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ABSTRACT
A field and laboratory study was conducted during the 2024 and 2025 seasons to evaluate the effect of cobalt (Co) and molybdenum (Mo) applications, through seed priming and foliar spraying, on growth, yield, and seed quality of three soybean genotypes (H18L54, Masry 10, and Giza 111). The experiment was arranged to assess the main effects of treatments (T), genotypes (G), and their interaction (T×G) on various agronomic and physiological traits. Results revealed that plant height, 100-seed weight, pod number, oil percentage, seed yield, and flowering time were significantly affected by treatments and genotypes in most cases, while the interaction effect was generally non-significant for field traits. Giza 111 exhibited superior performance in plant height and seed yield, whereas Masry 10 recorded the highest 100-seed weight, indicating genotypic variation in growth and yield responses. Cobalt seed priming (T2) proved to be the most effective treatment in improving germination rate, seedling vigor index, shoot length, and seedling biomass, showing significant interaction effects with genotypes under laboratory conditions. Molybdenum treatments showed moderate effects, while foliar applications were generally less effective than seed priming. Pod number and seed yield were significantly enhanced by micronutrient application, reflecting improved nitrogen metabolism and assimilate partitioning. In contrast, branch number showed limited response, indicating stronger genetic control. Oil content was mainly influenced by genotype, with slight reductions under some treatments. Overall, cobalt and molybdenum applications, particularly through seed priming, are effective strategies for improving soybean productivity and seed quality. These findings highlight the importance of micronutrient management in enhancing crop performance under varying environmental conditions.
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INTRODUCTION
Soybean (Glycine max L.) is a globally important legume crop that supplies large proportions of plant protein and vegetable oil used for food, feed and industrial purposes. Improving both grain yield and seed quality of soybean remains a central goal in crop management research because seed physiological quality and nutritional composition directly affect crop establishment and downstream uses [1].
Micronutrients, although required in small quantities, play critical roles in legume physiology and biological nitrogen fixation (BNF), making their management particularly important in soybean production systems [2].
Recent research shows that effective nutrient management is inevitable for modern soybean varieties to increase the yield directly and indirectly. 
Molybdenum (Mo) is essential for key enzymes such as nitrogenase and nitrate reductase and foliar or seed applications of Mo have been shown in recent field and physiological studies to enhance N assimilation, photosynthetic metabolism and yield in soybean [3,4]. Molybdenum is the micronutrient required in less quantity by plants. It plays a fundamental role in plant nutrition, as its function is related to nitrogen metabolism and is part of two metalloenzymes: nitrogenase, which participates in the symbiotic fixation of nitrogen and nitrate reductase, which acts in reducing nitrate to ammonia in plant [5].
Cobalt (Co) is recognized as a beneficial/essential element for legumes because of its role in supporting Rhizobium function and nodulation (and thus BNF), and recent seed- and foliar-application studies report positive effects of Co on nodulation and subsequent plant N status [6].
Several recent experiments indicate that targeted application of Mo and Co —whether as seed enrichment, foliar sprays, or combined treatments—can increase seed micronutrient content, germination vigor and some yield components in soybean [7].
However, responses to Mo and Co are not universally positive: dose, timing, application method and interactions with other elements (e.g., Ni) influence outcomes and can even cause negative effects when misapplied, so practical recommendations require context-specific data [8].
Moreover, genetic variability among soybean genotypes can determine uptake, translocation and utilization efficiency of Mo and Co, so genotype × treatment interactions must be evaluated when recommending fertilization strategies for seed quality and yield [9].
The objective of this study was to evaluate the effect of cobalt and molybdenum application on productivity and quality of soybean (Glycine max L.) through improving nitrogen utilization efficiency of soybean plants.
MATERIAL AND METHODS
A field experiment was conducted during the 2024 and 2025 growing seasons at Legumes Department, Sakha Agricultural Research Station. Laboratory experiments were carried out at the Seed Technology Department, Giza, during the same seasons. Both field and laboratory experiments were conducted under the supervision of the Field Crops Research Institute, Agricultural Research Center (ARC), Egypt.
Three Egyptian soybean (Glycine max L.) genotypes, namely H18 L54, Masry 10, and Giza 111, were used in this study. The experiment was arranged in a factorial experiment in a randomized complete block design (RCBD) with three replicates. The treatments consisted of three soybean genotypes and five priming treatments: control (without priming), seed priming with cobalt (50 ppm), seed priming with molybdenum (50 ppm), foliar application of cobalt (50 ppm) at 30 and 45 days after sowing, and foliar application of molybdenum (50 ppm) at 30 and 45 days after sowing.
Each experimental plot consisted of three rows, each 3 m long, with 60 cm spacing between rows. For seed priming treatments, seeds were briefly immersed in cobalt or molybdenum solutions at a concentration of 50 ppm, then air-dried under laboratory conditions before sowing. Foliar application treatments were sprayed to the point of full leaf wetness at 30 and 45 days after sowing without using any surfactant.
[bookmark: _Hlk225803636]All recommended agronomic practices, including fertilization and irrigation, were applied uniformly to all experimental plots according to the recommendations for soybean cultivation. The studied traits included field and laboratory characteristics as follows: plant height (cm), number of branches per plant, number of pods per plant, 100-seed weight (g), seed oil percentage, seed yield per feddan (kg) [Feddan=4200m2], and days to 50% flowering.
The laboratory experiment was set up with four replicates following a randomized complete design. Germination Test To estimate the seed germination rate (GR), germination paper moistened with an amount of water equivalent to 2.5 times the mass of dry paper used and 50 seeds from each plot was used. Subsequently, the seed was taken to a germination chamber at a constant temperature of 25 ± 1 ◦C. The evaluation was performed at 4, 7 and 10 days after sowing (Abreu-Junior et al., 2023), Germination checks were performed every 24 hours throughout the experiment, and the germination experiment was completed on the 10th day. The emergence of at least 2 mm radicle as the germination criterion was used to determine seed germination [10,11].
Procedure for recording observations:
Germination (%): The number of plants germinated was counted in all pots of each treatment and percentage was worked out.
Root length (cm): The root length was recorded from basal node to bottom of the plant in centimeters in each treatment and averaged.
Shoot length (cm): The shoot length was recorded from bottom to tip of the plant in centimeters in each treatment and averaged.
Seedling length (cm): The seedling was recorded from tip to bottom of the plant in centimeters in each treatment and averaged.
Seedling fresh weight (SFW) and dry weight (SDW) (mg): The SFW was determined at the end of the study by weighing ten randomly selected seedlings from each Petri dish and calculating the average fresh weight of seedlings. Following that, the fresh seedlings were dried in an oven at 70o C for 48 hours to determine the average SDW.
[bookmark: _Hlk225801799]Seedling vigor index (SVI):  It was calculated using Equation 6 as reported by Kalsa and Abebie [12], SVI= GP x SDW. 
Germination and seedling traits were evaluated in the laboratory and included first count, second count, final germination count, number of abnormal seedlings, plumule length (cm), radicle length (cm), seedling length (cm), fresh weight of seedling (g), dry weight of seedling (g) and germination percentage.
Statistical analysis Data were subjected to analysis of variance (ANOVA) using SAS v.9.2 (SAS, 2008). Treatment and cultivar means were compared using the revised least significant difference (RLSD) test at a 5% probability level [13]. Weather data (temperature, humidity) were recorded daily using an on-site meteorological station to contextualize growth conditions.


