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Abstract

In sustainable agriculture, protection of the ecosystem and reduce chemical fertilizers are the
main goals. Nowadays, sweet basil, one of the best general fragrant foliage, is considered as an
industrial plant. In present study to compare different levels of cow manure biochar (CMB) and
humic acid (HA) on vegetative traits and mineral absorption rate of green basil plants, an
experiment was conducted based on a completely randomized block design with four
replications in 2015. The treatments included different levels of CMB (0, 1%, 2%, and 3%) and
HA (2.5, 5 and 7.5 g/L) in the culture medium. The traits that were analyzed were included:
plant height, leaf number, leaf area, stem diameter, leaf chlorophyll concentration (LCC), fresh
and dry weights of aerial part and root, concentration of potassium, nitrogen, calcium and
phosphorus. Results showed that fresh and dry weights of shoot and root were increased by
application of 3% CMB and 7.5 g/L HA in the culture medium. Theuse of CMB and HA
significantly affected most of the studied traits except LCC, stem diameter, and leaf area.
Concentration of N, P, K and Ca was considerably increased by application of 3% CMB and 7.5
g/L HA in the culture medium. The highest concentration of nutrients was detected in the plants
treated with 3% CMB. In conclusion, the use of 3% CMB and HA at 7.5 g/L in the culture
medium can be recommended to improve the qualitative and quantitative traits of basil plants.
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Introduction

Basil (Ocimum basilicm L.) is a medicinal
plant, belonging to the Labiatae family,
grown worldwide as one of the most
aromatic, commonly-used and popular
vegetables (Hosseini Farahi and
Norouzinejad 2016). Types of basils have
extensive  medicinal  and  industrial
applications (Naiji and Souri, 2018). The
active ingredients of this plant are appetizing
and can also be used for the treatment of

* Corresponding Author, Email: m.h.farahi@iauyasooj.ac.ir

bloating, enhancement of digestive tract, and
treatment of some heart problems and
enlarged spleen. Moreover, basil is used in
traditional medicine as an expectorant,
diuretic, anti-flatulence, stomach pain aid,
and a stimulant (Kim et al., 2006).

Biochar is a charcoal prepared from plant
biomass and agricultural waste. It is a stable,
COy-rich compound and a highly porous,
fine-grained material generated by heating
the biomass (450-650 °C)  under
hypoxic/anoxic conditions, so-called
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pyrolysis (Kookana et al., 2011). This
substance is resistant to decomposition, and
its soil persistence is estimated by hundreds
and even thousands of years depending on
production conditions (Cheng et al., 2008).

Another feature of biochar is a high
surface area (Liang et al., 2006). It can
greatly influence nutrient dynamics and
soil moisture (Glaser 2007). Biochar has a
higher capacity to absorb cation than
carbon in comparison with other organic
materials of the soil, due to higher surface
area, higher negative load and greater load
density. As a result, biochar can help
increase soil cationic exchange capacity
(Liang et al., 2006). All of these traits
make biochar an ideal complement for
coarse-textured soils. The effects of
agricultural biochar on crop yield and soil
physical and chemical properties have been
previously reported (Lehmann et al. 2003;
Hejazizadeh et al., 2016; Zolfi Bavariani et
al., 2016; Beheshti and Alikhani 2016;
Ghorbani et al., 2016; Zhang et al., 2012).

Biochar has been reported to increase
corn and rice vyields, due to increased
availability —of nutrients and the
improvement of soil physical properties
(Zhang et al., 2012).

Humic compounds such as humic acid
(HA) and fulvic acid contain a wide variety
of organic and mineral compounds including
amino acids, peptides, phenols, aldehydes,
and nucleic acids bound to various cations
found in nature. These substances indirectly
improve soil cation exchangeability,
buffering ability of substrate pH or nutrient
solution.  Furthermore, increased  root
absorption of macro-and microelements,
improved soil structure, increased root
volume, elevated water and air permeability
of substrate are the other positive effects of
these compounds.

It has been shown that humic compounds
increase soil microbial flora and useful
microorganisms, provide the root with
certain special compounds such as nucleic
acids, acetamides, provision of humic and
fulvic acids as carriers of microelements and

other growth factors, enhances absorption of
nutrients, boosts plant resistance to drought,
and increases soil fertility (Fallahi et al.,
2006; Turkmen et al., 2004). Several studies
have demonstrated the advantages of using
HA in higher plants (Hosseini Farahi et al ,.
2015 ;Mohamadinea et al ,.2015 ;Dastyaran
and Hosseini Farahi .2015 ;Fahimi et al ,.
2016) .

