rate, similar reports
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were seen in the study of (Chuwang et al., 2018) where seed priming with coconut water had the
highest germination percentage. Kumar et al. (2021) also reported a positive effect on seed
germination and plant growth of Chili pepper primed with 2% KNO;. The observed trends,
particularly the improved performance of Moringa and Aloe vera extracts, match with global evidence
suggesting that plant-based priming agents increase seed germination and early vigour in sorghum and
other crops.

In Nigerian sorghum production systems, particularly among smallholders, adopting Moringa
or Aloe priming protocols provide a cost-efficient and environmentally sustainable approach to
enhance stand establishment and resilience. Future research should concentrate on (1) standardising
extract preparation and priming protocols for local varieties, (2) executing multi-location field trials to
corroborate laboratory results across varied agroecologies, and (3) conducting genotype-specific
screenings to identify sorghum lines that exhibit the highest responsiveness to botanical priming.
Addressing these areas will enable the conversion of seed priming research into scalable agricultural
techniques that enhance food security and climate resilience in Nigeria and abroad.

CONCLUSION AND RECOMMENDATION

Seed priming with plant extracts significantly improved the germination and seedling growth
of sorghum. Moringa leaf extract proved most effective in germination percentage and seedling
biomass, while Aloe vera, coconut water, and lemon grass extract also enhanced vigor compared with
the control. Plant-based priming agents is an eco-friendly and low-cost approach for improving
sorghum stand establishment.

Moringa leaf extract is recommended as the most effective seed priming agent for sorghum,
while Aloe vera, coconut water, and lemon grass may serve as alternatives where moringa is
unavailable. Adoption of these priming protocols, particularly in Nigerian smallholder systems, offers
a cost-effective and environmentally friendly approach to enhance germination and crop resilience.
Future research should focus on standardizing extract preparation, optimizing concentrations, and
testing combinations for potential synergistic effects. Multi-location field trials and genotype-specific
screenings are also advised to validate effectiveness and identify the most responsive sorghum
varieties for large-scale adoption.

REFERENCES

Ahammad, K., Rahman, M., & Ali, M. (2014). Effect of hydropriming method on maize (Zea mays)
seedling emergence. Bangladesh Journal of Agricultural Research, 39(1): 17-25.
https://doi.org/10.3329/bjar.v39i11.20164

Antle, J. M., & McGuckin, T. (1993). Technological innovations, agricultural productivity and
environmental quality. In G. A. Carlson, D. Zilberman, & J. Miranowski (Eds.), Agricultural
and environmental resource economics (pp. 175-220).

Arouna, N., Gabriele, M., & Pucci, L. (2020). The impact of germination on sorghum nutraceutical
properties. Foods, 9(9): 1218. https://doi.org/10.3390/foods9091218

Ceritoglu, M., Erman, M., & Cig, F. (2024). Seed priming boosts plant growth, yield attributes,
seed chemical and antioxidant composition in lentil under low-phosphorus field conditions.
International Journal of Plant Production, 18: 513-530. https://doi.org/10.1007/s42106-
024-00307-1

Chavan, E. A., Bolarin, M. C., Perez-Alfoce, F., et al. (2014). Effect of NaCl priming on increased
salt tolerance in tomato. Journal of Horticultural Science, 66: 621-628.

Chuwang, P. Z., Idowu, G. A., & Oku, E. (2018). Influence of seed priming agents on the germination
and field performance of pepper (Capsicum spp.) in guinea savannah region of Nigeria.
International Journal of Science and Research, T: 247-250.

Codex Committee on Contaminants in Foods (CCCF). (2011). Working paper on mycotoxins in
sorghum. Joint FAO/WHO Food Standards Programme.

