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Wheat (Triticum aestivum L.) is a crucial crop, providing 20% of caloricintake for many populations worldwide.
Soil organic matter, an essentialcomponent of soil, directly influences soil fertility and texture.
Humicsubstances, derived from biomolecules’ physical, chemical, andmicrobiological transformation, are
integral to soil humus. Humic acid as a part of Humus is a natural ingredient of soil and contributes toward
improved biological properties of soil. Humic acid hasbecome a standard method for enhancing crop growth,
yield and soil fertility. Humic acid is an organic compound that is formed when biomass residues decompose
and transform over a long period of time. It is a major component of organic matter in soil, peat, coal, and
sediments. Humic acid can significantly increase the length of wheat roots and shoots. For example, a study
found that a small concentration of humic acid in water increased root length by 500%. It can improve seed
germination and seedling growth. Pre-sowing treatment with humic acid can stimulate germination. Humic
acid can be used as a sustainable method for wheat production to reduce the negative effects of climate
change and chemical fertilizers. Soil organic matter isone of the most essentialparts of the soil, and it directly
affects soil fertility and texture. Humic substances are part of humus in soil organic matter produced from
biomolecules’ physical, chemical,and microbiological transformation. Humic acids are an essentialsoil
component that can improve nutrient availability and impactother important chemical, biological, and physical
properties of soils. Similarly, Humic acid  not  only positivelyaffects the growth and yield of plantsbut also
affects grain quality. Humic acid is a natural biological organic that has a high effect on plant growth and
quality.
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ABSTRACT

Introduction
Humic sustances (HSs) are biogenic, naturally

occurring, heterogeneous organic compounds with a high
molecular weight, resistance, and a yellow to black color.
More prevalent organic components on Earth are called
HSs, and they can be found in peat, brown coal, soil,
water, lake sediments, and shales. Approximately 25%
of the planet’s organic carbon comes from HSs. These
compounds are a class of naturally occurring complex
molecular structures that cannot be classified as proteins,
polysaccharides, or polynucleotides since they are the
result of the breakdown of plant and animal wastes (Nardi
et al. 2002). One of the most important abiotic factors
influencing crop production worldwide is salinity. It has a
number of detrimental impacts on the development and

growth of several plants, including wheat(Saddiq et al.,
2021). Natural soil salinity or the result of subpar human
activity, such as farming practices, the growing use of
saline water, and insufficient agronomic skills, can both
occur(Ramlow et al., 2019). A high level of soluble
saltsespecially NaCl cause salinity stress in soil and water
(Hopmans et al., 2021, Parihar et al., 2015). It seriously
harms agricultural productivity, especially in arid and semi-
arid regions of the world (Liu et al., 2020). Saline soil
reduces the development and productivity of many field
crops such as rice, wheat, maize, cotton, sugarcane, and
sorghum (Hussain et al., 2019, Chandio et al., 2017).
The reduced productivity of salty soils can be due to a
variety of factors, including salt toxicity and lack of
organic matter and minerals, notably N, P, and K (Saddiq
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et al., 2019). Salt stress affects 20% of the world’s
cultivable soil and is steadily growing as an outcome of
climate change and human activities (Arora et al., 2019).
Soil salinization is expanding at a pace of 1–2 million
hectares per year over the world (Khatar et al., 2018).
There are numerous effective methods for improving salt-
affected land, including the use of organic and inorganic
amendments, water leaching, and phytoremediation, as
well as proper agronomic practices such as crop
diversification and sowing of tolerant cultivars (El-
Hendawy et al., 2017). Wheat is an important source of
food and outnumbers all other grain crops in terms of
acreage and production (Abbas et al., 2013). It is the
world’s most important staple food and cereal grain crop
and covers all of the major dietary requirements (Anwar
et al., 2016). High salt concentrations have a negative
impact on seed germination and plant development of
wheat (Munns & Tester, 2008). Salinity drastically
reduces the No. of spikes m-2, No. of kernels spike-1,
weight of a thousand kernels and grain yield of wheat
crop (Osakabe et al., 2016). Several solutions to mitigate
the effect of soil salinity on wheat growth and development
have been proposed (Chabot & Tonde, 2011). Organic
fertilizer and humic acid are presented as alternatives to
artificial fertilization and quick supply of nitrogen. It in
addition boosts plant growth and yield, stress tolerance,
and soil physical characteristics (Khan et al., 2018).
Humic acid treatment promotes root development, which
is closely associated to improve absorption of macro and
micronutrients (Araus et al., 2013).