Yildirim (2007) showed that edaphic (soil)
and foliar use of HA in tomatoes leads to
increase in quality and quantity, and also
early crop ripening. Atiyeh et al. (2002)
reported that plant growth regulators (e.g.,
indolacetic acid, gibberellins, and cytokinins)
present in HA had significant effects on plant
growth and development. It has been shown
that soil and foliar applications of HA
increase vegetative growth traits, fruit weight
and total yield, early ripening, and fruit
quality in cucumber plants (Ozdamar ullu et
al., 2011; Fahimi et al., 2016). Increased
number of plant branches, leaf area average,
total yield, mean fresh weight and
phosphorus content were reported by the use
of HA as foliar nutrition on bean plants (Zaky
et al, 2006). EI-Nemr et al. (2012)
demonstrated that all morphological traits
including plant height, number of plant leaves
and stems, leaf fresh weight, yield and its
components in cucumber presented positive
and significant responses to the use of high
HA concentrations compared with other
treatments. Similar results were also obtained
by Fahimi et al. (2016) on cucumber plants.
An investigation on application of HA (100
mg/L) on grape plants revealed positive
effects of HA on the size of grains and other
qualitative parameters (Ferrara and Brunetti
2010). Improvement in growth parameters
and yield of strawberry (var. Salva) have
been reported as a result of HA treatment
(Eshghi et al., 2013).

This study aimed to improve the
qualitative and quantitative traits of basil
plant using CMB and HA. Therefore, we
investigated the effects of different CMB and
HA levels on quantitative characteristics and
mineral contents in green basil plants.
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Materials and methods

Research location

This research was carried out on green potted
basil plants at Gachsaran, Iran. The region is
located at geographical coordinates of 30°
and 18" E and 51° and 13’ N from the
Greenwich meridian at an altitude of 731 m.

Experimental design and treatments

The experiment was conducted based on a
randomized complete block design with
four replications. The treatments consisted
of different CMB (0, 1%, 2%, and 3%) and
HA (2.5, 5 and 7.5 g/L) levels with four
replications and 10 plants were planted per
pot. HA was used as a water-soluble
powder (Humax 95 WSG, JH Biotech,
USA) containing 80% HA, 15% folic acid,
and 12% potassium. Physicochemical
analysis of soil and biochar samples are
presented in Table 1.

Biochar production

Dry cow manure was used to produce
biochar at a pyrolysis temperature of 500
°C based on the production method of
Lehmann and Rondon (Lehmann and
Rondon 2006). The dry cow manure was
placed in a capped ceramic chamber and
heated in a muffle furnace (with indirect
heating). Biochar was produced at 500 °C
during 5 h. After the pyrolysis process, the
biochar was pulverized and passed through
a sieve with a size of 0.18 mm.

Preparation of plants

Culture media were first prepared depending
on the treatments; after that green basil seeds
were planted in the pots. Thinning of the
plants began after germination and two-leaf
stage, and 10 plants were cultivated per pot.
Plants were irrigated regularly (every 3
days), and growing operations were carried
out during the growth period. After 80 days,
the data collection was carried out.

Vegetative traits

Plant height and root length (cm) were
measured by a ruler. Stem diameter (mm)
was determined by a digital caliper. The

leaf green index was measured by hand-
held model chlorophyll meter (SPAD 520-
Minolta, Japan). Leaf area (mm?) was
estimated by a grid (squared) paper, and
the number of leaves was determined by
counting leaves per plant. The number of
leaves was measured by counting the
leaves per plant.

At the end of the experiment, the basil
plants were carefully removed from the
soil and after complete washing, the root
length was measured with a ruler.

Fresh and dry weights of aerial and
below-ground parts

At harvesting time, the plants were
completely removed from the pots, roots
were separated from the aerial part, and
fresh weights of root and aerial organs
were measured by a digital scale. Dry and
fresh weights of aerial organs and root
were calculated per treatment and average
values were reported based on g per plant.
After determining fresh weight, the plants
were wrapped in aluminum foil and placed
at 70 °C for 48 hours in an oven. After full
drying, dry weights of the samples were
measured and mean values were reported
based on g per plant.

Measuring leaf mineral contents

For measuring leaf mineral contents, plant
leaf samples were collected and transferred
to the laboratory. The samples were
washed with distilled water, incubated in
an oven (70 °C) to reach a constant weight,
and then powdered with an electric mill.
After preparation of samples, nitrogen was
measured by the Kjeldahl method, calcium
with atomic absorption, phosphorus by
colorimetric, and potassium by a flame
photometer (Aboutalebi et al., 2007).

