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Abstract: Seed priming is a technique that can potentially facilitate rapid and consistent germination
and subsequent plant growth. The present study investigates the effect of different seed priming
treatments and processing times on germination and growth efficiency for the effective cultivation
of Yard-long bean. Thirteen different primings were used to determine the stimulatory effect on
the germination and yield performance of the Yard-long bean. The priming treatments included
control (without priming); hydro priming for 12, 18, 24, and 30 h; halo priming (1% CaCl2) for 12,
18, 24, and 30 h; and halo priming (2% KNO3) for 12, 18, 24, and 30 h. Studies showing the highest
level of germination (86.66%), germination index (35.69), seedling vigor index (1833.80), number of
branches (7.20), and pod yields per plant (1836.00 g) were recorded from halo priming with 1% CaCl2
at 12 h treatment. Halo priming with 1% CaCl2 at 12 h is thus considered to be a compatible priming
technique for the germination of seeds and a higher yield of Yard-long bean.

Keywords: bean; pretreatment factors; seed priming; seedling growth; yield

1. Introduction

Uniform germination, seedling vigor, plant growth, and maturity are considered the most decisive
factors that lead to successful crop establishment ensuring high productivity [1]. In this scenario,
the main target of the agricultural seed industry is to boost the essential and yield-defining stage of
crop cultivation by improving the germination and vigor indices of seeds. Nonetheless, poor seed
vigor, as well as adverse climatic conditions following sowing, can lead to slow germination and poor
seedling establishment. Low-input agriculture in developing countries at a marginal level faces a
massive challenge of crop development [2]. The problem is severe in semi-arid areas because of the
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low water potential, soil crusting, and high temperature, resulting in reduced crop establishment [3].
In the face of climate change, high temperature in particular adversely affects agroecosystems [4].
Furthermore, low seed quality under field conditions may not perform consistently, and can delay
germination and negatively affect seedling vigor, thus adversely affecting yield performance. Therefore,
the agricultural industry seeks any reliable technique that can enhance the ability of seeds to germinate
and establish rapidly and uniformly with robust crop stand, and provide higher production efficiency
at diverse environmental conditions.

Seed priming is a technique for minimizing emergence time, ensuring consistent germination,
and improving crop performance. It is a treatment at pre-sowing, leading to a physiological condition
that makes it more useful for the seed to germinate. Priming also implies a simple procedure that
hydrates seed partially in a controlled environment followed by seed drying, so that processes of
germination start without a radical appearance [5]. The method is beneficial for many plants where
germination and growth can restrict by adverse soil and climatic conditions. This simple pre-sowing
process can enhance the emergence of radicle, pace of germination, seedling vigor, and uniform
establishment by changing various physiological and metabolic activities [6]. Specific pre-hydration and
priming methods reported improving the germination and synchronization of seeds [7]. Osmo-priming,
halo-priming, and hydro-priming (soaking seeds in osmotic solutions) are some of the most popular
priming methods. Hydro priming and halo priming have been reported to increase the germination
of seedlings and their development in various plant species [8]. However, priming success depends
on several physical and chemical factors such as water potential, priming duration, priming agents,
and seed condition that influence subsequent crop development [9]. Therefore, the optimization of the
priming technique and priming duration for a specific crop is an area worth exploring to improve crop
establishment and productivity in a wide range of environmental conditions.

Yard-long bean (Vigna unguiculata L.) is one of the most popular Southeast Asian vegetables,
especially in Bangladesh [10]. The Yard-long bean is highly rich in protein, vitamin A, and vitamin
C, which also provide an excellent dietary source of minerals such as calcium, iron, magnesium,
manganese, phosphorus, and riboflavin [11]. Yard-long bean cultivation, however, faces numerous
challenges, including non-uniform and delayed germination, as well as poor seed vigor, growth,
and yield [12]. Rapid, consistent, and complete germination is a pre-condition for successful vegetable
crop production. However, the main problems in beans’ cultivation are longer germination time,
non-uniform germination, and poor emergence [13,14]. In recent years, several studies on seed priming
with specific salts like CaCl2, and KNO3 reported enhanced germination of various plant species and
overall growth under both normal and stress conditions. However, studies that attempted to check
the response of priming on crops during the whole growing season are very limited. Additionally,
most of the priming experiments are conducted on either laboratory or greenhouse trials, whereas
assessment of performance in field conditions with diverse climatic conditions is scarce, particularly in
the Bangladesh context.

