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Aims Salt stress is one of the most important environmental stresses that cause to reduce
biological function in plants. In this context, appropriate biotech is needed that would not only
improve the productivity of the product but also improve the soil. Regarding the problem, the
use of humic acid in addition to the positive effects on soil properties, it is useful in terms of
economic, environmental, and social aspects and can be an appropriate alternative to chemical
fertilizers.

Materials & Methods The present research was conducted as a factorial experiment in a
completely randomized design. The first factor was humic acid (0, 0.009 mg Li™!). The second
factor was salt stress, which was applied at three levels of 2, 6,and 12 dS m™. In each treatment,
seed germination, seed vigor index, growth traits (allometric coefficient, radicle and pedicle
length, total dry, and fresh weight), and photosynthetic contents of Medicago sativa L. were
measured.

Findings The findings showed that under salt stress, humicacid increased the seed germination
of M. sativa L. Humic acid was effective in increasing the plant growth. In connection with the
photosynthetic contents, the humic acid showed positive effects, especially in terms of 2 and 12
dS m™* salinity levels, respectively.

Conclusion In general, humic acid had high impact on reducing the negative impacts of salt
stress. Due to the fact that majority of the world’s rangelands are in arid and semi-arid areas, and
salt stress is one of the most important factors in reduced plant growth, more comprehensive
and accurate survey in the field is recommended.

Keywords Environmental Stress; Humic Acid; Plant Growth; Seed Vigor Index
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Effect of Humic Acid on Growth of Medicago sativa L.

Introduction

Plants are exposed to a combination of
environmental stresses including water
shortages, high  water, temperature
changes, salinity, and lack of nutrients.[*?
Environmental stresses are usually divided
into two categories: Biological and abiotic
stresses. Among physicochemical stress,
salinity and temperature have been more
extensive in the world, and therefore, they
have been considerably studied.?!

Salinity is one of the main limitations
affecting plant production in all over the
world particularly in arid and semi-arid
regions.*? Salinity may suppress plant
growth, germination, plant quality, available
water, and cause toxicity to the most plants
effects include reducing the available water
for the plants, poisoning by certain toxic
ions, nutritional malformations, growth
retardation, and product quality.!*>®

Studies have showed that seeds germination
may decrease as the salinity increases.”*
Growth and development of plants starts from
seed germination, and for their survival,
the buds of the plant must comply with
environmental conditions and grow in soil
Furthermore, germination is the most sensitive
stage of the plantlife, especially for the seedling
growth. If the plants can successfully undergo
these steps, it can survive.®? Since the salt
stress causes the nutritional imbalance in the
plant using the fertilizer could improve plant
growth. Organic fertilizers can be considered
as one of the new methods to increase plant
performance.l’?’ Due to the organic acids
benefits to both plant and soil, it has been
increasingly used in arable and natural lands.
Organic acids could improve plant quality
and productivity as well as soil physical,
chemical, and biological properties. They are
also efficient in increasing production and
improving the quality of the plants due to their
quasi-hormonal compounds. Using the natural
or synthetic fertilizers with the organic basis is
a new method for reducing the environmental
stress associated with increased plant
performance.!'!!

In this context, humic acid is one of this
compounds that derived from humus and
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other natural resources, exhibits no harmful
environmental effect on the improvement of
the performance can notably and effectively
be used in changing the environment.[!%13]
This acid can have positive effects on plant
growth and increases the absorption of
nitrogen, potassium, calcium, magnesium,
and phosphorus by the plant.[**!

In this context, one of the most important
palatable forage plants for livestock is
Medicago sativa L. It is rich in protein and
mineral materials. Studies have shown that
M. sativa L. is moderately salt tolerant, so
that salinity more than 2 dS m™ decreases
its growth and performance.[*® We contrast
humic acid and salt stress treatments to
address the following question: How does
humic acid affect the M. sativa L. properties
under salt stress?

The objective of this study included: The
study of the effect of humic acid on the
germination, growth, and photosynthetic
pigments of M. sativa L. under salt stress.

Materials & Methods

This research was conducted as a factorial
experiment in a completely randomized
design with four replications. Before the
experiment, seeds were disinfected using the
3% sodium hypochlorite solution and then
rinsed several times with distilled water.
Then, the seeds were disinfected with 2%
benomyl fungicide solution and again were
rinsed with distilled water.!” This was done
to prevent the attack of fungi. The seeds were
prepared from Isfahan Pakan Bazr Co., Iran.
All Petri dishes were disinfected with alcohol
and were placed in an autoclave.

