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Introduction

Coriander is a vegetable plant belonging to the family Apiaceaea that was widely used in ancient times for
its nutritional and pharmaceutical values. Coriander, under normal conditions, synthesizes vital biochemical
principles regarded as biologically potent, including essential oils, geraniol, coriandrin, flavonoids, terpenes,
cymene, citronellol, monoterpenes and pinene. Salinity is a major abiotic stress, reducing the yield of wide
variety of crops all over the world. The restriction of plant growth and productivity due to salinity is
especially acute in arid and semi-arid regions around the world. Salinity may occur when there is irregular
irrigation inadequate drainage, wrong fertilizer application and it extremely increases particularly in protected
cultivation. The application of biostimulants has great potential in preserving plants against abiotic or biotic
stresses and is integrated into promoting tolerance and acclimating of plants against salinity stress. For
overcoming the negative effect of salinity, the addition of supplemental organic matter such as humic
substances to growth media as an ameliorative agent could be necessary. The present study was carried out to
evaluate the effect of humic acid in improving salinity tolerance of coriander plants.

Materials and Methods

In order to study the effect of humic acid on growth and physiological indices of coriander (Corianderum
sativum L.) under salinity stress, a factorial experiment based on completely randomized design with three
replications was conducted at Research greenhouse of University of Zanjan, during 2021. Treatments consisted
arrangement of four levels of salinity (0, 40, 60 and 80 mM, NacCl) and four levels of humic acid (0, 100, 2000
and 300 mg L-1). The seeds of coriander were sown in pots containing sand and perlite (50:50 %V). The plants
were grown under optimal ambient conditions of 20+2°C during the day and 17+2°C at night, with a relative
humidity of 60-65%. The plants were irrigated with Hoagland nutrient solution. At the stage of 4-5 leaves, humic
acid treatment was started and it was applied to the pot in three stages with an interval of one week. One week
after the application of humic acid, salinity treatments were applied and continued until the end of the plant
growth period. Shoot fresh weight, root length, photosynthetic pigments, total phenols and flavonoids, leaf
relative water content, ion leakage and proline content were measured. Statistical analyses were performed with
SPSS software package v. for Windows, and means comparison were separated by Duncan’s multiple range tests
atp <0.05.

Results and Discussion
The results showed that salinity significantly decreased shoot fresh weight, root length, chlorophyll content
and leaf relative water content, and increased electrolyte leakage, phenols, flavonoids and proline contents.
Application of humic acid increased plant growth, chlorophyll pigment, and total phenol and flavonoids
contents, but decreased the proline content and electrolyte leakage. The lowest shoot fresh weight (21 g) and
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electrolyte leakage (78.8 %) were observed with application of 0 mg L-1 humic acid under 80 mM NaCl. In
addition, the lowest root length (12 cm), RWC (40.01%), total chlorophyll (16.1 mg gFW-1) and carotenoids
contents (1.85 mg gFW-1) and the highest proline content (11.7 mg gFW-1) were obtained under salinity 80 mM
NaCl. The maximum phenol (21 mg g-1FW) and flavonoids (21.03 mg g-1FW) contents were obtained with
application of humic acid 300 mg L-1 under salinity 80 mM NaCl. The impact of salinity on plant growth is
ascribed to the disturbance of various physiological processes, suppression of nutrient uptake, enhancement of
toxic absorption from soil, and metabolic imbalance. The mechanism of humic acid in promoting plant growth
may enhance the uptake of nutrients and reduce the uptake of some toxic elements. However, increasing cell
membrane permeability, oxygen uptake, respiration, photosynthesis, phosphate uptake and root cell elongation
of plant growth factors have been proposed by some authors to explain positive effect of humic acid.

Conclusions
According to the results, the application of 300 mg L-1 humic acid increased the fresh weight of coriander
plants by 41.8% under 80 mM salinity conditions. So that, the application of 300 mg L-1 humic acid to
improve plant growth and moderate the negative effects of salinity can be recommended.

Keywords: Chlorophyll pigments, Electrolyte leakage, Phenolic compounds, Vegetative growth.
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Table 1. Variance analysis (ANOVA) for dependent variable salinity and humic acid, and their interactil:)"ns
Salinity Humic acid Salinityx Humic acid

Root length 218.6 ** 21.19** 2.4ns
Shoot FW 2997.1** 107.4** 18.52*
Total chlorophyll 0.75** 0.17** 0.01ns
Carotenoids 8.78** 0.33* 0.03ns
Leaf RWC 3464.1** 260.4** 3.62ns
Total phenols 281.5** 29.3** 3.34*
Flavonoids 196.7** 24.2%* 4.03*
lon leakage 4298.1** 317.2*%* 51.7**
Proline 156.2** 9.06** 0.8*

el (6510 o pas g w0y B 9 ) Jloss! b jO (5510 o i i NS g *F FF
*0.05 and **0.01 levels and ns, non-significance.
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Table 2. The effect of salinity and humic acid on root length, photosynthetic pigments and leaf relative water
content of coriander

Treatment Root length (cm) ~ Total chlorophyll (mg g*FW) Carotenoids (mg g*FW) Leaf RWC (%)
Salinity levels (mM)

0 3la 24.1a 3.92a 79.3a
40 24.4b 199D 3.12b 68.2b
60 141c 179D 2.79¢ 55.03¢
80 12d 16.1c 1.85d 40.01d
Humic acid levels (mg L™)

0 24 ¢ 17.2¢ 2.7b 55.6d
100 255¢ 19.1b 2.89 ab 58.2¢
200 26.2 ab 199D 2.96 ab 62.4b
300 27 a 21.3a 31a 66.2 a
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Figure 4. The effect of humic acid on ion leakage rate of coriander
leaf under salinity stress
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Figure 3. The effect of humic acid on flavonoids content of
coriander leaf under salinity stress
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Figure 5. The effect of different salinity levels on proline content
of coriander leaf
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