RESULTS 
Soybean growth traits:
[bookmark: _Hlk225803437][bookmark: _Hlk225120873][bookmark: _Hlk224679190][bookmark: _Hlk226208536]Plant height (cm): The results presented in Table 1 show that both seed priming and foliar application of cobalt (Co) and molybdenum (Mo) had significant effects on plant height of soybean genotypes in both 2024 and 2025 seasons. The F-test indicated significant differences among treatments (T), genotypes (G), and their interaction (T×G). In the 2024 season, the highest plant height (103.3 cm) was recorded for the Giza 111 genotype under cobalt seed priming (T2), while the lowest value (64.6 cm) was observed for Masry 10 under cobalt foliar application (T4). Similarly, in the 2025 season, the maximum plant height (99.6 cm) was obtained from Giza 111 under the control treatment (T1), whereas the minimum value (67.6 cm) was recorded for Masry 10 under cobalt foliar application (T4). These findings are consistent with Abreu-Junior [6], who reported that cobalt and molybdenum enhance soybean growth through improving biological nitrogen fixation and enzymatic activity.
Table 1. Effect of seed priming and foliar application of cobalt and molybdenum on plant height (cm) of three soybean (Glycine max L.) genotypes and their interaction under field conditions during the 2024 and 2025 seasons.
	Treatments
(T)
	Season 2024
	Season 2025