The main objective of the current research was to study the stimulatory effect of the different
primings and processing times on germination and yield performance to identify the suitable seed
priming methods and optimum priming duration for successful Yard-long been cultivation.

2. Materials and Methods

2.1. Plant Material and Priming Treatments

The seeds of Yard-long bean (cv. BARI Borboti—1) were collected from the Bangladesh Agricultural
Research Institute (BARI), Gazipur, Bangladesh. The priming treatments were viz. no priming,
hydro priming at 12 h, hydro priming at 18 h, hydro priming at 24 h, hydro priming at 30 h,
halo priming with 1% CaCl2 at 12 h, halo priming with 1% CaCl2 at 18 h, halo priming with 1% CaCl2
at 24 h, halo priming with 1% CaCl2 at 30 h, halo priming with 2% KNO3 at 12 h, halo priming
with 2% KNO3 at 18 h, halo priming with 2% KNO3 at 24 h, and halo priming with 2% KNO3 at
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30 h. The seedling was grown in the Seed Technology Laboratory, Department of Seed Technology,
Sher-e-Bangla Agricultural University, Dhaka, Bangladesh, in 2017.

2.2. Seed Priming Techniques

For the preparation of (1%) calcium chloride (CaCl2) solution, 10 g CaCl2 salts were placed in
a measuring flask and the volume was made up to 1000 mL with distilled water. Similarly, a 1%
potassium nitrate (KNO3) solution was prepared by placing 10 g of salt into a measuring flask, and the
volume was made up to 1000 mL with distilled water. The seeds were washed with distilled water
with subsequent dipping into sodium hypochlorite 0.05% solution (5 min) for surface sterilization.
Seeds were then dried at room temperature up to moisture content <10% on a dry weight basis of
the seeds following standard conditions for seed storage [15]. The seeds were immersed in distilled
water to regulate hydro-priming, halo (1% CaCl2), and halo (2% KNO3) each for 12, 18, 24, and 30 h,
respectively, as per treatments separately at room temperature.

2.3. Germination Test

Fifteen seeds were placed in Petri dishes (diameter 11 cm) composed of double layers of Whatman
No.1 filter paper, which were moistened with 5 mL distilled water up to seven days. Each priming
treatment was replicated three times in a completely randomized design (CRD). The Petri dishes
were placed accordingly for germination and incubated in a seed germinator under controlled
conditions at 25 ◦C and 60% relative humidity (RH). The only disinfected seed that did not receive any
priming treatment was used as control. Upon germination, seedlings were counted up to two weeks.
The number of normal seedlings was interpreted according to International Seed Testing Agency (ISTA)
criteria for normal seedlings [16]. The germination parameters were determined as follows.

2.4. Total Germination Percentage (TG %)

The total number of treated seeds germinated in the total days was determined as a proportion of
the seed numbers shown as a percentage for each procedure [17].

TG (%) = (Number of germinated seed/Total number of seed set for germination) × 100 (1)

2.5. Speed of Germination

The method provided by the author of [18] was used to determine the speed of germination with
the following formula:

Speed of germination = N1/d1 + N2/d2 + N3/d3 + . . . . . . . . . + Nn/dn (2)

where N = number of germinated seed; d = number of days.

2.6. Germination Index (GI)

As defined in the Official Seed Analyst Association [19], the germination index (GI) was calculated
as follows:

Germination Index = Gt/Tt (3)

where
Gt = number of seeds germinated on day t;
Tt = the number of germinated seeds at time Ti.
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2.7. Vigor Index (VI)

The index of vigor (VI) was determined using the equation from the author of [20] from maximum
germination and the length of seedlings.

VI = TG (%) × seedling length (mm)/100 (4)

where TG = total germination.

2.8. Experimental Area, Climatic Conditions, and Soil

The field experiment was conducted at Horticulture Research Field, Sher-e-Bangla Agricultural
University, Dhaka, Bangladesh, in 2017. The study area was located at 23◦77′ N and 90◦33′ E at an
altitude of 8.2 m above the sea level. The study area was part of the “Modhupur Tract” Agro-Ecological
Area, AEZ-28. The studied soil belongs to the general type of soil and the flaky red-brown Tejgaon series
terrace soil. The chemical composition of the studied soil was organic carbon (1.28%), total N (0.09%),
P (18.47 ppm), and K (0.09 mg/l00 g); PH 6.14.

