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Abstract: Seed priming is a pre-germinated technique that can enhance seed germination percentage, faster and synchronized germination, better seedling growth, and yield under stress conditions. To ascertain the most effective seed priming method that would ensure the potential yield of wheat in Bangladesh, two experiments were carried out from December 2021 to March 2022 at the Department of Agronomy, Bangladesh Agricultural University. Two wheat varieties namely BARI Gom-28 and BWMRI Gom-1 were subjected to a range of priming chemicals in both lab and pot tests. These compounds included the following: control (no priming), hydropriming (distilled water), 10000 ppm KNO3, 15000 ppm KNO3, 40000 ppm Mannitol, 60000 ppm Mannitol, 10000 ppm NaCl, 20000 ppm NaCl, 100 ppm PEG, 150 ppm PEG, 500 ppm NaOCl, 1000 ppm NaOCl, 10000 ppm CaCl2, 20000 ppm CaCl2, 10000 ppm KCl and 20000 ppm KCl. A complete randomized design (CRD) with three replications was used to set up the experiments. The results showed that BARI Gom-28 and BWMRI Gom-1 responded best to KCl priming in terms of rapid seed germination and strong seedling development. On the other hand, the best priming agents for plant growth and productivity turned out to be CaCl2 and KCL. The results of this study support the possibility of using seed priming as a technique to improve wheat plant development and output by raising seed emergence and survival rates.
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1  Introduction

Wheat (Triticum aestivum L.) is the most prominent crop and is considered one of the “big three” cereals in terms of both area and production [1]. It is anticipated that by 2050, the developing world’s need for wheat will have increased by 60% [2]. In Bangladesh, wheat has a major role in creating job opportunities, food and nutritional security, and economic growth. Wheat has the second-highest economic and dietary importance in the country, next to rice. Only 20% of Bangladesh’s national wheat needs could be satisfied by its 1.15 million tons of production, which takes up 0.33 million hectares of land [3]. To feed its expanding population and ensure future food security, the government of Bangladesh imports wheat, which is likely to supply around 88% of the country’s consumption needs [4]. To be more specific, Bangladesh imported 5.8 million MT of wheat in FY 2021 compared to 1.08 million MT produced, and throughout the next five years, there is predicted to be an approximately 10 million MT rise in local consumption [5].

Agronomic crops are heavily dependent on meteorological factors and seasonal traits including temperature, humidity, rainfall, and length of day [6]. Bangladesh’s temperature regimes have already significantly changed as a result of climate change-induced global warming, which has a substantial effect on wheat output [7]. There are also some other factors influencing wheat output other than climate change [7]. Following the 2016 wheat blast, the country’s wheat area has decreased or remained steady due to certain geophysical variables [8]. In Bangladesh, the best period to plant wheat is from the middle of November until the first week of December. Too early seeding results in weak plants with inadequate root systems, inconsistent germination, frequent embryo mortality, and endosperm degradation from bacterial or fungal activity because the temperature is above optimal. According to reports, after December 1st, there is a 1.3% decline in grain yield for every day that passes. Despite these obstacles, more wheat has to be produced to fulfill domestic demand and lessen reliance on imports by using appropriate adaptation techniques [9].

An alternate method to get over these restrictions is seed priming, which is a mechanism to help plants become more resilient to stress [10]. The practice of seed priming can help to speed up germination, guarantee steady germination, and boost crop production. This pre-sowing therapy enhances the benefits of seed germination by inducing a physiological condition. In addition, priming entails a straightforward process that involves hydrating the seed in a regulated setting and drying back to prevent radical appearances during the germination process [11]. According to Moosavi et al. [12], primed seeds considerably increased root length, seed vigor, germination rate, and germination percentage. For summer-grown maize, priming produced improved crop emergence, growth, early flowering, and higher yields [13]. With seed priming, farmers have observed early blooming (7–10 days) and maturity (8–10 days) in rice and chickpeas [14]. The best methods for boosting seed viability and enhancing germination were hydropriming, priming with growth regulators, and priming with different calcium and potassium salts [15]. In direct-seeded rice, the use of potassium chloride (KCl) or calcium chloride (CaCl2) as a priming agent increased seedling development, germination, and yield [16]. Strong establishment, yield performance, and seedling development have also been documented in wheat using CaCl2 priming, most likely under late planting circumstances [17]. In late circumstances, osmoprimed wheat had the highest biological yield, grain yield, yield index, and less productive tillers per unit area [17]. It is evident from earlier research that primed seeds have demonstrated faster and more consistent emergence, more robust seedlings, and improved performance even under stressful situations as compared to unprimed seeds.

Short winter spells, relatively high temperatures, and soil moisture stress at the reproductive stage are the major causes behind the low productivity of wheat under Bangladesh conditions. Also, late sowing and low seed germination due to very high soil moisture content during sowing results in lower germination, poor stand establishment, and low wheat yield. As reported in many previous studies, seed priming could be a prospective approach to address lower seed germination and high-temperature issues in wheat to ensure potential wheat yield. Therefore, the present study was designed to evaluate the effect of seed priming on seed germination and seedling vigor of wheat and to recognize their subsequent effect on wheat yield.

2  Methodology

2.1 Site Description

The two experiments that made up this study were carried out from December 2021 to March 2022 at the Department of Agronomy, Bangladesh Agricultural University, one at the Agro Innovation Laboratory (lab experiment) and the other in the net house (pot experiment). In this study, the effectiveness of primed wheat seeds was assessed in terms of plant growth, wheat production, seed germination, and seedling vigor and establishment. The test location was in the humid subtropical monsoon environment of the Old Brahmaputra floodplain (AEZ-9) at 23°77′ N latitude and 90°33′ E longitude. The experimental soil was neutral in reaction (pH value 6.8), low in organic matter content (1.37%), and the general fertility level of the soil was low (1.1% total N, 25 ppm available P and 0.16 me % exchangeable K, 22.2 ppm available sulfur and 0.43 ppm zinc).

