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Article Info ABSTRACT
Article type: Objective: This study aimed to investigate the effects of hydroprime and seed coating
Research Article with humic acid, and biological compounds on the germination and emergence of the
sweet corn cultivar 'Amyla'.
Article history: Method: The experiment was conducted using a randomized complete block design with
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Received in revised form 8 July 2025 three replications under laboratory and greenhouse conditions, and four replications under
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Afr:lztlfle onlil:leyzz September 2025 field conditions in 2018. The study was carried out at Mohaghegh Ardabili University and
the experimental fields of the National Agro-Industrial Company of Moghan. The fourteen
y treatments consisted of seed coating with different amounts of amino acid fertilizer (2, 4,
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Germination rate and 6 g kg1 of seed), seaweed extract (3, 6, and 9 g kg 1 of seed), humic acid (3, 6,and 9 g
Emergence rate kg1 of seed), hydroprime + humic acid, hydroprime + seaweed extract, hydroprime +
Hydroprime amino acid, hydroprime alone, and an uncoated control. A 3% carboxymethylcellulose
Humic acid

solution was used as an adhesive for the seed coating.

Results: Seed coating with humic acid and hydroprime significantly improved the
germination and emergence percentages of the 'Amyla’ sweet corn seeds under laboratory,
greenhouse, and field conditions. The best results were obtained with the hydroprime and
humic acid (6 g kg?l) treatments, which showed the highest germination percentage
(98.66%) and emergence percentage (93.33%). The germination and emergence rates also
increased significantly in these treatments. Contrary to expectations, seaweed extract
negatively affected the germination and emergence of the sweet corn seeds. These results
indicate that using seaweed extract as a seed coating may not be suitable for all corn
cultivars. The 3% carboxymethylcellulose adhesive used for coating had no adverse effect
on seed germination and emergence; in some cases, it even slightly improved the results.
Conclusions: This research clearly demonstrates that coating 'Amyla' sweet corn seeds
with humic acid (6 g kg!) and hydroprime is not only a practical solution for improving
germination and seedling establishment but also, as a sustainable technology, can help

address challenges in modern agriculture.
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Highlights
o The effects of hydropriming and seed coating with humic acid, amino acid fertilizer,

and seaweed extract on germination and emergence of 'Amyla’ sweet corn cultivar
were evaluated.

o The combination of hydropriming and humic acid coating (6 g kg™ ') was an optimal
strategy for enhancing germination and seedling establishment of 'Amyla' sweet corn
cultivar.

Introduction

Corn (Zea mays L.) is the world's leading cereal crop, cultivated on approximately 187
million hectares globally. Sweet corn, a variant of common corn, derives its characteristic
sweetness from genetic mutations that alter the kernel's sugar composition (Ordas et al.,
2008). A promising approach to enhance seed performance is seed coating, which involves
applying compounds that regulate and improve germination, emergence, and subsequent plant
growth (Copeland and McDonald, 2012). As a fresh food, sweet corn is a staple in human
diets worldwide, and its consumption continues to rise due to its palatability and high vitamin
content. Another key technique for improving seed vigor is seed priming, a pre-sowing
treatment that physiologically and biochemically prepares seeds for germination by exposing
them to controlled environmental conditions (Farooq et al., 2019). This process induces
numerous biological and physiological changes in the primed seed, which manifest in the
resulting plant as improved germination rates, enhanced early seedling establishment, more
efficient use of environmental resources, earlier maturity, and increased crop yield and
quality.

Method

This study investigated the effects of seed coating with nutrient and biostimulant
compounds—including amino acids, seaweed extract, humic acid, and hydroprime—on the
germination and emergence of the sweet corn variety 'Amyla'. The research was conducted in
2018 under laboratory, greenhouse, and field conditions at Mohaghegh Ardabili University
and the farm of Pars National Agro-Industry and Animal Husbandry Company. The seeds
used were hybrid from the 2017 season and had been stored at 5-10°C with 25% relative
humidity.

The experiment employed a randomized complete block design with three replications in
the laboratory and greenhouse, and four replications in the field. The seeds and the amino acid
fertilizer (featuring a balanced formulation of essential amino acids) were procured from the
Karaj Seed and Seedling Registration and Certification Research Institute. The treatments
consisted of seed coating with varying concentrations of amino acids fertilizer (2, 4, 6 g kg™
seed), seaweed extract (3, 6, 9 g kg seed), and humic acid (3, 6, 9 g kg seed), in addition to
hydroprime and an uncoated control.
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In the spring of 2018, field preparations were carried out, including plowing, application of
soil test-based fertilizers, disc harrowing, and plot layout. Each plot comprised four 5-meter-
long rows. Planting was conducted on June 19th with a row spacing of 75 ¢cm and an intra-
row plant spacing of 15 cm, resulting in a theoretical plant density of approximately 88,888
plants per hectare. Blocks were spaced 1.5 m apart, and plots were separated by a single
unplanted row. Irrigation was supplied using a drip tape system.

Results

Contrary to expectations, the application of seaweed extract adversely affected the
germination and emergence of sweet corn seeds. In contrast, seed coating with humic acid and
hydroprime significantly enhanced these parameters in the 'Amyla' cultivar across laboratory,
greenhouse, and field conditions. The most pronounced effects were observed with the
hydroprime and humic acid (6 g kg™) treatments, which yielded the highest germination
(98.66%) and emergence (93.33%) percentages. Furthermore, these treatments significantly
increased the rate of germination and emergence. These findings suggest that seaweed extract
may not be a universally suitable seed coating for all corn cultivars. The 3%
carboxymethylcellulose adhesive used as a binder had no deleterious effects on seed
performance and, in some instances, even resulted in a marginal improvement.

