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ABSTRACT
Objective: To evaluate the effect of cobalt on the emergence and early growth of maize (Zea mays L.), common 
bean (Phaseolus vulgaris L.), and husk tomato (Physalis ixocarpa Brot. ex Horm.) seedlings. 
Design/Methodology/Approach: The effect of cobalt was independently assessed for each plant species. 
Seeds of maize hybrid H-52, Pinto Saltillo bean, and husk tomato variety Selecto were sown in 1515 cm 
plastic containers filled with a 70:30 (w/w) peat-to-perlite substrate. Cobalt concentrations of 0, 2, 4, and 6 mM 
were applied via irrigation over a 35-day period. Each container represented one experimental unit, with four 
replicates per treatment. Beginning six days after sowing (DAS), emergence percentage was recorded. At 35 
DAS, the following growth parameters were measured: seedling height, number of leaves, stem diameter, root 
length, number of roots, root volume, shoot fresh biomass, and root fresh biomass. 
Limitations/Implications: Sensitivity to cobalt varied among the evaluated species. 
Findings/Conclusions: Cobalt application reduced seedling height and root length in both bean and husk 
tomato, while these parameters remained unaffected in maize. Overall, cobalt inhibited the growth of all three 
species, with maize seedlings displaying the lowest sensitivity, followed by beans and husk tomatoes.

Keywords: dose-response, food interest plants, homeostasis, transition metal, tolerance.

INTRODUCTION
	 Seedling emergence is one of the most critical phenological stages for annual plants. This 
phase marks the transition from dependence on seed reserves provided by the maternal 
plant to autotrophic growth sustained by photosynthesis (Forcella et al., 2000). During 
this stage, both intrinsic seed factors and biotic or abiotic environmental conditions can 
negatively impact or even prevent successful emergence (Lamichhane et al., 2018). Heavy 
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metal contamination in soils can adversely affect seedling emergence and development 
by disrupting enzyme production, antioxidant activity, and photosynthetic processes 
(Seneviratne et al., 2019). The impact of heavy metals on emergence varies among species, 
primarily due to differences in seed structure particularly the seed coat as well as species-
specific exclusion mechanisms such as chelation and subcellular compartmentalization 
( Jan & Parray, 2016). Cobalt (Co) is a transition metal essential for certain organisms, as it 
forms part of cobalamin (vitamin B12) and plays enzymatic and coenzymatic roles (Hu et 
al., 2021; Osman et al., 2021). It contributes significantly to nitrogen fixation in legumes 
and, when applied exogenously, may stimulate plant growth. Its reported benefits include 
enhanced stem development, coleoptile elongation, bud formation, and increased growth 
and yield (Ulhassan et al., 2023). However, cobalt’s effects are highly dose-dependent and 
vary according to plant species and application methods. Elevated Co concentrations can 
inhibit nodule formation in legumes and negatively impact overall plant development, 
yield, root formation, nutrient translocation, and water uptake (Akeel & Jahan, 2020). 
Moreover, excessive Co can disrupt physiological and biochemical processes, including 
chlorophyll content, photosynthesis, and enzyme activity (Salam et al., 2024). Industrial 
activities, particularly the manufacturing of hard metals, are the primary sources of cobalt 
pollution in the environment (Klasson et al., 2016). Industries such as cement production, 
tool grinding, electronic waste processing, and the use of cobalt-containing products 
including cosmetics and batteries contribute to Co release, resulting in its accumulation 
within the soil-plant system (Banerjee & Bhattacharya, 2021). Plant species differ in 
their tolerance to and accumulation of Co (Peng et al., 2021). Hyperaccumulator species 
absorb and translocate Co to aerial tissues without exhibiting visible signs of toxicity (Hu 
et al., 2021), whereas non-accumulator species tend to retain most of the metal in their 
roots, limiting its movement to aboveground organs and reducing the risk of damage to 
photosynthetic and reproductive structures (Bakkaus et al., 2005). Most food crops lack 
efficient mechanisms for cobalt translocation to aerial parts, resulting in low mobility and 
high root retention (Khan et al., 2024). This trait becomes particularly important for root 
vegetables cultivated in contaminated soils or irrigated with wastewater (Genchi et al., 
2023). Given these risks, monitoring Co accumulation in plant tissues using high-sensitivity 
analytical techniques such as inductively coupled plasma optical emission spectrometry 
(ICP-OES) is essential (Soh et al., 2024). In addition to the risk of Co accumulation in 
edible plant parts, the vulnerability of crops during early developmental stages must also be 
considered. Most cultivated species lack effective Co tolerance mechanisms, making early 
growth a particularly susceptible phase under metal exposure. This sensitivity varies by 
species, necessitating comparative evaluations across different taxonomic groups. Within 
this context, the aim of the present study was to evaluate the effect of Co application on 
the emergence and early seedling growth of maize (Zea mays L.), common bean (Phaseolus 
vulgaris L.), and husk tomato (Physalis ixocarpa Brot. ex Horm.).