18


https://doi.org/10.3329/bjar.v39i1.20164
https://doi.org/10.3390/foods9091218
https://doi.org/10.1007/s42106-%09024-00307-1
https://doi.org/10.1007/s42106-%09024-00307-1

& Nigerian Journal of Agriculture and Agricultural Technology (NJAAT)
Xl Volume 5, Number 3B, 2025
y ISSN (Print): 2811-1885; ISSN (Online): 2811-1893

Dada, C. A., Kayode, J., Arowosegbe, S., & Ayeni, M. J. (2019). Effect of scarification on breaking
seed dormancy and germination enhancement in Annona muricata L. (Magnoliales:
Annonaceae). World Scientific News, 126: 136—-147.

Dastanpoor, N., Fahimi, H., Shariati-Davazdahemami, S., & Hashemi, S. M. M. (2013). Effects of
hydro priming on seed germination and seedling growth in sage (Salvia officinalis L.).
African Journal of Biotechnology, 12(11): 1223-1228.

Dawood, M. G. (2018). Stimulating plant tolerance against abiotic stress through seed priming. In
A. Rakshit, S. Singh, & A. Sen (Eds.), Advances in seed priming (pp. 147-183). Springer.
https://doi.org/10.1007/978-981-13-0032-5 10

Dembél¢, S., Zougmoré, R. B., Coulibaly, A., Lamers, J. P. A.; & Tetteh, J. P. (2021). Accelerating
seed germination and juvenile growth of sorghum (Sorghum bicolor L. Moench) to manage
climate variability through hydro-priming. Atmosphere, 12(4): 419.
https://doi.org/10.3390/atmos 12040419

Ellis, R. A., & Roberts, E. H. (1981). The quantification of ageing and survival in orthodox seeds.
Seed Science and Technology, 9: 373—409.

Foidl, N., Makkar, H. P. S., & Becker, K. (2001). The potential of Moringa oleifera for agricultural
and industrial uses. In L. J. Fuglie (Ed.), The miracle tree: The multiple attributes of
Moringa (pp. 45-76).

Habyarimana, E., De Franceschi, P., Ercisli, S., Baloch, F. S., & Dall’Agata, M. (2020). Genome-
wide association study for biomass-related traits in a panel of Sorghum bicolor and S.
bicolor x S. halepense populations. Frontiers in Plant Science, 11: 551-559.
https://doi.org/10.3389/pls.2020.551305

Hamidi, R., Pirasteh-Anosheh, H., & Izadi, M. (2013). Effect of seed halo-priming compared with
hydro-priming on wheat germination and growth. Infernational Journal of Agronomy and
Plant Production, 4(7): 1611-1615.

Imran, S., Afzal, 1., Amjad, M., Akram, A., Khawar, K. M., & Pretorius, S. (2014). Seed priming
with aqueous plant extracts improved seed germination and seedling growth under chilling
stress in lentil (Lens culinaris Medik). Acta Advances in Agricultural Sciences, 2(11): 58—
69.

Koirala, K. B. (2017). Effect of seed priming on maize in the western hills of Nepal. International
Journal of Applied Science & Biotechnology, 5(4): 470-478.

Kowal, J. M., & Knabe, D. T. (1972). Agroclimatological atlas of the Northern States of Nigeria with
explanatory notes (p. 128). Zaria, Nigeria: Ahmadu Bello University Press.

Kumar, A., Chaurasia, A., & Marmat, S. (2021). Effect of organic and inorganic seed priming on
seed quality parameters in chilli (Capsicum annum L.) seeds. Biological Forum — An
International Journal, 13(3): 200-205.

Kumaraswamy, S., & Shetty, P. K. (2016). Critical abiotic factors affecting implementation of
technological innovations in rice and wheat production: A review. Agricultural Reviews,
37(4): 268-278. https://doi.org/10.18805/ag.v37i4.6457

Lamichhane, J. R., Messean, A., & Ricci, P. (2019). Research and innovation priorities as defined by
Ecophyto plan to address current crop protection transformation changes in France. Advances
in Agronomy. Retrieved May 9, 2022, from https://www.sciencedirect.com

Mavi, H. R., Ali, A. S., Farzad, S. Z. (2011). Study of different priming treatments on germination
traits of soybean seed lots. Notulae Scientia Biologicae, 3: 101-108.