2.9. Experimental Setup, Planting Time, and Management Practices

The field trial was conducted in a randomized complete block design (RCBD) with three replications.
Each block was separated by a 1.5 m alley. Plots were 4 m in length, consisting of 10 rows maintaining
25 cm. Seeds were seeded at a depth of 3–4 cm. In this experiment, fertilizers and manures were applied
according to the recommended doses corresponding to 140 kg N ha−1, 60 kg P ha−1, and 70 kg K ha−1,
respectively [21]. Manual weed control, insecticide spray, and disease control practice performed when
necessary. At maturity (80 days after germination), all the pods from each plant were hand-harvested
and weighed, and seed yield was determined.

2.10. Statistical Analysis

Data from both experiments were collected, extracted, and tabulated. Data from the laboratory
trial were subjected to one-way analysis of variance (ANOVA). All mean data were evaluated in
one-way ANOVA using SPSS (version 20, SPSS Inc., Chicago, IL, USA). Comparisons of the mean data
and standard error (S.E) were determined by DMRTs (Duncan’s multiple range tests) at a p ≤ 0.05 level
of significance. Statistical analysis of the significance of the variance arising from the filed treatments
was conducted on different plant characteristics. Means were compared at p < 0.05 using DMRTs
(Duncan’s multiple range tests).

3. Results

3.1. Seedling Evaluations by Different Seed Priming Treatments

Priming treatments of seeds significantly affected the germination attributes, resulting in greater
germination percentage, speed of germination, germination index, and vigor index (Table 1). All the
primed seeds showed significantly higher germination percentage over the control. Among the seed
priming tested, halo priming with 1% CaCl2 at 12 h enhanced the germination up to 86.66% compared
with the non-primed control treatment (36.66%). Notably, the treatments hydro priming at 24 h (70%),
hydro priming at 30 h (66.66%), and halo priming with 1% CaCl2 at 24 h (66.66%) showed a moderate
range of germination percentage. Similarly, various seed priming treatments showed a strong impact
on the rate of the germination of the Yard-long bean. Among the treatments, the highest speed of
germination (6.76) was recorded in halo priming with 1% CaCl2 at 12 h treatment, which is statistically
similar to hydro priming at 24 h. Meanwhile, the lowest (1.18) speed of germination was found in
non-primed treatment.
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Table 1. Effect of different seed priming treatments on germination percentage, speed of seed
germination, germination index, and vigor index.

Treatments Germination
Percentage

Speed of
Germination

Germination
Index (GI) Vigor Index

No Priming 36.66 ± 8.82 d 1.18 ± 0.14 e 22.88 ± 0.35 f 651.53 ± 248.73 d

Hydro Priming at 12 h 56.66 ± 6.67 bc 4.60 ± 0.51 bc 27.30 ± 0.31 d 1061.80 ± 104.44 bc

Hydro Priming at 18 h 43.33 ± 8.82 c 3.04 ± 0.79 b–d 29.70 ± 0.61 c 913.20 ± 175.80 bc

Hydro Priming at 24 h 70.00 ± 10.00 b 5.78 ± 0.40 ab 31.23 ± 0.75 b 1128.80 ± 132.73 bc

Hydro Priming at 30 h 66.66 ± 14.53 b 4.81 ± 1.13 bc 29.10 ± 0.29 c 1067.46 ± 41.23 bc

Halo Priming with 1%
CaCl2 at 12 h 86.66 ± 3.33 a 6.76 ± 0.49 a 35.69 ± 0.66 a 1833.80 ± 99.23 a

Halo Priming with 1%
CaCl2 at 18 h 63.33 ± 6.67 bc 3.49 ± 0.96 cd 30.55 ± 0.71 bc 1297.60 ± 93.17 b

Halo Priming with 1%
CaCl2 at 24 h 66.66 ± 6.67 b 4.66 ± 0.91 bc 31.46 ± 0.25 b 1216.40 ± 6.80 b

Halo Priming with 1%
CaCl2 at 30 h 60.00 ± 5.77 bc 4.43 ± 0.56 bcd 30.13 ± 0.28 bc 1247.00 ± 128.16 b