MATERIALS AND METHODS
	 The experiment was conducted under controlled greenhouse conditions, with an 
average temperature of 28 °C. The plant material included seeds of hybrid maize (Zea 
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mays L.) H-52, common bean (Phaseolus vulgaris L.) cultivar Pinto Saltillo, and husk 
tomato (Physalis ixocarpa Brot. ex Horm.) cultivar Selecto. The growth substrate consisted 
of a 70:30 (v/v) mixture of peat (REKIVA®) and perlite. Each species was evaluated 
independently. Six seeds were sown in plastic containers measuring 151510 cm, each 
filled with the substrate. One container represented one replicate, with four replicates per 
treatment. Treatments were arranged in a completely randomized design. After sowing, 
40 mL of cobalt solution was applied at concentrations of 0, 2, 4, and 6 mM. Cobalt was 
supplied as cobalt (II) chloride hexahydrate [CoCl2·6H2O] ( J.T. Baker; Center Valley, PA, 
USA), dissolved in distilled water. The solution was applied directly to the substrate using 
a graduated cylinder and was administered every 24 hours for 35 days. No additional 
fertilization was provided. Daily and cumulative seedling emergence were recorded 
starting 24 hours after sowing to calculate the emergence percentage for each replicate. At 
35 days after the onset of treatments, the seedlings were removed from the containers, and 
the following variables were measured: seedling height (cm), stem diameter (cm), number 
of leaves, root length (cm), number of roots, root volume (cm3), and fresh biomass (g). Root 
volume was determined using the water displacement method with a graduated cylinder, 
and fresh shoot and root biomass were measured with an analytical balance (OHAUS 
Explorer; NJ, USA). The data were subjected to analysis of variance (ANOVA), and means 
were compared using Tukey’s test (p0.05), with the Statistical Analysis System software 
(SAS Institute, 2011).

RESULTS AND DISCUSSION
	 In this study, cobalt application had no significant effect on the emergence percentage 
of maize (Figure 1A) across all tested concentrations. However, emergence was significantly 
reduced in bean (Figure 1B) and husk tomato (Figure 1C), with the highest Co concentration 
(6 mM) completely inhibiting emergence in husk tomato. Cobalt is known to impair 
germination and emergence in higher plants by increasing protease activity, inhibiting 
amylase enzymes, and disrupting sugar transport (Lassoued et al., 2018). Seedling height 
in maize was not significantly affected by cobalt at 2, 4, or 6 mM (Figure 1D). In contrast, 
6 mM Co reduced seedling height in bean by 29% (Figure 1E), and a reduction in tomato 
seedlings was evident starting at the lowest concentration tested (2 mM) (Figure 1F). 
Species-specific responses to Co are closely related to their morphological traits and the 
homeostatic mechanisms each plant employs to mitigate the adverse effects of the metal 
( Jan & Parray, 2016; Lwalaba et al., 2020). Previous studies have shown that maize can 
tolerate high concentrations of heavy metals by compartmentalizing them in vacuoles and 
accumulating them in the cell wall and intercellular spaces (Sun & Luo, 2018). Furthermore, 
the reduction in plant height is associated with oxidative stress induced by cobalt, leading 
to damage in lipids, proteins, and membranes, which disrupts photosynthetic processes, 
water uptake, and ultimately inhibits growth (Ali et al., 2018). 
	 Application of 4 mM Co significantly reduced the number of leaves in maize seedlings 
(Figure 2A). In contrast, the application of 2 and 4 mM Co significantly increased this 
variable in bean plants (Figure 2B), while it decreased in husk tomato seedlings (Figure 
2C). The increased number of leaves in bean seedlings in response to cobalt may enhance 
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Figure 1. Emergence percentage and seedling height of maize (Zea mays) (A, D), bean (Phaseolus vulgaris) (B, E), 
and husk tomato (Physalis ixocarpa) (C, F) treated with 0, 2, 4, and 6 mM Co. Values are means  SE. Different 
letters within each subfigure indicate statistically significant differences between treatments (Tukey, p0.05).

