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ARTICLE INFO ABSTRACT

Keywords: Okra is a commercially important vegetable crop that grows in tropical, subtropical, and warm
Fruit yield temperate parts of the world, but its productivity is hindered by a lack of improved cultivars and
Genotype

delayed and erratic seedling emergence in the field. An experiment was conducted to evaluate the
effect of seed priming treatments on okra genotypes’ seedling emergence and fruit yield. In this
experiment, Clemson spineless, Arka Anamika, SOH701, 240,207, and 240,586 okra genotypes
were primed with tap water, 50% cow urine, 200 ppm GAg, and 0.5% KH3POj, as treatments, and
dry seed of each genotype was used as a control. The experiment was conducted in Dire Dawa by
irrigation in a randomized complete block design with three replicates. GenStat software was
used to analyse all the data collected in this experiment. Genotype and seed priming treatments
significantly affected phenology, growth, fruit yield, and yield-related traits, and their in-
teractions affected the above traits, except for days to seedling emergence and fruit number per
plant. Genotype Clemson spineless (5.13 days) and seed primed with GA3 (4.6 days) had the
shortest days to 50% seedling emergence, and genotype 240,586 primed with KH,PO4 produced
the highest fruit yield per hectare (37.78 t ha™1). So, farmers in the study area are advised to use
genotype 240,586 with KHyPO4 seed priming to increase fruit yield. However, research con-
ducted at one site should be repeated at multiple sites in order to make recommendations that are
relevant to the country.

Okra
Pre-sowing treatment
Seedling emergence

1. Introduction

Okra [Abelmoschus esculentus (L.) Moench] is a warm-season annual herbaceous vegetable crop and a member of the Malvaceae
family [1]. It originated in Ethiopia and Sudan in northeastern Africa [2,3]. Okra is now grown in warm temperate, tropical, and
subtropical climates around the world [4,5]. According to FAOSTAT, okra covers 2.53 million hectares of land worldwide, with 10.5
million tons of fruit produced in the 2020 crop production year [6]. Okra stands out among fruits and vegetables, especially in
developing countries like Ethiopia, due to its numerous nutritional, medicinal, exportability, and adaptability benefits [7-9]. Okra
fruits are a good source of mucilage, fats, fibres, minerals, ascorbic acid, carotene, vitamins [10], proteins, carbohydrates [11], and
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edible oil [12,13]. Fresh okra leaves and immature green fruits are used in salads, soups, and stews [14], and dry okra seeds are used to
make vegetable curd or as a coffee ingredient, especially in Africa [15].

Okra can grow in the majority of Ethiopia’s agroecosystems, both in home gardens and commercially [16]. However, okra has
traditionally been grown from landraces in the eastern, southwestern, western, and northwest regions of Ethiopia, and it has his-
torically been a small-scale crop in the country [17]. Hence, there is no complet data on okra production and productivity in Ethiopia
[18]. Nevertheless, okra has a potential to ensure food security, overcome malnutrition, meet demand for vegetables, and be exported,
in Ethiopia and its fruit is already available at a premium price in urban areas of the country [19]. Okra fruit is also accessible in bars
and restaurants in Europe as a boiled and fried vegetable salad, and it has gained popularity as a new alternative in market diversi-
fication [20-22]. As a result, in line with the goals of food security, meeting vegetable demand, and exporting okra fruit, the Ministry of
Agriculture and Natural Resources (MOANR) has paid close attention to increasing okra production and productivity in Ethiopia, and
recently private companies have started cultivating okra in the country for export purposes [16]. However, okra production is limited
due to the lack of improved cultivars and prominently delayed and erratic seed germination and seedling emergence in the field due to
seed dormancy [23], which has an impact on other management practices such as post-emergence weed control, fertilizer application,
and consistent harvesting [24].

Effective production of agricultural and horticultural crops, including okra, depends on rapid, reliable, and complete germination
and seedling emergence in the field. Successful seed germination and seedling establishment and development are critical steps in the
crop’s life cycle to ensure vigorous growth and high productivity [23,25]. However, the main problems in okra cultivation are
extended germination, long seedling emergence times, non-uniformity, and poor seedling emergence and development [26]. There-
fore, this crop requires trustworthy pre-sowing seed treatment methods that can increase seedling emergence, establish quickly and
uniformly with vigorous crop stands, and improve production efficiency.

