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 ABSTRACT 

Seeds are the foundation of agricultural production. Whatever 

other production elements are present, they will not compensate for the 

poor production that occurs as a result of the use of inferior seeds, 

which surely leads to a drop in quantity and quality production. To 

restart the metabolic processes in the seeds that have been prepared for 

planting, the seed must be hydrated in order to encourage it to 

germinate, and it will only do so when the right moisture is available. 

Stimulating seed germination in a short period of time, fighting with the 

bush that grows alongside the crop, and lowering the amount of 

pesticides required in control. Therefore, conserving the environment 

from pollution and lowering agricultural production costs through the 

use of available technology with outstanding results, particularly for 

leguminous crops that suffer from the presence of hard seeds. Soaking 

technology minimizes seeding rates, reduces work and time, and 

provides a homogeneous field in growth and its reflection on the harvest 

at one time, as well as facilitating the harvest process. In comparison to 

other ways, this is the safest for increasing the output and quality of 

field crops. 

KEY WORDS:  

Crops, technology, solutions, 

soaking  

 

 

Received:              25/08/2022 
Accepted:             13/10/2022 
Available online: 30/09/2023 

 

 

© 2023 College of Agriculture, Tikrit 

University. This is an open access  

article under the CC by licenses 
http://creativecommons.org/licenses/by/4.0 
 

 

 

  استجابة بذور المحاصيل الحقلية لمحفزات تحسين الانبات والنمو

                                                                                                                                           2احمد  هاشم سالم العبيدي، 1احمد مجيد عبدالله المشهداني، 1خليل ابراهيم خليل الكيكاني،  1مثنى عبد الباسط علي

                                                          1لعراقا –جامعة الموصل  -كلية الزراعة والغابات  -قسم المحاصيل الحقلية 

 2العراق –الموصل  -مديرية زراعة نينوى

 

 الخلاصة 

تشكل البذور الركيزة الاساسية في الانتاج الزراعي, فمهما توفرت عوامل الانتاج الاخرى فان ذلك لن يعوض تدني الانتاج الذي 

يحصل بسبب استخدام بذور رديئة والذي بدون ادنى شك يؤدي الى انخفاض الانتاج كما ونوعا. لاستئناف العمليات الايضية في 

 المنتجون يلجأ تميؤ البذرة لحثها على الانبات ولأيتم ذلك الا عندما تتوفر الرطوبة الملائمة، ولذلك البذور المعدة للزرعة لابد من
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 المحاصيل بذور طوتنشي نقع تقنية استخدام خلال من الا ذلك ولأيتم البذور لإنبات اللازمة الفترة تقليص اجل من حلول ايجاد الى

كميات المبيدات وخفض  للمحصول المرافقة الادغال ومنافسة قصير بوقت الانبات على البذور تحفيز اجل من المختلفة بالمحاليل

متوفرة  تقنية باستخدام الزراعي الانتاج كلف من التقليل ث وبالتاليلوالمحافظة على البيئة من التالمستخدمة في المكافحة وبالتالي 

 تقليل على تعمل النقع تقنية استخدام الصلبة. ان البذور وجود من تعاني التي البقولية للمحاصيل وخاصة ممتازة نتائج وذات

وتسهيل عميلة  واحد بوقت الحصاد على ذلك وانعكاس النمو في متجانس حقل وإعطاء والوقت الجهد وتقليل البذار معدلات

 .رق الاخرىالطمع  المقارنةب لتحسين حاصل ونوعية المحاصيل الحقليةالمصدر الأكثر أماناً  تقنيةالالحصاد. وتعد هذه 

 .المحاصيل ، تقنية، محلول، نقع الكلمات المفتاحية:

 

INTRODUCTION  

The decrease in the rate of field emergence and weak growth of seedlings in field crops in 

general is a significant factor that influences field crop productivity Murungu et al., (2004), because 

the speed and homogeneity of growth, the completion of field emergence, and the strength of 

seedlings ultimately lead to achieving the required plant density and complete coverage of the field 

in a short period of time, which helps greatly in the competition of the associated bush. As a result, 

a large seed production is obtained. Soaking and reviving field crop seeds before planting, as 

proposed by Genkel and Kolotova (1934), becomes one of the most important treatments for 

improving field crop productive, due to seed impregnation with the used soaking materials and 

secures an additional store for the embryo (Bharate and Vaidehi 1989). In addition to performing 

their other necessary roles during germination and growth, nutrients supplied to soaking solutions 

serve a significant role as a cofactor in the enzymatic system or may be involved in these reduction 

reactions. Seed priming is the process of soaking seeds in synthetic or natural solutions that increase 

the strength of the seeds to withstand stress as well as provide speed and a high and homogeneous 

germination rate (Mengel et al., 2001). Marschner (1995) highlighted the important role of nutrients 

in soaking seeds. 