In each Petri dish, 10 numbers of seeds
were set. The treatments included in this
study were humic acid fertilizer with
concentrations of 0 or 0.009 mg Li! and
salinity at three levels of 2, 6, or 12 dS m™,
which were used in four replications. The
humic acid was prepared from Green Co.,
Iran. Whatman filter paper was first placed
in each Petri dish (diameter of 7.5 cm) and
seeds were transferred to Petri dishes. In
each Petri dish, the 8 ml solution was added.
Petri dishes were closed with parafilm to
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prevent evaporation, and then they were
transferred to the germinator devices
(temperature 25°C, humidity 70%, 16 h of
light, and 8 h of darkness).
The germinated seeds counted 24 h after
transferring them into the Petri dishes.'
Germination seeds were daily counted and
recorded,”” until the germination was
completed. On the 6™ day, the radicle and
pedicle length, and the dry and fresh weights
of the seedlings were measured. When the
number of the germinated seeds was fixed
in the 14™day, some of the germination
properties such as germination rate,
percentage, and seed vigor index were
measured according to equations (1) to (3):
SG=XNi/Di (1)
Intheequations,SG,Ni,and Diaregermination
rate, number of germinated seeds in each
day, and counted day, respectively.'®!
GP=(n/N) 100 (2)
Where, GP is germination percentage, n is
total number of the germinated seeds, and
N is total number of the germinated seeds in
each Petri dish.'
SVI = (mean of initial stem length + the mean
of initial root length) x viability 3)
The seedling vigor index was determined at
the end of growing trial after calculating the
pedicle and radicle lengths.[?% In this respect,
viability is the final germination percentage.
Allometric coefficient was obtained through
calculating the radicle length to pedicle
length ratio based on equation (4):
Allometric coefficient = radicle length/
pedicle length  (4)
In each Petri dish, the radicle and pedicle
lengths of plant were calculated using a
caliper. The samples were washed with
distilled water to determine the dry weight.
The radicles and pedicles were placed in the
oven (model: Dena-Iran) in 70°C for 48 h.
Then, the dry weights of radicle and pedicel
were determined.
To measure chlorophyll a, b, total chlorophyll
contents, and carotenoids, 100 mg of fresh
tissue was pulverized inside a porcelain
mortar with 5 ml of 80% acetone and then
centrifuged. The solution was transferred
to centrifuge tubes, and the remnant in the
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mortar was washed twice with 5 ml of 80%
acetone,thesolutionofwhichwasaddedtothe
tubes. After that, the tubes were centrifuged
(10 min and 6000 rpm) and the solution was
settoa 250 mm flask. The volume of solution
was adjusted to 25 ml with 80% acetone.
Chlorophyll contents were measured at
wavelengths of 470, 663, and 645 nm using
spectrophotometer (WPA-S2000).2Y1  The
contents of chlorophyll a, b and carotenoids
were measured according to the equations
(5) to (7). Total chlorophyll was calculated
by sum of chlorophyll a and b.!?!
Chlorophyll a =(19.3 x A663-0.86 xA645)

V/100 W (5)
Chlorophyll b = (19.3xA645-3.6 xA663)
V/100W (6)
Carotenoids=100(A470) - 3.27

(mgchl.a)'04 (mgchl.b)/227
(7)

V = Volume of filtrated solution (upper
solution of centrifuges)
A = Absorption of light at wavelengths of
663, 645, and 470 nm
W = Wet weight of sample (g)
The data were statistically analyzed using the
SPSS version 18. The statistical processing
was mainly conducted by analysis of variance
(ANOVA), and the normality of data was
tested using Kolmogorov-Smirnov. Equality
of variance among treatments was tested
using Levene’s test for homogeneity of
variance. Duncan test post hoc analysis was
performed to define which specific mean
pairs were significantly different.

Findings

Effect on germination indices

The results of ANOVA of data [Table 1]
showed that the main effects of the humic
acid, salt stress and interaction effects of
humicacid and salt stress on the germination
rate and seed vigor index were significant
(P < 0.01). Although main effect of salt stress
and humic acid had no significant effect on
the germination percentage, the results of
interaction effects of humic acid and salt
stress [Figure 1] showed that humic acid had
a significant effect on the germination rate
under salt stress conditions (P < 0.01). The
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Table 1: ANOVA of seed germination and seed vigor index of M. sativa L. under different salt

stress and humic acid treatments

Mean square

Source of variation Df Germination rate Germination percentage Seed vigor index
Humic acid 3 0.45%* 26.56n.s 6.26**

Salt stress 3 1.59** 143.22n.s 7.34**
Humic acid x salt 9 0.34** 140.45* 5.93**
stress

Error 48 0.09 54.68 1.47

CV (%) 7.73 7.80 10.80

**P<0.01,*P < 0.05,n.s P> 0.05. ANOVA: Analysis of variance, M. sativa: Medicago sativa

8 .