	
	Genotypes (G)
	Mean
	Genotypes (G)
	Mean

	
	H18L54
	Masry 10
	Giza 111
	(T)
	H18L54
	Masry 10
	Giza 111
	(T)

	T1: Control
	85.6
	78.6
	103.0
	89.1
	96.0
	81.6
	99.6
	92.4

	T2: Co-seed priming
	78.3
	80.0
	103.3
	87.2
	78.0
	98.0
	93.0
	89.6

	T3: Mo-seed priming
	82.0
	80.3
	93.3
	85.2
	85.3
	83.0
	93.6
	87.3

	T4: Co-foliar
	80.0
	64.6
	101.0
	81.9
	80.6
	67.6
	98.6
	82.3

	T5: Mo-foliar
	78.3
	75.6
	91.0
	81.6
	84.6
	73.0
	89.0
	82.2

	Mean (G)
	80.8
	75.8
	98.3
	------
	84.9
	80.6
	94.8
	------

	
	
	

	F test and R.LSD 0.05
	F test
	R.LSD 0.05
	F test
	R.LSD 0.05

	Treatments (T)
	*
	6.4
	*
	5.9

	Genotypes (G)
	*
	5.0
	*
	4.7

	TxG
	*
	8.7
	*
	8.2


[bookmark: _Hlk224918761]
[bookmark: _Hlk225803455][bookmark: _Hlk225120893][bookmark: _Hlk224919366]100-seed weight (g): The results presented in Table 2 show that both seed priming and foliar application of cobalt (Co) and molybdenum (Mo) had significant effects on 100-seed weight (g) of soybean genotypes in both 2024 and 2025 seasons. The F-test indicated significant differences among treatments (T) and genotypes (G), and non-significant on their interaction (T×G).
[bookmark: _Hlk225802250][bookmark: _Hlk225802353][bookmark: _Hlk225802377][bookmark: _Hlk225802426]In the 2024 season, the highest 100-seed weight (18.5 g) was recorded for the Masry 10 genotype under cobalt seed priming (T2), while the lowest value (15.4 g) was observed for H18L54 under molybdenum (Mo) foliar application (T5). Similarly, in the 2025 season, the maximum 100-seed weight (16.8 g) was obtained from Masry 10 under the control treatment (T1), whereas the minimum value (14.1 g) was recorded for H18L54 under molybdenum (Mo) foliar application (T5). Similar findings were reported by Lopes et al. [14] and Ascoli et al. [15] for Mo foliar application, Barcelos et al. [16] for Ni application, and Lopes et al. [14] for both Mo and Ni applications. Oliveira et al. [17] also noted an increase in NPP and 100-seed weight due to Mo foliar application in common bean. 
Table 2. Effect of seed priming and foliar application of cobalt and molybdenum on 100-seed weight (g) of three soybean (Glycine max L.) genotypes and their interaction under field conditions during the 2024 and 2025 seasons.
	Treatments
(T)
	Season 2024
	Season 2025