 

The act of soaking and priming the seeds of field crops 

Some peer-reviewed studies in the Seed Science, Harris et al. (2001) and Goshi and Singh 

(2005), found that soaking seeds before planting for a short period of time hads a positive effect on 

the germination of these seeds and plants that grow from them. Soaking seeds is done here. Seeds 

are soaked for short periods of time (before germination) with water, osmotic solutions, or nutrient 

solutions, and then dried to their initial wetness before re-planting. Such as NaCl, KCl, and others, 

or the most commonly used osmopriming solutions, PEG and mannitol. Nutrient seed priming 

solutions are soaking solutions that contain minerals, vitamins, or antioxidants. Many researchers 

headed toward the use of more economical agricultural technologies that contribute to benefiting 

from the speed of seed germination even during the season of low water such as the technique of 

seed priming. It is one of the cost effective procedures that shortens the time between planting seeds 

and seedling emergence reduces efforts, and is characterized by Seed priming technology with its 

high efficiency in stimulating seeds (Sadeghi et al. 2011, Goudarz et al. 2012, Zidan et al. 2012). 

 

Features of the technique of soaking with priming seed solutions and its significance on crop 

yield growth. 

Priming seeds that have been stored for a long time helps to heal some of the cellular and 

cytoplasmic damage that may occur during storage, with some of these repairs occurring during 

seed impregnation with water during planting Goshi and Singh (2005). To maximize the degree of 

repair in the chromosomal aberration, soak the seeds before planting them using one of the 

previously described soaking procedures and drying them to their initial wetness before replanting. 

Soaking seeds is not a new concept, and it has long been practiced since ancient times by farmers 

who found that seeds soaked in water performed better in terms of germination, speed of 
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emergence, and blooming. There are numerous hypotheses and theories that explain why seeds 

deteriorate and why seed priming is required. Among the most well-known of these hypotheses are: 

 

1- Bioaccumulation: This occurs when seeds are stored at low moisture levels, causing respiration 

and enzyme activity to decrease. 

2- Destruction of germination promoting hormones: The role of gibberellins and cytokinins in 

encouraging them to increase the enzymatic activity that leads to germination has been 

thoroughly investigated. The improved germination of aged seeds after exposure to growth 

hormones lends support to this notion.  

3- Enzymatic decomposition or decrease in activity during storage: One of the indicators of seed 

aging is a decrease in enzymatic activity. Catalase and decarboxylase are two of these 

enzymes. The general drop in enzyme activity implies a decrease in respiratory capacity, 

limiting the availability of energy, ATP, and food to developing seeds. 

4- Self-oxidation of fats: Although oxidation happens in all cells, water functions as a regulator 

for the occurrence of reactions and so controls the suppression of enzyme activity in 

completely imbibed cells. 

5- Decomposition of cell activities:- Membrane degradation happens via two processes: 

hydrolysis or lipid oxidation, as well as mitochondrial deterioration and functional alterations.  

6- Decomposition of genetic material: Due to the irregular cellular processes of living seed 

tissues, there is sometimes deterioration in the genetic material and partial decomposition of 

DNA, and the deterioration rises with the storage period. 

 

Significant findings on increasing and improving the percentage of germination as a result of 

soaking and priming seeds and its impact on crop yield growth: Literature review 

The developments that occur prior seed germination, leads to an improvement in seed 

physiology, and can be investigated by analyzing the impregnation curve (Lopes et al., 2000) by 

finding the regression points in the process of impregnation without harming the embryo, it is a 

basic rule in seed priming and could be sometimes Osmotic conditioning, which is based on 

enabling the occurrence of metabolic processes that precede germination, but without reaching 

radical to the emergence (Bradford, 1986). Bewley and Black (1978) characterized the seed soaking 

system as one in which the potential energy of seed water is maintained at adequate levels to enable 

the commencement of critical processes and activities in the second stage of germination process, 

but without germination. Soaking seeds in water increases their germination rate and homogeneity, 

as well as their ability to withstand unfavorable environmental circumstances (Nath et al., 1991), 

(Khan, 1992) and (Braccini et al., 1997).  