2.2 Experimental Setup

For lab and pot experiments, two wheat varieties, BARI Gom-28 and BWMRI Gom-1, were exposed to various priming agents, including the following, Control (no priming), Hydropriming (distilled water), 10000 ppm KNO3, 15000 ppm KNO3, 40000 ppm Mannitol, 60000 ppm Mannitol, 10000 ppm NaCl, 20000 ppm NaCl, 100 ppm PEG, 150 ppm PEG, 500 ppm NaOCl, 1000 ppm NaOCl, 10000 ppm CaCl2, 20000 ppm CaCl2, 10000 ppm KCl and 20000 ppm KCl. Different seed priming agents and their concentrations were selected based on their performances as reported by previous studies of the authors [17–21]. The experiment employed only laboratory-grade priming chemicals. Table 1 provides specifics on the priming agents. Four replications and a complete randomized design (CRD) were used to set up the experiments.
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2.3 Conduction of the Experiment

Sufficient seeds (considering 50 seeds for each replication) of both wheat varieties were steeped for six hours at room temperature (25°C ± 2°C) in various priming agent solutions that had been previously prepared using distilled water. There was a 1:5 (g mL−1) seed weight to solution volume ratio. After taking the seeds out of the priming agent solution, they were repeatedly washed with distilled water to get rid of any remaining chemical residue. Then, the seeds were dried back to the original moisture content by forced air. Dried seeds were put in polythene bags and stored in a refrigerator at 5°C ± 1°C until used. While control treatment received no prior seed priming.

2.4 Preparation of Germination Media and Seed Placement

Sterilized sand (to avoid any pathogenic contamination inhibiting seed germination or damaging seedlings) was used as germination media, and plastic-made petri dishes of 90 mm diameter with 15 mm depth were used as containers. The moisture content of the media was maintained at around 80% of the field capacity by watering with distilled water as necessary following the protocol developed by Mim et al. [18]. Fifty seeds were placed manually on moist soil maintaining more or less equal distance in each petri dish. Petri dishes were put on the desk of the laboratory at a room temperature of 25°C ± 2°C.

2.5 Pot Preparation

A plastic pot of size 25 cm in height and 22 cm in diameter was used as the experimental unit. Each pot was filled up to 
3/4
th with 4.6 kg soil. The pots were fertilized with cow dung 0.5 kg pot−1, urea 50 g pot−1, TSP 50 g pot−1, MoP 50 g pot−1 and thoroughly mixed with the soil, Water was added to ensure seed germination. One-third of the urea was applied as basal dose and the remaining two-thirds of urea was applied 20 and 50 days after sowing (DAS). Sprouted seeds were sown in the pot @ 20 seeds pot−1. After sowing, the seeds were covered with soil and slightly pressed by hands. Six healthy plants per pot were finally allowed to grow and others were removed after 15 days of sowing. Weeds were manually uprooted when observed. Watering was done with a watering can as and when necessary to ensure the normal growth of the seedlings.

2.6 Sampling and Measurement

2.6.1 Lab Experiment

Data were collected on germination, seedling vigor, and seedling growth.

Germination percentage (GP)

The number of germinated seeds was counted on the 7th day. The appearance of normal seedlings over the sand layer was considered germination. The GP was calculated as per AOSA [19] using the following equation:


GP=No. of seeds that germinatedNo. of seeds sown× 100

Mean germination time (MGT)

MGT was calculated as per Islam et al. [20] with slight modification using the following equation:


MGT=ΣDnΣn

where n is the number of seeds germinated on the day and D is the number of days counted from the beginning of germination.

Germination index (GI)

GI was calculated as per AOSA [19] with slight modification using the following equation:


GI= Number of germinated seedsDay of the first germination+…+ Number of germinated seedsDay of the final germination

Seedling vigor index (SVI)

After seed placement for germination, on the 7th day, ten seedlings from each replicate were randomly selected. Root and shoot lengths were measured and then oven-dried at 70°C for 72 h. to record the root and shoot dry weight of seedlings. The seedling vigor index (SVI) was calculated as per AOSA [19] using the following equation:


Seedling Vigor Index (SVI)=Seedling length (cm)×Germination percentage100

where Seedling length = Root length + Shoot length

Germination coefficient (GC)

The coefficient of germination was calculated as per Copeland [21] using the following formula:


GC=N100 (A1+A2+…+An)A1T1+A2T2+…AnTn

where A is the number of seeds germinated, T is the time corresponding to A, and n is the number of days to the final count.

Seedling growth

On the 7th day of seed placement for germination, 10 seedlings from each replicate were randomly selected. Root length, shoot length, root-shoot ratio (R:S), root dry weight, and shoot dry weight were measured. The dry weight was measured after drying in an oven at 70°C for 72 h.

2.6.2 Pot Experiment

Data were collected on plant height, spike length, number of spikelets spike−1, number of grains spikelets−1, number of grains spike−1, 1000-grain weight, grain weight plant−1, and grain yield. For collecting data on plant characters, all six plants were uprooted from each pot after maturity. Yield contributing characters and yield were recorded taking all the plants of each pot and the average number was recorded.

2.7 Statistical Analysis

The recorded data were compiled and tabulated for statistical analysis. Analysis of variance (ANOVA) was done at a 1% level of significance with the help of the computer package MSTAT-C (statistical software). The mean differences among the treatments were adjudged by Duncan’s Multiple Range Test [22]. The correlation matrix and principal component analysis were done with R.

3  Result

3.1 Lab Experiment

3.1.1 Germination and Seedling Vigor of Wheat

The final germination percentage, mean germination time, germination index, seedling vigor index, and germination coefficient were used to assess the germination and seedling vigor of two wheat cultivars. On the ultimate germination %, germination index, and seedling vigor index, variety had no discernible impact. Conversely, variety had a considerable impact on the mean germination time and germination coefficient. Compared to BARI Gom-28, BWMRI Gom-1 demonstrated quicker germination and a better germination coefficient (Table 2).
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The seed germination rate and seedling vigor of seedlings were significantly impacted by the priming agent. It was observed that in comparison to the control, the germination percentage rose by around 5.29% to 16.74% as a result of priming with different agents. The most effective methods for increasing the germination rate were hydropriming, priming with 10000 ppm KCl, priming with 10000 ppm KNO3, and priming with 1000 ppm NaOCl. As compared to the control, Table 2 shows that the priming agent reduces the mean germination time. The least amount of time was needed for mean germination when the seed was primed with 10000 ppm KCl, while the most time was needed when the seed was primed with 150 ppm PEG. The germination index varied from 30.12 to 74.37 where no priming treatment had the lowest index. Priming with KCl at any concentration and priming with 10000 ppm CaCl2 produced the best germination index, in addition to that priming with 10000 ppm KCl and priming with 40000 ppm Mannitol resulted in the most vigorous seedlings. However, priming with 150 ppm PEG had the lowest vigor index (Table 2).