Conclusions

This study clearly demonstrates that coating seeds of the sweet corn cultivar 'Amyla’ with
humic acid (6 g kg'l) and hydroprime not only serves as a practical solution for enhancing
germination and seedling establishment but also represents a sustainable technology with the
potential to mitigate key challenges in modern agriculture. Contrary to expectations, seaweed
extract, despite its established reputation as a biostimulant, significantly inhibited germination
and emergence. This adverse effect is likely attributable to the presence of specific inhibitory
compounds, such as phenolics, or an inherent incompatibility with the genetic profile of the
'Amyla’ cultivar. These findings underscore the critical importance of cultivar-specific studies
for optimizing agricultural inputs, as plant responses to biostimulants are often highly
genotype-dependent.

From a mechanistic standpoint, the efficacy of humic acid can be attributed to its role in
accelerating seed metabolic activity, potentially by enhancing the activity of germination-
related enzymes, facilitating nutrient mobilization, and stimulating the synthesis of growth
hormones like auxins. Hydropriming, conversely, is posited to break physiological dormancy
by establishing a controlled hydration environment, thereby increasing the seed's resilience to
environmental stresses during critical early growth stages. In contrast, the negative results
associated with seaweed extract may be linked to the presence of phytotoxic phenolic
compounds or an imbalance in mineral salt concentrations, which can exert allelopathic
effects on certain plant species.

From a practical perspective, the application of humic acid and hydropriming as seed
coatings offers farmers a cost-effective strategy to improve field emergence uniformity and
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bolster crop tolerance to abiotic stresses such as drought and salinity. For future research, it is
recommended to investigate the synergistic effects of combining humic acid and
hydropriming with other advanced seed pretreatment technologies, such as nano-priming.

In conclusion, this study constitutes a significant step toward precision agriculture and
input optimization. It provides compelling evidence that simple, yet scientifically-informed,
technologies can effectively bridge the gap between sustainable agricultural production and
the escalating demands of global food security.
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Table 1- List of seed coating treatments with various biostimulants.

9 Ll Ty
Row Treatments Explanation
1 (V) sl 203 50 0,5 5LS e 0 anslanl o5 Y
Amino acid (1) 2 g of amino acid per kg of corn seeds
) (V) asslaul AR VK S S VORI PN )
Amino acid (2) 4 g of amino acid per kg of corn seeds
3 () sl S350 a5 elS e 0 ailagwl 6,5 F
Amino acid (3) 6 g of amino acid per kg of corn seeds
4 Mgl Sl ojlas O3 yh eSS o 50 @by Silzojlac o ST
Seaweed extract (1) 3 g of seaweed extract per kg of corn seeds
5 () @by Sl olae O3 s S ekS o 0 b Sdzojlac 0 57
Seaweed extract (3) 6 g of seaweed extract per kg of corn seeds
6 () @bye Sl o)lae O3 5 S okS o 50 by Silzojlac 659
Seaweed extract (3) 6 g of seaweed extract per kg of corn seeds
7 () Soguoil O35 5% 05 5kS 52 50 Seageasnl 05 Y
Humic acid (1) 3 g of humic acid per kg of corn seeds
3 (V) ool D53 3 p)S5kS 2 0 Seogal 057
Humic acid (2) 6 g of humic acid per kg of corn seed
9 (1) oo gl O3 5k S ehS 8 5 Seegaannl 054
Humic acid (3) 9 g of humic acid per kg of corn seeds
10 (V) Sogep sl + o2l gy 2N eSS 50 Seagemonnl 05 7 4 il gy
Hydroprim + Humic acid (2) Hydroprime + 6 g of humic acid per kg of seed
1 (V) by Sl ojlas + mlyg 000 2 e ekS o 50 2b)d Sl ojlas 05 £+ il g jue
Hydroprime + seaweed extract (2) Hydroprime + 6 g of seaweed extract per kg of seed
12 (1) sl + mal 5 )00 S 5hS 2 0 aelunal 5 7 4 g e
Hydroprim + Amino acid (2) Hydroprime + 6 g of amino acid per kg of seed
13 e Sl g0
Hydroprime Hydropriming
sals o) Gl SlaS e 5 oz Brae Hed s
14 i i
Control Seeds without the use of glue and various growth

stimulants

slalls u‘:.ilnﬂ 5o oolaiul 8,90 S o ebori- (58 6“’;}15 =Y Jous

Table 2- Selected physico-chemical properties of the soil used in the greenhouse experiment.

Oly S sy oolo

S cél oy 2,0 s i Ll o oy
Soil ‘;:n d"/) o zfay; c l . (go)é)‘,s‘ 03955 Phosphorus  Potassium
texture ° {140 ° alcium rganic . o m -
Silt% carbonate% matter%  itrogen% (ppm) (ppm)
) S
= 24.5 45 30.5 9.75 0.95 0.12 23.6 400
Sandy
clay loam
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Table 3- Selected physico-chemical properties of the soil used in the field experiment.
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Table 4- Mean comparison of the effect of different seed coatings on germination percentage, germination rate,
and time to 10% and 90% germination of corn seeds cv. Amyla under laboratory conditions.
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Means followed by the same letter within each column are not significantly different at the 5% level according to the LSD test.
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Table 5- Mean comparison of the effect of different seed coatings on emergence percentage, emergence rate,
and time to 10% and 90% emergence of corn seed cv. '"Amyla’ under greenhouse conditions.
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Means followed by the same letter within each column are not significantly different at the 5% level according to the LSD test.
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Table 6- Mean comparison of the effect of different seed coatings on emergence percentage, emergence rate,
and time to 10% and 90% emergence of corn seed cv. 'Amyla’ under field conditions.
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Means followed by the same letter within each column are not significantly different at the 5% level according to the LSD test.
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