Review of literature
Humic substances have an indirect and direct effect

on plant development. Positive relationships between soil

humus levels, plant yields, and product quality have been
reported in several scientific journals. Indirect impacts
include those that offer energy to beneficial organisms in
the soil, influence the soil’s water holding capacity,
influence the soil’s structure, release of plant nutrients
from soft minerals, enhanced availability of trace minerals,
and overall improved soil fertility. Changes in plant
metabolism that occur as a result of the absorption of
organic macromolecules such as humic acids and fulvic
acids are examples of direct impacts. Taking into account
the benefits of HSs and their potential impact on plant
growth and development is reviewed in the following
Influence of HSs on seed germination

Humic compounds and their structural features can
have a major impact on seed germination and plant
development in the early stages. The absorption of humic
compounds into seeds promotes seed germination and
seedling growth (Ayuso et al. 1996). According to
Adetumbi et al. (2019), priming rice seed with humic
material can improve seedling growth and vigour in both
highland and lowland rice cultivation. Fulvic acid had a
substantial effect in promoting wheat seed germination.
The effect of HSs on seed development due to regulating
the amylase activity, which is related to respiration (Qin
et al. 2016). Braziene et al. (2021)made the following
observation: The application of fulvic acids for seed
dressing consistently increased the eventual germination
percentage while shortening the mean germination time
in spring wheat, spring barley, and sugar beet. When
planting treated seeds in soil, pre-sowing treatment with
humic preparations has a notable stimulating impact on
germination (Shoba et al. 2019). Nandhini et al. (2018)
revealed that soaking of seeds with humic acid records

Fig. 1: Role of HSs in Plant development (Silva et al., 2021)
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maximum seed germination, optimum shoot and root length
of maize. Application rates of humic acids (HAs) or fulvic
acids (FAs), required for improved seed germination,
range from 20 to 100 mg/liter of seed. Humic compounds
must be present within the cells of seeds in order for
better germination to occur. As the humic substance enter
the seed cells, respiration rate increases, and cell division
processes are accelerated. These same respiratory
processes enhance root meristem development and
activate other growing points within the seedlings. In well-
regulated tests, humic compounds have been shown to
increase mitotic activity during cell division. The
application of these humic compounds to seeds (seed
treatment) or within the seed furrow improves seed
germination and seedling development dramatically.

Humic substances have a strong impact on plant root
development. When humic acids (HAs) and/or fulvic
acids (FAs) are added to soil, root initiation and growth
are improved. Humic acid, according to Mora et al. (2012),
increased the quantity of secondary roots as well as root
growth in cucumber. Humic substance application to roots
enhances plasma membrane H+-ATPase activity, shoot
mineral nutrient concentration, and ABA concentrations
in roots (Nunes et al. 2019). Plants treated with HA had
an increase in the quantity, diameter, and length of maize
roots. This total improvement might be attributed to the
activation of PM H+-ATPase, which is critical in ion
absorption and the development of an electrochemical
gradient, both of which are required in the growth process
under acidic circumstances (De Hita et al. 2020). This
enzyme combines ATP hydrolysis with H+ transport
across the cell membrane, acidifying the apoplasts,
loosening the cell walls, and lengthening cells, resulting in

fulvic acids (FAs) should be used at low doses to promote
plant development.
Humic Substances and their role in plant nutrition

The presence of HS in soil encourages root and shoot
development by improving mineral nutrition under the soil
surface. The activity of these compounds can be
measured in terms of plant yield and active growth
(Zandonadi et al. 2016). HS regulate plant growth and
mineral absorption through complimentary and possibly
different activities. These impacts are categorized as
either direct or indirect (Vaughan and Malcom, 1985;
Zandonadi et al. 2013). The activities of HS are primarily
determined by their structural properties, functional
groups, and tendency to interact with inorganic and
organic ions and molecules found in the soil substrate
(Garcia-Mina et al. 2004). Furthermore, the ability of
HS to form complexes with metallic ions improves the
availability of micronutrients (zinc, manganese, copper,
and iron) and macronutrients (phosphorus), particularly
when these nutrients are scarce in the soil (Garcia et al.
2016). Humic substances bind nutrients in a molecular
form, reducing their solubility in water. These binding
processes reduce nitrogen leaching into the subsoil and
aid in preventing volatilization into the atmosphere. Other
studies have found that increased uptake of calcium (Ca),
and magnesium (Mg) when plants are irrigated with humic
acids (HAs) or fulvic acids (FAs). Direct action of HS,
on the other hand, is associated with their localised
targeted and non-targeted actions at plant cell membranes,
which can activate biochemical and molecular processes
at the posttranscriptional levels in roots and shoots (Van
Oosten et al. 2017).

increased root growth (Hager et al.
1991). Plant root development is
promoted to a larger extent in most
experimental experiments than above
ground plant components. The sort of
humic material used had a substantial
impact on the percentage of increase.
In repeated trials, treated root weights
ranged from 20 to 50 percent higher
than non-treated root weights. When
the smaller molecular components of
fulvic acid (FA) are present at
concentrations ranging from 10 to 100
mg/liter of solution, root stimulation
occurs. Fulvic acids (FAs) boost
growth even more when combined with
humic acids (HAs) and other essential
plant nutrients. Humic acids (HAs) and Fig. 2: Role of Humic Substances in Plants (Canellas et al., 2024)
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In general, targeted actions of HS tend to increase
plant absorption of macronutrients and micronutrients.
Only a small percentage of 14-C labelled HS, particularly
those with lower molecular weight, penetrate the root
apoplastic pathway, according to Vaughan and Malcom
(1985). As a result, this property can regulate the activity
of HS in increasing nutrient absorption through molecular
systems and signalling pathways found in root cell
membranes (Asli and Neumann, 2010; Nardi et al. 2016).
The full benefit of this type of direct influence has yet to
be determined. However, it is possible that the non-specific
action of HS on the leaf or root surface could influence
molecular and biochemical processes by influencing
events at both the transcriptional and post-transcriptional
stages.
Promoting plant growth by Humic substances and
plant growth-promoting Bacteria