All of the parameters related to germination and seedling vigor were significantly impacted by interactions between the variety and the priming agent (Table 3). Due to different priming agents, the germination percentage increased by around 5.31% to 16.81% in BARI Gom-28 and by roughly 5.26% to 16.67% in BWMRI Gom-1 when compared to the control. When primed with 10000 ppm KCl, both varieties exhibited the greatest germination percentages; however, BWMRI Gom-1 exhibited a higher germination rate than BARI Gom-28. In contrast, the germination rate was lowered by hydropriming, 15000 ppm KNO3, and 1000 ppm NaOCl priming. Compared to the control, as shown in Table 4, seed priming shortened the seed germination period of wheat. While BARI Gom-28 took 3.55 days and BWMRI Gom-1 took 3.42 days to germinate in the control treatment, both the varieties required the least amount of days to germinate with 10000 ppm KCL among the priming agents, and BWMRI Gom-1 took the shortest days with this treatment. A similar pattern was also observed in the case of germination index, seedling vigor index, and germination coefficient. The germination index varied from 30.75 to 75.00 in BARI Gom-28 and 29.50 to 73.75 in BWMRI Gom-1 where no priming treatment had the lowest index; the highest index was found with 10000 ppm KCl in both the varieties. In both BARI Gom-28 and BWMRI Gom-1, priming with 10000 ppm KCl also resulted in robust seedlings with the highest germination coefficient (Table 3).
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3.1.2 Seedling Growth of Wheat

Except for the root shoot ratio, variety had no significant impact on the metrics related to wheat seedling development. Table 4 shows that compared to BARI Gom-28, BWMRI Gom-1 displayed a larger root-shoot ratio.

All the parameters related to the growth of seedlings were significantly impacted by the priming agent and the interaction of variety and priming agent. In terms of root and shoot length, seed priming with KCl, Mannitol, and 10000 ppm KNO3 worked the best, whereas PEG and 1000 ppm NaOCl priming performed the poorest, even lower than the control treatment. Priming with CaCl2 produced the highest root dry weight and seed priming with KCl, 10000 ppm CaCl2, and 40000 ppm Mannitol produced the maximum shoot dry weight. On the contrary, no advantage of PEG and NaOCL was observed since they produced statistically lower root and shoot dry weight compared to no priming control. The root-shoot ratio varied between 0.77 and 1.11; the highest root-shoot ratio was obtained by priming with 20000 ppm NaCl, and the lowest root-shoot ratio was created by 10000 ppm KCl which was even lower than the unprimed seeds (Table 4). Different priming agents caused variations in root and shoot length of both varieties. As can be seen from Table 3, PEG had no discernible benefit since it produced statistically less shoot and root length than no priming. In both kinds, a decrease of about 7.65 and 7.33 cm in shoot and root length was seen with 150 ppm PEG priming, as opposed to 10000 ppm KCL priming. In the case of root dry weight of wheat, priming with 10000 ppm CaCl2 resulted in the highest values but for shoot dry weight priming with 10000 ppm CaCl2 performed the best for both varieties. In those cases also PEG and NaOCl priming produced the lowest values than that of control. In BWMRI Gom-1, the root-shoot ratio was the highest when primed with 20000 ppm NaCl, and this was followed by several additional interactions. However, BARI Gom-28 primed with 10000 ppm KCl had the lowest root-shoot ratio (Table 5).
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3.2 Pot Experiment

3.2.1 Plant Height, Yield Contributing Characters, and Yield of Wheat

The effects of variety on wheat grains’ spikelet−1, spike−1, weight, and yield were noteworthy. Taking into account the factors that contribute to yield, it was found that BWMRI Gom-1 performed better than BARI Gom-28, yielding an 18% higher grain yield (Table 6).
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The effects of the priming treatment were seen in the following parameters: plant height, grain weight, grains spikelet−1, and yield. Different priming agents increased plant height of wheat by approximately 1.03% to 8.82% over control. Plant height was increased by 5 cm due to 10000 ppm NaCl over control resulting in the highest plant height statistically followed by 10000 ppm KCl. Plant height was least affected by priming with KNO3 among the priming agents. When wheat seeds were primed with distilled water and 10000 ppm KNO3 it helped to produce more number of grains spikelets−1 while priming with 10000 ppm KCl and CaCl2 performed the worst, and the rest of the methods had a statistically similar effect on the number of grains spikelets−1. Grain weight plant−1 varied from 2.21 to 2.476 g where priming with 10000 ppm CaCl2 resulted in the highest grain weight plant−1 statistically followed by 20000 ppm KCl and many others while no priming method produced the lowest grain weight plant−1 of wheat. Grain yield was also increased due to the priming agent and it ranged from 0.76% to 11.35%. Seed priming with 20000 ppm KCl showed the best yield performance statistically followed by 10000 ppm CaCl2. No priming method produced the lowest grain yield (Table 6).

The combination of variety and priming technique resulted in a considerable increase in plant height for both varieties. BARI Gom-28 and BWMRI Gom-1 had plant heights ranging from 64.2 to 69.93 cm and 65.98 to 71.60 cm, respectively. Different priming agents were found to provide an approximately 1.03%–8.92% and 1.01%–8.71% increase in plant height in BARI Gom-28 and BWMRI Gom-1, respectively. In this instance, BWMRI Gom-1 produced the tallest plant when seeds were primed with 10000 ppm NaCl. However, in the case of no priming, BARI Gom-28 yielded the shortest plant. When taking into account the number of grains spikelet−1, the interaction between BWMRI Gom-1 and either distilled water or 10000 ppm KNO3 yielded the highest results, whereas the interaction between BARI Gom-28 and either 10000 ppm KCl or KNO3 produced the worst results. For BARI Gom-28 and BWMRI Gom-1, priming had a major impact on grain weight. The grain weight increased by 1.48%–11.88% and 0.41%–8.71% in BARI Gom-28 and BWMRI Gom-1, respectively, among different priming agents. However, once seeds were primed with 10000 ppm CaCl2, the cultivar BWMRI Gom-1 produced the highest grain weight plant−1. Conversely, in the case of no priming, BARI Gom-28 yielded the minimal grain weight plant−1. Additionally, grain yield improved by 1.33% to 12.24% in BARI Gom-28 and 0.51% to 10.83% in BWMRI Gom-1. In BWMRI Gom-1, the highest grain production was recorded when seeds were primed with 20000 ppm KCl, statistically followed by several other interactions. In contrast, BARI Gom-28 yielded the lowest grain when not priming (Table 7).
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3.3 Relationship between Studied Yield and Contributing Parameters

