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Abstract
Introduction
Humic acid is a principal component of humic substances, which increasing cell membrane
permeability, increasing photosynthesis andyrespiration fates, enhancing mineral uptake
i id on the physiological and
photosynthetic characteristics of plants under dr esgghave been, including the
i ctivityl\(uch as the superoxide
e) and photosyntlf€sis par@imeters. Also, drought stress is
stresses\that adversely influences the growth and
i ips, reducing leaf size, root growth
gical and biochemical responses to
sm levels. The results of some study indicated
ntration of hu acid could effectively alleviate the damage of

one of the most important abio
production of crops and disturl*plan ater r
and root multiplication. Plants exhibit,vahi
drought stress at cell
that the appropriate
drought stress on Wﬁ
Materials and Méghods

In order to invesﬁa rought stress on germination characteristics, as well as the
effect ofidifferent le ¢ acid and water deficit on some characteristics of the medicinal

In the second expefiment, in order to investigate the different levels of humic acid and water
deficit stress on some characteristics of the lallemantia, a field experiment was conducted in the
form of a split plotd®'the form of a completely randomized block design in three replications.
The treatments included four irrigation levels of 50, 70, 90 and 110 mm evaporation, from the
evaporation pan surface as the main factor and four humic acid levels of 0, 5, 10 and 15 liters per
hectare as secondary factors.

Results and Discussion

The results showed that the percentage and speed of germination and fresh weight of lallemantia
seedlings decreased due to drought stress levels and the root length increased. Also, in the results
of the field experiment, it was observed that the number of flowers, inflorescences, seeds per
plant, seed yield, and the amount of biomass were affected by the simple effects of drought stress
and humic acid treatments, and drought stress decreased them, while the use of humic acid
increased them. As a result of drought stress, the percentage of mucilage increased and the yield
of essential oil decreased. Also, the use of humic acid increased the yield of essential oil
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compared to the control. In general, the use of humic acid, especially at a concentration of 15
liters per hectare, increased the seed yield and the medicinal properties of the lallemantia plant. In
general, the use of humic acid, especially at a concentration of 15 liters per hectare, increased the
seed yield and the medicinal properties of the lallemantia plant.

Conclusion

humic acid is an alicyclic ring, and a hydrophilic group, such as a carboxyl group, a hydroxyl
group, or a carbonyl group is bonded to enhance the water retention of the plant. Humic acid can
be used directly on plants at low concentrations to enhance plant growth, yield and nutrient
uptake, thus constituting a popular category of plant biostimulants. Our findings further
illustrated that humic acid can relieve the damage of drought stress because humic acid also has
the effect of stabilizing the plasma membrane system by increasing the activity§af antioxidant
enzymes and participating in cell osmotic regulation. Our findings may help to eluci

for the use of humic acid in agricultural production.
Keywords: Biomass, Dehydration, Essential oil,@erminati age, Yield
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uare) of the different characteristics of lallemantia
ent PEG 6000 treatments.

Sources of  df ean square
changes \
Root Stress index Decrease of Speed of Germination
weight  length/Ste of germination  germination (%)
m lenght  germination (%)
Polyethylene 4 *0.00001** 1.49%* 415%* 148%* 39.18%* 150%*
glycol
Test error 15 0.397 54 0.00002 0.093 15 0.001 0.287 55
Coefficient 11 7.8 4 4.4 0.561 4 2.4
of variation
(%)

** represent significant at 1% respectively
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Figure 1. The effect of different levels of PEG on the g acte@cs of lallemantia seeds
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Table 2. Results of variance analysis (mean square) of traits n

seeds plant under drought stress and different levels of hu lallemantia plant.

Mean square

Sources of change “ \
urces ges df  Seed number il\ nd number in Flower number in
plant elant plant

Replication 2 2038 v 8 400.89
AN A
Drought Stress - N 84539** 362.3** 23606**
4
Main error 6\\\2993 g 14.78 239.28
AN

Humic acid \ 3 ‘2656** 268.9%* 3810**
a
Humic acid* Drougilistress \\\ 9 ))84** 17.01™ 319™
i A \

w_N
> 24 2880 20.94 229.1

Coefﬁc\w variation® 8.9 13.8 7.1

ns a non-significance and significance at 1% probability level, respecti
vely.
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Table 3. Comparison of the mean traits of the flower number and the garland number under drought
stress and different levels of humic acid treatments.