Halo Priming with 2%
KNO3 at 12 h 56.66 ± 6.67 bc 4.71 ± 0.94 bc 27.69 ± 0.45 d 1180.46 ± 53.58 b

Halo Priming with 2%
KNO3 at 18 h 46.66 ± 6.67 c 3.17 ± 1.45 cd 25.42 ± 0.37 e 934.53 ± 168.46 bc

Halo Priming with 2%
KNO3 at 24 h 43.33 ± 8.82 c 2.43 ± 0.77 cd 24.01 ± 0.25 e 954.26 ± 236.34 bc

Halo Priming with 2%
KNO3 at 30 h 42.66 ± 12.02 c 1.87 ± 0.78 d 23.69 ± 0.32 e 858.43 ± 268.09 bc

p-value 0.010 0.003 0.00 0.005

The data represent the mean values± standard error. Values marked by different letters in each column is significantly
different in the t-test (p < 0.05).

The priming of seed varies substantially on the Yard-long bean germination index (Table 1).
All the priming treatments showed an improved germination index over the non-primed control.
The maximum germination index (35.69) was recorded from halo priming with 1% CaCl2 at 12 h
treatment. The treatments hydro priming at 24 h, halo priming with 1% CaCl2 at 18 h, halo priming
with 1% CaCl2 at 24 h, and halo priming with 1% CaCl2 at 30 h displayed a moderately improved
and statistically similar germination index. On the other hand, the lowest germination index (22.88)
was reported from the control treatment. The vigor index of the long bean was also influenced by the
specific seed treatments. The maximum vigor index (1833.80) was observed in halo priming with 1%
CaCl2 at 12 h treatment, whereas the lowest (651.53) vigor index was found in no priming treatment.
All other treatments showed a moderate range of the vigor index and were statistically similar to
each other.

The treatments for priming significantly influenced the seedling length of the Yard-long bean
(Table 2). The highest seedling length (26.42 cm) was found in halo priming with 1% CaCl2 at 12 h
treatment, whereas the minimum seedling length was recorded from no priming treatment. Priming
treatments also substantially affected the shooting length of Yard-long beans (Table 2). All the priming
treatments showed enhanced shoot length in comparison with the control. The maximum shoot
length (15.56 cm) was achieved from the treatment halo priming with 1% CaCl2 at 12 h treatment.
A moderately increased seedling shoot length was recorded from the treatment hydro priming at 24 h
(14.01 cm), halo priming with 1% CaCl2 at 18 h treatment (13.99 cm), and halo priming with 1% CaCl2
at 24 h treatment (13.97 cm), which were statistically alike. It is evident that, compared with other
priming treatments, all the halo priming treatments with CaCl2 showed better results in incrementing
the shoot length of the Yard-long bean. On the other hand, the minimum shoot length (10.75 cm) was
recorded in the no priming treatment.
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Table 2. Effect of different seed priming treatments on shoot length, root length, and the length
of seedling.

Treatments Seedling Length (cm) Shoot Length (cm) Root Length (cm)

No Priming 17.72 ± 3.91 e 10.75 ± 2.80 e 6.97 ± 1.11 d

Hydro Priming at 12 h 20.36 ± 1.11 d 11.56 ± 0.88 d 8.88 ± 0.28 cd

Hydro Priming at 18 h 21.25 ± 1.77 bcd 11.70 ± 1.35 cd 10.18 ± 0.48 ab

Hydro Priming at 24 h 25.80 ± 0.81 a 14.01 ± 1.02 b 11.79 ± 0.50 a

Hydro Priming at 30 h 22.08 ± 1.33 bcd 12.87 ± 0.45 bcd 9.21 ± 0.89 bc

Halo Priming with 1%
CaCl2 at 12 h 26.42 ± 0.74 a 15.56 ± 0.16 a 10.86 ± 0.78 ab

Halo Priming with 1%
CaCl2 at 18 h 23.09 ± 0.42 b 13.99 ± 0.05 b 9.10 ± 0.45 bc

Halo Priming with 1%
CaCl2 at 24 h 22.67 ± 0.77 bc 13.97 ± 0.52 b 8.70 ± 0.45 cd

Halo Priming with 1%
CaCl2 at 30 h 21.04 ± 1.79 cd 13.51 ± 1.01 bc 7.53 ± 0.89 cde

Halo Priming with 2%
KNO3 at 12 h 21.53 ± 0.77 bcd 12.48 ± 0.26 cd 9.05 ± 0.62 bc

