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Abstract

Introduction

Humic acid (HA) is a principal component of humic substances known for enhancing cell
membrane permeability, increasing photosynthesis and respiration rates, improving mineral
uptake, and promoting protein synthesis. Its effects on plants under drought stress have been
demonstrated in several studies, showing positive impacts on growth parameters, osmotic
regulation, antioxidant activities (e.g., superoxide dismutase, peroxidase, and catalase) and
photosynthetic efficiency. Drought stress, as a major abiotic stress, negatively affects crop growth
and productivity by disrupting water relations, reducing leaf size, and limiting root development.
Plants respond to drought stress through various physiological and biochemical mechanisms.
Research suggests that optimal concentrations of humic acid can effectively alleviate drought-
included damage.

Materials and Methods

This study investigated the effects of drought stress and humic acid on Dragon’s head plant. Two
experiments were conducted: In the germination experiment, germination characteristics were
evaluated under five drought stress levels (0, -0.4, -0.8, -1.2, and -1.6 MPa) in a completely
randomized design with four replications at the Faculty of Agriculture, Shahrekord University in
2017. In the field experiment, a split-plot design with randomized complete blocks and three
replications was used to assess humic acid and water deficit effects. Main treatments included
four irrigation levels (50, 70, 90 and 110 mm evaporation from the pan surface), while sub-
treatments comprised four humic acid concentrations (0, 5, 10, and 15 1 ha'l). And various
indicators were measured at the end of the experiment.

Results and Discussion
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Drought stress reduced germination percentage (16%), germination speed index (42%), and
seedling fresh weight, but increased root length. Also, osmotic stress caused by PEG, increased
root length (40%) and decreased the shoot length (38%). Field results showed significant effects
of both drought stress and humic acid on flower count, inflorescences, and seeds per plant, seed
yield, and biological yield. Drought stress reduced these parameters, while humic acid
application enhanced them. Drought stress (110 mm Evaporation) increased mucilage percentage
(13%) but decreased essential oil yield, whereas humic acid treatments proved essential oil yield.
HA treatment (15 1 ha™) increased biomass (36%), dry weight of plant (32%), number of seeds
and number of flowers per plant (17%) compared to the control. HA treatment (15 1 ha™") was
particularly effective in enhancing seed yield and medicinal properties. Drought stress is one of
the most important abiotic stresses that adversely influences the growth and production of crops
citation. As a consequence of drought stress, both stomatal and non-stomatal limitations lead to a
decline in photosynthesis, growth and yield. Furthermore, showed that the use of HA improves
the photosynthetic rate of plants under drought stress via increasing the gas exchange rate and
electron transport flux. HA increases the chlorophyll content and photosynthetic rate, and
decreases the transpiration rate of plants under drought stress.

Conclusion

Drought stress, decreased seed germination indicators such as percentage and germination rate of
plantlet. Also, decreased the biological yield, dry weight, seed yield, harvest index and essential
oil yield and increased in the mucilage percentage. HA treatment (15 1 ha-1) improved many
indicators including biomass, dry weight of plant, number of seeds and number of flowers per
plant and essential oil yield. Therefore, HA was determined in this experiment to be an auxiliary
factor in improving drought stress tolerance. Humic acids are organic molecules that play
essential roles in improving soil properties, plant growth, and agronomic parameters. HA
significantly promoted the growth of Dragon’s head seedlings under drought stress. HA is a
principal component of humic substances, it can have various biochemical effects on plants, such
as increasing cell membrane permeability, increasing photosynthesis and respiration rates,
enhancing mineral uptake and enhancing protein synthesis and hormone-like activity.
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Table 1. Variance analysis for germination indices of Dragon’s head seeds under different concentrations of