Statistical analysis

This experiment was conducted based on a
completely randomized block design with
seven treatments each with four replications.
Data were analyzed using MSTATC
software, and means were compared by
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Duncan's multiple 1%

probability level.

range tests at

Results

Vegetative traits

The results showed that using CMB and HA
significantly affected basil height. Table 2
shows that increasing CMB level in the
medium and also feeding the plants with HA
led to an increase in the height of basil plant
when compared to the control. The highest
plant height (12.88 cm) was observed in
plants received 3% CMB and also those
grown with 7.5 g/L of HA (12.43 cm)
whereas the lowest height (8.97 cm) was

recorded in untreated plants. Compared to
control treatment, root length increased
significantly by increasing the level of CMB
and HA. Longest roots (10.25 cm) was
observed in plants grown in a culture
medium containing 3% CMB while those in
control presented the shortest (6.5 cm) root
length (Table 2). The results showed that
CMB and HA applications had no significant
effects on basil leaf area, stem diameter, and
LCC values. However, the above-mentioned
traits were improved insignificantly with
increasing CMB in the culture media and
feeding plants by HA compared to untreated
plants (Table 2).

Table 1. Results of physicochemical analysis of soil and biochar sample.

Soil
Cu Zn Mn Fe o.M C K P N pH
ppm ppm ppm ppm % % Mag/kg Mag/kg %
0.36 1.8 12.08 5.4 680 38.7 233 46 0.174 7.4
Biochar
Cu Zn Mn Fe oM C K P N pH
ppm ppm ppm ppm % % % % %
44 80 34 680 38.7 16 4 3.5 4.5 8.6
Table 2. Mean comparison for the effect of biochar and humic acid on vegetative characteristics of green
basil plants
Treatment Root length _Chlorophyll Stem diameter Leaf agea height of the
(cm) index (SPAD (mm) (mm°) stem (cm)
Control 6.5° 21.91° 1.66° 6.25° 9.97°
Biochar 1% g " 23.15° 1.72 ® 6.66° 11.2%°
Biochar 2% 9.25%° 24.31° 1.95° 7.42 ° 12.13%
Biochar 3% 10.25% 24.4° 2.21% 7.5% 12.87°%
Humic acid 2.5 g/l 7.5¢ 22.92° 1.71° 6.64° 9.52 "
Humic acid 5 g/l 8.75"™ 23.47° 1.86 ° 7.42° 11.55%°
Humic acid 7.5 g/l 9.25%¢ 24.14 ® 2.05% 7.5% 12.43%

Means within a column with the same superscript letters are not significantly different at p < 0.01 (DMRT test).

Number of leaves

The results of this experiment showed an
increase in the number of leaves by the
applications of CMB and HA compared to
untreated plants. The highest number of
leaves (79) was observed in the plants grown
in 3% CMB medium, and untreated plants
had the lowest number of leaves (17.75)

(Fig. 1).

Fresh and dry weights of aerial part of
plants
CMB and HA had significant influences on

basil aerial parts. These two substances
caused increases in both fresh and dry
weights of aerial organs in comparison
with untreated plants. The plants grown in
the culture medium with 3% CMB and the
control exhibited the highest and lowest
weights of aerial parts, respectively (Fig.
2). Moreover, dry weight of aerial parts
maximized in plants received 3% CMB in
the culture medium while it minimized in
untreated plants (Fig. 3).
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Fig. 1. Effect of cow manure biochar and humic acid (HA) on the number of leaves of green basil plants.
Columns with the same letters are not significantly different at the 1% probability.
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Fig. 2. Effect of cow manure biochar and humic acid (HA) on total fresh weight of green basil plants.
Columns with the same letters are not significantly different at the 1% probability.
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Fig. 3. Effects of cow manure biochar and humic acid (HA) on dry weight of aerial part of basil plants.
Columns with the same letters are not significantly different at the 1% probability.
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Fresh and dry weights of root

In this study, CMB and HA applications
caused significant effects on basil root so
that the fresh and dry weights of root were
significantly increased in comparison with
the control plants. The highest root weights
were observed in plants planted in a culture
medium containing 3% CMB and the
lowest root weights was detected in control

16 -
14 1

12 1

Root fresh weight
(g/plant)

plants (Fig. 4). Furthermore, the highest
and lowest root dry weights were observed
in plants grown in the culture medium
containing 3% CMB and the control,
respectively (Fig. 5).

