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ABSTRACT
To study the effects of mycorrhiza, fulvic acid, seaweed extract and urea on the physiological traits and leaf yield of tobacco, an experiment
was carried out in split plots in a randomized complete block design with three replicates at Marivan during 2015. In this study, the main
factor was two levels of inoculation with mycorrhiza including: control: no inoculation and inoculation with mycorrhiza (Glomus interaradices)
and subplots treated with growth stimulants at 5 kinds: control-distilled water, fulvic acid, seaweed extract, urea, fulvic acid + seaweed
extract + urea. The results indicate that the number of leaves and dry weight of the middle leaves of plants inoculated with mycorrhiza were
increased significantly. In addition, the foliar application of growth stimulants significantly affected the relative water content, fresh and dry
weight of the lower and middle leaves and also the greenness and fresh weight of the upper leaves of tobacco.
Keywords: canopy; dry weight; fertilizer; growth promotion; symbiosis

Introduction
Although the application of chemical fertilizers has
resulted in a huge increase in world food production
(Banerjee et al. 2011; Garai et al. 2014), it has contributed
significantly to the pollution of water, air and soil (Ignacimuthu and Vendan 2007). Phosphorus has been applied
regularly for many years and the level of P is now relatively high at some locations (Magarey et al. 2005). Tobacco
is a cash crop and the best quality tobacco comes from
crops cultivated in regions in Iran where it is humid and
the soil is fertile. However, it is important that tobacco
does not contain toxic or heavy metals. To achieve this it
is vital to reduce the use of chemical fertilizers that contain toxic and heavy elements, such as cadmium, because
these fertilizers increase the risk of Cd entering the food
chain, which has an adverse effect on the kidneys, lungs,
cardiovascular and musculoskeletal systems of humans
(Roberts 2014). In order to prevent or decrease the incidence of such problems it is necessary to produce healthy
crops by using environmentally friendly fertilizers such
as organic fertilizers or biofertilizers instead of chemical fertilizers. Arbuscular mycorrhiza is known to assist
plants in their uptake of phosphorus and certain trace elements such as zinc and copper. The mycorrhiza invades
the root system of its host and utilizes carbon from the
plant and in return effectively increasing the soil volume
from which the plant may draw nutrients. This enables
plants to produce high yields even when growing in soil
with low levels of P (Magarey et al. 2005). Increasing concentrations of N, P, K and S in the rhizosphere and dry
weight of onion bulbs and maize shoots by inoculating
these plants with mycorrhizae is reported (Amal et al.
2014). Munda et al. (2016) report better productivity of
soybean when grown in plots treated with biofertilizers

and that the microbes also improve P availability for the
next crop.
Fulvic acid is an organic fertilizer with a non-toxic
mineral chelating additive and water binder that maximizes its uptake through leaves and stimulates plant
productivity (Malan 2015). It attracts water molecules,
which helps in keeping soil moist and aids the movement
of nutrients into plant roots. Fulvic acid easily binds or
chelates minerals such as iron, calcium, copper, zinc and
magnesium, and can deliver these elements directly to
plants (Yamauchi et al. 1984). Various studies report that
it increases the fluorescence of chlorophyll a, inhibits
ROS and enhances the antioxidant enzymes that destroy
ROS (Lotfi et al. 2015), decreases water stress or stress
due to hot and dry winds during ear development, increasing grain yield by 7.3–18.0%, enhances root activity,
increases ion uptake and the rate of transport of phosphorus to the grains (Xudan 1987), increases the number
and length of root hairs in Arabidopsis plants (Schmidt
et al. 2005), ameliorates the growth of rice and radish
resulting in taller plants (Khang 2011), limits the development of some pathogens, e.g. Fusarium spp (Yigit and
Dikilitaş 2008) and the availability of phosphorus (Yang
et al. 2013). Seaweed extract, another organic fertilizer,
contains micro and macro nutrients and growth promoters (Prasad et al. 2010). It also contains plant growth
hormones that enhance yield (Latique et al. 2013). Application of seaweed extract stimulates growth and yield
and increases the tolerance of plants to environmental
stress (Pramanick et al. 2013), improves germination of
maize seeds by 10–19%, promotes shoot and root growth
by 30–68% (Matysiak et al. 2011), increases the resistance
of herbaceous plants to drought (Zhang and Ervin 2004),
promotes vegetative growth, yield and oil content of peanuts (31.69%, 14.27%) and sunflower (31.69%, 14.27%),
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respectively (Karthikeyan and Shanmugam 2015). In
addition, spraying plants with seaweed extract improves
growth, yield and tuber quality of potatoes in terms of
their nitrogen, total soluble solids and protein contents
(Haider et al. 2012), increases root growth, nutrient absorption, stem thickness and growth (Jensen 2004), ameliorates effect of salt stress on bean seeds because of the
presence of growth hormones, nutrients and other important phytochemical compounds (Latique et al. 2014).
Therefore, this study compares the effectiveness of organic and chemical fertilizers in terms of the increase in
yield of leaf tobacco.