The correlation matrix of the measured attributes is shown in Fig. 1, which enables us to look into the connections between them. The germination and seedling growth parameters like GP, GT, GI, VI, GC, SL, RL, SDW, and RDW are all more or less positively correlated with each other but the negative correlation of these parameters was noticed with GT. Here only R:S was positively correlated with GT. However, most of these parameters had no significant correlation with growth, yield, and yield contributing characters. In that case, the only positive relationship of GP with TGW and R:S with PH, SS, GS, GW, and GY was noticed. But also a negative correlation of GT with TGW and R:S with SL was noticed. The growth, yield, and yield contributing characters PH, SPL, SS, GS, TGW, GW, and GY showed different correlations. GY is mostly correlated with PH, SS, GS, and GW (Fig. 1).
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Figure 1: Correlation matrix of assessed traits. The range between the highest and lowest values is 1 to −1. Blue and red ellipses represent positive and negative associations, correspondingly. The greater color intensity reflects a stronger co-efficient, whilst the lower coefficient is reflected by lower color intensity. Here, GP = Germination percentage, GT = Germination time, GI = Germination index, VI = Vigour index, GC = Germination coefficient, SL = Shoot length, RL = Root length, SDW = Shoot dry weight; RDW = Root dry weight; PH = Plant height; SPL = Spike length; SS = No. of spikelets spike−1; GSP = No. of grains spikelets−1; GS = No. of grains spike−1; TGW = 1000-grain weight; GW = Grain Weight plant−1; GY = Grain yield

3.4 Principal Component Analysis

Principal component analysis (PCA) was applied to the trial dataset, which contained two wheat varieties, 16 priming agents, and 18 distinct parameters, to decrease data heterogeneity and discover possible correlations between varieties, priming agents, and measured parameters (Fig. 2). A PCA biplot was constructed with only the first two components. The PCA found that the first two principal components (PCs) described 72.8% of the overall heterogeneity. Because the first and second PCs generated 45.1% and 27.7% of the entire divergence. From Fig. 2, it was clear that SS, GS, and GW were closely related to GY, and these parameters were found slightly higher in V2P12, V2P13, V2P14, and V2P15. On the other hand, GI, SDW, VI, RL, GI, GP, and GC were closely related to each other and were found higher in V1P14, V1N16, and V1P12.
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Figure 2: Principal component analysis. V1 = BARI Gom-28, V2 = BWMRI Gom-1 P0 = Control (No priming), P1 = Hydropriming (distilled water), P2 = 10000 ppm KNO3, P3 = 15000 ppm KNO3, P4 = 40000 ppm Mannitol, P5 = 60000 ppm Mannitol, P6 = 10000 ppm NaCl, P7 = 20000 ppm NaCl, P8 = 100 ppm PEG, P9 = 150 ppm PEG, P10 = 500 ppm NaOCl, P11 = 1000 ppm NaOCl, P12 = 10000 ppm CaCl2, P13 = 20000 ppm CaCl2, P14 = 10000 ppm KCl, P15 = 20000 ppm KCl; GP = Germination percentage, GT = Germination time, GI = germination index, VI = Vigour index, GC = Germination coefficient, SL = Shoot length, RL = Root length, SDW = Shoot dry weight; RDW = Root dry weight; PH = Plant height; SPL = Spike length; SS = No. of spikelets Spike−1; GSP = No. of grains spikelets−1; GS = No. of grains spike−1; TGW = 1000-grain weight; GW = Grain Weight plant−1; GY = Grain yield

4  Discussion

It was proposed that using a pre-sowing seed treatment might boost germination, raise the rate of germination, and improve the vigor and development of seedlings. The technique of seed priming can be used to improve the viability and vigor of wheat seeds [23]. These factors could aid wheat seedlings in overcoming various challenges, which are presently prevalent in Bangladesh. This study assessed the germination rate, viability of the seedlings, growth, and yield of primed wheat seeds.

In this study, it was discovered that KCl priming outperformed PEG and other priming agents in terms of favorable effects on the germination percentage of wheat seeds. To improve Poaceae plant germination, emergence, and growth, potassium chloride has been used as the osmoticum [24] which can increase water uptake that is important for germination. Seed priming causes the seed to undergo several biochemical changes, including hydrolysis, enzyme activation, and dormancy breaking, all of which are necessary to start the germination process [25] resulting in early seedling development, especially under less-than-ideal circumstances [26]. Seed priming improved germination rates by 20%, germination index by 78%, shoot, and root length by 79% and 21%, dry weight, and vigor index by 64%, and germination time by 9% in comparison to unprimed seeds [27]. Early DNA replication [28], quicker embryo development [29], and the restoration of damaged seed components [30,31] are all made possible by priming. McDonalds [32] asserts that primed seeds may quickly absorb and revive the metabolism of the seed, hence boosting the rate of germination. This investigation verified that seedling development was hindered by PEG priming and increased by KCl priming. In this study, the maximum seedling dry weight was achieved by priming with KCl. Conversely, no benefit of PEG was noted since the seedling dry weight it produced was statistically lower than the control. But Osmo priming with PEG improved the germination and seedling vigor of wheat seeds [33]. These findings could be comparable to the finding that KCl is a major stressor that affects the weight of wheat plants [34]. The osmotic advantage that K+ possesses in increasing cell water saturation and functioning as a co-factor in the activities of many enzymes may account for the increased efficiency of seed priming with KCl [35]. Enzyme activation, osmotic control in cells, and the equilibrium of membrane potential and turgor all depend on K+ [36]. Activating alpha-amylase improves the K+ balance, which is the basis for the vitality of seeds. In a similar experiment, rice seed stimulated with 5% CaCl2 and 3% KCl for 24 h, yielded the greatest shoot dry mass of 0.8 mg [37]. A positive impact of seed priming with different agents including CaCl2 and KCl on seed germination and seedling vigor has been reported in many studies [38–42].