PEG-6000 solution

S.0.V df Means of squares
Root Stem Seedling Root/Ste  Germination  Decrease of  Germination Germination
length length weight m ratio stress index  germination rate percentage
PEG 4 3.13*  0.991**  0.00001** 1.49%* 415%* 148%* 39.18** 150%*
Error 15 0.397 0.054 0.00002 15 0.001 0.287 5.5
C.V (%) 11 10 7.8 4.4 0.561 4 2.4
** represent significant at 1% respectively
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Figure 1. The effect of different levels of PEG on the germination characteristics of Dragon’s head

seeds
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Figure 2. The effect of different levels of PEG on the characteristics of Dragon’s head seeds
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Table 2. Variance analysis for growth and yield characteristics of Dragon’s head plant under drought stress and different levels of humic acid

VFrF Okl oF oyle PA o ¢ LS Sl 5

Means of square

SOV df  Seed number Inflorescence Flower number Seed yield 1000 - seeds Harvest Biological Dry weight Mucilage Essential oil
per plant number per plant per plant weight index yield percentage percentage
Block 2 2038 8.41 400.89 6468 0.004 3.74 0.0045 0.085 0.53 0.011
Drought stress (A) 3 84539** 362.3** 23606** 168335** 0.13** 44.86** 0.0665* 0.306* 109** 0.243**
E (a) 6 2993 14.78 239.28 17537 0.005 3.68 0.0044 0.038 16 0.013
Humic acid (B) 3 232656** 268.9** 3810** 237772** 0.077** 163.3** 0.1619** 0.452** 0.22"™ 0.504**
A xB 9 15084** 17.01™ 319" 21718™ 0.027** 21.08**  0.0057™ 0.099"™ 11™ 0.019"™
E(b) 24 2880 20.94 229.1 13628 0.004 3.47 0.004 0.053 0.69 0.008
C.V (%) 8.9 13.8 7.1 15 3.7 5.7 11 19 15 11

ns and ** : not significant and significant at 1% probability level, respectively.

Table 3. Mean comparison for flower number and the inflorescence number per plant under drought stress and different levels of humic acid treatments

Inflorescence Flower number per Seed yield Biological yield (kg. Dry weight Mucilage Essential oil yield

number per plant plant (kg. ha?) m?) (9) percentage (%) (g. m?)
Drought stress
Control (50 mm Evaporation) 39.99% 260.7° 912.2% 0.672 1.45% 52.4° 1.036°
Mild stress (70 mm Evaporation) 34.49° 2343 822.7% 0.0547" 1.23° 53.98° 0.8°
Moderate stress (90 mm Evaporation) 30.59° 181° 734" 0.528" 1.14° 54,78° 0.755"
Severe stress (110 mm Evaporation) 27.2° 166.4¢ 636° 0.502" 1.08° 59.44% 0.721¢
Humic acid
Control 29.76° 193.7° 598.3° 0.403" 0.96" 0.558" 0.558"
51ha’ 32.71° 198.7° 768" 0.557° 1.25° 0.796"™ 0.796°
101 ha' 34.79% 2175 797.2° 0.615" 1.28° 55.23™ 0.922°
151 ha* 38.01° 232.5° 941.4° 0.673% 1.422° 55.32" 1.036°

Means followed by the same letters using LSD test at 5% probability level did not differ

significantly.
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Table 4. Mean comparison for mutual effects of drought stress and humic acid treatment on
1000- seed weight and harvest index of Dragon’s head

Drought stress Humic Harvest 1000 - seeds Seed number
acid index (%) weight (g) per plant
Control 28.96%7 1.61% 586%"
Control (50 mm Evaporation) 51ha* 32.05%¢ 1.7% 583"
10 I ha' 34.9% 1.89° 728°
151 hat 41.29° 2.07° 1031°
Control 27.43" 1.69% 463°
51ha* 30.27°¢" 1.68% 634
Mild stress 10 I hat 38.9% 1.73° 695
151 ha* 36.38™ 1.75° 847"
Control 27.57™ 1.68% 4179
51ha* 33.23% 1.68% 571°
Moderate stress 10 I ha' 34.23% 1.66% 638
151 hat 36.65" 1.66% 621%
Control 26.6' 1.46' 403"
Severe stress 51 ha* 32.36%" 1.51% 554f
10 I ha' 30.58%" 1.6d° 561"
151 ha* 29.78™ 1.69% 741°

Means followed by the same letters using LSD test at 5% probability level did not differ significantly.
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