Seed priming is a low-cost, risk-free pre-sowing seed treatment in which the seeds are partially hydrated by soaking them in a
specific solution so that almost all seed metabolic processes take place before germination and then redried to restore the original seed
moisture content [27,28]. Seed priming treatments improve seed root emergence, germination speeds, seed vigor, seedling vigor, and
uniform seedling establishment in the field by altering numerous physiological activities in seeds, such as protein synthesis, mito-
chondrial repair, or the synthesis of new mitochondria, and enhancing a-amylase activity and soluble sugar content [27,29,30].
Previous studies have shown that various seed priming treatments increases germination percentage, reduces germination and
seedling emergence time, and improves seedling establishment in many agricultural and horticultural crops [31-33]. But the effec-
tiveness of seed priming is dependent on a number of physical and chemical elements, including priming agents, water potential, crop
species, and the quality of the seed [34]. Therefore, it is worth investigating suitable priming techniques for specific plant species such
as okra to promote seedling emergence, establishment and productivity under different environmental conditions. Numerous studies
on various seed priming methods have revealed improved seed germination and seedling vigor under controlled conditions for many
crops [31], including okra [35]. However, relatively limited research has sought to evaluate the impact of different priming methods
on okra across the entire growth season at field level. Furthermore, no research has been conducted on different seed priming tech-
niques for okra genotypes’ seedling emergence, growth, and fruit yield in Ethiopian conditions. Therefore, the objective of the current
study was to examine the effects of various seed priming methods on seedling emergence, growth, and fruit yield performance of okra
genotypes in order to determine the most suitable priming treatments for okra genotypes.

2. Materials and methods
2.1. Description of the study area

The research was conducted in Dire Dawa (Tony Farm) in 2019-2020 under irrigation conditions. Dire Dawa is 40, 66, and 518 km
away from Haramaya University, Harar, and Addis Ababa, respectively. The climate of Dire Dawa is warm, dry, and has a low amount
of precipitation. It is located between latitudes 9° 36’ 3.15" north and longitudes 41° 51’ 0.5112" east. The elevation of Dire Dawa is
950-1260 m above sea level [36]. About 25.4 °C is Dire Dawa’s average yearly temperature, and the average maximum temperature is
31.4 °C, and the average minimum is 18.2 °C. The yearly average total rainfall is 604 mm, while the average annual humidity is
41.82%. Loamy sand soil is the major soil type in the study area [37].

2.2. Experimental materials and priming treatments

Five different okra genotypes were used in this experiment. Two promising genotypes (240,586 and 240,207) are from Ethiopia;
one variety (Clemson spineless) was American; and two others (SOH701 and ArkaAnamika) were brought over from India and are now
registered as commercial varieties in Ethiopia. The seeds of these five genotypes were harvested in October 2019 at Dire Dawa and kept
in canvas bags at room temperature in the Horticulture Department of Haramaya University. Seed priming with tap water, 50% cow
urine, 200 ppm GA3, and 0.5% KH>PO4 solutions were used to soak the five okra genotypes for 24 h, and unprimed seeds of each of the
five genotypes were used as a control treatment. Therefore, there were 25 total treatment combinations.

2.3. Seed priming procedures

A 200 ppm gibberellic acid (GA3) solution was made by dissolving 0.2 g of GA3 in 1000 mL of distilled water. Similar to this, 5 g of
potassium dihydrogen phosphate (KH3PO4) was dissolved in 1000 mL of distilled water to make a 0.05% KHyPO4 solution.
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Furthermore, local breed cow urine was collected and used to make a 50% cow urine solution by measuring 500 mL of fresh cow urine
and blending it with 500 mL of distilled water to make a 1000 mL cow urine and distilled water solution. Prior to the application of
priming treatments, all examined okra genotypes’ seeds were surface sterilized with a sodium hypochlorite 0.05% solution for 5 min
and rinsed with distilled water to disinfect the seeds from pathogens. With the exception of the control treatment, the two hundred-
sixteen surface-sterilized seeds of each okra genotype were then soaked in tap water, 0.5% KH,PO4, 200 ppm GAg, and 50% cow urine
solutions for 24 h at room temperature. Following priming treatments applied, seeds were removed from each priming treatment and
allowed to dry between sheets of paper per treatment in the shade to regain their original dry weight.

2.4. Experiment design and experimental procedures

A three-replicate randomized complete block (RCBD) design was used for this field experiment. In the experimental area, each
treatment was randomly assigned to each replicate plot. Each plot was arranged in a single row consisting of 12 plants with a spacing of
0.6 m between plants. The plots and adjacent replicates were separated by 0.8 and 2 m, respectively. The land was prepared using a
tractor and human labor. Furrows for irrigation were made by leveling the soil. Hand-made ridges were prepared in accordance with
planting spacing. On December 28, 2019, three seeds per hill were sown at 5 cm depth and thinned to one plant per hill when plants
reached the 3-4 leaf stage. Furrow irrigation was applied once per week at emergence and once every two weeks at flowering and pod
development throughout the growing season. All other cultural practices, such as weeding, thinning, fertilization, and earthing up,
were consistently applied as recommended for the crop. Fruit harvesting was started on March 4, 2020, by using a sharp knife when the
fruit pod was bright green and fleshy and the seeds were small. Fruit harvesting was carried out eight times throughout the crop growth
period.

2.5. Data collection

Data on quantitative traits were recorded using the International Plant Genetic Resources Institute [38] descriptor list for okra
species. Ten plants per row were used to collect data for quantitative traits, leaving the two plants growing at either end of the row to
serve as border plants. The data for crop phenology, plant growth traits, and tender fruit yield and yield-related traits were collected as
described here below.