Plants are highly plastic in development, which
affords them sensitivity to respond to the most diverse
environmental conditions. The presence of beneficial
microorganisms, such as PGPB, and bioactive compounds,
such as HSs, has provided the most favorable conditions
for various agricultural systems. Some of the significant

impacts of PGPB and HSs are improved nutrient
acquisition, stimulation of root systems, and greater
tolerance to stress (Olivares et al., 2017). Already, Til’ba
and Sinegovskaya (2012) observed in the field that
application of Na-humate to soybean seeds inoculated
with Bradyrhizobium in the presence of molybdate,
together with foliar application of Na-humate, was able
to improve soybean yield in the field; higher values were
found for number of nodules and BNF efficiency. The
greater efficiency of nodulation in the presence of HSs
may be linked to the ability of these substances to regulate
quorum sensing (QS) in rhizobia. QS plays an essential
role in the growth and development of legume symbiosis
(Bogino et al., 2015; Koul et al., 2016).

Humic substances have already been reported to
increase microbial growth, affecting the regulation of
cellular metabolism (Table 1 and Fig. 1) (Kirschner et
al., 1999; Tikhonov et al., 2010). One study evaluated
the role of water-soluble humic materials in
Bradyrhizobium liaoningense; under this condition, B.
liaoningense showed a gene profile similar to that found
for the same strain in the presence of flavonoids (Gao et
al., 2015). Flavonoids are molecules responsible for
activating the expression of genes in rhizobia that are
essential for initiating the symbiosis process (Oldroyd et
al., 2011). In addition, greater expression of nod and nif
genes and nitrogenase complex formation were observed
in free-living bacteria when in contact with this substance.
Greenhouse experiments confirmed a greater increase

Table 1: Studies examining bacteria associated with humic substances.

Microorganisms Humic substance Biological effect References
Azotobacter Na-humate and Na-humate and fulvic acid increase cell growth in Gaur and Bhardwaj, 1971
chroococcum fulvic acid Azotobacter chroococcum.
Pseudomonas sp Fulvic acid Fulvic acid increased cell yield and cell yield per De Haan, 1974

µl O2 taken up by Pseudomonas.
Klebsiella Humic acid increased the survival of Klebsiella aerogenes Bitton et al., 1972
aerogenes exposed to ultraviolet irradiation (UV).
Mycobacterium Humic acid Soil Humic acid and fulvic acid stimulated cell Kirschner et al., 1999
avium and fulvic acid growth of Mycobacterium avium.
Bacillus subtilis Humic acid Humic acid increased the number of B. subtilis Young et al., 2006

immobilized in alginate beads.
Bacteria in soil and Humic acid Humic acid stimulated bacterial growth. Tikhonov et al., 2010
in the digestive
tracts of earth
worms
Bradyrhizobium Water-soluble WSHM stimulated cell growth and metabolism, Gao et al., 2015
liaoningense humic materials including nodulation-related proteins and BFN

(WSHM)
Streptomyces sp. Humic acid Humic acid stimulated both growth and the ability Farhat et al., 2015

of Streptomyces sp. to solubilize rock phosphate.
Sinorhizobium Water-soluble WSHM regulate the quorum sensing and Xu et al., 2018
meliloti humic materials increased cell density of Sinorhizobium meliloti.
Sinorhizobium Commercial fulvic Fulvic acid stimulated cell growth of Capstaff et al., 2020
meliloti acid Sinorhizobium meliloti
Bradyrhizobium K-humate from Increased Bradyrhizobium spp. survival in soybean da Silva et al., 2021b
sp.  leonardite seeds.
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Fig.  3:  Effects related to the combined use of plant growth-promoting bacteria (PGPB) and humic substances (HSs). (A–C) Show
the positive impact on the branching and biomass of soybean roots inoculated with Bradyrhizobium (A) and treated with
a combination of humic acid from vermicompost (B) and millicompost (C) in the soil. (D) Shows the increased survival of
Bradyrhizobium (D0) in soybean seeds in the presence of 50 (D50) and 150 (D150) mgL-1 K-humate in both “raw” seeds
(yellow bars) and seeds treated with fungicide and insecticide (gray bars). The values are expressed in colony-forming
units (CFU) of Bradyrhizobium per gram of seed. (E) Increased growth of Rhizobium tropici (inoculant) with the application
of K-humate (unpublished data). Figure created using BioRender (https://biorender.com/).