The results of this study support the possibility of using seed priming as a technique to boost seedling vigor and increase wheat seed germination. Therefore, these results will open up new possibilities for improving seed priming to boost wheat germination and seedling vigor. This study unequivocally demonstrates that the seed priming technique positively affects plant height, productivity, and yield-enhancing traits in wheat. These results corroborate previous research showing that primed seeds often result in higher plant height, root weight, and dry matter output when compared to control [43]. Plant phenological traits enhanced as a result of seed priming; plants that were primed had a better start, grew more quickly, and reached maturity sooner than their unprimed counterparts. A shorter imbibition time and quick emergence might be the causes of priming’s improved phenology [14]. Regarding plant height, both cultivars in this study responded well to seed priming with KCl and NaCl. Potassium’s primary job in the cytoplasm is to maintain the proper ionic environment for metabolic activities. As a result, it regulates several different processes, including growth control. The most common source of potassium (K) for crops is potassium chloride (KCl), and chloride (Cl) is regarded as a necessary micronutrient for the best possible development [44]. Taller wheat plants were seen when seeds primed with KCl were used, as reported by Farooq et al. [45].

The yield contributing characteristics and wheat yield were positively impacted by the seed priming method in this study, with KCl or CaCl2 demonstrating the highest performance. Better seedlings from primed seeds may be able to acquire resources earlier and more effectively than weaker seedlings from unprimed seeds, which might lead to an increase in grain output [46]. To achieve high yield and early maturity, seed priming has the potential to improve the viability and vigor of seeds above control, which are critical components of germination and the establishment of robust seedlings. Others also verified that primed wheat seeds had considerably longer spike length, spikelet count (spike−1), grain count (spike−1), and 1000-grain weight than non-primed wheat seeds [47]. According to Ugale et al. [47], KCl-treated seeds had a high potential to increase wheat yield and yield-attributing components, while Farooq et al. [16] found that osmohardening with CaCl2 and KCl was the most effective treatment for enhancing rice seedling development and productivity. This ultimately leads to robust seedling growth, improved plant growth, increased seed output, and higher-quality rice. Research on dry direct seeded rice with KCl priming and seeds exposed to CaCl2 osmohardening has shown improvements in the number of viable tillers, kernel yield, and harvest index [48]. Similar findings were made by Toklu et al. [49], who discovered that hydro-priming, KCl, and PEG treatments raised wheat grain yields above the control. According to Ramamurthy et al. [50], seed priming in wheat produced a noticeably greater grain yield (17%) compared to non-primed wheat and also enhanced wheat grain production in late conditions. Wheat yield was shown to increase by 15% when wheat seed was soaked in 2.5% potassium chloride (KCl) for 12 h before planting, according to Misra et al. [23]. Similar to this, Suryakant et al. [51] found that the best wheat grain yields came from sowing sprouted seeds, which was followed by priming treatments with IAA, KCI, water, and ZnSO4, while the lowest yields came from sowing dry seeds (control). In a field experiment, Sarlach et al. [41] observed that 12 h. seed priming with 15 μg mL−1 CoCl2 and 2.0% KNO3 gave significantly higher grain yield in wheat. Overall, the outcomes validate our theory that seed priming affects germination and seedling development, and as a result, seed priming can assist in boosting grain output.

5  Conclusion

The present study confirms that pre-sowing seed priming can ensure higher, faster, and more uniform germination along with vigorous seedlings and a higher survival rate in wheat. Seed priming also resulted in higher wheat yield as the consequence of better performance of yield parameters. However, no relationship between seed priming-mediated seedling vigor and wheat growth and yield was found. Among the priming agents tested CaCl2 and KCl were found promising for higher seed germination, seedling vigor, and better productivity of wheat. Therefore, seed priming strategy should be further explored as a tool to boost wheat productivity in a sustainable way. Further in-depth research counting other priming agents including different botanicals and growth regulators/hormones could be helpful to identify better candidates for priming wheat seed and reveal the mechanism behind it.
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Table 1: Description of the priming agents

S1. No. Priming agent Chemical formula Manufacturer

1. Sodium chloride NaCl MERCK, India

2. Mannitol CeH140¢ MERCK, India

3. Calcium chloride CaCl, MERCK, India

4. Polyethylene glycol PEG LOBAL Chemie, India
5. Potassium nitrate KNO3 MERCK, India

6. Potassium chloride KClI MERCK, India

7. Sodium hypochlorite NaOCl MERCK, India
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Table 3: Interactions of variety and priming agent on germination and seedling vigor of wheat

Variety x Priming agent Final Mean Germination ~ Seedling Germination
germination germination  index vigor coefficient
(%) time (days) index

BARI Gom-28  Control 84.75 k 355a 30.75 mn 1191 Im  22.87k
Hydropriming 89.25 ij 2.85 be 42.00 hij 14.89 k 25.12 £k
10000 ppm KNO3;  93.75 d-h 1.92 gh 68.25 c—g 18.37e-h  25.75 d-k
15000 ppm KNO3;  89.25 ij 1.77 hi 66.25 efg 16.37 h-k  25.50 e-k
40000 ppm 97.00 a—d 1.50 i-m 70.25 a—f 21.68 abc  27.07 b-h
Mannitol
60000 ppm 93.75 d-h 1.70 hij 65.75 efg 19.24d-g 26.52 b
Mannitol
10000 ppm NaCl 93.00 e—i 2.57 b—f 44.00 h 17.16 g-k  23.57 ijk
20000 ppm NaCl 91.25 ghi 2.50 c—f 39.75 h-1 15.82 4k  23.15k
100 ppm PEG 93.75 d-h 2.40 ef 40.00 h-1 9.46 no 23.75 ijk
150 ppm PEG 90.50 hi 290 b 36.50 kl 7.64 0 23.50 jk
500 ppm NaOCl 90.75 ghi 2.37 ef 40.75 h—k 11.33 Imn 2292 k
1000 ppm NaOCl 89.25 ij 2.57 b—f 38.25 i-1 9.45 no 23.07 k
10000 ppm CaCl, 97.75 abc 1.27 I-o 73.75 ab 19.48 c—f  27.77 a—f
20000 ppm CaCl, 95.25 b—f 1.30 k—o 70.75 ae 1742 e 2747 a—g
10000 ppm KC1 99.00 ab 1.10 no 75.00 a 23.15a 29.07 abc
20000 ppm KCI 96.25 a— 1.17 mno 71.75 a—d 21.07 a—d 2845 a—e