Count the days between seeding and 50% seedling emergence from the soil, 50% flowering, and the first tender fruit harvest for
each plot on a per-plot basis. At the final harvest, the average number of branches and internodes per plant on ten plants from each plot
was counted, and averages for ten plants were then determined. The number of tender fruits on ten plants in each plot at each harvest
was counted and summed at the end of the harvest, and the average number of tender fruits per plant was then determined. Ten tender
fruit lengths were measured per plot and for each harvest, from the base of the calyx to the tip of the fruit in centimeters, and the
average was determined by dividing the sum of all tender fruit lengths by the total number of measured fruits. Ten tender fruits were
used to measure the fruit length; they were also weighed using a sensitive balance for each plot and harvest, and the average fruit
weight in grams was then determined. The weight of the tender fruits harvested on ten plants for each plot and each harvest was
averaged to determine the tender fruit yield per plant (gram per plant), and the fruit yield per hectare (t ha™!) was determined by
converting the tender fruit produced per plot to tons per hectare.

2.6. Data analysis

According to the statistical techniques given by Gomez and Gomez, the quantitative data was subjected to a two-way analysis of
variance (ANOVA) using GenStat Software (version 16.1 by VSN International Ltd.) for the relevant experimental design [39].
Following the significance of mean squares, the comparisons of the mean performance of treatments were made using the Least
Significant Difference (LSD) at the 5% probability level.

Table 1
Mean squares analysis value effect of seed priming treatment and okra genotype on crop phenology, growth, and fruit yield-related traits and yield in
Dire Dawa in 2019-2020 by using F test.

Traits Genotype Seed Priming Genotype*Seed
DF =4 Df =4 Priming DF = 16

Days to 50% seedling emergence 4.5867** 34.5533** 1.4617™

Days to 50% flowering 51.1133** 109.2133** 6.505**

Days to fruit maturity 137.547** 217.747** 15.913*
Number of branches per plant 13.88** 8.659%* 2.987*
Number of internodes per plant 73.25%* 492.27** 32.07*
Number of fruits per plant 413.875%* 33.393%* 2.301™

Fruit length (cm) 25.672%* 13.074** 8.055**
Average fruit weight (g) 713.26%* 252.77** 60.72*

Fruit yield per plant (g) 1,707,587** 282,160%* 56,033*

Fruit yield per hectare (t) 741.12%* 122.46** 24.32*

DF, Degree of freedom; ns, non-significance difference; *&**, significant level at 5% and 1%, respectively.
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3. Results

Analysis of variance (ANOVA) results showed that there were significant variations between okra genotype and seed priming
treatment in all crop phenology, growth, and yield traits, such as days to 50% seedling emergence, days to 50% flowering, days to fruit
maturity, branches per plant, internodes per plant, fruits per plant, fruit length, average fruit weight, and fruit yield per plant and per
hectare (Table 1). Except for days to 50% seedling emergence and fruit number per plant, the interaction of genotype and seed priming
treatment significantly affected the days to 50% flowering, days to fruit maturity, branches per plant, internodes per plant, fruit length,
average fruit weight, and fruit yield per plant and per hectare (Table 1).

3.1. Effect of genotype and seed priming on crop phenology and growth traits

3.1.1. Days to 50% seedling emergence

Analysis of variance revealed that okra genotype and seed priming treatment had a significant effect on 50% day to seedling
emergence. The interactions between the two factors, on the other hand, had no significant effect on 50% days to seedling emergence
(Table 1). The results showed that all seed priming treatments reduced the number of days to seedling emergence in the field by 3-4
days compared to unprimed seeds. Okra seeds primed in GA3 had the lowest (4.6) number of days to 50% seedling emergence, which
was statistically comparable to seeds primed in KHyPO4 (5.13 days). Days to 50% seedling emergence were somewhat lower for both
seeds primed in cow urine (5.87 days) and tap water (5.73 days), which were statistically similar to each other. Unprimed okra seeds,
in contrast, had the longest (8.53) day to 50% seedling emergence (Table 2). Regarding genotype, genotype Clemson spineless took
fewer (5.13) days to reach 50% seedling emergence, which was not a statistically significant difference compared to genotype SOH701
(5.8 days). In contrast, genotype 240,586 had a significantly delayed time (6.6 days) to 50% seedling emergence, which was statis-
tically similar to genotypes 240,207 (6.07 days) and Arka Anamika (6.27 days) (Table 2).

3.1.2. Days to 50% flowering and fruit maturity

Days to 50% flowering and fruit maturity were significantly influenced by genotype and seed priming treatment as well as by the
interaction (Table 1). Genotype Clemson spineless primed in GA3 had the earliest (46.33) days to 50% flowering and days to first fruit
maturity (64.330), while genotype SOH701 unprimed seed showed a delayed (60.67) days to 50% flowering, which was statistically
equal to unprimed seed of genotype 240,207 (59.33 days). Similarly, unprimed seeds of genotype 240,207 delayed fruit maturation by
87.33 days in this study (Table 3).