Mustafa, H. S. B., Mahmood, T., Ullah, A., Sharif, A., Bhatti, A. N., Nadeem, M., & Ali, R. (2017).
Role of seed priming to enhance growth and development of crop plants against biotic and
abiotic stresses. Bulletin of Biological and Allied Sciences Research, 2(2): 234-243.

NBDFEF. (2014). Community based climate change adaptation: Recor/eu program indicator toolkit.
Rwanda.

Ndlovu, E., van Staden, J., & Maphosa, M. (2021). Morpho-physiological effects of moisture, heat

and combined stresses on Sorghum bicolor [Moench (L.)] and its acclimation mechanisms.

Plant Stress, 2: 100-118. https://doi.org/10.1016/].stress.2021.100018

19


https://doi.org/10.3390/atmos12040419
https://doi.org/10.3389/fpls.2020.551305
https://www.sciencedirect.com
https://doi.org/10.1016/j.stress.2021.100018

- Nigerian Journal of Agriculture and Agricultural Technology (NJAAT)
k Volume 5, Number 3B, 2025
ISSN (Print): 2811-1885; ISSN (Online): 2811-1893

Neto, A. D., & Tabosa, J. N. (2000). Salt stress in maize seedlings: 1. Growth analysis. Revista
Ambiental, 4: 159-164.

Niyibigira, T. (2012). Transferring striga resistance QTL from a resistant donor source into adapted
sorghum variety in Rwanda (Master’s thesis). University of Nairobi.

Overbeek, J., Conklin, M. E., & Blakeslee, A. F. (n.d.). Factors in coconut water essential for growth
and development of very young plants. [Details missing].

Pirasteh-Anosheh, H., & Hamidi, R. (2013). Does seed chemical priming improve germination and
early growth of oil rapeseed? International Journal of Agronomy and Plant Production, 4(4):
805-808.

Prasad, V. B. R., Govindaraj, M., Djanaguiraman, M., Djalovic, 1., Shailani, A., Rawat, N., Singla-
Pareek, S. L., Pareek, A., & Prasad, P. V. V. (2021). Drought and high temperature stress in
sorghum: Physiological, genetic, and molecular insights and breeding approaches.
International Journal of Molecular Sciences, 22(8): 98-106.
https://doi.org/10.3390/ijms22189826

Ruan, S., Xue, Q., & Tylhowska, K. (2002). The influence of priming on germination of rice (Oryza
sativa L.) seeds and seedlings emergence and performance in flooded soils. Seed Science and
Technology, 30: 61-67.

Sharma, A. D., Rathore, S. V. S., Srinivasan, K., & Tyagi, R. K. (2014). Comparison of various seed
priming methods for seed germination, seedling vigour and fruit yield in okra (4belmoschus
esculentus L. Moench). Scientia Horticulturae, 165: 75-81.
https://doi.org/10.1016/j.scienta.2013.10.044

Steel, R. G. D., & Torrie, J. H. (1980). Principles and procedures of statistics (2nd ed.). New York,
NY: McGraw-Hill.

Stefoska-Needham, A., Beck, E. J., Johnson, S. K., & Tapsell, L. C. (2015). Sorghum: An
underutilized cereal whole grain with the potential to assist in the prevention of chronic
disease. Food Reviews International, 31(4): 401-437.

Wahid, A., Perveen, M., Gelani, S., & Basra, S. M. A. (2007). Pretreatment of seed with H.O:
improves salt tolerance of wheat seedlings by alleviation of oxidative damage and expression
of stress proteins. Journal of Plant Physiology, 164(3): 283-294.

Wagas, M., Korres, N. E., Khan, M. D., Nizami, A. S., Deeba, F., Ali, 1., & Hussain, H. (2019).

Advances in the concept and methods of seed priming. In M. Hasanuzzaman, M. Nahar, & M.

Fujita (Eds.), Priming and pretreatment of seeds and seedlings: Implication in plant stress

tolerance and enhancing productivity in crop plants (pp. 11-41). Springer.

20


https://doi.org/10.1016/j.scienta.2013.10.044