photosynthetic capacity, helping the plant cope with cobalt-induced stress. Similarly, 
various morphological changes in leaves under heavy metal stress have been reported, 
such as increased leaf thickness and enlargement of epidermal cells (Krzesłowska et al., 
2024). Stem diameter increased significantly in maize seedlings treated with 6 mM Co 
(Figure 2D). In bean plants, this variable remained unchanged (Figure 2E), whereas a 
significant reduction was observed in husk tomato seedlings (Figure 2F). The increase in 
stem diameter under Co exposure may be associated with the accumulation of assimilates 
as reserves to tolerate stress (Akeel & Jahan, 2020).
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Figure 2. Number of leaves and stem diameter in seedlings of maize (Zea mays) (A, D), bean (Phaseolus vulgaris) 
(B, E), and husk tomato (Physalis ixocarpa) (C, F) treated with 0, 2, 4, and 6 mM Co. Values are means  SE. 
Different letters within each subfigure indicate statistically significant differences between treatments (Tukey, 
p0.05).

	 Since roots are in direct contact with cobalt, they tend to accumulate the highest 
concentrations of this metal, often resulting in severe damage to this organ (Ulhassan et 
al., 2023). Consistently, the present study observed complete inhibition of root number 
and root volume in husk tomato seedlings. In maize seedlings, the application of 6 mM 
Co significantly reduced both variables (Figures 3A, C). In bean, 2, 4, and 6 mM Co 
significantly decreased the number of roots (Figure 3B), while 4 and 6 mM Co reduced root 
volume (Figure 3D). Morphological differences between monocot and dicot plants may 
lead to differential responses to cobalt toxicity. Root exudation, polysaccharide deposition, 
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Figure 3. Number and volume of roots in maize (Zea mays) (A, C) and bean (Phaseolus vulgaris) (B, D) seedlings 
treated with 0, 2, 4, and 6 mM Co. Values are means  SE. Different letters within each subfigure indicate 
statistically significant differences between treatments (Tukey, p0.05).

and thickening of the cell wall are among the tolerance strategies plants may employ under 
Co-induced stress ( Jan & Parray, 2016).
	 Root length in maize seedlings was not affected by Co application (Figure 4A). However, 
this variable decreased significantly in both bean (Figure 4B) and husk tomato (Figure 4C). 
This reduction is attributed to cobalt accumulation in the roots, which disrupts cell division 
and elongation processes (Ali et al., 2018).

A B C

Figure 4. Root length of maize (Zea mays) (A), bean (Phaseolus vulgaris) (B), and husk tomato (Physalis ixocarpa) (C) seedlings treated 
with 0, 2, 4, and 6 mM Co. Values are means  SE. Different letters within each subfigure indicate statistically significant 
differences between treatments (Tukey, p0.05).
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	 Application of 6 mM Co significantly reduced the fresh shoot biomass of maize (Figure 
5A) and bean seedlings (Figure 5B). In husk tomato (Figure 5C), reductions were observed 
starting from the lowest concentration tested, indicating a higher sensitivity of this species 
to cobalt. A similar pattern was observed for root biomass: in maize, only the 6 mM 
dose caused a significant reduction (Figure 5D), whereas in bean (Figure 5E) and husk 
tomato (Figure 5F), all cobalt concentrations had detrimental effects. These biomass losses 

Figure 5. Fresh biomass of shoots and roots of maize (Zea mays) (A, D), bean (Phaseolus vulgaris) (B, E), and husk 
tomato (Physalis ixocarpa) (C, F) seedlings treated with 0, 2, 4, and 6 mM Co. Values are means  SE. Different 
letters within each subfigure indicate statistically significant differences between treatments (Tukey, p0.05).
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are attributed to cobalt’s interference with water uptake and transport, its inhibition of 
transpiration, and the reduction in stomatal conductance (Ali et al., 2018).