The highest root weights were observed
in plants in a culture medium containing
3% CMB and the lowest root weight was
measured in control plants.

a
b
08 -
06 - bc
. c
04 c
0.2 | c I . I

Control Biochar 1% Biochar 2%
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Fig. 4. Effects of cow manure biochar and humic acid (HA) on root fresh weight of green basil plants.
Columns with the same letters are not significantly different at the 1% probability.
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Fig. 5. Effects of cow manure biochar and humic acid (HA) on root dry weight of green basil plants.
Columns with the same letters are not significantly different at the 1% probability.

Leaf mineral content

The results of this study showed that
application of CMB and HA resulted in
significant increase in the concentration of
mineral elements including nitrogen,
phosphorus, potassium, and calcium, in
basil leaves compared to the control plants.

Leaf nitrogen percentage was significantly
increased with higher levels of CMB and
HA in the culture medium when compared
to the control plants. In addition, the highest
leaf nitrogen concentration (2.66%) was
detected in the leaves of plants that grown
in the culture medium with 3% CMB and
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the lowest leaf nitrogen concentration was
detected in the leaves of control plants (Fig.
6). Increasing CMB levels in the culture
medium and also HA levels caused
significant  increases in  phosphorus
percentage of leaves compared to leaf
phosphorus content of plants treated with
lower levels of CMB and HA. The
concentration of leaf phosphorus was
highest in the leaves of plants treated by 3%
CMB in the culture medium, and untreated
plants contained the lowest phosphorus
Level in their leaves (Fig. 7). Leaf
potassium content increased significantly
with higher levels of CMB and HA in

comparison with leaf potassium content of
plants treated with lower levels of CMB and
HA. The concentration of leaf potassium
was increased in the leaves of plants grown
in the culture medium containing 3% CMB
while the minimum level of leaf potassium
was detected in the control plant leaves
(Fig. 8). Increasing levels of CMB in the
culture medium and HA concentrations led
to a significant increase in leaf calcium
percentage compared to other treatments.
Highest and lowest calcium concentrations
were detected in the leaves of plants treated
with 3% CMB and untreated plants,
respectively (Fig. 9).
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Fig. 6. Effects of cow manure biochar and humic acid (HA) on basil leaf nitrogen content. Columns with
the same letters are not significantly different at the 1% probability.
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Fig. 7. Effects of cow manure biochar and humic acid (HA) on the content of leaf phosphorus. Columns
with the same letters are not significantly different at the 1% probability.



34 Int. J. Hort. Sci. Technol; Vol. 6, No. 1; June 2019

08 -

0.7 -

06 -

K (%)

a
b
b
05 A
c c

041 . c

0.3 A

0.2

0.1 A

0 T T T . T .

Control  Biochar 1% Biochar 2%

Biochar 3% HA 2.5¢/l HA 5g/l HA 7.5 g/l

Fig. 8. Effects of cow manure biochar and humic acid (HA) on potassium content of basil leaf. Columns
with the same letters are not significantly different at the 1% probability.
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Fig. 9. Effects of biochar and humic acid (HA) on basil leaf calcium content. Columns with the same
letters are not significantly different at the 1% probability.

Discussion

In the present study, application of CMB in
the culture medium and also HA increased
the vegetative characteristics including plant
height, number of leaves, and fresh and dry
weights of aerial parts and the root of basil
plants, the positive effects of CMB was
higher than that of HA. Some studies have
shown that biochar application in the culture
medium improves soil physical and chemical
properties, preserves soil organic matter,
increases  nutrient  productivity, and
eventually improves crop yield (Vaccari et
al., 2011). Aminifard et al. (2016) found that
soil application of vermicompost can
positively influence antioxidant compounds,
fruit yield and quality of pepper. Increasing

fresh and dry weights of aerial parts and root
caused by biochar application can be
attributed to increased soil nutrients
availability and improved growth conditions,
which resulting in improved yield. These
positive effects can result from both direct
and indirect effects of using biochar (e.g.
nutrients in the biomass and improvement of
soil physical, chemical and biological
properties) (Major et al., 2010). Vaccari et al.
(2011) reported improved wheat yield by
biochar application (60 t/ha). Moreover, leaf
area in soybean plants has been reported to
increase with the use of biochar (Suppadit et
al., 2012). Improvement of soil chemical
properties and enhanced growth of beans and
corn have been reported by use of poultry
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biochar (Inal et al., 2015). Positive effects of
biochar application on wheat traits (stem
length, tiller number, spike number, spike
length, spikelets per spike and grain yield)
were reported under both salt stress and non-
stress conditions (Akhtar et al., 2014).
Improved growth of lettuce has been also
reported by application of poultry biochar
and rice husk biochar (Gunes et al., 2014;
Carter et al., 2013). It has been shown that
application of CMB in sandy soil
significantly increased the growth, yield, and
uptake of nutrients in cornflower (Uzoma et
al., 2011).