Halo Priming with 2%
KNO3 at 18 h 20.56 ± 2.76 d 12.03 ± 2.11 cd 8.53 ± 0.72 cd

Halo Priming with 2%
KNO3 at 24 h 20.39 ± 4.11 d 11.96 ± 2.82 cd 8.43 ± 1.35 cd

Halo Priming with 2%
KNO3 at 30 h 17.81 ± 1.21 e 11.21 ± 0.90 d 6.60 ± 0.33 d

p-value 0.024 0.042 0.029

The data represent the mean values± standard error. Values marked by different letters in each column is significantly
different in the t-test (p < 0.05).

Similarly to shoot length, the root length of the Yard-long bean was significantly affected by
various priming treatments (Table 2). The longest root (11.79 cm) was recorded from the hydro priming
treatment at 24 h, followed by the treatment halo priming with 1% CaCl2 at 12 h treatment (10.86 cm)
and hydro priming at 18 h (10.18 cm), which were statistically alike. However, the shortest seedling
root (6.60 cm) was recorded from the treatment halo priming with 2% KNO3 at 30 h.

Specific seed priming treatments substantially affected the fresh weight of the seedling for
Yard-long beans (Table 3). The fresh weight of seedling was higher (1.43 g) in halo priming with 1%
CaCl2 at 12 h treatment, whereas the lowest (0.31 g) fresh weight of seedling was found in no priming
treatment. The treatment hydro priming at 18 h (0.99 g) showed the moderate fresh weight of seedlings.
However, there were no major differences in the dry weight of the Yard-long beans for seed priming
treatments (Table 3). The maximum dry weight (0.24 g) of seedling was achieved in halo priming
with 1% CaCl2 at 18 h treatment, and the lowest (0.10 g) dry weight of seedling was found in halo
priming with 1% CaCl2 at 24 h treatment. All other priming treatments displayed a statistically similar
reflection for the parameter of dry weight of seedling.

3.2. Seed Priming Effects on Plant Growth and Yield Contributing Characters of Yard-Long Bean

Various seed priming treatments had a significant influence on the branch number of the Yard-long
bean plant (Table 3). The maximum number (7.20) of branches was recorded from the treatment halo
priming with 1% CaCl2 at 12 h treatment. The treatment hydro priming at 12 h (6.67), hydro priming
at 18 h (5.20), hydro priming at 30 h (5.20), halo priming with 1% CaCl2 at 18 h treatment (6.13),
halo priming with 1% CaCl2 at 30 h treatment (6.07), and T9 halo priming with 2% KNO3 at 12 h
treatment (6.80) showed a statistically similar reflection in enhancing the number of branches per plant,
whereas the lowest (4.13) branch number of the plant was found in halo priming with 1% CaCl2 at 24 h
treatment. The initial flowering of the Yard-long bean plant was significantly influenced by various
seed treatments (Table 3). The first flowering of the plant was delayed (49.66 days) in T11 halo priming
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with 2% KNO3 at 24 h treatment. Meanwhile, earlier (40 days) first flowering of the plant was found in
hydro priming at 12 h treatment (Table 3).

Table 3. Effect of different seed priming treatments on fresh weight of seedling, dry weight of seedling,
branch number per plant, and first flowering of the plant.

Treatments Fresh Weight of
Seedling (g)

Dry Weight of
Seedling (g)

Branch
Number/Plant

First Flowering
(Days)

No Priming 0.31 ± 0.10 e 0.13 ± 0.05 b 4.47 ± 0.48 d 41.00 ± 1.00 cd

Hydro Priming at 12 h 0.87 ± 0.21 bc 0.22 ± 0.04 a 6.67 ± 1.03 b 40.00 ± 1.15 d

Hydro Priming at 18 h 0.99 ± 0.08 b 0.22 ± 0.06 a 5.20 ± 1.71 bc 43.00 ± 0.58 b–d

Hydro Priming at 24 h 0.88 ± 0.09 bc 0.22 ± 0.02 a 4.73 ± 0.57 b-d 47.00 ± 1.73 ab

Hydro Priming at 30 h 0.67 ± 0.07 bc 0.19 ± 0.03 ab 5.20 ± 0.23 bc 47.33 ± 1.76 a