CONCLUSIONS
	 In this study, cobalt application induced a negative response in the development of all 
three evaluated plant species, as evidenced by reductions in both shoot and root growth. 
The magnitude of this effect was dependent on the Co concentration applied. Sensitivity 
to cobalt varied among species, with maize seedlings exhibiting the highest tolerance, 
followed by bean and husk tomato. Further research is necessary to investigate the effects of 
cobalt across different botanical families, focusing on tolerance mechanisms and evaluating 
the safety of Co exposure in crops intended for human consumption.

REFERENCES  
Akeel, A., & Jahan, A. (2020). Role of cobalt in plants: its stress and alleviation. In: Naeem, M., Ansari, A. 

A., & Gill, S. S. (Eds.) Contaminants in agriculture: sources, impacts and management (pp. 339-357). 
Springer Nature. doi: 10.1007/978-3-030-41552-5_17

Ali, S., Gill, R. A., Mwamba, T. M., Zhang, N., Lv, M. T., Ul Hassan, Z., & Zhou, W. J. (2018). Differential 
cobalt-induced effects on plant growth, ultrastructural modifications, and antioxidative response 
among four Brassica napus (L.) cultivars. International Journal of Environmental Science and Technology 15: 
2685-2700. doi: 10.1007/s13762-017-1629-z

Bakkaus, E., Gouget, B., Gallien, J. P., Khodja, H., Carrot, F., Morel, J. L., & Collins, R. (2005). Concentration 
and distribution of cobalt in higher plants: the use of micro-PIXE spectroscopy. Nuclear Instruments 
and Methods in Physics Research Section B: Beam Interactions with Materials and Atoms 231: 350-356. doi: 
/10.1016/j.nimb.2005.01.082

Banerjee, P., & Bhattacharya, P. (2021). Investigating cobalt in soil-plant-animal-human system: dynamics, 
impact and management. Journal of Soil Science and Plant Nutrition 21: 2339-2354. doi: 10.1007/s42729-
021-00525-w

Forcella, F., Arnold, R. L. B., Sanchez, R., & Ghersa, C. M. (2000). Modeling seedling emergence. Field Crops 
Research 67: 123-139. doi: 10.1016/S0378-4290(00)00088-5

Genchi, G., Lauria, G., Catalano, A., Carocci, A., & Sinicropi, M. S. (2023). Prevalence of cobalt in the 
environment and its role in biological processes. Biology 12: 1335. doi: 10.3390/biology12101335

Hu, X., Wei, X., Ling, J., & Chen, J. (2021). Cobalt: an essential micronutrient for plant growth?. Frontiers in 
Plant Science 12: 768523. doi: 10.3389/fpls.2021.768523

Jan, S. & Parray J.A. (2016). Metal tolerance strategy in plants. En: Jan, S. & Parray J.A. (Eds) Approaches to 
heavy metal tolerance in plants (19-32 pp.) Springer Singapore. doi: 10.1007/978-981-10-1693-6_2

Khan, Z. I., Ashfaq, A., Ahmad, K., Batool, A. I., Aslam, M., Ahmad, T., Mehmood, N., Noorka, I. R., Gaafar, 
A.-R. Z., Elshikh, M. S., Habib, S. S., Khan, R., & Ugulu, I. (2024). Cobalt uptake by food plants and 
accumulation in municipal solid waste materials compost-amended soil: public health implications. 
Biological Trace Element Research 202: 4302-4313. doi: 10.1007/s12011-023-04000-8

Klasson, M., Bryngelsson, I. L., Pettersson, C., Husby, B., Arvidsson, H., & Westberg, H. (2016). Occupational 
exposure to cobalt and tungsten in the Swedish hard metal industry: air concentrations of particle 
mass, number, and surface area. Annals of Occupational Hygiene 60: 684-699. doi: 10.1093/annhyg/
mew023

Krzesłowska, M., Mleczek, M., Luboński, A., Weręża, K., Woźny, A., Goliński, P., & Samardakiewicz, S. 
(2024). Alterations in the anatomy and ultrastructure of leaf blade in Norway maple (Acer platanoides L.) 
growing on mining sludge: Prospects of using this tree species for phytoremediation. Plants 13: 1295. 
doi:10.3390/plants13101295

Lamichhane, J. R., Debaeke, P., Steinberg, C., You, M. P., Barbetti, M. J., & Aubertot, J. N. (2018). Abiotic and 
biotic factors affecting crop seed germination and seedling emergence: a conceptual framework. Plant 
and Soil 432: 1-28. doi: 10.1007/s11104-018-3780-9

Lassoued, T., Ben Kaab, S., Rezgui, M., Da Silva Teixeira, J. A., Gouia, H., & Ben Kaab, B. L. (2018). Reserve 
mobilization and enzymatic activities of germinating barley seeds in response to nickel and cobalt. 
Agrochimica 62:19-32.