Our observations indicated that the use
of CMB in the culture medium and also
HA enhanced the absorption of nitrogen,
phosphorus, potassium, and calcium into
the basil leaves, but the inductive effects of
CMB on nutrient accumulation in the leaf
was higher than that of HA. Absorption of
the above-mentioned minerals  was
maximal in plants that grown in a culture
medium containing 3% CMB. Increasing
amount of leaf nitrogen can result from soil
fertilization due to the used fertilizers and
better absorption of soil nutrients by the
plant (Van Zwieten et al.,, 2010). They
further recorded a similar effect of biochar
on nitrogen uptake and found that biochar
application to the soil increases nitrogen
uptake by the plant. Major et al. (2010)
presented evidence that the application of
biochar significantly increases potassium
uptake by corn grains and enhances rate of
mineral uptake in maize cultivation.
Similarly, increased phosphorus uptake in
high ratios of applied biochar was also
reported by Lehmann et al. (2003), which
was attributed to a high level of
phosphorus in cow manure available in the
post-harvest, biochar-enriched soil.

In the present study, application of HA
increased vegetative traits and mineral
uptake compared to control plants, but the
effect of biochar was more evident. HA has
multiple effects, including promoting soil
physical and  chemical  properties,
increasing soil permeability and water

holding capacity, complexation of metal
ions, increasing cation exchange capacity
(CEC), improving nutrients uptake,
improvement of drought resistance of
plants, and both direct and indirect effects
on plant growth (Karakurt et al., 2008;
Souri and Hatamian, 2019). Recently,
Abootalebi Jahromi et al. (2016) indicated
3000 and 4000 mg/kg HA can be used to
reduce the toxic effects of salinity and also
to decrease the uptake of toxic elements
such as sodium and chloride in Mexican
lime seedlings (Abootalebi Jahromi et al.,
2016).

HA increases nutrient uptake and
concentration in aerial parts of plant
through the expansion of root system,
increasing cell membrane permeability,
enhancing root nutrient uptake capacity,
and finally improving nutrient transfer and
uptake in the aerial part) Souri and
Yaghoubi Sooraki, 2019). Fallahi et al.
(2016) found that seed inoculation of
plants by mycorrhiza and to some extent
application of HA are two reliable
strategies for Roselle production under
deficit irrigation. Enhanced aerial growth
results from increased uptake of minerals
such as nitrogen, calcium, phosphorus,
potassium, manganese, iron, zinc, and
copper (Hayes and Clap 2001). The
hypotheses that can be expressed for the
effect of HA on plant growth parameters
include: a combination of HA and mineral
ions, catalysis of HA to enzymes in the
plant, HA effects on respiration and
photosynthesis, stimulation of nucleic acid
metabolism, and hormonal activity of HA)
Dastyaran and Hossein Farahi 2015;
Hosseini Farahi et al,. 2013) .Recently;
Barzegar et al. (2016) indicated that foliar
application of putrescine and HA
significantly increases fruit yield, vitamin
C and proline contents, catalase and
peroxidase activities (Barzegar et al,.
2016). They also found that HA at 300 mg
I'* and Put at 1.5 mM can improve growth,
yield and quality of okra fruits (Barzegar et
al,. 2016).
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Some researchers reported that HA with
a quasi-hormonal activity has considerable
impacts on nutrient uptake, yield, and
viability of calendula (Allahvirdizadeh and
Nazari Deljou., 2014). Humic materials
have beneficial effects on plant growth,
development and production owing to
direct and indirect effects on protein
synthesis, simulation of photosynthesis,
alteration of enzyme activity, solubilization
and uptake of both micro- and macro-
elements, reduction of active levels of toxic
elements, increasing soil microbial flora,
and quasi-hormonal activity in the plant
(Sinha and Bhattacharyya  2011). An
increase in the height of peppermint plant
has been reported by HA application
(Askari et al., 2012). Positive effects of HA
organic fertilizers and compost have been
reported on basil height, total aerial dry
weight, and number of stems and also on
uptake of iron, manganese, zinc and copper
(Jamali et al., 2015).

Conclusion

Our findings demonstrate that application of
CMB and HA to the culture medium resulted
in quantitative and qualitative improvement
of green basil plant due to improvement of
root environment, increased activity of
microorganisms, and better nutrient uptake.
Therefore, based on the obtained result from
present study application of 3% CMB and
7.5 g/L HA to the culture medium can
improve the qualitative and quantitative
characteristics of green Dbasil plants.
Therefore, their applications can be
recommended for improving the yield and
quality of herbal plants.