BWMRI Control 85.50 jk 342 a 29.50 n 12.14 1 24.15 h-k

Gom-1 Hydropriming 90.00 hi 2.72 b—e 40.75h-k  15.12jk  26.40 cj
10000 ppm KNO3  94.50 c—¢g 1.80 hi 67.00 d—g 18.60 e-h  27.02 b-h
15000 ppm KNO3;  90.00 hi 1.65 h—k 65.00 fg 16.60 hijk  26.77 b-i
40000 ppm 97.75 abc 1.37 j—n 69.00 b—g 21.90 ab 28.35 a—e
Mannitol
60000 ppm 94.50 c—g 1.57 h-1 64.50 g 19.46 c—g  27.80 a—f
Mannitol
10000 ppm NaCl 93.75 d-h 2.45 def 42.75 hi 17.38 £  24.85 f-k
20000 ppm NaCl 92.00 fi 2.37 ef 38.50 i-1 16.05 jk  24.42 gk
100 ppm PEG 94.50 c—g 2.27 fg 38.75 h-1 9.68 mno  25.02 f—k
150 ppm PEG 91.25 ghi 2.77 bed 3525 Im 7.86 0 24.77 £k
500 ppm NaOCl 91.50 i 2.25 fg 39.50 h-1 11.55Imn  24.20 h-k
1000 ppm NaOCl 90.00 hi 2.45 def 37.00 jkl 9.67 mno  24.35 gk
10000 ppm CaCl,  98.50 ab 1.15 mno 72.50 abc 19.71 b—e  29.05 abc
20000 ppm CaCl, 96.00 a— 1.17 mno 69.50 b—g 17.64e-1  28.75 ad
10000 ppm KCl 99.75 a 0.97 o 73.75 ab 2337 a 3035 a
20000 ppm KCI 97.00 a—d 1.05 no 70.50 a—e 2130 a—d 29.72 ab

Sx 1.93 0.18 2.66 1.16 1.61

Level of significance ok oK oK ok oK

CV (%) 2.93 12.52 6.97 10.26 8.78

Note: In a column, figures with the same letter(s) or without a letter do not differ significantly whereas figures with dissimilar letters significantly (as
per DMRT), ** = Significant at 1% level of probability.
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Table 6: Effect of variety and priming method on plant height, yield contributing characters, and yield of
wheat

Plant Spike No. of No. of grains  No. of 1000-grain  Grain weight ~ Grain yield

height length spikelets spikelets ' grains weight (g)  plant ' (g) (tha ')

(cm) (cm) spike ™! spike™!
Variety
BARI Gom-28 67.81 9.987 11.75 b 3.700 b 4333b 49.71 2.156 b 2.801 b
BWMRI Gom-1 69.47 9.920 12.81 a 3.966 a 5138 a 49.68 2.546 a 3.307 a
Level of significance NS NS woE *K *K NS woE *K
Priming methods
Control (No priming) 65.03 ¢ 9.52 11.36 3.933 ab 45.24 49.08 2221 ¢ 2.888 ¢
Distilled water (H,O) 67.36 abc  9.770 11.23 4.100 a 46.65 49.18 2.288 abc 2.973 b-e
10000 ppm KNO; 66.00 abc  10.078 11.26 4.100 a 46.37 49.21 2.280 abc 2.965 cde
15000 ppm KNO; 65.70 bc  10.070 11.30 4.033 ab 45.72 49.31 2.271 abc 2.941 de
40000 ppm Mannitol 66.16 abc  9.973 11.53 4.000 ab 46.51 49.28 2.298 abc 2.985 b-e
60000 ppm Mannitol 66.76 abc  9.740 11.43 3.966 ab 45.41 49.31 2.238 be 2910 e
10000 ppm NaCl 70.76 a 10.050 11.73 3.900 ab 46.08 49.58 2.283 abc 2.968 cde
20000 ppm NaCl 69.63 abc  9.577 12.93 3.666 ab 47.71 49.18 2.339 abc 3.041 a—¢
100 ppm PEG 69.56 abc  9.847 12.73 3.700 ab 47.15 49.65 2.350 abc 3.033 a—¢
150 ppm PEG 70.03 ab  10.100 12.73 3.766 ab 48.79 49.45 2.385 abc 3.101 a—e
500 ppm NaOCl 70.36 ab  10.340 13.20 3.633b 48.60 50.15 2.425 abc 3.152 ad
1000 ppm NaOCl 69.80 abc  9.613 13.06 3.700 ab 48.58 50.35 2.426 abc 3.174 abc
10000 ppm CaCl, 70.16 ab  10.137 13.43 3.600 b 49.14 50.31 2476 a 3202 a
20000 ppm CaCl, 70.43 ab  10.047 12.60 3.766 ab 48.10 50.21 2.412 abc 3.130 ad
10000 ppm KCl 70.70 a 10.130 13.43 3.600 b 48.65 50.35 2.450 ab 3.186 ab
20000 ppm KCl 69.80 abc  10.270 12.56 3.866 ab 48.95 50.51 2473 a 3216a
Level of significance woE NS NS *K NS NS woE woE
CV (%) 6.24 12.08 17.20 10.26 25.17 3.87 8.24 6.08

Note: In a column, figures with the same letter(s) or without a letter do not differ significantly whereas figures with dissimilar letters significantly (as
per DMRT), ** = Significant at 1% level of probability, NS = Non-significant.
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Table 4: Effect of variety and priming agent on seedling growth of wheat

Root length (cm) Shoot length (cm) Root dry Shoot dry Root:
weight (mg) weight (mg) Shoot
Variety
BARI Gom-28 9.032 7.992 4.709 4.823 0.873 B
BWMRI Gom-1 8.882 8.192 4.734 4.773 1.025 A
Level of significance NS NS NS NS ok
Priming agent
Control 7.12 fg 6.95e 3.68f 350 e 1.00 abc
Hydropriming 8.30 ef 8.37d 453 e 430d 1.01 ab
10000 ppm KNO3 10.72 a—d 8.87 cd 5.01 cde 537c¢ 0.89 a—d
15000 ppm KNO; 10.25 bed 8.07d 453 ¢ 4.55d 0.93 a—d
40000 ppm Mannitol 11.65 ab 10.72 ab 5.21 bed 6.30 ab 0.78 cd
60000 ppm Mannitol 10.67 a—d 9.87 bc 4.76 de 5.82 be 0.77d
10000 ppm NaCl 9.87 cde 8.60 d 571D 527 ¢ 1.01 ab
20000 ppm NaCl 9.37 de 8.02d 5.48 be 4.60 d 1.11a
100 ppm PEG 5.20 hi 492 fg 3.41 fg 3.22 ef 1.00 abe
150 ppm PEG 4.52 1 392 ¢ 2.96 gh 275 fF 1.06 ab
500 ppm NaOCl 6.65 gh 5.87f 3.63 f 3.17 ef 1.09 ab
1000 ppm NaOCl 5.65 ghi 4.97 fg 2.71h 285 f 0.88 bed
10000 ppm CaCl, 10.22 bed 9.72 be 6.88 a 6.17 ab 1.03 ab
20000 ppm CaCl, 9.47 de 8.82 cd 6.46 a 5.90 be 1.02 ab
10000 ppm KC1 12.17 a 11.25a 5.46 be 6.77 a 0.76 d
20000 ppm KCI 11.45 abc 10.47 ab 5.06 cde 6.20 ab 0.77d
Level of significance ** ok ok ok ok
CV (%) 17.75 13.18 12.34 13.31 23.74