The duration of sorghum seeds was (96.83) days in the comparator treatment after 12 hours 

of activation with water (Singh and Murthy, 1987). (Jones and Wahbi, 1992) discovered that zinc 

shortage inhibits seedling growth, a proper and adequate preparation of elemental zinc reduces the 

likelihood of seedling failure. According to Wv and Xiao (1992), using ZnSO4 at a concentration of 

(0.3 ppm) boosted plant height and the number of branches of soybean plants. Gulati et al. (1997) 

discovered that the amount of water absorbed reduces in stored Kabuli chickpea seeds and increases 

in desi chickpea seeds. Ghazi and Al-Karaki (1998) discovered that low concentrations of PEG-

8000 solution increased the percentage of germination of wheat and barley and decreased the period 

of completion of germination by nearly half, with wheat responding more than barley. According to 

Klamczynska et al. (2001), Chickpea seeds reached its maximum weight after 8 hours of soaking, 

and the size of seeds increases by 90%. Sabapathy (2005) discovered that soaking chickpea seeds of 

varieties, Kabuli and desi, for 16 hours improveds their meaning, but it peakeds quickly in the first 

four hours and then began to slow down. Ghana and William (2003) found that winter wheat seed 

soaking treatments had no discernible influence on germination.  

In terms of field growth, they found that only one of the two employed cultivars increased in 

its percentage of germination and the speed of emergence of seedlings under laboratory and 

greenhouse conditions. Aziza et al. (2004) and Abida et al. (2008) found that soaking barley seeds 
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in water or other soaking solutions increased germination in their two tests. Kant et al. (2006) 

concluded that soaking wheat seeds in 10% PEG boosteds the percentage of germination as well as 

growth speed and uniformity even under non-optimal field circumstances. Sharifzadeh et al. (2006) 

found no positive effect of osmotic soaking solutions on the germination characteristics of bread 

wheat seeds, but the researcher attributed this to the possibility of a high osmotic potential of the 

solutions used (-12 to -17 bar) or an increase in soaking times (24 to 96 hours). Hossain (2007) 

discovered that there was a significant effect of the treatment (250 ppm) on the characteristics of 

germination rate in a study was conducted to find out the effect of three concentrations of boron 

(zero, 250, 500, and ppm) and for soaking period of (6 hours) and for three varieties of mungbean. 

It was discovered that (250 ppm) treatment had a significant effect on the parameters of germination 

rate, leaf area index, maturity date, crop growth rate, number of seeds/pod, seed yield, weight of 

(1000) seeds, and protein yield.  

According to Muhammad et al. (2007), soaking the seeds produces biochemical changes in 

the seeds such as hydrolysis of the seed food supplies, activation of enzymes, inhibitor metabolism, 

and breaking the dormancy of the seeds, which leads to rapid germination. According to 

Janmohammadi et al. (2008), soaking maize seeds in PEG-6000 solution, saline solutions, or water 

boosts germination % and seedling vigor index in both saline and non-saline soil conditions. 

Kumpawat and Manohar (2009) conducted an experiment in which three boron concentrations (150, 

250, and 350 parts per million) were used for a period of (2, 4 and 6 hours) for each concentration 

resulted in significant differences between them, as the factorial treatment with Concentration (250 

ppm) for a period of (6 hours) of seed yield, biological yield, crop growth rate, net photosynthetic 

rate, and protein yield. When Mahdi and Muhammad (2009) studied the effect of treatments for 

maize seeds without soaking, soaking with water, soaking in acidic solution, and soaking in brine, 

the treatment of soaking seeds with water significantly outperformed in increasing the biological 

yield of the plant and increasing the amount of proline and chlorophyll in plant leaves, while it was 

the treatment of soaking in brine that performed poorly.  

Soaking seeds in a calcium chloride brine solution before planting increased the proportion 

of protein in the plant leaves, while the treatment of soaking seeds in the acid solution before 

planting exceeded growth in plant leaf area. Soaking soybean seeds with (KNO3) produced the 

greatest values for all examined parameters when compared to unsoaked seeds, with germination 

rate, seedling growth, and seedling dry weight increasing by 28.3, 129.4, and 58.1 percent, 

respectively, as compared to unsoaked seeds (Mohammadi, 2009). Soaking bean seeds in water for 

varying lengths of time (no soaking, 12, and 24 hours) had a substantial influence on germination, 

seedling dry weight, and seed strength. The treatment of soaking seeds in water for 24 hours 

recorded  the highest mean comparing the other treatments in all evaluated parameters, with a mean 

seed germination of 96 percent, the dry weight of the seedling increased to 1.52 g, and the seedling 

strength increased to 145.92 (Maroufi et al., 2011). According to Liela et al. (2011), the increased 

activity of the enzymes amylase, protease, and lipase, which have a significant influence in 

deconstructing the stored big molecules that the embryo requires for growth and development, may 

explain the faster emergence in the soaked seeds.  