3.1.3. Number of branches per plant

Number of branches per plant was significantly affected by seed priming, genotype, and the interaction of the two factors (Table 1).
Genotype 240,207 primed with GA3 (8.73), tap water (7.47), and KHyPO4 (7.27) had a higher number of branches per plant, and they
displayed statistical similarity to genotype 240,586 primed in tap water (6.93) and GA3 (7.1), genotype Arka Anamika primed in GA3
(6.9) and cow urine (7.41), and genotype Clemson spineless primed in cow urine (7.27). Whereas genotype SOH701 without priming
had a lower (3.73) number of branches per plant, with a non-significant difference between genotypes Clemson spineless (4.07), Arka
Anamika (5.6), and SOH701 (4.2) primed in tap water, genotype SOH701 (4.8) primed in GA3, genotypes SOH701 (5.27 and 4.4) and
240,586 (5.13 and 4.27) primed in KHoPO4 and cow urine, and unprimed seeds of genotypes Clemson spineless (3.8), 240,586 (4.33),
and Arka Anamika (5.07) (Table 3).

Table 2
The effect of genotype and seed priming on days to 50% seed emergence of okra.
Treatements Days to 50% seedling emergence (day)
Genotypes
Clemson spineless 5.13¢
Arka Anamika 6.27%
SOH701 5.80"
240,586 6.60%
240,207 6.07°"
LSD (5%) 0.696
CV (%) 15.9
Seed priming
Control 8.53%
Tap water 5.73%
GAs 4.60¢
KH,PO, 5.13¢
Cow urine 5.87"
LSD (5%) 0.696
CV (%) 15.9

Mean values within column in each main factor followed by the same letter (s) are
not significantly different at 5% probability level; LSD, Least significant difference
at 5% probability level; CV (%), coefficient of variation in percent; GA3, Gibber-
ellic acid; KHyPO4, Potassium dihydrogen phosphate.
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3.1.4. Number of internodes per plant

Genotype, seed priming, and their interactions all had a significant effect on the number of internodes per plant (Table 1). Genotype
240,207 primed with GAg had the highest number of internodes per plant (36.41), which was statistically similar to genotypes 24,058
(31.13), Arka Anamika (35.34), and SOH701 (32.25) primed with GA3. Meanwhile, genotype Clemson spineless without priming
treatment had the lowest (14.47) number of internodes per plant with a statistically non-significant difference from genotypes 240,586
(18.87), Arka Anamika (19.2), and SOH701 (20.6) primed in tap water, genotypes Clemson spineless (17.73) and 240,586 (19.33)
primed in KHyPOy4, genotypes Arka Anamika (20.07) and SOH701 (16.53) primed in cow urine, and unprimed seeds of genotypes
240,586 (16.53), Arka Anamika (18.8) and SOH701 (19.57) (Table 3).

3.2. Effect of genotype and seed priming on fruit yield and yield-related traits

3.2.1. Number of tender fruit per plant

Okra genotype and seed priming treatment had a substantial effect on the number of fruits per plant, while the number of fruits
produced by a plant was not significantly affected by the interactions of genotype and seed priming treatment (Table 1). Totally, the
results showed that the Ethiopian genotypes (240,586 and 240,207) produced more number of fruits per plant than the three intro-
duced genotypes. Genotype 240,586 produced significantly more fruits per plant (30.36) than the other genotypes. However, genotype
SOH701 had the lowest (18.06) number of fruits per plant (Table 4).

The findings demonstrated that all seed priming treatments enhanced the number of fruits produced per plant over unprimed seeds.
Okra plants grown from seeds primed with KHyPO4 produced the highest number (25.23) of fruits per plant compared to other seed
priming treatments and the control. Plants grown from seeds primed with cow urine (23.72), GA3 (23.6), and tap water (23.25) showed
no significant difference between them and increased the number of fruits per plant by about 11.6% over to the control treatment.
While the lowest (21.08) number of fruits per plant was produced in the plants grown from unprimed seeds (Table 4).

3.2.2. Fruit length

Fruit length was significantly affected by genotype, seed priming treatment, and their interactions (Table 1). In comparison to other
treatment combinations, the fruit of genotype 240,207 developed from GAs-primed seeds had significantly the longest (21.25 cm)
length, as shown in Fig. 2. In contrast, unprimed seeds of genotype 240,586 had significantly shorter (11.87 cm) fruit length, as shown
in Fig. 3. This was a non-significant difference between the same genotype primed with GA3 (14.27 cm), tap water (13.16 cm), cow
urine (13.6 cm), and KHoPO4 (13.71 cm), genotype 240,207 primed with tap water (14.4 cm), cow urine (13.81 cm), and KHyPO4

Table 3
The influence of genotype and seed priming on phenology and growth of okra.

