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Research Topic: Mentha is a perennial plant, a herbaceous rhizome. Its essential
oil iswidely used in food, cosmetics, pastry, gum, toothpaste and pharmaceutical
industries. Due to the importance of this type of flood irrigation on its
quantitative variables in Kashan.

Method: For this purpose, in each of the flood and control areas, a sampling
area was identified. In each of the reagent areas, sampling of vegetation was
performed in the form of 10 transactions and 60 plots in a systematic-random
way. The percentage of crown coating and density was measured by the planting
and olive method of the plant by the double method. To determine the amount
of underground olives, 98 bases were selected with proper spatial distribution
and up to 2 meters, all roots with a diameter of more than one millimeter were
collected and weighed. With the total olive weight of the plant, the ratio of the
underground olive to the aerial olives was determined, and by applying this ratio
in the aerial olive weight, the underground olive weight was estimated in both
areas.

Results: The results showed that flood irrigation had no significant effect on any
of the variables evaluated (P <5%).The results of estimating the ratio of
underground biomass to aerial biomass of the above-mentioned species in two
areas of waterlogging and control showed that this ratio is 27.82% in the
waterlogging area and 29.44% in the control area.

Conclusions: Based on this, by applying these coefficients to the aerial biomass,
the underground biomass of this species in the drained area and Shahid was
estimated as 160.52 kg/ha and 147.61 kg/ha respectively.This achievement
indicates that the species is well established and developed in arid regions and
is physiologically adapted to water shortages.
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Introduction

Mentha spicata L. (synonyms: Mentha spicata var. crispa, Mentha spicata var. longifolia in
some classifications)Common names: spearmint, green mint Type: Perennial, rhizomatous herb
Family: Lamiaceae (mint family) this plant spices is a perennial, rhizomatous herb with wide
applications in the food, cosmetics, confectionery, gum, toothpaste, and pharmaceutical
industries. Major constituents include carvone, limonene, cineole, and menthol in various
cultivars. These compounds give spearmint its characteristic aroma and flavor. This study
compared flood irrigation (waterlogged) versus non-flooded (control) conditions to assess
potential effects on quantitative traits of this species in Kashan. To capture spatial variation,
sampling sites were identified, and a systematic-random design was employed across 10 plots
and 60 subplots. These results underscore the robustness of Mentha spicata L. to variations in
irrigation under the tested conditions. The lack of a treatment effect on the measured indices
suggests that, within the range of water availability examined, vegetative growth and biomass
partitioning are maintained without substantial shifts toward either shoot- or root-dominant
growth. The relatively consistent belowground investment across flood and non-flood regimes
implies that root system development is favored as a stable strategy, potentially supporting
sustained nutrient uptake, soil anchorage, and resilience to short-term hydric fluctuations. This
pattern aligns with the species’ ecological strategy as a perennial herb with rhizomatous spread,
where persistent root networks enable rapid recovery from episodic water stress and contribute
to long-term productivity in arid environments. From a practical perspective, the findings
support applying the current irrigation approach in arid production systems with confidence
that key growth and root-propagation characteristics will be preserved. The inferred
subterranean biomass, derived from aboveground measurements via a stable allometric ratio,
offers a cost-efficient metric for monitoring underground resource pools without destructive
sampling. However, it remains prudent to validate the allometric relationship across different
soils, climates, and phenological stages to ensure transferability. Integrating periodic direct root
assessments or sensitivity analyses could further strengthen confidence in using non-destructive
proxies for routine management and decision-making in water-limited settings.

Materials and Methods

study area and experimental design. The study was conducted in Kashan, selected for its arid
climate and representative water-resource conditions. A systematic-random design was
employed to sample spatial variation across the experimental field. Ten plots (each with a
defined area) were arranged to cover the site, and within each plot, sixty subplots were
distributed to capture fine-scale heterogeneity. Treatments included two irrigation regimes:
flood irrigation (waterlogged) and non-flooded control. Plots were randomly assigned to
treatment conditions to minimize bias, and blocking was considered to account for spatial
gradients. Biometric measurements were performed to quantify crown cover and plant density.
Crown cover and density were assessed using standard methods, with an emphasis on
improving reliability by applying a double-framework approach that combines planting- and
olive-based techniques. Belowground biomass was estimated by excavating 98 sampling bases
chosen with appropriate spatial distribution to depths up to 2 meters, collecting all roots with a
diameter greater than 1 mm, and drying and weighing them. The ratio of belowground to
aboveground biomass was derived from the total plant biomass and used to estimate
subterranean biomass from aboveground biomass in both flood and control areas. This approach
allowed estimation of underground biomass without exhaustive excavation in each plot.
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Results

Data analysis evaluated the effect of flood irrigation on the measured indices. No statistically
significant differences were observed between flood irrigation and the control for any of the
indices at the 95% confidence level. The small disparity between areas implies a robust
belowground investment by Mentha spicata L. under both water regimes, supporting its
establishment and physiological adaptation to arid, water-limited environments. Data were
analyzed to test the effect of flood irrigation on the measured indices. Flood irrigation did not
produce a statistically significant difference for any of the evaluated indices at a 95%
confidence level. The belowground-to-aboveground biomass ratios were 27.82% in the flood
(waterlogged) area and 29.44% in the control area, indicating relatively similar biomass
partitioning between treatments. By applying these coefficients to the aboveground biomass
estimates, underground biomass values were inferred as 160.52 kg/ha for the drained area and
147.61 kg/ha for the Shahid area, respectively. The small difference between areas suggests
robust belowground investment by Mentha spicata L.. under both water regimes, supporting its
establishment and physiological adaptation to arid, water-limited environments.

Discussion and Conclusion

The lack of a significant impact from flood irrigation on growth metrics indicates that Mentha
spicata L. can sustain growth performance and allocate biomass even under restricted water
availability. This resilience is beneficial for cultivation in hot, water-limited regions where
irrigation efficiency is crucial. The observed biomass partitioning, with relatively large
belowground investment compared with aboveground biomass under both irrigation regimes,
suggests a sturdy root system that may enhance drought tolerance, soil stabilization, and
nutrient uptake in water-scarce environments. Estimating subterranean biomass from
aboveground measurements using a belowground-to-aboveground biomass ratio proved to be
a practical and non-destructive approach for assessing root investments across treatments. This
method can inform sustainable management and production planning by offering a cost-
effective means to gauge underground biomass, which is closely linked to soil health, perennial
persistence, and resistance to water stress. Nonetheless, the approach assumes the ratio remains
stable across different environments and developmental stages; incorporating sensitivity
analyses or occasional direct root sampling would bolster confidence in the extrapolations.
Interpretation and Implications. The lack of a significant flood irrigation effect on growth
indices implies that Mentha spicata L.. maintains growth and biomass partitioning under
limited water availability, which is advantageous for cultivation in arid regions. The
methodology of using a belowground-to-aboveground biomass ratio to extrapolate subterranean
biomass from aboveground measurements proved useful for studying root investments in this
species and can inform sustainable management and production planning in water-scarce
environments.
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