	
	Genotypes (G)
	Mean
	Genotypes (G)
	Mean

	
	H18L54
	Masry 10
	Giza 111
	(T)
	H18L54
	Masry 10
	Giza 111
	(T)

	T1: Control
	15.8
	18.3
	16.7
	16.9
	15.2
	16.8
	16.2
	16.1

	T2: Co-seed priming
	16.5
	18.5
	16.7
	16.2
	14.2
	15.7
	15.8
	15.3

	T3: Mo-seed priming
	16.9
	17.7
	17.8
	17.5
	14.9
	16.4
	14.6
	15.3

	T4: Co-foliar
	17.1
	17.9
	17.4
	17.5
	14.9
	16.5
	16.1
	15.8

	T5: Mo-foliar
	15.4
	17.3
	18.1
	16.9
	14.1
	14.6
	14.8
	14.5

	Mean (G)
	16.4
	17.9
	18.6
	-----
	14.7
	15.9
	15.5
	-----

	
	
	

	F test and R.LSD 0.05
	F test
	R.LSD 0.05
	F test
	R.LSD 0.05

	Treatments (T)
	*
	0.9
	*
	0.9

	Genotypes (G)
	*
	0.7
	*
	0.7

	TxG
	ns
	1.6
	ns
	1.6



[bookmark: _Hlk225803477]Number of branches/plant:
[bookmark: _Hlk225120911][bookmark: _Hlk224921712]The results in Table 3 showed that the number of branches/plant was not significantly affected by treatments, genotypes, or their interaction in the 2024 season. However, in the 2025 season, significant differences were observed for both treatments and genotypes, while the interaction (T×G) remained non-significant.
In 2024, the highest value (5.4) was recorded for Giza 111 under control (T1), while the lowest value (2.6) was observed for Masry 10 under Mo-foliar application (T5). In 2025, the maximum number of branches (5.7) was obtained for H18L54 under control (T1), whereas the minimum value (3.0) was recorded for Giza 111 under Mo-seed priming (T3). These findings are consistent with Abreu-Junior [6], who reported that cobalt and molybdenum enhance soybean growth through improving biological nitrogen fixation and enzymatic activity.
[bookmark: _Hlk225803489]Number of pods/plant:
[bookmark: _Hlk225120932]Table 4 revealed significant effects of treatments and genotypes on the number of pods/plant in both seasons, while their interaction (T×G) was non-significant.
[bookmark: _Hlk226208807]In 2024, the highest number of pods (109.9) was recorded for Giza 111 under Mo-seed priming (T3), whereas the lowest value (61.5) was observed for H18L54 under Co-seed priming (T2). In 2025, the maximum value (217.0) was recorded for H18L54 under Mo-foliar application (T5), while the minimum (69.0) was observed for Giza 111 under Mo-seed priming (T3). These findings are consistent with Bagale [2], who found that seed treatment with cobalt and molybdenum significantly increased pod number and seed weight in soybean.
[bookmark: _Hlk224920766]Table 3. Effect of seed priming and foliar application of cobalt and molybdenum on number of branches/plant of three soybean (Glycine max L.) genotypes and their interaction under field conditions during the 2024 and 2025 seasons.
	Treatments
(T)
	Season 2024
	Season 2025

	
	Genotypes (G)
	Mean
	Genotypes (G)
	Mean

	
	H18L54
	Masry 10
	Giza 111
	(T)
	H18L54
	Masry 10
	Giza 111
	(T)

	T1: Control
	4.7
	3.1
	5.4
	4.4
	5.7
	3.6
	3.8
	4.4

	T2: Co-seed priming
	3.7
	3.1
	4.8
	3.9
	5.3
	5.0
	3.6
	4.6

	T3: Mo-seed priming
	4.1
	3.6
	4.7
	4.1
	4.3
	5.13
	3.0
	4.1

	T4: Co-foliar
	3.4
	3.0
	3.8
	3.4
	3.4
	3.6
	3.5
	3.5

	T5: Mo-foliar
	3.8
	2.6
	4.0
	3.5
	5.4
	3.4
	3.4
	4.1

	Mean (G)
	3.9
	3.1
	4.5
	-----
	4.8
	4.1
	3.5
	-----

	
	