The researcher used four different soaking solutions on two distinct types of bread wheat, 

and the responses of the varieties vary. According to the findings of (Seyedi et al., 2011), soaking 

chickpea seeds in zinc sulfate for 8 hours at a temperature of 25 °C enhanced the percentage of 

germination as well as the fresh and dry weight of the seedlings when compared to unsoaked seeds. 

Furthermore, (Eskandari and Kazemi, 2011) discovered that soaking pea seeds in (KNO3) at a 

concentration of 1.5 percent for three soaking periods (8, 12, 16 hours) considerably improved 

germination percentage, seed strength factor, and seedling dry weight. It should be noted that 

soaking chickpea seeds in water for 10 hours at a temperature of 20 °C resulted in a considerable 

increase in plant height, number of branches per plant, number of seeds per pod, weight of 100 

seeds, seed yield, and biological yield (Abbasdokht et al., 2012). In their investigation, Ahmadvand 

et al. (2012) employed two treatments for the seeds of two soybean cultivars (without soaking and 

soaking in KNO3 solution at a concentration of 6 g/L). Soaking the seeds in KNO3 considerably 
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increased the percentage of laboratory germination, field emergence, root length, shoots, seedling 

dry weight, plant height, leaf area, and plant dry weight. When wheat seeds were immersed in 

magnetic water, the germination rate of the seeds increased, as did the dry weight of the plant, 

according to Babar et al. (2012). Syed et al. (2012) demonstrated that soaking maize seeds in 

various doses and durations of soaking had a favorable influence on the rate and speed of 

germination, although the researcher saw stronger effects when the seeds were soaked with 

gibberellin. When studying the effect of different levels of boron seed soaking treatments (0, 150, 

200, and 250 ppm) on two mung cultivars, Subedi and Deo (2013) found that boron seed soaking 

treatment at a concentration of (250 ppm) was superior to the control treatment in flowering time, 

maturity date, and pod length. In both cultivars, the number of pods/plant, the number of seeds/pod, 

the weight of (1000) seeds, and the seed yield. In their study, Kadam and Khanvilkar (2015) 

mentioned the effect of two levels of boron (250 and 350 parts per million) for a period of six hours 

on the growth of two cultivars of green marrow to the superiority of seeds treated with boron 

compared to non-treated in plant height and number of branches / plant. Both cultivars had the same 

number of pods per plant, vital yield, harvest index, and protein content. According to Najm (2016), 

priming sorghum seeds with gibberellic acid resulted in the highest average germination speed in 

the first count (65.2 percent) and the standard laboratory germination rate (83.0 percent) when 

compared to the treatment of dry seeds, which resulted in the lowest average germination speed of 

(40.7 percent). The average laboratory germination rate was (57.8 percent). Ali (2016) discovered 

the effect of soaking seeds in two amounts of boron (0 and 250 ppm) for six hours on the growth 

and yield of two black and green marrow cultivars. Plant, blooming and maturity dates, number of 

branches per plant, pod length, number of pods per plant, vital yield, harvest index, and protein 

content were all measured in both cultivars. According to Daoud and Abboud (2017), priming 

sorghum seeds with gibberellic acid at a concentration of 500 ppm was superior to a plant height of 

157.67 cm over all treatments (750 and 1000) ppm. AL-Rawi and Habeeb (2017) discovered that 

the sunflower seeds of the cultivar Amar were significantly distinguished by the studied and 

activated traits with potassium chloride solution, with the highest values for the characteristics of 

the percentage of laboratory germination at the first count being 58.05 percent, the standard 

laboratory germination being 80.65 percent, the root length 15.49 cm, the stalk length 9.89 cm, and 

the seedling strength index 2091, the fresh weight of the feather is 1.430 g, and the dry weight of 

the feather is 0.064 g. The concentration of 20 mg L-1 potassium chloride solution was significantly 

superior and recorded the highest significant mean of germination speed 79.92 percent, standard 

laboratory germination 89.92 percent, root length 18.90 cm, stalk length 12.11 cm, seedling strength 

index 2792, fresh weight of the stalk 1.68 g, and dry weight of the feather 0.075 g. Al-Hadi 

experiment (2019) showed that activating sorghum seeds with gibberellic acid at a dose of 60 mg L-