References

1. Aboutalebi A, Tafazoly E, Kholdebarin B
Karimian N. 2007. Effect of salinity on
concetration and distribution of potassium,
sodium and chloride ions in sweet lime scion on
five rootstocks. Journal of Water and Soil
Science 11(1), 69-78.

2. Abootalebi Jahromi A, Hassanzadeh
Khankahdani H. 2016. Effect of humic acid on
some vegetative traits and ion concentrations of

Mexican Lime (Citrus aurantifolia Swingle)
seedlings under salt stress. International Journal
of Horticultural Science and Technology 3, 255-
264.

3. Allahvirdizadeh N. Nazari Deljou M.J. 2014.
Effect of humic acid on morph-physiological
traits, nutrients uptake and postharvest vase life
of pot marigold cut flower (Calendula officinalis
cv. Crysantha) in hydroponic system. Journal of
Science and Technology of Greenhouse Culture,
5(18), 133-143.

4. Askari M, Habibi D, Naderi Brojerdi G.H. 2012.
Effect of vermicompost, plant growth promoting
rhizobacteria and humic acid on growth factors of
Mentha piperita L., in central province. Journal of
Agronomy and Plant Breeding 7(4), 41-54.

5. Aminifard M, Bayat H. 2016. Effect of
vermicompost on fruit yield and quality of bell
pepper. International Journal of Horticultural
Science and Technology 3, 221-229.

6. Atiyeh R.M, Arancon N, Edwards C.A, Metzger
J.D. 2002. The influence of humic acids derived
from earthworm processed organic wastes on plant
growth. Bioresource Technology 84(1), 7-14.

7. Barzegar T, Moradi P, Nikbakht J, Ghahremani
Z. 2016. Physiological response of Okra cv.
Kano to foliar application of putrescine and
humic acid under water deficit stress.
International Journal of Horticultural Science
and Technology 3, 187-197.

8. Beheshti M, Alikhani H. 2016. Quality
variations of Biochar generated from wheat
straw during slow Pyrolysis process at different
temperatures. Journal of Sustainable and
Production Science 26(2), 189-201.

9. Carter S, Shackley S, Sohi S, Suy T.B, Haefele
S. 2013. The impact of biochar application on
soil properties and plant growth of pot grown
lettuce (Lactuca sativa) and cabbage (Brassica
chinensis). Agronomy Journal, 3, 404-418.

10.Cheng C.H, Lehmann J, Thies J.E, Burton S.D.
2008. Stability of black carbon in soils across a
climatic gradient.  Journal of  Geophysical
Research 113: 1027-1033.

11. Dastyaran M. Hosseini Farahi M. 2015. Effects of
humic acid and puterscine on vegetative properties
and vase life of rose in soil-less culture system.
Journal of Science and Technology of Greenhouse
Culture 5(20), 241-250.

12.EI-Nemr M.A, El-Desuki M, El-Bassiony A.M,
Fawzy Z.F. 2012. Response of growth and yield
of cucumber plants (Cucumis sativus L.) to
different foliar applications of humic acid and


http://sustainagriculture.tabrizu.ac.ir/?_action=article&au=15378&_au=Mehdi++Beheshti
http://sustainagriculture.tabrizu.ac.ir/?_action=article&au=3587&_au=Hosseinali++Alikhani
http://sustainagriculture.tabrizu.ac.ir/issue_762_781_Volume+26%2C+Issue+2%2C+Spring+2016.html

Effects of Humic Acid and Cow Manure Biochar (CMB) in ... 37

Bio-stimulators. Austrlian Journal Basic and
Applied Science 6(3), 630-637.

13.Eshghi S, Zare M, Jamali B, GharaghaniA,
Hosseini Farahi, M. 2013. Vegetative and
reproductive parameters of Selva strawberry as
influenced by Algaren, Drin and Green Hum
foliar application. Agrigultural Communication
1(1), 27-32.

14. Fallahi E, FallahiB, Seyedbagheri M.M. 2006.
Influuence of humic substances and nitrogen on
yield, fruit quality and leaf mineral elements of
‘Early Spur Rome’ apple. Journal of Plant
Nutrition 29, 1819-1833.

15. Fahimi F, Souri M.K, Yaghobi F. 2016. Growth
and development of greenhouse cucumber under
foliar application of Biomin and Humifolin
fertilizers in comparison to their soil application
and NPK. lIranian Journal of Science and
Technology of Greenhouse Culture 7(25), 143-
152.