	

	F test and R.LSD 0.05
	F test
	R.LSD 0.05
	F test
	R.LSD 0.05

	Treatments (T)
	ns
	0.8
	*
	1.1

	Genotypes (G)
	ns
	0.6
	*
	0.7

	TxG
	ns
	1.3
	ns
	1.5



Table 4. Effect of seed priming and foliar application of cobalt and molybdenum on Number of pods/plant of three soybean (Glycine max L.) genotypes and their interaction under field conditions during the 2024 and 2025 seasons.
	Treatments
(T)
	Season 2024
	Season 2025

	
	Genotypes (G)
	Mean
	Genotypes (G)
	Mean

	
	H18L54
	Masry 10
	Giza 111
	(T)
	H18L54
	Masry 10
	Giza 111
	(T)

	T1: Control
	92.7
	79.9
	100.7
	91.1
	105.3
	82.50
	97.00
	94.9

	T2: Co-seed priming
	61.5
	85.5
	98.6
	81.9
	159.1
	122.1
	109.9
	130.4

	T3: Mo-seed priming
	84.4
	91.7
	109.9
	95.3
	132.9
	117.5
	69.00
	106.5

	T4: Co-foliar
	71.6
	67.6
	96.7
	78.6
	117.1
	92.70
	98.90
	102.9

	T5: Mo-foliar
	86.6
	75.4
	87.3
	83.1
	217.0
	122.2
	125.9
	155.1

	Mean (G)
	79.4
	80.1
	98.6
	--------
	146.3
	107.4
	100.1
	------

	
	
	

	F test and R.LSD 0.05
	F test
	R.LSD 0.05
	F test
	R.LSD 0.05

	Treatments (T)
	*
	13.4
	*
	14.1

	Genotypes (G)
	*
	9.4
	*
	9.8

	TxG
	ns
	18.2
	ns
	18.3




[bookmark: _Hlk225803501]Oil percentage:
[bookmark: _Hlk225120951][bookmark: _Hlk226208912]The results in Table 5 indicated that both treatments and genotypes significantly affected oil percentage in both seasons, while the interaction (T×G) was non-significant. In 2024, the highest oil percentage (27.3%) was recorded for Giza 111 under control (T1), while the lowest value (19.7%) was observed for Masry 10 under Mo-seed priming (T3). Similarly, in 2025, the maximum value (26.7%) was recorded for Giza 111 under control (T1), whereas the minimum (20.3%) was observed for Masry 10 under Mo-foliar application (T5). These findings are consistent with Zulfiqar [18], who reported improvements in seed quality, including oil content, under molybdenum fertilization.
Table 5. Effect of seed priming and foliar application of cobalt and molybdenum on Oil percentage of three soybean (Glycine max L.) genotypes and their interaction under field conditions during the 2024 and 2025 seasons
	Treatments
(T)
	Season 2024
	Season 2025

	
	Genotypes (G)
	Mean
	Genotypes (G)
	Mean

	
	H18L54
	Masry 10
	Giza 111
	(T)
	H18L54
	Masry 10
	Giza 111
	(T)

	T1: Control
	21.2
	21.2
	27.3
	23.2
	21.3
	21.8
	26.7
	23.3

	T2: Co-seed priming
	22.6
	21.3
	21.5
	21.8
	21.9
	21.3
	21.9
	21.7

	T3: Mo-seed priming
	21.7
	19.7
	22.2
	21.2
	21.9
	20.9
	21.9
	21.6

	T4: Co-foliar
	21.9
	21.7
	22.1
	21.9
	22.5
	20.8
	22.5
	21.9

	T5: Mo-foliar
	22.6
	20.4
	22.4
	21.8
	23.2
	20.3
	22.1
	21.9

	Mean (G)
	22
	20.86
	23.1
	-------
	22.2
	21.2
	23.1
	-------

	
	