1 was preferable significantly outperformed the inactivation (no soaking) treatment by having the 

highest averages for germination speed (74.50 percent), percentage of standard laboratory 

germination (73.67 percent), root length (6.55) cm and chlorophyll content (15.39) SPAD index and 

dry weight of the seedling (11.40) mg, and the strength of the seedling in the first count (1108) and 

the strength of the seedling in the second count (1103),compared to the inactivation (no soaking) 

treatment, which produced the lowest averages for these features (57.17 percent and 50.67 percent), 

(2.52 cm), (12.48) SPAD (7.95 mg), (338) and (303). In addition, the priming treatment with 

gibberellic acid outperformed the inactivation treatment by producing the highest average feather 

length of (8.13) cm compared to the inactivation treatment, which produced the lowest average of 

(3.13) cm. 
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Table (1) Increase percentage in seed yield of some field crops at different applied treatments. 

Treatments 
treatments 

method 

Rate of 

application 

Field 

crops 

Increase in 

seed yield 
Reference 

Zinc sulphate Seed priming 0.1% Zn Wheat 34.87 (%) Ashraf, and 

Iram, (2002) 

ZnO Seed coating 2.0% (w/w) Rice 27.59 (%) Srivastava and 

Bose, (2012) 

Zinc sulphate Seed priming 1% Zn, 16 h Maize 27. 10 (%) Murungu, et 

al. (2004) 

Water and 

scratching 

Seed priming 1%  12 h Broad 

Bean 

29.30 (%) Assi et al. 

(2019) 

Zinc sulphate Seed priming 0.05% Zn 12 h soybean. 36 (%) Arif et al. 

(2008) 

Zinc sulphate Seed coating 0.05% Zn 14 h Cowpea 32.10 (%) Singh, et 

al. (2014) 

Zinc sulphate Seed priming 0.004 M, 12 h cotton 23.64 (%) Murungu, et 

al. (2013) 

 

CONCLUSION 

Based on the preceding, we may conclude that seed priming method resulted in a substantial 

increase in all evaluated features when compared to the control treatment (dry seeds), which 

resulted in the lowest values. When compared to dry seeds, the features of vegetative and 

reproductive development resulted in an increase in seed productivity. It appears that the effect of 

seed soaking treatments was seen at various stages of crop growth. Some features demonstrated 

superiority when seeds were treated with soaking solutions, particularly those tested in the early 

phases of plant growth. The soaking technique promotes seed germination with less time and 

moisture than non-soaked seeds, particularly in leguminous crop seeds. This strategy increases the 

quality and productivity of field crops by allowing crops treated with seed activation technology to 

compete with the adjacent weed, reducing the amount of pesticides needed in control and therefore 

reducing environmental pollution. Seed treatment alleviated the negative effects on plants and 

improved all of the indicators described in earlier research, resulting in an improvement in the 

plants' ability to tolerate hard circumstances. 

 

CONFLICT OF INTEREST 

The authors declare no conflicts of interest associated with this manuscript. 

 

ACKNOWLEDGMENTS 

The author is very grateful to the University of Mosul / College of Agriculture and Forestry for their 

provided facilities, which helped to improve the quality of this work. 

 

 

REFERENCES 

Abbasdokht, H.; H. Salimi; H.R. Asghari; and A. Gholami. 2012. The effect of on-farm hydro 

priming, rhizobium bacteria inoculation and cattle manure on plant height and yield of 

chickpea (Cicer arietinum L.). Technical J. of Enginee and Applied Sci., 2(10):314-319. 

Abida P.; I.I. Naqvi ; R. Shah ;and A. Hasnain 2008.Comparative germination of  barley seeds 

(Hordeum vulgare) soaked in alkaline media and effects on  starch  and soluble 

proteins. Journal of Applied Sciences and Environmental  Management . 12( 3 ) : 5-9  . 

Ahmadvand, G.; F. Soleimani; B. Saadation; and M. Pouya. 2012. Effect of seed priming with 

potassium nitrate on germination and emergence traits of two soybean cultivars under 

salinity stress conditions. American-Eurasian J. Agric & Environ. Sci., 12(6): 769-774. 

108



Ali et al., Tikrit Journal for Agricultural Sciences (2023) 23 (3):103-111 

 

AL-Hade. Muhammed Qassim Safi 2019. Effect of Seed storaged priming with different storage 

periods on Seed vigour growth, and yield of (Sorghum bicolor L Moench). M. Sc. 

