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Extended Abstract:

Introduction: Seed germination is a fundamental physiological process influencing crop establishment and yield
potential. Environmental stresses such as drought, nutrient deficiency, and biotic factors often inhibit this critical stage.
Humic substances, particularly humic acid (HA), have garnered significant attention due to their biostimulant properties,
including enhancing nutrient uptake, photosynthetic capacity, and root architecture. While their effects have been
demonstrated in various crops, there remains a knowledge gap regarding the response of rainfed wheat (Triticum aestivum
L.) genotypes at the seedling stage to HA treatment. This study aims to explore the physiological and biochemical
responses of twelve diverse wheat genotypes to HA application during germination and their potential relationship with
field performance.

Materials and Methods: A factorial experiment was conducted using a completely randomized design with two factors:
genotype (12 wheat genotypes) and germination environment (distilled water as control and humic acid solution). Seeds
were surface sterilized and placed in petri dishes under controlled conditions. The HA solution concentration was
standardized to ensure uniform exposure. After 8 days, various parameters were measured including germination
percentage, root length, shoot length, fresh and dry weight of root and shoot, root-to-shoot ratio, allometric coefficient,
seed vigor index, and photosynthetic pigment content (chlorophyll a, b, and total chlorophyll). Pigments were extracted
in 80% acetone and quantified spectrophotometrically. To correlate laboratory indices with field performance, grain yield
data from a four-year field trial under both rainfed and supplementary irrigation conditions were used. This allowed for
evaluation of genotype x environment interactions and assessment of genotype stability under variable moisture
availability.

Results and Discussion: Significant differences were observed among genotypes for all measured parameters, indicating
substantial genetic variability. Humic acid application significantly increased germination percentage, shoot length, shoot
fresh and dry weight, and chlorophyll content, suggesting improved seed vigor and early photosynthetic potential.
Conversely, HA treatment reduced root length and root biomass in most genotypes, possibly due to altered hormonal
balance or osmotic effects at high concentrations. These contrasting effects underscore the importance of genotype-
specific responses to biostimulant treatments. Among the genotypes tested, ‘Hashtrood’ and ‘Gavdareh’ consistently
exhibited superior performance under HA treatment, demonstrating high shoot vigor and pigment accumulation, and were
identified as optimal candidates for humic acid utilization. In contrast, genotypes such as ‘Ohadi’ with a high root-to-
shoot ratio performed better under stress, suggesting that this trait may contribute to enhanced water acquisition and
survival under adverse conditions. Analysis of photosynthetic pigments revealed a significant increase in chlorophyll a
and b levels following HA treatment, indicating improved light absorption efficiency and potential photosynthetic
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capacity at the seedling stage. These physiological enhancements are critical for early seedling establishment, particularly
in dryland systems where initial vigor determines competitive success. Despite observable changes in seedling
morphology and physiology, correlation analysis between germination traits and final grain yield revealed no significant
relationship. This suggests that while HA improves early-stage indicators, these improvements do not necessarily translate
to higher yield under field conditions, likely due to complex genotype x environment interactions and subsequent growth-
stage limitations.

Conclusion: The present study demonstrates that humic acid can positively influence early growth traits and
photosynthetic pigment accumulation in rainfed wheat genotypes, though effects are genotype-dependent. The findings
underscore the necessity of selecting suitable genotypes when employing HA in seed priming or early-stage treatments.
While improvements in seedling vigor were evident, these did not directly correlate with grain yield, indicating that HA’s
impact is more pronounced in early physiological processes rather than final yield determination. This research highlights
the potential of humic acid as a biostimulant to enhance specific physiological parameters during germination but also
emphasizes the need for long-term field studies to validate its efficacy in improving agronomic performance.
Understanding the genotype-specific responses to HA can inform breeding programs and agronomic practices aimed at
improving wheat resilience and productivity under stress-prone environments.
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