Material and Methods
This experiment was carried out in split-plots based
on a randomized complete block design with three replicates in a farmer’s tobacco field at Marivan in the northwest of Iran (situated at 35°N and 46°E and at 1324 m
above mean sea level), where the annual precipitation
during the 2015 growing season was 750 mm. In this
study, the main factor was the inoculation of the mycorrhizal fungus (G. intaradices) and a control (not inoculated) and the sub-factor application of growth compounds
of 6 kinds: distilled water (control), fulvic acid, seaweed
extract, urea, fulvic acid + seaweed extract + urea). The
fulvic acid was prepared by Fanavari Sabz Shargh Co,
Tehran, Iran. The seaweed extract (AcadianTM) was
made from Ascophyllum nodosum obtained from Nova
Scotia, Canada. Sterilized and coated seeds of tobacco
(Nicotiana tabacum cv. Burley 21) were obtained from
the Iranian Tobacco Administration. These seeds were
germinated in a float tray in a greenhouse two months
before planting in a field. At the end of May, seedlings
were transplanted to another field and planted 40 cm
apart in rows that were 1 meter apart. For the inoculation of mycorrhiza, mycorrhiza powder (3.33 g/p) was
placed in rows and then covered with 1 cm of soil prior
to transplanting the seedlings. The growth compound
were sprayed (2/1000 w/v concentration) on the plants
one month before the lower leaves were harvested. The
watering of the plants was achieved using furrows. At
various stages of the growth of the tobacco plants they
were watered and weeds were removed. In this study, the
following characters were recorded after spraying: the
greenness, temperature and relative water content of the
leaves. The greenness was based on the readings from 10
leaves (lower, middle, upper) using a Chlorophyll Meter
SPAD-502 and the temperature of the same leaves using
an Infra-red Thermo meter CEMDT-8810. Relative water content was measured using Baslam and Goicoechea
(2012) method.
RWC = 100 × (FW − DM) / (TM − DM)
In this formula, FW is fresh weight, DM dry weight
and TW turgid weight.
European Journal of Environmental Sciences, Vol. 9, No. 1

Fresh weight is that of ten 2 cm diameter pieces of
leaves that were previously kept in an ice box. In order
to calculate TM, the leaf pieces were placed in distilled
water for 24 h, wiped to remove excess water and then
weighed. DM was obtained by drying the leaf pieces in
an oven at 75 °C for 48 h before weighing them. At harvest, the lower, middle and upper leaves were collected
from two plants in each plot together with a record of the
number and dry and fresh weight of the leaves. Finally,
data were analyzed according to the experimental design
in SAS9.1 software package and comparison of the trait
means using Duncan’s multiple range test at 0.05 probability.

Results and discussion
Leaf temperature
Leaf temperature was not affected significantly by the
mycorrhiza inoculations (Table 1), but as shown in Table
2, they resulted in a decrease in the temperature of the
middle and upper leaves by improving the water balance
of the plants, possibly by increasing the uptake of water
from the soil. Probably, if the plants had been subject to
water stress then a greater effect of mycorrhiza would
have been recorded as Bakr et al. (2018) report that inoculation of mycorrhiza decreases canopy temperature significantly only in water-limited conditions. Also Chen et
al. (2017) conclude that mycorrhiza enhances the gas exchange capacity of plants by improving “stomatal opening, reducing stomatal resistances and increasing transpiration fluxes”. The effects of mycorrhiza in decreasing
the temperature of leaves is due to their increasing water
absorption, improving water use efficiency and effect on
stomatal conductance (Chen et al. 2017; Bakr et al. 2018).
Probably the high rainfall and air humidity in the area
studied accounts for the non-significant effect of mycorrhiza on leaf temperature.
Also, the effects of foliar application of growth compounds and interaction between inoculation with mycorrhiza and foliar application were not significantly
different. As shown in Table 2, despite the no significant
difference between treatments, the foliar application of
growth compounds decreased canopy temperature compared with the control. The minimum temperature of the
middle leaves was recorded when fulvic acid was applied.
Xudan (1987) report that foliar application of fulvic acid
improves resistance to drought in wheat via partial closure of the stomata, which reduces transpiration and raises the water potential during flowering; it also enhances
root activity. In this study, a significant effect of growth
compound was not recorded as the field was irrigated
and the rainfall and humidity were high.
Greenness
This character was not affected significantly by inoculation with mycorrhiza as it increased slightly in the low-
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er and upper but not in middle leaves. It is concluded
that the increase in availability of nutrients, especially
nitrogen, due to inoculation with mycorrhiza (cf. Amal
et al. 2014) can affect greenness, as nitrogen is needed
for producing chlorophyll. Chen et al. (2017) also reports
that the inoculation with mycorrhiza increases the contents of some nutrients such as nitrogen and therefore of
chlorophyll. Bakr et al. (2018) also report that inoculation with mycorrhiza enhances the relative chlorophyll
index only under drought conditions with no increase
when there is an optimum supply of water.
In this study, the foliar application of growth compounds had a significantly different effect on the greenness of the upper leaves (Table 1). As shown in Table 2 it
had a positive effect on the greenness of the lower, middle
and upper leaves compared with the control. However,
for the upper leaves the maximum greenness was recorded for those treated with seaweed extract, fulvic acid and
urea. It is possible that the nutrients in the soil, especially
nitrogen, are sufficient to meet the needs of the plants
until the middle of the vegetative season, but after that
when there was a reduced level of nutrients in the soil the
application of growth compounds resulted in an increase
in chlorophyll in the upper leaves. This result may also
be attributed to the location and exposure of the upper
leaves to sunlight along with the translocation of nitrogen to the upper parts of the plant, especially the upper
leaves.
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These results are in accordance with the findings of
other researchers. Xudan (1987) reports that spraying
with fulvic acid resulted in a higher level of chlorophyll
in the leaves and a greater uptake by the roots in wheat
and Lotfi et al. (2015) report that the application of fulvic
acid improved the maximum quantum efficiency of PSII
(Fv/Fm) and the performance index (PI) of plants under both well-watered and drought conditions. They also
report that application of FA significantly increases the
fluorescence of chlorophyll a, inhibits ROS production
and enhances antioxidant enzymes activity that destroys
ROS.