16. Fallahi H.R, Ghorbany M, Samadzadeh A,
Aghhavani-Shajari M, Asadian A.H. 2016.
Influence of arbuscular mycorrhizal inoculation
and humic acid application on growth and yield
of Roselle (Hibiscus sabdariffa L.) and its
mycorrhizal colonization index under deficit
irrigation. International Journal of Horticultural
Science and Technology 3, 113-128.

17. Ferrara G, Brunetti G. 2010. Effects of the times
of application of a soil humic acid on berry
quality of table grape (Vitis vinifera L.) cv Italia.
Spanish Journal of Agricultural Research 8(3),
817-822.

18. Ghorbani M, Asadi H, Abrishamkesh S. 2016.
Effect of rice husk biochar on nitrate leaching in
a clayey soil. Iranian Journal of Soil Science
29(4), 127-434.

19. Glaser B. 2007. Prehistorically modified soils of
central Amazonia: a model for sustainable
agriculture in  the twenty-first century.
Philosophical Transactions of the Royal Society
B 362, 187-196.

20.Gunes A, Inal A, Taskin M.B, Sahin O, Kaya
E.C, Atakol A. 2014. Effect of phosphorus-
enriched biochar and poultry manure on growth
and mineral composition of lettuce (Lactuca
sativa L. cv.) grown in alkaline soil. Soil Use
Management, 30, 182-188.

21.Hejazizadeh A, Gholamalizadeh Ahangar A,
Ghorbani M. 2016. Effect of biochar on lead and
cadmium uptake from applied paper factory
sewage sludge by sunflower (Heliantus annus
L.). Journal of Water and Soil Science 26(1-2),
259-271.

22.Hosseini Farahi M, Norouzi nejad M. 2016.
Effect of vermicompost and Phosphate Barvar-
2®  biofertilizers on some quantitative
characteristics and elements absorption in green
basil (Ocimum basilicm L.) in Gachsaran region.
Journal of Plant Ecophysiology 8(24), 160-172.

23. Hosseini Farahi M, Aboutalebi A, Eshghi S,
DastyaranM, Yosefi F. 2013. Foliar application of
humic acid on quantitative and qualitative
characteristics of Aromas strawberry in soilless
culture. Agrigultural Communication 1(1), 13-16.

24. Hosseini Farahi M, Ameri Fahliani R, Yosefi F.
2015. Effects of humic acid and fertilizer
containing calcium and boron (Calboron) on
vegetative and reproductive properties of
strawberry in soil-less culture system. Journal of
Plant Ecophysiology 7(21), 235-250.

25.1nal A, Gunes A, Sahin O, Taskin M.B, Kaya
E.C. 2015. Impacts of biochar and processed
poultry manure, applied to a calcareous soil, on
the growth of bean and maize. Soil Use
Management 31, 106-113.

26.Jamali Z.S, Astaraei A, Emami H. 2015. Effects
of humic acid, compost and phosphorus on
growth characteristics of basil herb and
concentration of micro elements in plant and
soil. Journal of Science and Technology of
Greenhouse Culture 6 (22), 187-205.

27.Karakurt Y, Unlu H, Padem H. 2008. The
influence of foliar and soil fertilization humic
acid on yield and quality of pepper, Journal of
Plant and Soil Science 59(3), 233- 237.

28.Kim H.J, Chen F, Wang X, Rajapakse N.C.
2006. Effect of methyl jasmonate on secondary
metabolites of sweet basil (Ocimum basilicum
L.). Journal of Agricultural and Food Chemistry
54, 2327- 2332.

29.Kookana R.S, Sarmah A.K, Van Zwieten L,
Krull E, Singh B. 2011. Biochar application to
soil: agronomic and environmental benefits and
unintended  consequences.  Advances in
Agronomy 112(10), 103-143.

30.Lehmann J, Rondon M. 2006. Bio-char soil
management on highly weathered soils in the
humid tropics. In: Uphoff, N. (Ed.), Biological
Approaches to Sustainable Soil Systems. CRC
Press, Boca Raton FL 517-531.