	

	F test and R.LSD 0.05
	F test
	R.LSD 0.05
	F test
	R.LSD 0.05

	Treatments (T)
	*
	4.2
	*
	3.7

	Genotypes (G)
	*
	3.3
	*
	3.2

	TxG
	ns
	5.1
	ns
	4.9



[bookmark: _Hlk225803512]Seed yield/feddan:
[bookmark: _Hlk225120968][bookmark: _Hlk226208967]Table 6 showed significant effects of treatments and genotypes on seed yield in both seasons, while their interaction was non-significant. In 2024, the highest seed yield (2145.4 kg/fed) was recorded for Giza 111 under Co-foliar application (T4), whereas the lowest value (1182.2 kg/fed) was observed for Masry 10 under Co-seed priming (T2). In 2025, the maximum yield (2571.1 kg/fed) was recorded for Giza 111 under control (T1), while the minimum (1321.1 kg/fed) was observed for Masry 10 under Co-seed priming (T2). These findings are consistent with Moro [19], who reported thatNo significant differences were observed among the treatments regarding the number of nodules, main stem diameter, plant height, root length, 1000-grain weight, and yield. The application of nitrogen at the R2 stage and the combination of inoculant + CoMo without seed treatment provided a higher number of nodes, pods, and grains per plant.

Table 6. Effect of seed priming and foliar application of cobalt and molybdenum on Seed yield/feddan (kg) of three soybean (Glycine max L.) genotypes and their interaction under field conditions during the 2024 and 2025 seasons.
	Treatments
(T)
	Season 2024
	Season 2025

	
	Genotypes (G)
	Mean
	Genotypes (G)
	Mean

	
	H18L54
	Masry 10
	Giza 111
	(T)
	H18L54
	Masry 10
	Giza 111
	(T)

	[bookmark: _Hlk223793729]T1: Control
	1519.6
	1913.3
	2112.9
	1848.6
	1649.1
	1748.9
	2571.1
	1989.7

	T2: Co-seed priming
	1196.5
	1182.2
	1495.9
	1291.5
	1454.4
	1321.1
	1887.8
	1554.4

	T3: Mo-seed priming
	1597.1
	2084.4
	1936.7
	1872.7
	1645.6
	2233.3
	2294.4
	2057.8

	T4: Co-foliar
	1638.5
	1659.2
	2145.4
	1814.4
	1928.9
	1971.1
	2484.4
	2128.1

	T5: Mo-foliar
	1223.7
	1887.4
	1742.2
	1617.7
	1473.3
	2156.7
	1426.7
	1685.6

	Mean (G)
	1435.08
	1745.3
	1886.6
	------
	1630.3
	1886
	2132.9
	------

	
	
	

	F test and R.LSD 0.05
	F test
	R.LSD 0.05
	F test
	R.LSD 0.05

	Treatments (T)
	*
	112.9
	*
	116.3

	Genotypes (G)
	*
	79.1
	*
	81.5

	TxG
	ns
	152.0
	ns
	155.0


[bookmark: _Hlk225803526][bookmark: _Hlk225120985]Days to 50% flowering:
The results in Table 7 indicated significant differences among treatments and genotypes in both seasons, while the interaction (T×G) was non-significant. In 2024, the highest value (52.6 days) was recorded for Giza 111 under Co-seed priming (T2), whereas the lowest (40.0 days) was observed for H18L54 under control (T1). In 2025, the maximum value (39.3 days) was recorded under several treatments, while the minimum (34.3 days) was observed under control (T1). These findings are consistent with Abreu-Junior [6], who indicated that micronutrient availability can influence plant developmental stages in soybean.
Table 7. Effect of seed priming and foliar application of cobalt and molybdenum on days to 50% flowering of three soybean (Glycine max L.) genotypes and their interaction under field conditions during the 2024 and 2025 seasons
	Treatments
(T)
	Season 2024
	Season 2025