Fig. 4: Summary of results found in the literature on the effects of humic substances (HSs) on plant growth-promoting bacteria
(PGBP) and interaction with plant root systems. The application of HSs to culture medium affects the growth and bacterial
metabolism of rhizobia and induces the expression of genes related to nodulation and nitrogen fixation processes. Experiments
in a greenhouse revealed that the application of HSs + rhizobia to legumes provided an increase in the number and weight
of nodules, N levels, nitrogenase activity, and leghemoglobin contents. In nonleguminous plants, the combination of HSs
+ PGPB has been linked to increased endophytic colonization. The increase in root branching due to HSs provides more
infection points for bacterial entry and, therefore, for colonization of plant tissue. The increase in carbon efflux through the
roots stimulates microbial chemotaxis from the soil to the rhizosphere. Adapted from Olivares et al. (2017). Figure created
using BioRender (https://biorender.com/).
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in BNF in plants inoculated with B. liaoningense in the
presence of water-soluble humic materials. These results
elucidated the direct effect of HSs on bacteria and how
they may be related to the improvement of symbiosis
with the host plant (Gao et al., 2015). FA has also been
found to induce the growth of Sinorhizobium meliloti.
In addition, this combination was shown to provide an
increase in active nodules and yield in Medicago sativa
(Capstaff et al., 2020). These FA-treated plants showed
expression in root genes related to various processes,
such as defense, oxidoreduction and C and N metabolism,
in addition to specific nodulation genes. These data
suggest that HSs act on the plant (Capstaff et al., 2020),
inducing early nodulation and regulating the expression
of BNF-related genes in microsymbionts (Gao et al.,
2015).

The application of K-humate and Bradyrhizobium
to soybean seeds was found to result in morphological
changes in plant roots compared with the inoculated
control (Fig. 1). In a greenhouse experiment, better values
were observed for nodulation and N increase in the shoots
of plants inoculated with Bradyrhizobium with 50 mg/L
K-humate via seeds than in shoots of plants inoculated
only with the control (da Silva et al., 2021). The application
of K-humate to chicory generated gains in plant growth
and variations in the number of bacterial autotrophic and
heterotrophic nitrifiers in the soil. This study suggested
that the effect of plant growth and microorganism variation
may be related to increased nutrient permeability of the
plant membrane. This same work isolated the effect of
K on these parameters, stating that the gains obtained

came from HSs (Valdrighi et al., 1996). In addition, HSs
appear to increase the survival of rhizobia in soybean
seeds (da Silva et al., 2021), to protect bacteria against
irradiation (Bitton et al., 1972), and to increase the viability
of the inoculant during storage when applied together
with alginate (Young et al., 2006). These characteristics
indicate that in addition to improving communication
between microorganisms and plants, this combination can
protect the inoculant against harmful effects of the
environment. Another study used a phosphorus solubilizing
bacterium, Pseudomonas putida, together with HA in
soybean plants. Despite increasing pH and phosphorus
(P) in the soil, the combination was not able to increase
crop yield (Winarso et al., 2021). In an experiment using
pea as a host plant, it was observed that the application
of vermicompost enriched with HA (HARV) was able
to provide soil health and plant growth, as well as root
nodulation and colonization by arbuscular mycorrhizal
fungi (AMF). The authors suggested that AMF and
rhizobia act synergistically with HARV on soil and plant
improvement (Maji et al., 2017). AMF play an important
role in the supply of P to plants (Smith et al., 2011). P is
one of the most limiting nutrients for agricultural production
due to its low availability in the soil and the high demand
of plants for this nutrient in their early stages of growth
(Chien et al., 2011). A study using P-solubilizing
microorganisms (PSM) and HSs attempted to evaluate
the effect of these biostimulants on the P solubility of
natural rock phosphate. The results showed an increase
in the shoot and root weight of plants compared with the
non-inoculated treatment. The findings suggested an

Table 2: Regulating activities of humic substances in Wheat

Parameter Mechanism of Humic substances References
Seed germination and As the humic material enters the seed cells, the rate of respiration rises Qin et al. 2016; Litvin
seedling growth and cell division processes speed up. These same respiratory mechanisms et al. 2020

promote root meristem growth and the activation of additional growing
sites in seedlings.