Thesis, University of Karbala. College of Agriculture. 

Ali, Muthanna Abdulbasit 2016. Response of two varieties of mung bean (Vigna radiata L.) for 

phosphoric, boron emergence and harvest duration. phD. University of Mosul, College 

of Agriculture and Forestry . 

AL-Rawi, A. R. M. and M. I. Habeeb 2017. Effect of seed Priming of KCl on germination 

characteristics and vigor seedling of sunflower (Helianthus annuus L.).  Anbar Journal 

of Agricultural Sciences 15(2): 493-505. 

Arif, M., Jan, M. T., Marwat, B. K. and Khan, A. M. (2008). Seed priming improves emergence 

and yield of soybean. Pak J Bot. 40: 1169-77. 

Ashraf, M. and Iram, A. (2002). Optimization and influence of seed priming with salts of 

potassium or calcium in two spring wheat cultivars differing in salt tolerance at the 

initial growth stages. Agro.Chimica. 46:47-55. 

Assefa, M. K. and Hunje, R. 2011. Standardization of seed priming duration in soybean 

[Glycine max (L.) Merill]. Seed Res. 39: 1-4. 

Assi, Sabah Lateef Mohameed Tarkhan Hameed K. Abdul-Ameer. 2019. Effect of Foliar 

Application of Boron and Seed Scarification on Some Vegetative Growth andYield of 

Broad Bean Vicia Faba L. Local Var. Journal of University of Babylon for Pure and 

Applied Sciences. 27(5):75-87. 

Aymen, E. M. and Hannachi, C. 2012. Effects of NaCl priming duration and concentration on 

germination behaviour of Tunisian safflower. Eurasian J Bio Sci. 6: 76-84 . 

Aziza A.; H.Asgedom ; and M. Becker 2004. Seed priming enhances germination  and seedling 

growth of barley under conditions of P and Zn deficiency. Journal of Plant Nutrition and 

Soil Science. 167 (5):237-240.                                                                                           

 Babar I.; S. A. Jatoi ;D. Ahmad; M.S. Masood; and S.U.Siddiqui 2012.Changes in germination 

behavior of wheat seeds exposed to magnetic field and magnetically structured water. 

African Journal of Biotechnology. 11(15): 3575-3582. 

Bassi, G. 2005. Seed priming for in-vigourating late sown wheat (Triticum aestivum).Crop 

Improv. 32: 121-23.  

Bewley, J. D.; and M.Black. 1978. Physiology and Biochemistry of Seeds, Volumes 1 and 2, 

Springer-Verlag, Berlin, Heidelberg, New York (covers all aspects of viability, 

germination, dormancy, and environmental control 

Bharate , P.and P. Vaidehi 1989. Treatment of Sorghum grains with calcium hydroxide for 

calcium enrichment. Food and Nutrition. Bullelin. 11(2). 

Bonner, J. and A. W. Galston. 1952. Principles of plant physiology. W. H Freeman and 

Company , Publishers , San Francisco. 

Braccini,A. L.; M. S.Reis; M. A.Moreira; and C.A.Scapim. 1997. Avaliaçãodas alterações 

bioquímicas em sementes de soja durante o condicionamento osmótico. Rev. Bras. 

Sem., 19: 116-125. 

Bradford, K. J. 1986. Manipulation of seeds water relations via osmotic priming to improve 

germination under stress conditions. Hort sci., 59(2): 672-676. 

Dawood, Wissam Malik and Raghad Hussein Abboud. 2017. The effect of soaking seeds with 

gibberellin, potassium chloride and ascorbic acid on growth traits and HCN content in 

(Sorghum bicolor L). Diyala Journal of Agricultural Sciences. 9 (2): 128--134. 

Eskandari, H.; and K. Kazemi. 2011. Effect of seed priming on germination properties and 

seedling establishment of cow pea (Vigna sinesis). Not. Sci. Biol., 3(4): 113-116. 

Genkel , P. A. and S. S. Kolotova 1934. Opred posevno izakalke permaskogobil. Naucoissled in 

Ta . Q . 1- 3. 

Ghana S.; G. William ; and F. Schillinger 2003. Seed priming winter wheat for germination, 

emergence, and yield. Crop Science. 43: 2135-2141. 

109



Ali et al., Tikrit Journal for Agricultural Sciences (2023) 23 (3):103-111 

 

Ghazi N.; and Al-Karaki 1998. Response of wheat and barley during germination to seed osmo-

priming at different water potential. Journal of Agronomy and Crop Science. 181 (4): 

229–235. 