	
	Genotypes (G)
	Mean
	Genotypes (G)
	Mean

	
	H18L54
	Masry 10
	Giza 111
	(T)
	H18L54
	Masry 10
	Giza 111
	(T)

	T1: Control
	40.0
	41.6
	42.0
	41.2
	34.3
	34.3
	35.3
	34.6

	T2: Co-seed priming
	42.0
	41.6
	52.6
	45.4
	39.3
	37.7
	37.3
	38.1

	T3: Mo-seed priming
	42.0
	46.0
	45.0
	44.3
	39.3
	38.3
	37.0
	38.2

	T4: Co-foliar
	44.0
	49.0
	44.6
	45.9
	37.0
	37.0
	37.3
	37.1

	T5: Mo-foliar
	41.0
	47.3
	45.0
	44.4
	39.3
	38.3
	37.0
	38.2

	Mean (G)
	41.8
	45.1
	45.84
	----
	37.8
	37.1
	36.8
	----

	
	
	

	F test and R.LSD 0.05
	F test
	R.LSD 0.05
	F test
	R.LSD 0.05

	Treatments (T)
	*
	5.3
	*
	5.2

	Genotypes (G)
	*
	3.8
	*
	4.0

	TxG
	ns
	6.9
	ns
	7.1



Germination Test:
Germination Rate (GR): 
[bookmark: _Hlk225121014]The data regarding germination rate (GR) are presented in Figure (1). Analysis of variance indicated that the interaction between treatments and genotypes was significant (P < 0.05). The results showed that the maximum germination rate was recorded under cobalt seed priming (T2) for most genotypes, ranking first among treatments. Molybdenum seed priming (T3) also showed relatively high values and ranked second. On the other hand, the maximum germination rate was recorded under control for Giza 111, under cobalt seed priming for H18L54 and Giza 111, while the minimum value was observed under Molybdenum seed priming (T3) for Masry 10. Other treatments showed intermediate responses depending on genotype. In general, seed priming treatments significantly improved germination rate compared to control. These findings are consistent with Abreu-Junior [6], who concluded that the application of 20 g ha−1 Co and 800 g ha−1 Mo via foliar application at the reproductive stage of soybean increased germination rate and achieved the best growth and vigor index of enriched seed.

Fig 1. Germination rate (GR) Data analysis

[bookmark: _Hlk225121027]Root length (cm):  The data regarding root length (cm) are presented in Figure (2). Analysis of variance indicated that the interaction between treatments and genotypes was significant (P < 0.05). The results showed that the maximum root length was recorded under control for Giza 111, as well as Masry 10 under Mo-seed priming and Giza 111 under Mo-seed priming, while the minimum value was observed on H18L54 under Mo-seed priming. Other treatment combinations showed intermediate values. These findings are consistent with Abreu-Junior [6].

Fig 2. Root length (cm) Data analysis








[bookmark: _Hlk225121040]Shoot length (cm): The data regarding shoot length (cm) are presented in Figure (3). Analysis of variance indicated significant interaction (P < 0.05). The results revealed that the maximum shoot length values were recorded under T2 (Co-seed priming) and T3 (Mo-seed priming) for 







Fig 3. Shoot length (cm) Data analysis

most genotypes, particularly with Giza 111 (G3), while the minimum values were observed under T1-G2 and T1-G3 (Masry 10 and Giza 111 under control). Other treatments showed moderate responses. These findings are consistent with Abreu-Junior [6], who reported that foliar application of (Co) provided an  increase in the concentration of (Co) in seed and shoots compared to the control without (Co) and (Mo) application. Applying (Co) and (Mo) by soil increased the (Co) concentration in  the seeds in relation to the control only at the highest dose of (Co). There was no difference between the control and the treatments in terms of (Co) concentration in the roots and soil.
Seedling length (cm): 
[bookmark: _Hlk225121061][bookmark: _Hlk226209344]The data regarding seedling length (cm) are presented in Figure (4). Analysis of variance showed significant interaction (P < 0.05). The results indicated that the maximum seedling length was recorded under T3-G3 (Giza 111 under Mo-seed priming), while the minimum value was observed under T1-G1 (H18L54 under control). Other treatments showed intermediate values depending on genotype. These results confirm the findings of Arif [20], who reported highest germination, improved emergence and good stand establishment in the field trials of PEG primed seed.
Fig 4. Seedling length (cm) Data analysis