Root growth Humic substance application to roots enhances plasma membrane H+- Ali et al. 2014
ATPase activity, shoot mineral nutrient concentration, and ABA
concentrations in roots. Plants treated with HA had an increase in the
quantity, diameter, and length of maize roots

Plant nutrition The presence of HS in soil promotes root and shoot development by Bezuglova et al. 2017
enhancing mineral nutrition under the soil surface

Plant metabolism HSs stimulates numerous metabolic pathways in plants, namely El-Bassiouny et al. 2014
photosynthesis and respiration etc.,

Growth and Increased vegetative growth attributed to increasing microbial activity Baris et al. 2009
development and improving soil effectiveness in nutrient uptake as a chelating agent,

as well as bio-stimulation of plant growth, resulting in a rise in the
carbohydrates content of the leaves and stems. Enhanced carbohydrate
synthesis can result in either higher product quality or higher yields



increase in the efficiency of P use and that the application
of PSM and HSs can become an alternative to reduce
the use of soluble P fertilizers without harming plant yield
(Giro et al., 2016). A recent study also reported that the
combined use of HA and Pseudomonas spp. and Bacillus
amyloliquefaciens in maize provided superior effects
on P absorption compared with the isolated inoculation
of each bacterial strain (Cozzolino et al., 2021). The
greatest increase in P uptake was obtained when B.
amyloliquefaciens was applied in combination with HA
and AMF and when Pseudomonas spp. was used
together with HA. This same work observed significant
changes in bacterial and fungal diversity upon inoculation
of the strains alone or in combination with HA and AMF.
Thus, combinations of biostimulants can promote greater
plant growth along with changes in soil microbiota.

Conclusion
The use of HS as a bio-stimulant for plant growth is

a helpful and environmentally sustainable method. Plant
morphological and biochemical changes in the root system
caused by HS are the primary variables responsible for
increased nutrient absorption, however an increase in
nutrient availability caused by chelation and partially by
auxin-like effects is another way HS contributes to plant
development. HS may have a favourable effect on higher
plant metabolism, resulting in increased cell division and
plant development. LMS humic fractions appear to do
this job more easily because they can penetrate the plasma
membrane of root cells and subsequently be translocated.
As a result, the use of HS not only promotes plant growth
and development but also improves soil conditions and
contributes to sustainable agricultural production Author

References
Abbas, A., Khan, S., Hussain, N., Hanjra, M.A. and Akbar, S.

(2013). Characterizing soil salinity in irrigated agriculture
using a remote sensing approach. Phy and Chem of the
Earth, 55: 43-52.

Adetumbi, J.A., Orimadegun, I.O., Akinyosoye, S.T., Akintayo,
O.T, and Agbeleye, O.A. (2009). Enhancing Planting Value
of Rice Seed through Priming with Humic Substance.
Journal of Experimental Agriculture International;
29(6): 1-8. https:// DOI.org/10.9734/jeai/2019/46194.

Ali, H., Akbar, Razaq, A. and Muhammed, D (2014). Effect of
humic acid on root elongation and percent seed
germination of wheat seeds. International Journal of
Agriculture and Crop Sciences; 7(4):196-201.

Anwar, S., Iqbal, F., Khattak, A.W., Islam, M., Iqbal, M. and
Khan, S. (2016). Response of wheat crop to humic acid
and nitrogen levels. EC Agric; 3(1): 558-565.

Araus, J.L., Cabrera-Bosquet, L., Serret, J., Bort, M.D. and

Nieto-Taladriz, M.T. (2013). Comparative performance of
13C 18O and 15N for phenol typing durum wheat
adaptation to a dry land environment. Func Plant Biol.,
40: 595–608.

Arora, S., Steuernagel, B., Gaurav, K., Chandramohan, S., Long,
Y., Matny, O.and Johnson, R. (2019). Resistance gene
cloning from a wild crop relative by sequence capture
and association genetics. Nat Biotechnol; 37: 139-143.

Asli, S.and Neumann, P.M. (2010) Rhizosphere humic acid
interacts with root cell walls to reduce hydraulic
conductivity and plant development. Plant Soil; 336:
313-322. DOI: 10.1007/s11104-010-0483-2.

Ayuso, M., Hernandez, T., Garcia, C.and Pascual, J.A. (1996).
Stimulation of barley growth and nutrient absorption by
humic substances originating from various organic
materials. Bioresource Technology; 57(3): 251-257.

Baris, B.A., Murat, A.T., Hakan, C., and Ali, V.K. (2009). Effects
of Humic Sustances on plant growth and mineral nutrients
uptake of wheat (Triticum durum cv. Salihi) under
conditions of salinity. Asian Journal of Crop Science;
1(2): 87-95.

Bezuglova, O.S., Polienko, E.A., Gorovtsov, A.V., Yhman,
V.A.L., and Pavlov, P.D. (2017). The effect ofhumic
substances on winter wheat yield and fertility of ordinary
chernozem. Annals of Agrarian Science; 15: 239-242.

Bitton, G., Henis, Y., and Lahav, N. (1972). Effect of several
clay minerals and humic acid on the survival of Klebsiella
aerogenes exposed to ultraviolet irradiation. Appl.
Microbiol., 23: 870–874.

Bogino, P.C., Nievas, F.L. and Giordano, W. (2015). A review:
quorum sensing in bradyrhizobium. Appl. Soil Ecol., 94:
49–58.

Braziene, Z., Paltanavicius, V. and Avizienytë, D. (2021). The
influence of fulvic acid on spring cereals and sugar beets
seed germination and plant productivity. Environmental
Research; 195: 1-5.