Note: In a column, figures with the same letter(s) or without a letter do not differ significantly whereas figures with dissimilar letters differ significantly

as per DMRT), ** = Significant at 1% level of probability; NS = Non-significant.
P!
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Table 7: Interaction effect of variety and priming method on plant height, yield contributing characters, and
yield of wheat

Variety X priming method Plant Spike No. of No. of No. of 1000- Grain Grain yield
height length spikelets grains grains grain Weight (tha™)
(cm) (cm) spike ! spikelets ' spike ' weight plant ' (g)
(2

BARI Control (No priming)  6420b  9.56 10.83 3.80 a—d 41.19 49.10 202¢g 2.633 i

Gom-28  pigtilled water (H,0)  66.53 ab  9.80 10.70 396a-d 4246 49.20 209¢g 2.715 hi
10000 ppm KNO; 65.16 ab  10.11 10.73 3.96 a—d 42.49 49.23 209¢g 2.723 hi
15000 ppm KNO; 64.86 ab  10.10 10.76 3.90 a—d 41.60 49.33 2.06¢g 2.676 hi
40000 ppm Mannitol ~ 65.33 ab  10.00 11.00 3.86 a—d 42.84 49.30 2.12 fg 2.753 hi
60000 ppm Mannitol ~ 65.93 ab  9.77 10.90 383 ad 41.61 49.33 205¢g 2.665 hi
10000 ppm NaCl 69.93 ab  10.08 11.20 3.76 a—d 42.16 49.60 2.08¢g 2.715 hi
20000 ppm NaCl 68.80ab 9.61 12.40 3.53 bed 43.63 49.20 2.14 fg 2.791 hi
100 ppm PEG 68.73ab 9.88 12.20 3.56 bed 43.27 49.66 2.14 fg 2.794 hi
150 ppm PEG 69.20 ab  10.13 12.20 3.63 a—d 44.46 49.46 2.19 efg 2.846 ghi
500 ppm NaOCl 69.53 ab  10.37 12.66 3.50 cd 44.37 50.16 222d-g 2.889 f—i
1000 ppm NaOCl 68.96 ab 9.64 12.53 3.56 bed 44.61 50.36 224 c-g 2919 e-i
10000 ppm CaCl, 69.33ab  10.17 12.90 346d 44.82 50.33 226 c-g 2.938 d-h
20000 ppm CaCl, 69.60 ab  10.08 12.06 3.63 a—d 44.18 50.23 222d-g 2.886 f—i
10000 ppm KCl 69.86 ab  10.16 12.90 346d 44.69 50.36 225c-¢g 2.925 e-i
20000 ppm KCl 68.96 ab  10.30 12.03 3.73 ad 44.94 50.53 226b-g 2.952 d-h

BWMRI  Control (No priming)  65.86 ab  9.49 11.90 4.06 a—d 49.30 49.06 241 a—f 3.143 c-g

Gom-1 Distilled water (H,0)  68.20 ab  9.73 11.76 423a 50.85 49.16 248 a—e 3.232 a—d
10000 ppm KNO; 66.83 ab  10.04 11.80 423a 50.25 49.20 2.46 a—e 3.207 a—e
15000 ppm KNO; 66.53 ab  10.03 11.83 4.16 ab 49.85 49.30 248 a—e 3.206 a—e
40000 ppm Mannitol ~ 67.00 ab  9.94 12.06 4.13 abc 50.19 49.26 247 a—e 3.216 a—e
60000 ppm Mannitol ~ 67.60 ab  9.70 11.96 4.10 a—d 49.22 49.30 242 a—f 3.156 b—f
10000 ppm NaCl 71.60a  10.01 12.26 4.03 a—d 50.00 49.56 247 a—e 3.220 a—e
20000 ppm NaCl 70.46 ab  9.54 13.46 3.80 a—d 51.80 49.16 2.53 a—d 3.292 abc
100 ppm PEG 70.40 ab 9.81 13.26 383 ad 51.02 49.63 2.55 abc 3.273 abc
150 ppm PEG 70.86 ab  10.06 13.26 3.90 a—d 53.12 49.43 2.58 ab 3.356 abc
500 ppm NaOCl 71.20a  10.30 13.73 3.76 a—d 52.83 50.13 2.62a 3.415 abc
1000 ppm NaOCl 70.63 ab  9.58 13.60 383 ad 52.56 50.33 2.60 a 3.429 abc
10000 ppm CaCl, 71.00 ab  10.10 13.96 3.73 ad 53.47 50.30 2.69a 3.466 a
20000 ppm CaCl, 7126 a  10.01 13.13 3.90 a—d 52.02 50.20 259a 3.373 abc
10000 ppm KCl 71.53a  10.09 13.96 3.73 ad 52.62 50.33 2.65a 3.446 ab
20000 ppm KCl 70.63 ab  10.23 13.10 4.00 a—d 52.97 50.50 2.67a 3.480 a

Level of significance woE NS NS woE NS NS woE woE

CV (%) 6.24 12.08 17.20 10.26 25.17 3.87 8.24 6.08

Note: In a column, figures with the same letter(s) or without a letter do not differ significantly whereas figures with dissimilar letters significantly (as
per DMRT), ** = Significant at 1% level of probability, NS = Non-significant.
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Table 2: Effect of variety and priming agent on germination and seedling vigor of wheat