Halo Priming with 1%
CaCl2 at 12 h 1.43 ± 0.08 a 0.17 ± 0.02 ab 7.20 ± 0.12 a 45.33 ± 1.00 a–c

Halo Priming with 1%
CaCl2 at 18 h 0.76 ± 0.18 bc 0.24 ± 0.02 a 6.13 ± 0.41 bc 43.33 ± 2.40 b–d

Halo Priming with 1%
CaCl2 at 24 h 0.40 ± 0.09 d 0.10 ± 0.01 b 4.13 ± 0.68 d 47.33 ± 0.67 ab

Halo Priming with 1%
CaCl2 at 30 h 0.58 ± 0.02 cd 0.14 ± 0.01 ab 6.07 ± 0.29 bc 45.00 ± 1.53 bc

Halo Priming with 2%
KNO3 at 12 h 0.67 ± 0.11 bc 0.15 ± 0.02 ab 6.80 ± 0.31 b 41.33 ± 0.67 cd

Halo Priming with 2%
KNO3 at 18 h 0.52 ± 0.05 c-e 0.14 ± 0.02 b 5.80 ± 0.42 cd 43.00 ± 1.53 b–d

Halo Priming with 2%
KNO3 at 24 h 0.52 ± 0.13 c-e 0.14 ± 0.04 b 4.53 ± 0.58 cd 49.66 ± 1.45 a

Halo Priming with 2%
KNO3 at 30 h 0.67 ± 0.05 cd 0.14 ± 0.01 b 4.67 ± 0.41 cd 45.33 ± 0.88 a–c

p-value 0.000 0.055 0.050 0.001

The data represent the mean values± standard error. Values marked by different letters in each column is significantly
different in the t-test (p < 0.05).

There were significant differences in Yard-long bean pod length in the priming treatments (Table 4).
The maximum pod length (52.47 cm) was recorded in the treatment halo priming with 1% CaCl2 at
12 h treatment, and the minimum (40.08 cm) pod length was observed in halo priming with 2% KNO3

at 30 h treatment (Table 4). Various seed priming treatments significantly influenced pod weight for
the Yard-long bean (Table 4). The treatment halo priming with 1% CaCl2 at 12 h showed a significantly
higher pod weight (24.93 g). The lowest (10.93 g) pod weight was found in no priming treatment.
A similar kind of reflection is also observed in terms of the total number of pods per Yard-long bean,
where halo priming with 1% CaCl2 at 12 h treatment showed a significantly higher numbers of pods
over all other priming treatments (Table 4). The total pod number per plant was the highest (73.67)
in halo priming with 1% CaCl2 at 12 h treatment. The lowest (16.00) total pod number per plant
was found in no priming treatment. The treatments halo priming with 2% KNO3 at 12 h treatment
(62.00), halo priming with 1% CaCl2 at 30 h treatment (56.33), and halo priming with 1% CaCl2 at
18 h treatment (61.00) showed a moderate total pod number per plant and were statistically similar to
each other.

Priming treatment significantly influenced the 100-seed weight of the Yard-long bean (Table 4).
The treatment halo priming with 1% CaCl2 at 12 h showed a significantly higher 100-seed weight
(16.37 g). The lowest (8.53 g) 100-seed weight was found in no priming treatment.

The yield per plant of Yard-long bean differed significantly as a result of the application of various
seed priming treatments (Figure 1). All the priming treatments showed enhanced yield per plant in
comparison with the non-primed control. Among the priming treatments, halo priming with 1% CaCl2
at 12 h treatment showed a significantly higher pod yield over all other treatments. The highest pod
yield per plant (1836.00 g) was recorded in halo priming with 1% CaCl2 at 12 h treatment, whereas the
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lowest (174.88 g) yield per plant was found in no priming treatment. The treatments halo priming with
1% CaCl2 at 18 h (1152.29 g), T8 halo priming with 1% CaCl2 at 30 h (1175.61 g), and T9 halo priming
with 2% KNO3 at 12 h treatment (1115.36 g) displayed a statistically similar yield.

Table 4. Effect of different seed priming treatments on pod length, pod weight, total pod number per
plant, and 100-seed weight.