® Gemmination raté/ -
(number/day) 6
5

4 .
m Seed vigor indeX3 |

H 2dsm™

6dsm™

12dSm™ H+2dsm™ H+6dS/m H+12 dSm™

Figure 1: Effects of humic acid and salt stress on seed germination rate and vigor index of Medicago
sativa L. Error bars represent standard error of the mean

highest germination rate was measured in
the treatment of H+6 dS m™" and the lowest
value was calculated in the H treatment.
The same result was observed for the
germination percentage [Figure2]. The
highest and lowest germination percentage
was measured in the treatment of H+6 dS
m™ and the H treatments, respectively
[Figure 2]. Germination percentage in the
treatments of H+6 and H+12 dS m™ was
the same [Figure 2]. Application of humic
acid increased seed germination indices of
M. sativa L. under salt stress. The results
of interaction effects of humic acid and
salt stress on seed vigor index of the plant
showed that humic acid resulted in a
significant increase in plant seed vigor under
salt stress [Figure 1]. The highest seed vigor
index was measured in the treatments of
H+6 and H+12 dS m™, respectively, and the
lowest value related to H+2 dS m! treatment
[Figure 1].

Effect on growth traits

The results of the ANOVA of data [Table 2]
showed that the main effect of the use of
humic acid, different levels of salt stress
and the interaction effect of humic acid and

ECOPERSIA

salt stress compared with the H treatment
had significant effects on the growth of M.
sativa L. (P < 0.01). The results of interaction
effects of humic acid and salt stress showed
that humic acid increased radicle length of
the plant under salt stress, so that maximum
radicle length was measured in the
treatments of H+12 dS m™ and the lowest
value was measured in the H treatment
[Figure 3]. The highest pedicle length was
observed in the treatments of H+6 and H+12
dS m™, and the lowest value was observed in
the H treatment [Figure 3]. The highest and
lowest allometric coefficient was obtained
in the H+6 and H+2dS m™ treatments,
respectively [Figure 4]. Similar results were
observed for the fresh and dry weight of the
plants. The highest and lowest fresh and dry
weights were observed in the treatments of
H+12 and H+2 dSm™, respectively [Figure 4].
Effect on photosynthetic pigments

The results of the ANOVA of data [Table 3]
showed that the main effect of the use of
humic acid, different levels of salt stress
and the interaction effect of humic acid
and salt stress had significant effects on
the photosynthetic contents of M. sativa L.
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Figure 2: Effects of humic acid and salt stress on seed germination percentage of Medicago sativa L.
Error bars represent standard error of the mean. H=humic acid
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Figure 3: Effects of humic acid and salt stress on the radicle and pedicle lengths of M. sativa L. Error
bars represent standard error of the mean. H=humic acid
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0.015
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0.005

H 2dSm™
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Figure 4: Effects of humic acid and salt stress on the total fresh and dry weights of Medicago sativa L.

Error bars represent standard error of the mean

(P<0.01). The results of interaction effects of
humic acid and salt stress showed that the
maximum effect of humic acid in chlorophyll
a was in the H+2 dS m™! treatment [Table 4].
While the highest amount of chlorophyll
b was observed in the treatment of
H+12dSm™. The lowest chlorophyll b
content was measured in the treatments
of H+2 and H+6 dS m%respectively. The
maximum values of carotenoid and total
chlorophyll were measured in the H+6 dS m™
treatment, and lowest amounts related to
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the H and H+2 dS m™ treatments [Table 4].
The results of this study showed that humic
acid under salt stress had different effects on
the photosynthetic pigments of M. sativa L.
[Figure 5].