Treatments Traits

Genotypes Seed Days to 50% flowering Days to fruit maturity Branches number per plant Internodes number per plant
priming (day) (day) (number) (number)

Clemson Control 53.00M 74.008% 3.80" 14.47

spineless Tap water 54.6798 73.331k 4,078 15.67)

GA3 46.33" 64.33™ 6.00"¢ 29.65"
KH,PO, 50.67" 67.00"™ 6.67°¢ 17.73Y
Cow urine 51.3311 73.67"k 7.27%® 29.335f

Arka Anamika Control 54.6798 80.00"d 5.06741 18.80"
Tap water 53.67%" 77.00% 5.60°" 19.2087
GA3 49.00™ 73.330k 6.90%¢ 35.34%°
KH,PO, 53.338" 75.33% 5.87%¢ 23.00"
Cow urine 55.33¢de 76.33% 7.41%° 20.0787

SOH701 Control 60.67° 78.33>h 3.73" 19.5787
Tap water 54.00°" 81.33% 420" 20.60%7
GA; 50.675 73.331k 4.80°" 32.25%¢
KH,PO, 54.00°" 74.67% 5.27°" 23.93¢1
Cow urine 54.00°" 77.00%" 4,400 16.53

240,586 Control 55.00%f 82.33° 4,33f8h 18.67"
Tap water 56.67¢ 74.008°% 6.93%¢ 18.87"0
GA3 50.00'™ 70.334 7.10%¢ 31.13%¢
KH,PO,4 52,6710 73.009% 5.1340 19.3387
Cow urine 54.6748 79.67"¢ 4.27%" 24.60°"

240,207 Control 59.33% 87.33% 6.13°°F 25.00%"
Tap water 58.67° 79.00>F 7.47% 20.0087
GAs 51.679K 72.00° 8.73% 36.41°
KH,PO, 55.67¢ 75.005% 7.27% 25.40%8
Cow urine 55.67 78.67"8 5.93%¢ 28.87°F

LSD (5%) 1.3876 4.686 1.963 6.46

CV (%) 1.6 3.8 20.7 16.8

Means followed by the same letters in the same column are not significantly different at P < 0.05 level of significance; LSD (5%), Least significant
difference at 5% probability level; CV (%), coefficient of variation in percent; GAs, Gibberellic acid; KH,PO4,, Potassium dihydrogen phosphate.
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Table 4
The effect of okra genotype and seed priming treatment on number of fruits per
plant.
Treatments Number of fruits per plant (number)
Genotypes
Clemson spineless 21.99¢
Arka Anamika 19.28¢
SOH701 18.06°
240,586 30.36%
240,207 27.20°
LSD (5%) 1.058
CV (%) 6.2
Seed priming
Control 21.08°
Tap water 23.25°
GAs 23.60°
KH,PO4 25.23%
Cow urine 23.72°
LSD (5%) 1.058
CV (%) 6.2

Mean values within column in each main factor followed by the same letter (s)
are not significantly different at 5% probability level; LSD, Least significant
difference at 5% probability level; CV (%), coefficient of variation in percent;
GA3, Gibberellic acid; KH2PO4, Potassium dihydrogen phosphate (see Fig. 1).

(14.48 cm), and unprimed seeds of genotypes Arka Anamika (13.84 cm) and SOH701 (14.37 cm) (Table 5).

3.2.3. Average fruit weight, fruit yield per plant and per hectare

Okra genotype and seed priming treatment, as well as the interactions of the two factors, significantly affected the average fruit
weight and fruit yield per plant and per hectare (Table 1). The largest (56.51 g) average fruit weight was produced by genotype
240,586 with KH2PO4-seed priming when compared to all other treatment combinations. However, genotype Clemson spineless
primed with tap water had the lowest (16.72 g) average fruit weight, with no significant difference between genotype Arka Anamika
primed with tap water (18.11 g), GA3 (22.96 g), and genotype 240,207 (24.45 g) primed with tap water (Table 5). Similarly, the fruit
production of genotype 240,586 with KHyPO4 seed priming treatment was significantly the highest per plant (1813.4 g per plant) and
per hectare (37.78 t ha™!), approximately 49.3% more than its unprimed counterpart of the same genotype. Contrarily, genotype Arka
Anamika with unprimed seeds produced lower fruit per plant (270 g) and per hectare (5.63 t ha™!), with non-significant differences to
the same genotype primed with tap water (346.4 g and 7.22 t ha™') and cow urine (518.6 g and 10.8 t ha™!) and unprimed seeds of
genotype SOH701 (445.3 g and 9.28 t ha™!) and primed with tap water (392.7 g and 8.18 t ha™!) (Table 5).

4. Discussion

Uniform germination, seedling emergence, seedling vigor, plant growth, and maturity are the most crucial factors to ensure
effective crop establishment and yield [25,40]. Seed priming treatments improve germination, seedling emergence, and crop estab-
lishment in the field by breaking seed dormancy and improving seed vigor [27,41]. Rapid and uniform emergence and development of
seedlings in the field are critical steps in all crop life cycles to ensure vigorous growth and high productivity [40]. Many research
reports have shown that seed priming techniques increase the speed and consistency of seedling field emergence and seedling
development in the field [42]. In a similar trend, our findings demonstrated that all seed priming techniques reduced the number of
days to field emergence compared to unprimed seeds. The reduction of the number of days to seedling emergence in the field can be

80
70
60 -
50 - = RH
40 - = Tmax
30 - Tmin
20 | Rain fall
10 —
0

December January February March April May

Fig. 1. Climatic conditions during the crop-growing season from December 2019 to May 2020.
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—

Fig. 2. Harvested fruit of genotype 240,207 grown from GAj treated seed.