Canellas, L.P., Silva, R.M.D.,  Busato, J.G. and Olivares, F.L.
(2024). Humic  substances  and  plant  abiotic  stress
adaptation.Chemical and Biological Technologies in
Agriculture; 11(66).

Capstaff, N. M., Morrison, F., Cheema, J., Brett, P., Hill, L.,
Muñoz-García, J. C. (2020). Fulvic acid increases forage
legume growth inducing preferential up-regulation of
nodulation and signalling-related genes. J. Exp. Bot.,
71: 5689– 5704. doi: 10.1093/jxb/eraa283.

Chabot, P.and Tondel, F. (2011). A Regional View of Wheat
Markets and Food Security in Central Asia: With a Focus
on Afghanistan and Tajikistan. United Stated Agency
for International Development Famine Early Warning
Systems Network. https://documents.wfp.org/stellent/
groups/pu blic/documents/ena/wfp238576.pdf.

Chandio, H.N., Mallah, H.Q.and Anwar, M.M. (2017).
Evaluation of soil salinity and its impacts on agriculture:
Nexus of Rbod-III, Pakistan. Sindh Uni. Res. J.; 49(3):
525-28.

Effects of Humic Acid on Wheat Growth and Yield: A Review 2791



Chien, S.H., Prochnow, L.I., Tu, S. and Snyder, C.S. (2011).
Agronomic and environmental aspects of phosphate
fertilizers varying in source and solubility: an update
review. Nutr. Cycl. Agroecosyst, 89: 229–255.

Cozzolino, V., Monda, H., Savy, D., Di Meo, V., Vinci, G., and
Smalla, K. (2021). Cooperation among phosphate-
solubilizing bacteria, humic acids and arbuscular
mycorrhizal fungi induces soil microbiome shifts and
enhances plant nutrient uptake. Chem. Biol. Technol.
Agric., 8: 31. doi: 10.1186/s40538-021- 00230-x.

da Silva, M. S. R. A, de Melo Silveira dos Santos, B., Hidalgo
Chávez, D.W., de Oliveira, R., Barbosa Santos, C.H. and
Oliveira, E.C., (2021). K-humate as an agricultural
alternative to increase nodulation of soybeans inoculated
with Bradyrhizobium. Biocatal. Agric. Biotechnol. 36:
102129. doi: 10.1016/j. bcab.2021.102129.

De Hita D., Fuentes M., Fernández V., Zamarreño A.M.,
Olaetxea M., García-Mina J.M. (2020). Discriminating the
shortterm action of root and foliar application of humic
acids on plant growth: Emerging role of jasmonic acid.
Frontiers in Plant Science, 11: 1-14. https:// DOI.org/
10.3389/fpls.2020.00493.

El-Bassiouny, H.S.M, Bakry, B.A., Attia, A.A.E., and Allah,
M.M.A. (2014). Phsiological role of humic acid and
nicotinamide on improving plant growth, yield and
mineral nutrient of wheat (Triticum durum) grown under
newly reclaimed sandy soil, Agricultural Sciences; 5(8):
687-700.

El-Hendawy, S.E., Hassan, W.M., Al-Suhaibani, N.A., Refay,
Y.and Abdella, K.A. (2017). Comparative performance of
multivariable agro-physiological parameters for detecting
salt tolerance of wheat cultivars under simulated saline
field growing conditions. Fron in Plant Sci; 8: 435-450.

Gao, T.G., Yuan, Xu, Y., Jiang, F., Zhen, Li, B. (2015). Nodulation
characterization and proteomic profiling of
Bradyrhizobium liaoningense CCBAU05525 in response
to water-soluble humic materials. Sci. Rep., 5: 10836. doi:
10.1038/srep10836.

García, A.C., Santos, L.A., de Souza, L.G.A., Tavares, O.C.H.,
Zonta, E. and Gomes, E.T.M. (2016). Vermicompost humic
acids modulate the accumulation and metabolism of ROS
in rice plants. Journal of Plant Physiology; 192: 56-63.

Garcia-Mina, J.M., Antolin, M.C., Sanchez-Diaz, M. (2004).
Metalhumic complexes and plant micronutrient uptake: a
study based on different plant species cultivated in
diverse soil types. Plant and Soil; 258(1):57-68.

Gaur, A.C., and Bhardwaj, K.K.R. (1971). Influence of sodium
humate on the crop plants inoculated with bacteria of
agricultural importance. Plant Soil, 35: 613–621.

Giro, V.B., Jindo, K., Vittorazzi, C., de Oliveira, R.S.S., Conceição,
G.P. and Canellas, L.P. (2016). Rock phosphate combined
with phosphate-solubilizing microorganisms and humic
substance for reduction of plant phosphorus demands
from single superphosphate. Acta Hortic., 1146: 63–68.

Hager, A., Debus, G., Edel, H.G., Stransky, H. and Serrano, R.
(1991). Auxin induces exocytosis and the rapid synthesis

of a high turnover pool of plasma-membrane H+-ATPase.
Planta; 185: 527-537.