[bookmark: _Hlk225121076]Seedling Vigor Index (SVI): The data concerning seedling vigor index (SVI) are presented in Figure (5). Analysis of variance indicated significant interaction (P < 0.05). The results illustrated that the maximum SVI values were recorded under T2-G1 (H18L54 under co-seed priming), T2-G2, and T2-G3 (all genotypes under Co-seed priming), while the minimum value was observed under T3-G1 (H18L54 under Mo-seed priming). Other treatments showed intermediate values. These results confirm the findings of Arif [20], who reported highest germination, improved emergence and good stand establishment in the field trials of PEG primed seed.
Fig 5. Seedling Vigour index (SVI) Data analysis


[bookmark: _Hlk225121089]Seeedling fresh weight (g): The data regarding seedling fresh weight (g) are presented in Figure (6). Analysis of variance showed significant interaction (P < 0.05). The results showed that the maximum fresh weight values were recorded under T2-G1 and T2-G2 (H18L54 and Masry 10 under Co-seed priming), while the minimum value was observed under T1-G1 (H18L54 under control). Other combinations showed moderate values.
Fig 6. Seedling fresh weight (g) Data analysis


[bookmark: _Hlk225121101]Seedling dry weight (g): The data regarding seedling dry weight (g) are presented in Figure (7). Analysis of variance indicated significant interaction (P < 0.05). The results showed that the maximum seedling dry weight (1.9 g) was recorded under T2-G2 and T2-G3 (Masry 10 and Giza 111 under Co-seed priming), while the minimum values were observed under T3-G1 and T3-G2 (H18L54 and Masry 10 under Mo-seed priming). Other treatments showed intermediate values. These findings are consistent with Abreu-Junior [6], who It is concluded that seed priming hastens and improves emergence and enhances grain yield of soybean.

Fig 7. Seedling dry weight (g) Data analysis



CONCLUSION
The present study demonstrates that cobalt (Co) and molybdenum (Mo) play a significant role in enhancing soybean growth, yield, and seed quality through their involvement in nitrogen fixation and metabolism. The application of these micronutrients improved key agronomic traits, particularly seed yield, 100-seed weight, and pod number, mainly due to enhanced nitrogen availability and assimilate accumulation. Genotypic variation was evident across all studied traits, highlighting differences in nutrient use efficiency and growth performance. Giza 111 exhibited superior performance in plant height, oil content, and seed yield, indicating high responsiveness to micronutrient application, whereas Masry 10 showed greater efficiency in seed filling, resulting in higher 100-seed weight. 
Cobalt seed priming proved more effective than molybdenum foliar application, suggesting that early nutrient availability plays a critical role in plant development. While branch number was largely governed by genetic factors and showed limited response to treatments, reproductive traits such as pod number were significantly improved. Oil content was primarily controlled by genetic factors, although micronutrient treatments slightly influenced seed composition, possibly due to the balance between protein and oil synthesis. The non-significant interaction between treatments and genotypes indicates that the beneficial effects of Co and Mo were relatively stable across different soybean genotypes. In general, the findings highlight the importance of proper micronutrient management, particularly cobalt and molybdenum, in improving soybean productivity under field conditions. These treatments can be recommended as effective agronomic practices to enhance yield and seed quality without strong genotype-specific limitations.
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Figure 3. Shoot length
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Figure 4. Seedling length 
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Figure 5. Seedling Vigor Index (SVI)
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Figure 6. Seeedling fresh weight  
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Figure7. Seedling dry weight 
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Figure 1. Germination Rate (GR) 
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Figure 2.Root length  
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