-

Fig. 3. Harvested fruit of genotype 240,586 grown from unprimed seeds.

-

Table 5
The influence of genotype and seed priming treatment on fruit yield and yield related traits of okra.

Treatments Traits

Genotype Seed priming Fruit length (cm) Average fruit weight (g) Fruit yield per plant (g) Fruit yield per hectare (t)

Clemson spineless Control 15.97>h 27.83°%8 582.48% 12.138%
Tap water 15.99"8 16.72! 669.4%1 13.95%
GA3 16.40"8 29.02°%8 627.25 13.07%
KH,PO, 17.97> 41.28" 798.7°% 16.64°®
Cow urine 16.87"¢ 28.01°%8 765.0°" 15.940

Arka Anamika Control 13.841 28.69°%8 270.0' 5.63!
Tap water 15.019" 18.11M 346.44 7.22K
GAs 16.41%8 22.968" 584.68°% 12.188%
KH,PO, 16.29 29.24°%8 5818 12.108%
Cow urine 18.43" 31.07°%8 518.6"" 10.80™

SOH701 Control 14.37°1 29.36°%8 44531 9.28"
Tap water 15.50¢h 30.01°% 3927 8.18
GA3 16.57"f 33.48°F 638.21 13.30%
KH,PO,4 16.86™ 40.96" 566.65 11.80%%
Cow urine 15.30" 32.124¢f 553.48% 11.538

240,586 Control 11.87' 35.04¢ 1214.5%¢ 25.30°d
Tap water 13.16M 27.43°f¢ 826.3°f 18.22¢f
GAs 14.27¢1 26.94°" 1271.9%¢ 26.50>
KH,PO, 13,7180 56.51% 1813.4° 37.78%
Cow urine 13.608" 33.53%f 1317.6° 27.45°

240,207 Control 17.93bcd 35.21%¢ 681.5 14.20
Tap water 14.40% 24.45f1 826.3°% 17.21°%
GA3 21.25% 30.39°%8 876.1° 18.25¢
KH,PO, 14.48%1 43.92° 975.94 20.334¢
Cow urine 13.81% 35.15>¢ 1005.7°% 20.95%4

LSD (5%) 2.824 9.05 273.3 5.694

CV (%) 11 17.5 21.7 21.7

Means followed by the same letters in the same column are not significantly different at P < 0.05 level of significance; LSD (5%), Least significant
difference at 5% probability level; CV (%), coefficient of variation in percent; GA3, Gibberellic acid; KH2PO4, Potassium dihydrogen phosphate.

achieved through all seed priming treatments that enhances the physiological activity of the seed embryo by overcoming seed
dormancy, encouraging embryo growth, and increasing seed vigor [43]. Apart from this, okra seeds primed with GA3 resulted in the
emergence of seedlings from the soil earlier than other seed priming techniques. So the field emergence response of okra seedlings was
more pronounced with GA3 than with other seed priming techniques. Because GA3 enhances seed hydrolase activity and catalyzes the
breakdown of preserved food materials into sugars and amino acids to improve germination and seedling emergence over the three
remaining seed priming techniques. GAg is also widely used to break seed dormancy and promote seed germination by promoting
embryonic growth and softening the seed coat to improve germination and seedling emergence both in laboratory and field conditions
[44]. The results confirmed by Ref. [43] found that okra seeds primed with 50 ppm GA3 had significantly shorter days to seedling
emergence over the other priming treatments and the control. Furthermore [45], reported that primed okra seedlings emerged from
the soil more quickly than unprimed seeds.

The present findings demonstrated that okra genotypes significantly influenced seedling emergence in the field. As we explain in
the result section, in comparison to genotypes 240,586, 240,207, and Arka Anamika, genotypes Clemson spineless and SOH701 took a
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shorter days to attain 50% seedling field emergence. This is because of the inherent range of okra genotypes, genetic differences
contributed to the variances in okra seedling emergence. Based on a previous research result reported by Ref. [35], the Clemson
spineless and SOH701 genotypes had a lower percentage of hard seeds than genotype 240,586 and 240,207 due to genetic differences
in the laboratory conditions. As a result, seedlings from genotypes Clemson spineless and SOH701 emerged quickly from the soil,
whereas those from hard-seeded genotypes 240,586 and 240,207 showed irregular and delayed seedling emergence in the field for this
study. Therefore, genotypes Clemson spineless and SOH701 are crucial resources for plant breeding programs aiming for earlier
seedling emergence variety releases. The findings are in line with those of [19,46], who found that okra genotypes significantly
affected seedling emergence.