Hopmans, J.W., Qureshi, A.S., Kisekka, I., Munns, R., Grattan,
S.R., Rengasamy, P., Ben-Gal A, Assouline, S., Javaux,
M., Minhas, P.S., Raats, P.A.C., Skaggs, T.H., Wang, G.,
Lier, Q.D.J.V., Jiao, H., Lavado, R.S., Lazarovitch, N., Li,
B. and Taleisnik, E. (2021). Critical knowledge gaps and
research priorities in global soil salinity. Adv. Agrono.,
169: 1-191.

Hussain, S., Shaukat, M., Ashraf, M., Zhu, C., Jin, Q.and Zhang,
J. (2019). Salinity Stress in Arid and Semi-Arid Climates:
Effects and Management in Field Crops.Climate Change
and Agriculture, pp. 1-26.

Khan, R.U., Rashid, A., Khan, M.S. and Ozturk, E. (2010).
Impact of humic acid and chemical fertilizer application
on growth and grain yield of rainfed wheat (Triticum
aestivum L.). Pak J of Agric Res; 23(3): 113-121.

Khatar, M., Mohammadi, M.H., and Shabani, F. (2018). Soil
salinity and matric potential interaction on water use,
water use efficiency and yield response factor of bean
and wheat. Sci. Rep., 8: 1-13.

Kirschner, R.A., Parker, B.C., and Falkinham, J.O. (1999). Humic
and fulvic acids stimulate the growth of Mycobacterium
avium. FEMS Microbiol. Ecol., 30: 327–332.

Koul, S., Prakash, J., Mishra, A., and Kalia, V.C. (2016). Potential
emergence of multi-quorum sensing inhibitor resistant
(MQSIR) bacteria. Indian J. Microbiol; 56: 1–18.

Litvin, V.A., Deriy, S.I., Plakhotniuk, L.N. and Abi, N.R. (2020).
Effects of humic substances on seed germination of wheat
under the influence of heavy metal. Cherkasy University
Bulletin: Biological Sciences Series; 1: 42-52.

Liu, X., Chen, D., Yang, T., Huang, F.F.S. and Li, L. (2020).
Changes in soil labile and recalcitrant carbon pools after
land-use change in a semiarid agro-pastoral ecotone in
Central Asia. Ecol Indicator; 110: 1-10.

Maji, D., Misra, P., Singh, S., and Kalra, A. (2017). Humic acid
rich vermicompost promotes plant growth by improving
microbial community structure of soil as well as root
nodulation and mycorrhizal colonization in the roots of
Pisum sativum. Appl. Soil Ecol; 110: 97–108.

Mora, V., Baigorri, R., Bacaicoa, E., Zamarreño, A.M. and
GarcíaMina, J.M. (2012). The humic acid-induced changes
in the root concentration of nitric oxide, IAA and ethylene
do not explain the changes in root architecture caused
by humic acid in cucumber. Environmental and
Experimental Botany; 76: 24-32.

Munns, R.and Tester, M., (2008). Mechanisms of salinity
tolerance. Ann. Rev. of Plant Biol., 59: 651–681.

Nandhini, R.S., Shelishiyah, R. and Prakash, P. (2018). Effect
of humic acid on seed germination of Zea mays. Indian
Journal of Environmental Protection; 38(10): 862-866.

Nardi, S., Pizzeghello, D., Muscolo, A. and Vianello, A. (2002).
Physiological effects of humic substances on higher
plants. Soil Biology and Biochemistry; 34(11): 1527-
1536.

2792 Jag Mohan and Vikas Tomar



Nardi, S., Pizzeghello, D., Schiavon, M. and Ertani, A. (2016).
Plant biostimulants: physiological responses induced by
protein hydrolyzed-based products and humic
substances in plant metabolism. Scientia Agricola; 73:
18-23.

Nunes, R.O., Domiciano, G.A., Alves, W.S., Melo, A.C.A.,
Nogueira, F.C.S. and Canellas, L.P. (2019). Evaluation of
the effects of humic acids on maize root architecture by
label-free proteomics analysis. Scientific Reports; 9(1):
1-11.

Oldroyd, G.E.D., Murray, J.D., Poole, P.S. and Downie, J.A.
(2011). The rules of engagement in the legume-rhizobial
symbiosis. Annu. Rev. Genet; 45: 119–144.

Olivares, F.L., Busato, J.G., de Paula, A.M., da Silva Lima, L.,
Aguiar, N.O. and Canellas, L.P. (2017). Plant growth
promoting bacteria and humic substances: crop
promotion and mechanisms of action. Chem. Biol.
Technol. Agric; 4: 30. doi: 10.1186/s40538-017-0112-x.

Osakabe, Y., Osakabe, K., Shinozaki, K. and Tran, L.P. (2014).
Response of plants to water stress. Front in Plant Sci.,
5: 1-8.