Treatments Pod Length
(cm)

Pod Weight
(g)

Total Pod
Number/Plant

100 Seed Weight
(g)

No Priming 49.43 ± 3.25 b 10.93 ± 0.90 d 16.00 ± 2.08 g 8.53 ± 0.58 c

Hydro Priming at 12 h 46.55 ± 2.70 bc 17.13 ± 1.88 b–d 45.33 ± 2.91 c 11.30 ± 0.61bc

Hydro Priming at 18 h 42.62 ± 4.59 c 16.73 ± 1.07 b–d 37.00 ± 6.03 de 12.07 ± 0.84 b

Hydro Priming at 24 h 51.57 ± 0.76 ab 22.98 ± 0.53 b 27.33 ± 2.73 fg 9.67 ± 0.50 bc

Hydro Priming at 30 h 42.99 ± 3.99 c 15.53 ± 0.96 cd 22.33 ± 5.78 fg 11.63 ± 1.67 b

Halo Priming with 1%
CaCl2 at 12 h 52.47 ± 0.69 a 24.93 ± 1.10 a 73.67 ± 2.96 a 16.37 ± 0.92 a

Halo Priming with 1%
CaCl2 at 18 h 47.05 ± 4.10 bc 18.89 ± 1.78 bc 61.00 ± 1.73 b 10.67 ± 0.78 bc

Halo Priming with 1%
CaCl2 at 24 h 48.36 ± 1.67 bc 19.13 ± 0.75 bc 39.67 ± 3.18 cd 11.67 ± 1.04 b

Halo Priming with 1%
CaCl2 at 30 h 52.13 ± 3.42a 20.87 ± 2.65 bc 56.33 ± 5.21 b 10.27 ± 0.91 bc

Halo Priming with 2%
KNO3 at 12 h 47.09 ± 4.88 bc 18.00 ± 4.21 cd 62.00 ± 2.52 b 11.80 ± 1.27 b

Halo Priming with 2%
KNO3 at 18 h 46.81 ± 0.81 bc 15.18 ± 0.82 cd 39.00 ± 1.15 cd 10.97 ± 0.87 bc

Halo Priming with 2%
KNO3 at 24 h 45.29 ± 2.88 bc 16.10 ± 3.40 cd 31.67 ± 5.49 def 12.37 ± 0.47 b

Halo Priming with 2%
KNO3 at 30 h 40.08 ± 7.14 c 13.80 ± 3.35 cd 31.33 ± 2.40 def 10.63 ± 0.49 bc

p-value 0.421 0.008 0.000 0.001

The data represent the mean values± standard error. Values marked by different letters in each column is significantly
different in the t-test (p < 0.05).
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3.3. Relationship with the Germination of Different Seedling Tests of Yard-Long Bean

The analysis by measuring the correlation coefficients for the Yard-long bean was conducted for
plant biometric indices that rely on productivity. The correlation function calculated the degree of
interrelation between the variables and the effect on overall productivity. The study of the correlation
coefficient indicators revealed a strong positive correlation between germination and the speed of
germination (R2 = 0.8807), between the germination and germination index (R2 = 0.8285), and between
the germination and vigor index (R2 = 0.8086) of the Yard-long bean (Figures 2–4). The speed of
germination was closest to germination, and improved germination means higher, steady sowing and
higher Yard-long bean yields. These results indicated that germination (%) increased positively in the
above characteristics.Horticulturae 2020, 6, x FOR PEER REVIEW 9 of 13 
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4. Discussion

Seed germination and seedling growth are two critical phases of the plant life cycle [22].
Seed priming methods influenced the seed germination process by increasing the speed and reliability
of germination. Increased germination, uniformity of germination, and sometimes greater total
germination rate are widely reported in the primed seed [11]. Many treatments for pre-hydration
or priming have been used to improve the seed germination rate and synchronization of seeds [23].
The authors of [24] found that halo priming significantly improved the speed of germination, growth,
seed germination index, root, and seedling dry weight in comparison with other seed treatments.
Our current study reveals similar trends in T5 = halo priming (1% CaCl2) at 12 h, which significantly
enhanced different germination indices such as germination percentage, the pace of germination,
germination index, as well as vigor index of the Yard-long bean. The enhanced germination
indices can be the result of the stimulated starch metabolism that set off earlier emergence and
contributes to the vigorous seedling growth [25]. Ca2+ is widely reported as a prime regulator of
plant growth and development [26]. Ca2+ plays a key role in maintaining cell membrane structure
and function, thus providing structural integrity that is especially vital for germinating seed [27].
Furthermore, the activity of certain phosphatase and kinase enzymes involved in signal translation
during germination is modulated by calcium [28]. The improved germination indices were also
confirmed by the authors of [29], who noted that bean halo priming had a significant influence on
seedling parameters, including dry seedling weight, rates, and germination periods under water stress
conditions. In conformity, our current study also found enhanced seedling fresh and dry weight as a
result of halo priming treatment in the Yard-long bean.