Improved field emergence, vigorous plants that are more tolerant of stressful environments, early flowering and maturity, earlier
harvesting, and increased production can all be the result of direct seed priming effects in almost all crops [47,48,55,56]. In the current
study, we found that the seed priming treatments accelerated flowering and fruit maturity as well as improved growth and fruit
yield-related traits and yields of okra genotypes. The majority of okra genotypes, with the exception of genotype 240,207, respond to
all seed priming techniques for early flowering and fruit maturation. However, genotypes’ responses to seed priming treatments
differed for flowering and fruit maturity, which may be due to the genetic heterogeneity of the genotypes. Okra genotypes grown from
all seed priming treatments had the quickest flowering and fruit maturity over unprimed seeds due to early seedling emergence and
vegetative growth [49]. Genotype Clemson spineless primed with GA3 had the shortest days to 50% flowering and the earliest first fruit
maturity when compared to other genotypes and seed priming treatments. Over all, GAs-primed seeds of all genotypes showed better
response to germination and fruit maturation than the other seed priming treatments. The beneficial effects of gibberellins have been
revealed in a variety of crops by showing shortened juvenile phases and improved early flowering and fruit development [50]. The
findings are consistent with those of the authors [43], who reported that GA3 primed seeds reduced the number of days to 50%
flowering, fruit setting, and maturity as compared to unprimed okra seed. Furthermore, the current research is supported by Ref. [51],
who revealed that plants of a chili variety grown from GAs-primed seeds took fewer days to reach 50% flowering and fruit maturity
than unprimed seeds. However, the current research results are contrary to Ref. [52], who reported that okra seed primed with hot and
normal water as well as a 3% NaCl solution increased the number of days to flowering and fruit maturity compared to unprimed seed.

As reported in the result section of this study, the number of branches and internodes per plant and fruit length of okra genotypes
were significantly influenced by seed priming treatments. The genotypic responses of okra genotypes to each seed priming treatment
were roughly different for the number of branches and internodes per plant and fruit length. Genotype 240,207 primed in GAs, tap
water, and KHyPO4 had the heighest branches per plant, followed by genotype 240,586 primed in GA3 and tap water, genotype Arka
Anamika primed in GA3 and cow urine, and genotype Clemson spineless primed in cow urine. Genotype 240,207, grown from seeds
primed in GA3, and all other genotypes primed in GA3 except genotype Clemson spineless, had a higher number of internodes per plant.
Similar to this, the highest fruit lengths were recorded from genotype 240,207 with seeds primed in GAs. The highest number of
branches, internodes per plant, and fruit length from GA3 primed seeds may be GAj attribute that promotes seedling establishment and
increased meristematic cell activity in seedlings of genotypes, which is essential for plant vigor growth and fruit length [53]. Gib-
berellins play a crucial role in regulating a variety of plant developmental processes, such as seed germination and seedling emergence,
stem lengthening, and leaf elongation. The advantageous benefits of GA3 have been demonstrated in a number of crops via increased
seed germination and seedling establishment [54,55], leaf expansion and development, and stem elongation [56,57]. Genetic diversity
in okra may be the cause of the differences in responses to GAs seed priming and the other priming treatments in the current
investigation. The findings are consistent with those of the authors [58], who found that primed okra seeds with 100 ppm GAg3 pro-
duced more branches per plant than the control. Moreover, the outcome is consistent with [43], who reported that okra fruit length and
average fruit weight were significantly influenced by 50 ppm GAgs-primed seeds compared to unprimed seeds.

The number of branches and internodes per plant as well as the length of the fruit were also increased in the current study for some
specific okra genotypes using tap water, cow urine, and KH,PO4 seed priming, which may be related to the early field emergence of
plant seedlings. In addition to encouraging early seedling emergence and growth, cow urine and KHyPO4 had effects on the increased
number of branches and internodes per plant and fruit length by providing nutrients. Seed treatment with cow urine improved growth
traits and fruit length due to the presence of a variety of phytonutrients, including N, P, K, and micronutrients, which are essential plant
nutrients that promote plant growth [59]. Hence, cow urine is considered an alternative fertilizer in crops cultivation [32,60], and cow
urine also provides plant growth hormones to enhance plant growth [61]. Similar to seed priming with cow urine, seed priming with
KH3PO4 can also provide phytonutrients such as K and P to promote seedling and whole plant growth [62]. This result is supported by
Ref. [63], who reported that the application of cow urine concentration led to an increased number of branches and leaves per okra
plant over the control [64]. also found that seed priming with cow urine improved maize growth traits over unprimed seed. Similarly,
in accordance with the current findings [32], in wheat reported that seeds primed with cow urine improved field emergence and
growth performance. Furthermore, the current results are supported by the findings of [65], who revealed that okra seeds primed with
distilled water, diammonium phosphate, and single superphosphate for 24 h produced more internodes, branches, and leaves per plant
than dry seeds.