Variety Final Mean Germination  Seedling Germination
germination germination index vigor coefficient
(%) time (days) index
Variety
BARI Gom-28 92.78 2.09 a 54.60 15.90 25.35b
BWMRI Gom-1 93.53 1.96 b 53.35 16.13 26.62 a
Level of NS o NS NS ok
significance
Priming agent
Control 85.12 h 348 a 30.12 1 12.02 h 2351 g
Hydropriming 89.62 g 2.78 b 41.37 of 15.00 g 25.76 efg
10000 ppm KNO3;  94.12 cde 1.86 d 67.62 cd 18.48 de  26.38 c—f
15000 ppm KNO3;  89.62 g 1.71d 65.62 d 16.49 fg 26.13 def
40000 ppm 97.37 ab 1.43 ef 69.62 be 21.79 ab 27.71 a—e
Mannitol
60000 ppm 94.12 cde 1.63 de 65.12d 19.35d 27.16 b—e
Mannitol
10000 ppm NaCl 93.37 def 251 ¢ 4337 ¢ 17.27 ef 2421 fg
20000 ppm NaCl 91.62 efg 243 ¢ 39.12 fgh 15.94 fg 2378 g
100 ppm PEG 94.12 cde 233 ¢ 39.37 fgh 9.571 24.38 fg
150 ppm PEG 90.87 fg 283 Db 35.87h 7.75] 24.13 fg
500 ppm NaOCl 91.12 fg 231 ¢ 40.12 efg 1144 h 23.56 g
1000 ppm NaOCl 89.62 g 251 ¢ 37.62 gh 9.56 i 2371 g
10000 ppm CaCl,  98.12 ab 1.21 fg 73.12 ab 19.60 cd  28.41 abc
20000 ppm CaCl,  95.62 bed 1.23 fg 70.12 be 17.53 ef 28.11 a—d
10000 ppm KCl 99.37 a 1.03 g 74.37 a 23.26 a 29.71 a
20000 ppm KC1 96.62 bc 111 g 71.12 abe 21.18 bc  29.08 ab
LeVel Of kesk kesk kesk sk kesk
significance
CV (%) 2.93 12.52 6.97 10.26 8.78

Note: In a column, figures with the same letter(s) or without a letter do not differ significantly whereas figures with dissimilar letters significantly (as
per DMRT), ** = Significant at 1% level of probability, NS = Non-significant.
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Table 5: Interaction of variety and priming agent on seedling growth of wheat

Variety x Priming agent Root Shoot Root dry Shoot dry Root:Shoot
length (cm) length (cm) weight (mg) weight (mg)

BARI Gom-28  Control 7.20 hij 6.85 jk 3.67f 3.52 jk 0.923 a—e
Hydropriming 8.37 - 8.27 g 452¢e 4.32 4 0.929 a—
10000 ppm KNO; 10.80 a—e  8.77 e-h 5.00 cde 5.40 d-h 0.841 b—e
15000 ppm KNO; 1032 a-g  7.97 hjj 4.52¢ 4.57 hi 0.838 b—e
40000 ppm Mannitol 11.72 abc  10.62 abc  5.20 cde 6.32 abc 0.735 e
60000 ppm Mannitol 10.75 a—e  9.77 b—f 4.75 de 5.85c¢g 0.727 e
10000 ppm NaCl 9.95 b—g 8.50 e—i 5.70 be 5.30 fgh 0.940 a—¢
20000 ppm NaCl 9.45 d-g 7.92 hij 547 cd 4.62 hi 1.011 a—e
100 ppm PEG 5.27 jkl 4.82 Im 3.40 fg 325k 0917 a—
150 ppm PEG 4.60 kl 3.82m 2.95 fg 2.77 k 0.986 a—
500 ppm NaOCl 6.72 ijk 5.77 kl 3.62f 320k 1.000 a—
1000 ppm NaOCl 5.72 jkl 4.87 Im 270 ¢g 2.87k 0.778 de
10000 ppm CaCl, 1030 a-g  9.62 c—¢g 6.87 a 6.20 a—¢ 0.952 a—e
20000 ppm CaCl, 9.55c¢ 8.72 e-h 6.45 ab 592 a—¢g 0.954 a—
10000 ppm KCI 1225 a 11.15 ab 545 cd 6.80 a 0711 e
20000 ppm KCl 11.52 a—e 1037 a-d  5.05 cde 6.22 a—¢ 0.720 e

BWMRI Gom-1 Control 7.05 ij 7.05 ijk 3.70 f 3.47 jk 1.084 a—d
Hydropriming 8.22 ghi 8.47 f-i 455e 4.27 ij 1.107 abe
10000 ppm KNO; 10.65 a—e  8.97 d-h 5.02 cde 535e-h 0.941 a—
15000 ppm KNO; 10.17 a-g  8.17 g 455e 4.52 hi 1.021 a—e
40000 ppm Mannitol 11.57a-d  10.82 abc  5.22 cde 6.27 a—d 0.834 b—e
60000 ppm Mannitol 10.60 a—f  9.97 a—e 4.77 de 5.80 c—¢g 0.823 cde
10000 ppm NaCl 9.80 c-g 8.70 e-h 5.72 be 5.25gh 1.098 abc
20000 ppm NaCl 9.30 e-h 8.12 hjj 5.50 cd 4.57 hi 1.211 a
100 ppm PEG 5.12 jkl 5.02 Im 342 fg 320k 1.095 abe
150 ppm PEG 4451 4.02 m 2.97 fg 2.72 k 1.145 ab
500 ppm NaOCl 6.57 i-1 5.97 kl 3.65f 3.15k 1.196 a
1000 ppm NaOCl 5.57 jkl 5.07 Im 272 ¢g 2.82k 0.987 a—
10000 ppm CaCl, 10.15a-g  9.82 b-f 6.90 a 6.15 a—f 1.127 abc
20000 ppm CaCl, 9.40 d-h 8.92 d-h 6.47 ab 5.87 b-g 1.104 abc
10000 ppm KCI 12.10 ab 1135a 547 cd 6.75 ab 0.811 cde
20000 ppm KCl 11.37 a—e 10.57 abc  5.07 cde 6.17 a—f 0.820 cde
Level of significance woH woH woH ok ok
CV (%) 17.75 13.18 12.34 13.31 23.74

Note: In a column, figures with the same letter (s) do not differ significantly whereas figures with dissimilar letters differ significantl
(as per DMRT), ** = Significant at 1% level of probability.
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