Direct seed priming effects on all plants can lead to improved seedling, stronger plants,
greater drought tolerance, earlier flora, earlier harvesting, and increased grain yield [30–32].
Our current study noted significantly enhanced vegetative and reproductive attributes of the Yard-long
bean with halo priming (1% CaCl2) at 12 h in terms of the highest number of branches, pods per
plant, pod yield, and seed weight. This increase might be caused by the metabolic improvements with
halo priming that contributed to better germination, growth, and yield performance. Halo priming
of seeds minimizes the emergence period and provides protection against environmental stresses,
boosting uniform establishment with improved yield [33]. Halo primed seeds trigger earlier emergence,
leading to energetic starts, which favor the completion of other phonological events, and in time
lead to earlier flowering [34], which is also reflected in our current study. The result is in conformity
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with those of the authors of [35], who reported that halo priming improves growth performance by
certain biochemical and physiological changes. Seed priming improved growth, earlier flowering,
tolerance capacity, as well as yield of maize [36]. Furthermore, earlier crop establishment with vigorous
growth minimizes weed competition, which facilitates increased water and nutrient absorption,
resulting in a higher number of branches and yield [37]. Increased yield in the current study might
be the collective response of vigorous growth and net assimilation, resulting in a higher number of
branches and pods. Halo priming has been reported to favor the partitioning of dry matter to the
developing pods boosting the yield of Linola (Linum usitatissimum L.) [34]. Furthermore, our regression
study revealed that the speed of germination was closest to germination and that improved germination
means higher, steady stand and higher yard-long bean yields. Our study also highlights that the duration
of halo-priming has a significant influence on germination indices. With increasing duration of halo
priming, the germination parameter decreased. Soaking in CaCl2 for a prolonged duration may lead to
excessive cell wall loosening by Cl2, resulting in an adverse effect on the seed structural integrity and
biochemical process. The volume of water, duration of priming, and temperature have been reported
as vital factors that influence the result of priming to a large extent [38]. Therefore, further study at
the molecular level is required to justify how the priming duration affects physiochemical changes of
seeds during emergence.

The beneficial effects of seed priming on several field crops such as rice, sweet corn, mug bean,
barley, lentil, and cucumber have been demonstrated [39]. However, germination and growth efficacy
of priming agents vary in different crops [40]. In conformity, the authors of [38] reported that
hydro priming did not improve China aster (Callistephus chinensis L.) seed germination capacity and
germination percentage. That could be one possible reason for the higher efficiency of halo priming
over other priming treatments in the Yard-long bean under the current study. Furthermore, under field
circumstances, all priming treatments do not always express a significant advantage [41]. Under field
condition, seedlings are exposed to a complex environment and become vulnerable to several stresses.
Halo priming has been widely reported to mitigate the adverse effect of drought and salinity stress
in many crops through enhancing the antioxidant system and accumulation of stress responsive
proteins [34,42]. Consistent with this, our study showed improved performance of the Yard-long bean
in field conditions over other primed treatments. Moreover, where inadequate priming conditions
can cause degradation of the protective proteins, all priming protocols may not result in significant
germination and growth [43]. Therefore, halo priming is a simple and cheap farming technique that,
because of better synchrony between emergence and crop establishment, can be recommended to
farmers in various environmental conditions for optimum germination, better growth, and yield
performance of the Yard-long bean.

5. Conclusions

The current experiment concludes that seed priming, in particular halo priming, played a vital role
in Yard-long bean growth and yield performance. Among the priming treatments, halo priming 1%
CaCl2 at 12 h showed improved germination, growth, and yield performance compared with the other
seed priming treatments. Hence, seeds priming with 1% CaCl2 for 12 h is an effective seed priming
technique for improving germination attributes of vegetative growth and yield performance of the
Yard-long bean. This method can easily be utilized to grow vegetables by all farmers of both urban and
local areas in Bangladesh, as all materials are cheap in cost and have simple processing technology.
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