Discussion

In general, the results of present study
showed that salt stress reduced severely seed
germination and plant growth while under
stress condition humic acid increased seed
germination. In this context, Zia and Khan
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Table 2: ANOVA of some growth traits of M. sativa L. under different salt stress and humic acid
treatments

Mean square

Source of variation Df Radicle Pedicle Allometric Total fresh Total dry

length length coefficient weight weight
Humic acid 3 0.35** 6.64** 40.71** 0.00074** 0.00001**
Salt stress 3 2.73** 7.08** 73.97** 0.00063** 0.00001**
Humic acid x Salt stress 9 0.80** 4.77** 24.53** 0.00058** 0.00001**
Error 48 0.05 1.43 5.5 0.00001 0.00001
CV (%) 2.72 10 10.8 0.31 2.5

**P < 0.01. ANOVA: Analysis of variance, M. sativa: Medicago sativa

Table 3: ANOVA of the photosynthetic pigments of M. sativa L. under different salt stress and
humic acid treatments

Mean square

Source of variation Df Chlorophyll Chlorophyll Carotenoid Total
a b chlorophyll

Humic acid 3 0.18** 0.15%* 0.001** 0.20**
Salt stress 3 0.86** 0.22%* 0.001** 1.43**
Humic acid = Salt 9 0.97** 0.5%* 0.002** 1.20**
stress

Error 48 0.003 0.0004 0.0002 0.002

CV (%) 2.72 11 10.48 11.78 8.39

**P < 0.01. ANOVA: Analysis of variance, M. sativa: Medicago sativa

Table 4: Effects of humic acid and salt stress on the photosynthetic pigments of M. sativa L.

Characteristic H 2dSm! 6dSm! 12dSm!' H+2dSm! H+6dSm* H+12dSm!
(mg g - 1 fresh

weight)

Chlorophyll a 0.07 £0.03a 0.05+0.00b 0.04 +0.00bc 0.03+0.00c 0.29+0.03a 0.10+0.03b 0.12 +0.03b
Chlorophyll b 0.12 £0.01a 0.04+0.00b 0.01+0.00c 0.01+0.00c 0.08+0.01c 0.08+0.01c 0.32+0.01a
Carotenoid 0.03 +0.003b 0.01 +0.003b 0.01+0.003b 0.01 +0.003b 0.03 +0.003b 0.05+0.003a 0.04 + 0.003a
Total 0.03 £0.003b 0.02 + 0.003b 0.01+0.003b 0.01 +0.003b 0.03 +0.003b 0.05+0.003a 0.04 +0.003ab
chlorophyll

Values within a row followed by the same letters are not significantly different (P < 0.05, means * SE). H = humic acid.
ANOVA: Analysis of variance, M. sativa: Medicago sativa

14
12 4

10

= Allometric coefficient g |
4
dEEEN
o

6dS m™ 12dS m™ H+2dS m™ H+6dSm™ H+12dSm™

Figure 5: Effects of humic acid and salt stress on the allometric coefficient of Medicago sativa L. Error
bars represent standard error of the mean. H=humic acid

studied the effect of salinity on germination decreased. Chachar et al studied the effect of
of Limonium stocksii.”® They reported NaCl on germination and seedling growth of
with increasing salinity, seed germination cottonandshowed thatanincreaseinsalinity
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reduced seed germination and seedling
growth.”? Humic substances are produced
through decomposition of organic matter
and as fertilizer, improve soil structure and
microorganisms in the soil.® In fact, by
increasing the osmotic pressure resulting
from increasing salinity in the environment,
on the one hand, water absorbing stage
of the seed is disturbed and, on the other
hand, the presence of high concentrations
of anions and cations (notably sodium and
chloride) result in toxic environment and
prevent seed germination.* Humic acid due
to having a low molecular weight is quickly
absorbed by the seed and increases the
absorption of nutrients such as nitrogen and
phosphorus and thus stimulate germination
of the plants.[%