The number of fruits per plant showed significant differences among five okra genotypes, which may be due to genetic factors.
According to them, the genotypes 240,586 and 240,207 that originated in Ethiopia produced more fruits per plant than the newly
introduced genotypes. The higher number of fruits per plant in this study from the genotypes collected in Ethiopia could be due to the
genotypic factor. Furthermore, Ethiopian genotypes might be more locally adapted than introduced genotypes to contribute an
increased number of fruits per plant. Okra genotypes that originated in Ethiopia are therefore essential resources for breeding ini-
tiatives that aim for an increased number of fruits per plant. The current findings are consistent with [66] report that okra genotypes
collected in Ethiopia produced more fruit per plant than commercial okra cultivars introduced in other countries [19]. also reported
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that the genotypes of okra originating from Ethiopia had more fruits per plant than the imported commercial cultivars from other
countries. Whereas, the current finding is in contrast to Ref. [52], who reported that the number of fruits per plant was non-significant
between okra varieties.

For seed priming, all seed priming methods increased the number of fruits produced per plant when compared to unprimed seeds.
This is due to the fact that seed priming treatements enhance early seedling emergence and the vigor of plant growth, which en-
courages the efficient use of available plant nutrients during the growing season [67]. In this study, when compared to other seed
priming treatments, plants established from seeds primed with KHyPO4 produced the highest number of fruits per plant. This is because
the seeds primed with KH2PO4 not only stimulated seed vigor and improved seedling emergence and establishment but also increased
the K and P phytonutrients for seedling growth, which can help mitigate K and P deficits in plant growth [62], which is important for
increased fruit production per plant over other priming methods. The outcome is consistent with [65], who revealed that okra seeds
primed with phosphate solution and distilled water produced more fruits per plant than the control. Moreover [52], also reported that
okra seed primed with hot and normal water as well as a 3% NaCl solution increased the total number of fruits per plant than the
control treatment.

Seed priming increases yields in many crops through directly enhancing seedling emergence, promoting earlier plant growth and
flowering, and improving crop establishment [68,69]. In the current study, except for tap water and cow urine seed treatments, most
okra genotypes responded better to almost all seed priming treatments over unprimed seeds for increased average fruit weight and fruit
yield per plant and per hectare. Despite the fact that the efficacy of priming treatments for these traits varies among okra genotypes due
to genetic interaction of the genotype with priming agents. The higher fruit yield in the present study could be attributed to active
growth and net assimilation, which resulted in more branches, more fruit pods per plant, and higher fruit weight due to the direct effect
of priming treatments over unprimed seeds. But in comparison to all treatment combinations, genotype 240,586 seeds primed with
KH,PO4 produced the fruit with the highest average weight and fruit yield per plant and per hectare over the others. This is because
seed priming with KHyPO4 increases K and P content in the seeds, which can stimulate seed vigor and improve earlier seedling
emergence and establishment, as well as increase K and P plant nutrients for seedling growth, leading to increased growth and yield
[62]. Vigorous seedling establishment and plant growth could possibly have improved fruit yield per plant and hectare by increasing
fruit weight and number [70]. Furthermore, earlier crop establishment and vigorous growth reduce weed competition, allowing plants
to absorb more water and nutrients, resulting in a higher yield [71]. The result is consistent with that of [72], who found that treating
okra seeds with KHoPOy4 in a 0.5% solution increased fruit yield per plant and per hectare in comparison to untreated seeds. Similar
results had also been reported by Ref. [73], okra seeds treated with a 3% NayHPOj4 solution for 24 h produced significantly more fruit
per hectare than untreated seeds. Besides [65], who reported that okra seeds soaked in a single superphosphate solution and distilled
water for 24 h greatly enhanced the fruit yield [23]. also reported that okra seed primed by various priming agents for 24 h signifi-
cantly increased the fruit yield and yield attributes of okra. Furthermore, according to Ref. [74], okra seed primed with 0.5% con-
centration of DAP increased fruit yield per hectare in comparison to other concentrations and control treatments.

5. Conclusions

The results of the current study revealed that various seed priming treatments had diverse effects on the phenology, growth, fruit
yield, and yield-related traits of okra genotypes. Genotype Clemson spineless had the shortest days to 50% seedling emergence; okra
seeds primed with GAz had the shortest days to seediling emergence; and genotype Clemson spineless primed with GA3 had the
quickest days to flowering and fruit maturity. In terms of average fruit weight, fruit yield per plant, and yield per hectare, genotype
240,586 primed with KHoPO4 showed the best performance. Farmers in the study area are advised to cultivate genotype 240,586 with
KH3PO4 seed priming to increase okra fruit production. Farmers can also cultivate genotype 240,207 with cow urine seed priming,
genotype Arka Anamika with GA3 or KH2POy, and genotypes Clemson spineless and SOH701 with cow urine or KHyPO4 seed priming
to enhance fruit production over dry seed of each genotype. However, the study, which was conducted at one site, will need to be
repeated in multiple locations to provide significant recommendations for the country.
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