Goudarz, A., F. Soleimani, B. Saadatian and M. Pouya, 2012. Effect of seed priming with 

potassium nitrate on germination and emergence traits of two soybean cultivars under 

salinity stress conditions. American-Eurasian J. Agric. And Environ. Sci., 12(6):769-

774 

Gulati, N.; D. R. Sood; and R. S. Waldia. 1997. Effect of storage and chemical treatment on 

cooking time and water absorption of chickpea (Cicer arietinum L).Journal of Food 

Science and Technology3:233-236. 

Harris D.; A.K. Pathan; P.Gothkar; A.Joshi; W. Chivasa; and P.Nyamudeza 2001. On-farm 

using participatory methods to revive and refine a key technology. Agricultural systems. 

69 (1/2) :151-164. 

Hossain, M.A. 2007. Effects of boron and molybdenum on the yield of mung bean. J. Agri. 

Rural. Dev. 3(1): 10-20. 

Janmohammadi M. P.M. Dezfuli. and F. Sharifzadeh 2008. Seed invigoration techniques to 

improve germination and early growth of inbred line of maize under salinity and 

drought stress. General Application of Plant  Physiology.  Special Issue, 34(3-4) 215-

226. 

Jones,M.J.;and A.Wahbi.1992. Site factor influence as barley response to fertilizer in no-farm 

trails in northern Syria: descriptive and predictive models.Exp.Agric.28:63-87. 

 Joshi, A.K .and B.D.singh 2005. Seed Science and Technology. printed      by:express Graphics 

, Delhi-28.No.of pages 237   .  

Kadam, S.S. and S.A. Khanvilkar. 2015. Effect of Phosphorus, Boron and Row Spacing on 

Growth of Summer Green Gram (Vigna radiata). Journal of Agriculture and Crop 

Science. 2(1): 07-08. 

Kant S.; S.S.Pahuja ; and R.K. Pannu 2006 .Effect of seed priming on growth and  phenology of 

wheat under late-sown conditions. Tropical  Science. 44: 9-150 . 

Khan, A.A. 1992. Preplant physiological conditioning. Hort. Rev., 13: 131-181. Ghana S.; G. 

William ; and F. Schillinger (2003). Seed priming winter wheat for germination, 

emergence, and yield. Crop Science. 43: 2135-2141 . 

 Klamczynska, B.; Z. Czuchajowska; and B. Baik. 2001. Composition soaking, cooking 

properties and thermal characteristics of starch of chickpeas, wrinkled peas and smooth 

peas. International Journal of Food Science and Technology 36:563-572. 

Kumpawat, B. S. and Manohar S. S. 2009. Effect of phosphorus and micronutrients on 

nodulation and protein content of gram. Madras Agric. J. 81: 630-31. 

Liela Y.; F. Khazaei ; H. Sadeghi ; and S. Sheidaei 2011.Effect of seed priming on grain yield 

and yield components of bread wheat (Triticum aestivum L.). Asian Research 

Publishing Network Journal of Agricultural and Biological Science. 6 (6): 1-5 

Lopes, H.M.;C.A.V.Rossetto; and V.Carneiro. 2000. Embebição de sementes de cenoura 

(Daucus corota L.) em diferentes potenciais osmóticos por dois métodos. Rev. Bras. 

Sem., 22: 81-87. 

Mahdi, Abd al-Khaliq Salih and Hassan Aziz Muhammad 2009. The effect of moisture 

tightening, hardening of seeds and potassium fertilizers on the quantitative and 

qualitative characteristics of the maize crop. Daily Journal of Agricultural Sciences. 1 

(1): 83--94. 

Maroufi,K.; H.A.Farahani; P.Moaveni. 2011. Effect of hydropriming on seedling production in 

kidney bean (Phaseolus vulgaris L.) Advances in Environmental Biology.5(8):2216. 

Mengel, K.; E.A. Kirkby; H. Kosegarten; and T. Appel. 2001. Principles of plant nutrition. 

Kluwer Academic publishers, Dordrecht. The Netherlands Marschner, H.(1995). 

Mineral Nutrition of higher plants. 2nd edn. Academic press, London. UK. 

110



Ali et al., Tikrit Journal for Agricultural Sciences (2023) 23 (3):103-111 

 

Mohammadi, G.R. 2009. The effect of seed priming on plant traits of late-spring seeded 

soybean (Glycine max L.). American-Eurasian Journal of Agriculture & Environmental 

Science, 5(3): 322-326. 