Parihar, P., Singh, S., Singh, R., Singh, V.P. and Prasad, S.M.
(2015). Effect of salinity stress on plants and its tolerance
strategies: A review. Environ Sci. and Poll. Res.; 22:
4056-4075.

Qin, Y., Zhu, H., Zhang, M., Zhang, H. and Xiang, C.B. (2016).
GC-MS analysis of membrane-graded fulvic acid and its
activity on promoting wheat seed germination.
Molecules ; 21(10): https:// DOI.org/10.3390/
molecules21101363.

Ramlow, M., Foster, E., Del, G.S. and Cotrufo, M. (2019).
Broadcast woody biochar provides limited benefits to
deficit irrigation maize in Colorado. Agric. Ecosys. &
Environ., 269: 71- 81.

Saddiq, M.S., Iqbal, S., Hafeez, M.B., Ibrahim, A.M.H., Raza,
A., Fatima, E.M., Baloch, H., Jahnzaib., Woodrow, P. and
Ciamiello, L.F. (2021). Effect of Salinity Stress on
Physiological Changes in Winter and Spring Wheat.
Agrono; 11: 2-16.

Shoba, S.A., Salimgareeva, O.A., Gorepekin, I.V., Fedotov, G.N.
and Stepanov, A.L. (2019). Stimulation of seed
germination by humic substances: on the nature of the
phenomenon. Äîêëàäû Àêàäåìèè Íàóê; 487(3): 342-345.

Silva, M.S.R.D.A., Santos, B.D.M.S.D., Silva, C.S.R.D.A.,
Antunes, L.F.D.S., Santos, R.M.D., Santos, C.H.B.,
Everlon Cid Rigobelo, E.C. (2021). Humic Substances in
Combination With Plant Growth-Promoting Bacteria as
an Alternative for Sustainable Agriculture. Microbe and
Virus Interactions with Plants; 12.

Smith, S.E., Jakobsen, I., Grønlund, M. and Smith, F.A. (2011).
Roles of arbuscular mycorrhizas in plant phosphorus
nutrition: interactions between pathways of phosphorus
uptake in arbuscular mycorrhizal roots have important
implications for understanding and manipulating plant
phosphorus acquisition. Plant Physiol; 156: 1050–1057.

Tan, K.H. and Tantiwiramanond, D. (1983). Effect of humic
acids on nodulation and dry matter production of
soybean, peanut, and clover. Soil Sci. Soc. Am. J.; 47:
1121–1124.

Tikhonov, V.V., Yakushev, A.V., Zavgorodnyaya, Y.A., Byzov,
B.A. and Demin, V.V. (2010). Effects of humic acids on the
growth of bacteria. Eurasian. Soil Sci.; 43: 305–313.

Til’ba, V.A., and Sinegovskaya, V.T. (2012). Role of symbiotic
nitrogen fixation in increasing photosynthetic
productivity of soybean. Russ. Agricult. Sci.; 38: 361–
363.

Valdrighi, M.M., Pera, A., Agnolucci, M., Frassinetti, S.,
Lunardi, D. and Vallini, G. (1996). Effects of compost-
derived humic acids on vegetable biomass production
and microbial growth within a plant (Cichorium intybus)-
soil system: a comparative study. Agric. Ecosyst.
Environ; 58: 133–144.

Van, O.M.J, Pepe, O., De, P.S., Silletti, S. and Maggio, A. (2017).
The role of biostimulants and bioeffectors as alleviators
of abiotic stress in crop plants. Chemical and Biological
Technologies in Agriculture; 4: 5. DOI: 10.1186/s40538-
017-0089-5.

Vaughan, D., and Malcom, R.E. (1985). Influence of humic
substances on growth and physiological processes. In:
Vaughan, D, Malcom, R.E. (Eds.), Soil Organic Matter
and Biological Activity, Martinus Nijhoff/ Junk W,
Dordrecht, The Netherlands; 37-76.

Winarso, S., Sulistyanto, D. and Handayanto, E. (2021). Effects
of humic compounds and phosphate-solubilizing bacteria
on phosphorus availability in an acid soil. J. Ecol. Nat.
Environ., 3: 232–240.

Young, C.C., Rekha, P.D., Lai, W.A. and Arun, A.B. (2006).
Encapsulation of plant growth-promoting bacteria in
alginate beads enriched with humic acid. Biotechnol.
Bioeng; 95: 76–83.

Zandonadi, D.B., Santos, M.P., Busato, J.G., Peres, L.E.P. and
Façanha, A.R. (2013). Plant physiology as affected by
humified organic matter. Theoretical and Experimental
Plant Physiology; 25: 13-25.

Zandonadi, D.B., Santos, M.P., Caixeta, L.S., Marinho, E.B.,
Peres, L.E.P. and Façanha, A.R. (2016). Plant proton pumps
as markers of biostimulant action. Scientia Agricola;
73: 24-28.

Effects of Humic Acid on Wheat Growth and Yield: A Review 2793