31. Lehmann J, da Silva Jr, J.P, Steiner C, Nehls T,
Zech W, Glaser B. 2003. Nutrient availability
and leaching in an archaeological Anthrosol and
a Ferralsol of the Central Amazon basin:
fertilizer, manure and charcoal amendments.
Plant and Soil 249, 343-357.


http://srjournal.areo.ir/?_action=article&au=108023&_au=M.++Ghorbani
http://srjournal.areo.ir/?_action=article&au=143957&_au=S.++Abrishamkesh
http://water-soil.tabrizu.ac.ir/?_action=article&au=17617&_au=A++Hejazizadeh
http://water-soil.tabrizu.ac.ir/?_action=article&au=14790&_au=A++Gholamalizadeh+Ahangar
http://water-soil.tabrizu.ac.ir/?_action=article&au=17615&_au=M++Ghorbani
http://water-soil.tabrizu.ac.ir/issue_728_777_Volume+26%2C+1-2%2C+Spring+2016%2C+Page+1-301.html
http://www.jpec.ir/?_action=article&au=52297&_au=Mehdi++Hosseini+Farahi
http://www.jpec.ir/?_action=article&au=70153&_au=M.++Norouzi+nejad
http://www.jpec.ir/issue_3037_3038_Volume+8%2C+Issue+24%2C+Spring+2016%2C+Page+1-247.html
http://jpec.ir/?_action=article&au=52297&_au=M.++Hosseini+farahi
http://jpec.ir/?_action=article&au=87618&_au=R.++Ameri+Fahliani

38 Int. J. Hort. Sci. Technol; Vol. 6, No. 1; June 2019

32.Liang B, Lehmann J, Solomon D. 2006. Black
carbon increases cation exchange capacity in
soils. Soil Science Society of America Journal
70, 1719-1730.

33.Major J, Rondon M, Molina D, Riha S,
Lehmann J. 2010. Maize yield and nutrition
during 4 years after biochar application to a
Colombian savanna oxisol. Plant and Soil 333,
117-128.

34. Mohamadinea G, Hosseini Farahi M, Dastyaran
M. 2015. Comparison of humic acid soil drench
and foliar application on fruit set, yield and
quantitative and qualitative properties of grape
cv Askari. Agricultural Communications 3(2),
21-27.

35. Ozdamar ullu H, Unlu H, Karakurt Y, Padem H.
2011.Changes in fruit yield and quality in
response to foliar and soil humic acid
application in cucumber. Scientific Research
and Essays 6(13), 2800-2803.

36.Souri M.K. Hatamian M. 2019 Aminochelates
in plant nutrition; a review. Journal of Plant
Nutrition 42(1, 67-78.

37.Suppadit T, Phumkokrak N, Poungsuk P. 2012.
The effect of using quail litter biochar on
soybean (Glycine max L. Merr.) production.
Chilian Journal of Agricultural Research 72,
244-251.

38. Turkmen O, Dursun A, Turan M, Erdin C. 2004.
Calcium and humic acid affect seed
germination, growth, and nutrient content of
tomato (Lycopersicon esculentum L.) seedlings
under saline soil conditions. Acta Agriculturae
Scandinavica, Section B - Soil and Plant Science
Section 54, 168-174.

39.Uzoma K , Inoue M, Andry H, Fujimaki H,

Zahoor A, Nishihara E. 2011. Effect of cow
manure biochar on maize productivity under
sandy soil condition. Soil and Use Management
27, 205-212.

40.Vaccari F, Baronti S, Lugato E, Genesio L,
Castaldi S, Fornasier F, Miglietta F. 2011.
Biochar as a strategy to sequester carbon and
increase yield indurum wheat. European
Journal of Agronomy 34, 231-238.

41.Van Zwieten L, Kimber S, Morris S, Chan K.Y,
Downie A, Rust J, Joseph S, Cowie A. 2010.
Effect of biochar from slow pyrolysis of
papermill waste on agronomic performance and
soil fertility. Plant and Soil 327, 235-246.

42.Yildirim E. 2007. Foliar and soil fertilization of
humic acid affect productivity and quality of
tomato. Acta Agriculturae Scandinavica, Section
B - Soil & Plant Science Section, 57(2), 182-
186.

43.Zaky M.H, Zoha E.L, Ahmed M.E. 2006.
Effects of humic acids ongrowth and
productivity of bean plants grown under plastic
low tunnels and open field. Egyptian Journal of
Basic and Applied Sciences 21(4B), 582-596.

44.Zhang A, Liu Y, Pan G, Hussain Q, Li L Zheng
J, Zhang X. 2012. Effect of biochar amendment
on maize yield and greenhouse gas emissions
froma soil organic carbon poor calcareous
loamy soil from central China plain. Plant and
Soil 351, 263-275.

45, Zolfi Bavariani M, Ronaghi A, Karimian N,
Ghasemi R. Yasrebi J. 2016. Effect of poultry
manure  derived biochars at different
temperatures on chemical properties of a
calcareous soil. Journal Water and Soil Science
20(75), 73-86.


http://www.sciencedirect.com/science/journal/11610301
http://www.sciencedirect.com/science/journal/11610301