The results of the present study showed
that under 6 dS m™ salinity stress, humic
acid increased the germination indices of
M. sativa L., while the H treatment reduced
the plant germination. Chachar et al. found
that humic acid reduced the negative effects
of salinity on seed germination and resulted
in the early growth of cotton and use of
this organic material can increase seedling
establishment and final yield of the plant.”!
In the present study, it was observed that
humic acid enhanced the seed vigor index
of the plant under salt stress. Sofi etal
reported a similar reduction of seed vigor
index of Trifolium alexandrinum under
salinity stress, while humic acid increased
the seed vigor index of the plant.[*® Seed
vigor index is a function of the seed
germination percentage and is the average
length of seedling.®! Gholami et al. showed
that salt stress decreased seed vigor index
of Vicia monantha.’*® The mechanism of
action of humic substances on stimulation
of germination of different plants is not
clearly known, but some studies showed two
effects including direct effect on production
and performance of plant hormones notably
Gibberllic acid?”’ and indirect effect on better
absorption of the nutrients,*? and therefore,
plant growth. Humic acid increases seed
vigor by increasing the nitrogen and calcium
content of seedlings, nitrogen, and potassium
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of the radicle.*”
In this study, the use of humic acid increased
length of the radicle and pedicle, fresh and
dry weight of M. sativa L. In this regard, Tahir
et al. showed that humic acid has hormone-
like properties and increased root volume,
and thus, increased the nutrient uptake of
the plants.?®! On the other hand, due to the
high cations exchange capacity, humic acids
may provide useful elements and dispose
toxic elements and heavy metals in the root
of plants. Cordeiro etal investigated the
effect of humic acid on root growth of Zea
mays and found humic acid with 3 mmol
concentration in the presence of low and
high concentrations of nitrate can cause root
development of Z. mays and increase 1'fresh
and dry weight of the plant.!*” The reason for
the increase of fresh and dry weight of the
plant in the presence of humic acid is that
humic acid increases chlorophyll contents
and consequently, increases photosynthesis
and dry matter produced in the plant. In
other words, it can be said that humic acid
with hormone-like effects increases the root
growth and dry root weight.['! Ebrahimi and
Miri reported that the humic acid increased
the yield of Plantago ovata due to enhancing
stress resistance and increasing availability
of primary nutrients to the plant®® The used
humic acid in the present study includes
the nutrients such as nitrogen, potassium,
phosphorous, and iron which have effective
impacts in the activity of ATPase in the plant.
The results of the experiments carried out by
Veronica et al. showed that the use of humic
acid causes a significant increase in growth
of the cucumber and this was associated
with increase in activity of H*-ATPase.l!
Furthermore, an increase in stalk nitrate
concentrations and its decrease in the roots
were observed. These changes occurred with
a significant increase in the concentration of
cytokines and polyamines in the cucumber
stem and reduction in the root. The
researchers showed that the positive effect
of humic substances on the development
of stem of plant could be directly related to
the effect of nitrate on the concentration of
cytokines and polyamines in the stem.
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Theresults showed thathumicacid increased
the photosynthetic contents of M. sativa L. in
salt stress conditions compared with the H
treatment. The most important biological
effects of humic acid on the plants include
stimulating the seed germination and
plant growth,?®! increase of plant biomass,
nitrogen accumulation, and the absorption of
nutrients.!'3! By activating the physiological
processes, chlorophyllization increases and
consequently, photosynthesis improves
and plant growth increases. Sofi etal
reported that humic acid increased growth,
photosynthetic pigments, and performance
of T alexandrinum.”?' Perhaps increase in
chlorophyll contents of the plant occurs due
to the cytokinin like properties of the material
that reduce the damage of the chloroplasts!?”!
and increases root growth and the amount
of chlorophyll and photosynthesis pigments
in leaves.*?l Carotenoids act as antioxidants
and protect the chlorophylls in the plants.3!
Carotenoids are plant secondary metabolites
that protect the plants from the oxidative
stress by eliminating free radicals.’**"
Delfine et al. reported that the humic acid
by providing the plant with higher water
and nutrients increase the producing the
chlorophyll a, b and carotenoid and to make
the photosynthetic materials easier.*l.
According to Nardi et al. humic acid through
positive physiological effects, including
effects on the metabolism of plant cells and
increase in concentrations of chlorophyll
increases the life of the photosynthesis
tissues and improves plant performance.?”
In other words, humic substances can show
anti-stress effects.*” Humic substances may
increase nutrient uptake and reduce toxicity
of some absorbed elements. Hence, it can be
said that using the humic substances can be
improve plant growth under salt stress.**

Conclusion

The results of present study showed that
humic acid affects the germination, growth,
and photosynthetic pigments of M. sativa L.
under salt stress. Among the different
concentrations of salinity, humic acid had
the highest effect on the salt stress of 6
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and 12 dS m™. Application of humic acid
can improve quantity and quality of plants,
reduces the effects of salt stress and also
decreases the use of chemical fertilizers
and environmental pollution. Moreover,
since these types of fertilizers used in the
low amounts, they can be economical. In
general, the results of this study showed
that the effects of humic acid on M. sativa L.
are positive in terms of it being used in the
restoration and improvement of rangelands.
However, the question as to what extents
can the humic acid promotes the plant’s
resistance to salt stress effects needs further
research. Therefore, a more comprehensive
and accurate survey and study in the field is
recommended. Furthermore, it is suggested
different concentrations of humic acid on
other salt-sensitive plants are studied.
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