Garland number in plant Flower number in plant
Drought stress
Control (50 mm Evaporation) 39.99° 260.7%
Lowe stress (70 mm Evaporation) 34.49° 234.3
Mild stress (90 mm Evaporation) 30.59° 181°
Highe stress (110 mm Evaporation) 27.2° 166.4°
Humic acid A )
Control 29.76° \
5Li/h 32.71° a \y
10 Li/h 34.79% H(sb
A

15 Li/h 38.01° 232.5°%
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Figure 2. Mean comparison of interaction effect of drought stress and humic acid on seed number of
plants.

Cils p et ls 5 als 8 05 - Lasles ol o3l SIS0 sls 0L Laesls bl 428 gl
(F Jsd) 55 505 sne Ol o el S gn 5 S 25 bl
le)uﬁéﬁs&;ioj}jo:}sijbs&



Table 4. Results of variance analysis (mean square) of different traits under drought stress
and different levels of humic acid in lallemantia plant.

Sources of changes Mean square
df Yield Weight of 1000  Harvest index Biomass Dry weight (1

seeds plant)

Replication 2 6468 0.004 3.74 0.0045 0.085
Drought Stress 3 168335** 0.13** 44.86** 0.0665* 0.306*

Main error 6 17537 0.005 3.68 0.0044 0.038
Humic acid 3 237772** 0.077** 163.3** Ogh619** 0.452**

A N
Humic acid* Drought 9 21718™ 0.027** 21.08** 0.005 0.099™
stress '
Minor error 24 13628 0.004 . . 0.053
Coefficient of variation 15 3.7 19
(%)

ns and ** indicate non-significance and significance at 1% pro
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Table 3. Compari‘n%t e mean traits of the'Seed performance, biomass and dry weight under
- Arought Stseshand differentlevels of humic acid treatments.
Drought stress - Yield (Kg/h) Biomass (Kg/m?) Dry weight (1 plant)

0

@)

Control (50 Evapoxatio 912.2° 0.67° 1.45°
Lowe stress (70 ion) 822.7" 0.0547° 1.23°
Mild stress (90 mm vaation) 734" 0.528° 1.14°

Highe stress (110 mm Eyration) 636° 0.502° 1.08°
Humic acid

Control 598.3° 0.403° 0.96°

5 Li/h 768" 0.557° 1.25°

10 Li/h 797.2° 0.615° 1.28°

15 Li/h 941.4° 0.673° 1.422°
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Table 6. Mean comparison of mutual effects of drought stress and humic acid treatment on thousand seed
weight traits and harvest index of lallemantia plant.

(8 Jads) Csls 3 g il S gan 1K 55 2310

Drought stress Humic acid harvest index (%) ewoo seeds (g)
Control 28.96%7 VK
Control (50 mm Evaporation) 5 Lih 32:05%¢ ‘; N AW
10 Li/h 379~ 1.89°
15 Li/h o 41 2“" 2.07
Control N27.4307 W 1.69¢
5 Lith B2 &V 1.68%
Lowe stress (70 mm Evaporation) 10 Li/h (88 1.73°
15 Li/h w  3E3sc 1.75°
Contgel _ R, 275™M 1.68%¢
5 Li/h o W, A33.23%* 1.68%¢
Mild stress (90 mm Evaporation) 10Lith ™ W ’34.23;" 1.66“2j
H C Cl
15Lih Q" ‘3@5_ 1.66f
\ Control v - 76.6M 1.46
Highe stress (110 mm 5 Li/h 32.36%" 1.51¢
Evaporation) — \
= Noim N4 30.58°" 1.6d°
N \ ilh 29.78" 1.69¢

s Sl o3l o eslw Ol ST sl LA La esls il yls 4 s

A1 s il 5 Shas 5 Dhws g0 Ol Slis SKis

lysis (mean square) of different traits under drought stress
ent levels of humic acid in lallemantia plant.

Y Jais)

Mean square

df Musilage Essence
Replication 2 0.53 0.011
Drouy Stress 3 109+ 0.243%*
i 6 1.6 0.013
s Main error and
" Humic acid 3 022" 0.504%%
Humic acid* 9 L1 0.019™
Drought stress
Minor error 24 0.69 0.008

Coefficient of 1.5 11

variation (%)




indicate non-significance and significance at 1% probability level, respectively.
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Table 8. Comparison of the mean traits of the mucilage and essence under drought stress and
different levels of humic acid treatments.

Musilage (%) Essenc g/mz)
Drought stress
AN
Control (50 mm Evaporation) 52.4¢ '\ q
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