Muhammad A., M.Waqas , K.Nawab, and M.Shahid 2007. Effect of seed priming in Zn 

solutions on chickpea and wheat. African Crop Science Conference Proceedings. 8: 

237- 240 . 

Murungu, F. S., Chiduza, C., Nyamuga, P., Clark, L. J., Whalley, W. R. and Finch, W. E. 

(2004). Effects of on-farm seed priming on consecutive daily sowing occasion on the 

emergence and growth of maize in semi-arid Zimbabwe. Field Crop Res. 89: 49-57. 

Murungu, F. S., Nyamugafata, P., Chiduza, C., Clark, L. J. and Whalley, W. R. (2013). Effects 

of seed priming aggregate size and soil matric potential on emergence of cotton 

(Gossypium hirsutum L.) and maize (Zea mays L.). Soil Tillage Res. 74: 161-68. 

Najm, Rasha Raad 2016. The effect of seed stimulation on germination and emergence of 

seedlings, growth and yield of (Sorghum bicolor (L) cereal. Master Thesis. Baghdad 

University. Collage of Agriculture. Field Crops Department. 

Nath, S.; P.Coolbear; and J.G. Hampton. 1991. Hydration-dehydration treatments to protect or 

repair stored Karamu wheat seeds. Crop Sci. 31: 822-826. 

Sabapathy, N.D. 2005. Heat and mass transfer during cooking of chickpea– measurements and 

computational simulation.Thesis of Master Degree. University of Saskatchewan, 

Saskatoon, Saskatchewan. 

Sadeghi, H., F. Khazaei, Yari Leila and S. Sheidaei. 2011. Effect of seed osmo-priming on seed 

germination behavior and vigor of soybean (Glycine max L.). ARPN J. of Agric. and 

Biological Science. 6 (1). 

Seyedi, M.; J. Hamzei; H. Fathi; and A. B. Valiolah Dadrasi. 2011. The effect of seed priming 

with zinc sulphate on germination characteristics and seedling growth of chickpea 

(Cicer arietinum L.) under salinity stress. Researches of first international conference 

(Babylon and Razi universities). ISSN: 2072-3875. 

Sharifzadeh F. ; H.H. Zolleh ; H. Mohamadi ; and M. Janomohammadi 2006. Study of osmotic 

priming effect on wheat (Triticum aestivum) germination in different temperatures and 

local seed  masses. Journal of Agronomy. 5(4):  647- 650 . 

Singh, A., Dahiru, R., Musa, M. and Haliru, B. S. (2014a). Effects of osmo-priming duration on 

germination, emergence and early growth of cowpea (Vigna unguiculata (L.) Walp.) in 

the Sudan savanna Nigeria. Int J Agron 4 ID 841238: 4. 

Singh, A., Dahiru, R., Musa, M. and Haliru, B. S. 2014. Effects of osmo-priming duration on 

germination, emergence and early growth of cowpea (Vigna unguiculata L.) Walp.) in 

the Sudan savanna Nigeria. Int J Agron 4 ID.841238: 4. 

Singh, C and Y, S. Murthy.1987. Effect of some growth regulators on the seedling growth of 

Cassia abtusifolia. Acta Botanica Indiea 15: 77 – 79. 

Srivastava, A. K. and Bose, B. (2012). Effect of nitrate seed priming on phenology, growth rate 

and yield attributes in rice (Oryza sativa L.). Vegetos 25: 174-81. 

Subedi,  H. and Deo N. Y. 2013. Mung bean [Vigna radiata L.] productivity under different 

levels of micro fertilizers loading in Chitwan Nepal. International Journal of 

Agricultural Science Research. 2 (1) : 001-007. 

Syed A.S. ; A. moosavi ; and M. sharafizadeh 2012.Effects of seed priming on antioxidant 

activity and germination characteristics of maize seeds under  different ageing treatment 

. Research Journal of Seed Science. 5: 51-62.                                                                              

Wv, M. C.; and C. Z. Xiao. 1992. The physiological effect of zinc on soybeans. Acta 

Agricul. 7:73-77. 

Zidan, T. A., A. O. Al Ali, O. I. Jouzdan, E. N. Tomeh and Y. Alhag Gareeb . 2012. Effect of 

salt hardening of seeds on salt tolerance of some varieties of wheat grown under 

irrigation with different water qualities. Jordan J. of Agric. sci., 8(2):293-302 . 

111


