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To investigate the effect of different levels of humic acid on some
characteristics of the lallemantia plant under different water deficit
treatments, a split-plot field experiment was conducted in the form of
a completely randomized block design in three replications in 2014.
The treatments included four irrigation levels of 50, 70, 90, and 110
mm of evaporation from the surface of the evaporation pan,
equivalent to no stress, mild stress, moderate stress, and severe stress
respectively as the main factors, and four levels of humic acid were
zero, five, 10 and 15 liters per hectare as subfactors. The results
illustrated that plant height, leaf number, secondary stems number,
chlorophyll b, total chlorophyll, P concentration of aerial parts, RWC
decreased under drought stress, and Na and K content of aerial parts
and leaf proline increased. The use of humic acid increased the
morpho-physiological indicators of the number of leaves per stem and
the number of secondary stems. In addition, the use of humic acid
improved the relative water content of the leaves, water use efficiency
and proline content. The interaction effect of drought and humic acid
treatments on N shoots and chlorophyll was significant. Furthermore,
the highest amount of N was at the level of 15 litres per hectare of
humic acid and 50 mm of evaporation. In general, the use of humic
acid, partiucularly in 15 litres per hectare concentration, improved the
morphological and physiological indicators and greatly decreased the
effects of drought stress.
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EXTENDED ABSTRACT

Introduction

Abiotic stresses are one of the crucial constraints to food security and crop production.
Drought stress is the most common environmental stress that annually causes great damage
to crops globally, particularly in Iran which is considered an arid and semi-arid country.
Indiscriminate use of chemical fertilizers also endangers human health. The importance of
improving organic matter contents in agricultural soils is by consensus due to its influence
on soil properties and plant growth. Biological inputs can be used as suitable tools to help
the transition for other agriculture systems. The effect of humic substances in the mitigation
of abiotic stress effects in plants is well known and generally described as a result of the
increase of compatible solutes production and changes in ion balance. One of the most
studied physiological effects of humic substances is the promotion of ion uptake under
abiotic stress. The growing use of humic substances as plant growth promoters has
attracted attention due to its effects on the efficiency of nutrient use, crop quality and
protection against abiotic stresses.

Methodology

This experiment was performed as a split plot in a randomized complete block design
with three replications at the Research Station of Shahrekord Agriculture School in 2015.
The results of the physical and chemical properties of the experimental field soil are
illustrated in Table 1. The main factor consisted of four irrigation levels (after 50 (control),
70-,90-, and 110-mm evaporation from evaporation pan class A) and subfactors included
four levels of humic acid (zero, 5, 10 and 15 liters per ha) sprayed on plants. In this
experiment, characteristics of plant height, leaf number, secondary stems number,
chlorophyll a, b and total chlorophyll, nutrient concentration of aerial parts, RWC, WUE
and proline were measured. The chlorophyll concentration was calculated using the
following formulas.

\%
chlorophylla = (12.70D663 — 2.690D645) 1000W

chlorophyll b = (22.90D645 — 4.680D652)

1 OOOWV
Total chlorophyll = (20.20D645 + 8.020D663) 1000w
Table 1. The results of the physical and chemical properties of the experimental field soil at a depth of 0 to
Texture Cu Fe Mn Zn 3(:):: Kava N TN.V ocC EC pH
mgikg- mgikg- mgikg- mgikg- mgikg- mgikg- % % % dS-lm-
Clay 0.18 3.64 9.05 0.69 11.7 311 0.124 345 0.995 0.493 8.08

loam

Results and discussion
The results showed that water stress treatments reduced traits of plant height, number
of stem branches per plant, stem diameter, number of leaves per plant, leaf relative humidity,
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nutrient uptake, leaf pigments and plant essential oils. The sodium content of the shoot,
water use efficiency and proline content increased due to water stress. The results
illustrated that plant height, leaf number, secondary stems number, chlorophyll b, total
chlorophyll, P concentration of aerial parts, and RWC decreased under drought stress while
Na and K content of aerial parts and leaves proline increased. The use of humic acid
increased the morpho-physiological indicators of the number of leaves per stem and the
number of secondary stems. In addition, the use of humic acid improved the relative water
content of the leaf, water use efficiency and proline content. Humic acid treatment also
increased all measured traits. Treatments of no stress and foliar application of 15 liters per
hectare of humic acid had the greatest effect on yield. Humic acid is one of the most
important categories of bio-stimulants, defined as materials that contain one or more
substances and microorganisms able to stimulate nutrient uptake and use efficiency by
plants, and increase plant tolerance to abiotic stress such as drought stress. Furthermore, it
improves crop quality when applied in small amounts. The enhancement of peroxidase
activity, reduction of H202 concentration, and increased cell proline levels in plants treated
with humic acid have been previously reported. All of these responses are classical
physiological adaptations against abiotic stress.

Table 2. The effect of drought stress and humic acid levels on some indicators.
Tratment Proline (mol.L-1) WUE (%) RWC (%)

Drought Stress
no stress 54.5d 2.59b 43.12
mild stress 67.58¢ 3.01a 40.99>
moderate stress 92.08b 3.13a 39.03¢
severe stress 110.41a 3.262 37.15¢
Humic acid
0Lh 78b 2.31¢ 35.38d
5Lh 78.58b 3b 39.22¢
10 Lh 81.5b 3.04b 41.56b
15L.h 86.5P 3.642 44.1a

Conclusion

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. One most intriguing aspects of the direct use of humic substances on plants
is how the complex and heterogeneous mixture of small organic molecules can influence
diverse physiology processes including nutrient uptake and metabolism such as proline
productions. The use of biostimulants in agriculture has grown steadily in the last decade
and plant growth stimulation and crop protection against abiotic stress are reported as one
of the main effects. Moreover, humic acid-biostimulant formulations are strongly dependent
on concentration rate and plant species, which ultimately can modulate plant defense
mechanisms and are widely used to alleviate the effects on plants of salinity, drought and
heavy metals toxicity.
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