95 AGRO PRODUCTIVIDAD 2025. https://doi.org/10.32854/z5c8fp77

Lwalaba, J. L. W., Louis, L. T., Zvobgo, G., Richmond, M. E. A., Fu, L., Naz, S., & Zhang, G. (2020). 
Physiological and molecular mechanisms of cobalt and copper interaction in causing phyto-toxicity to 
two barley genotypes differing in Co tolerance. Ecotoxicology and Environmental Safety 87:109866. doi: 
10.1016/j.ecoenv.2019.109866

Osman, D., Cooke, A., Young, T. R., Deery, E., Robinson, N. J., & Warren, M. J. (2021). The requirement for 
cobalt in vitamin B12: A paradigm for protein metalation. Biochimica et Biophysica Acta (BBA)-Molecular 
Cell Research 1868: 118896. doi: 10.1016/j.bbamcr.2020.118896

Peng, J. S., Guan, Y. H., Lin, X. J., Xu, X. J., Xiao, L., Wang, H. H., & Meng, S. (2021). Comparative 
understanding of metal hyperaccumulation in plants: a mini-review. Environmental Geochemistry and 
Health 43: 1599-1607. doi: 1007/s10653-020-00533-2

Salam, A., Rehman, M., Qi, J., Khan, A. R., Yang, S., Zeeshan, M., Ulhassan, Z., Afridi, M. S., Yang, C., 
Chen, N., Fan, X., & Gan, Y. (2024). Cobalt stress induces photosynthetic and ultrastructural distortion 
by disrupting cellular redox homeostasis in maize. Environmental and Experimental Botany 217: 105562. 
doi: 10.1016/j.envexpbot.2023.105562

SAS Institute. (2011). Statistical Analysis System version 9.3. User’s Guide. Cary, NC, USA.
Seneviratne, M., Rajakaruna, N., Rizwan, M., Madawala, H. M. S. P., Ok, Y. S., & Vithanage, M. (2019). 

Heavy metal-induced oxidative stress on seed germination and seedling development: a critical review. 
Environmental Geochemistry and Health 41:1813-1831. doi: 10.1007/s10653-017-0005-8.

Soh, B., Han, Y., Cho, S. Y., Choi, S., Chung, H., & Lee, K. W. (2024). Assessing cobalt and manganese in 
foods: A study on determination and health risk using inductively coupled plasma spectrometry. Journal 
of Food Composition and Analysis 133: 106394. doi: 10.1016/j.jfca.2024.106394

Sun, J., & Luo, L. (2018). Subcellular distribution and chemical forms of Pb in corn: strategies underlying 
tolerance in Pb stress. Journal of Agricultural and Food Chemistry 66: 6675-6682. doi: 10.1021/acs.
jafc.7b03605.

Ulhassan, Z., Shah, A. M., Khan, A. R., Azhar, W., Hamid, Y., & Zhou, W. (2023). Mechanisms of cobalt 
uptake, transport, and beneficial aspects in plants. In: Pandey, S., Tripathi, D. K., Singh, V. P., Sharma, 
S., & Chauhan, D. K. (Eds.) Beneficial Chemical Elements of Plants: Recent Developments and Future 
Prospects (169-181 pp.).  John Wiley & Sons Ltd. doi:10.1002/9781119691419.ch7


	_GoBack
	_Hlk96462525
	_Hlk96462525
	_Hlk186041660
	_Hlk186042746
	_Hlk186043345
	_Hlk186041865
	_Hlk187850079
	_Hlk187850014
	_Hlk187849656
	_Hlk191651851
	_Hlk184135125
	_Hlk213834629
	_Hlk213834643
	_Hlk213836104
	_Hlk213834727
	back-AFF1
	_Hlk175598878
	_Hlk175598419
	_Hlk187315629
	_Hlk187307411
	_Hlk187307784
	_Hlk48736397