Relative water content
Relative water content was not affected significantly
by inoculation with mycorrhiza, but there was an increase in relative water content of all the leaves (Table 2).
It is likely that mycorrhiza could increase relative water
content via increasing root growth and the uptake of
phosphorus from soil (Magarey et al. 2005), resulting
in greater water uptake and increase in the RWC of the
leaves. As it was mentioned in the results of leaf temperature, if this experiment was conducted under limited irrigation or rainfed conditions, increasing water absorption
and consequently, enhancing relative water content of the
leaves likely to be done by mycorrhiza.
In this study, the foliar application of growth compounds on the RWC in the lower leaves differed signif-

Table 1 Results of the analysis of variation of the effects of mycorrhiza, fulvic acid, seaweed extract and urea on the physiological traits of tobacco.
SOV

df

Leaf temperature

Greenness

Middle

Upper

Lower

Middle

Upper

10.59ns

12.85ns

12.42ns

36.75ns

7.29ns

3.52ns

24.24ns

Block

2

0.99ns

Mycorrhiza

1

1.79ns

2.91ns

Ea

2

5.58

5.99

5.45

44.60

Growth compounds

4

1.87ns

4.04ns

0.88ns

3.68ns

17.09ns

M×G

4

1.10ns

2.73ns

1.33ns

2.90ns

11.58ns

Eb

16

2.06

5.53

2.77

2.60

5.27

8.56

5.64

4.48

CV (%)

RWC

Lower

10.89

Lower

Middle

Upper

7.46ns

52.93ns

442.75**

19.89ns

10.87ns

102.52ns

15.19ns

145.99ns

1.32

259.94

6.40

16.66*

145.33*

34.37ns

378.86
58.52ns

1.47ns

32.98ns

80.08ns

80.01ns

9.38

7.24

50.24

61.82

23.93

9.48

7.30

10.83

10.66

16.06

**, * Significant at 1% and 5% level, respectively, ns non-significant.

Table 2 Comparison of the average effects of mycorrhiza, fulvic acid, seaweed extract and urea on the physiological traits of tobacco.
Leaf temperature (ºC)

Treatment
Mycorrhiza

Growth
compounds

Greenness

RWC (%)

Lower

Middle

Upper

Lower

Middle

Upper

Lower

Middle

Upper

Control

26.984a

27.781a

30.027a

35.958a

33.189a

36.224a

63.562a

72.987a

67.015a

Inoculation

27.473a

27.158a

29.041a

36.280a

31.391a

37.482a

67.259a

74.410a

71.521a

Control

28.320a

28.565a

29.886a

35.228a

30.875a

34.010b

63.182b

71.280a

70.342a

Seaweed

27.850a

27.192a

29.206a

36.251a

30.975a

37.815a

64.000b

73.090a

67.897a

Fulvic

27.665a

21.318a

30.003a

37.186a

31.678a

37.742a

65.147ab

72.088a

67.698a

Urea

26.686a

27.770a

29.193a

35.551a

33.035a

37.970a

60.950b

74.722a

66.277a

Seaweed+fulvic+urea

26.621a

27.503a

29.381a

35.525a

34.885a

36.593ab

73.775a

77.312a

74.225a

Averages with the same letter in each column are not significantly different at a 0.05 probability level using Duncan’s multiple range test.
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icantly (Table 1). The maximum RWCs were recorded
in the lower leaves when fulvic acid + seaweed extract
+ urea was applied. It also had a positive effect on the
RWCs of the middle and upper leaves, but it was not significant. It is concluded that the higher level of RWC in
lower leaves may be due to their proximity to the roots
and receiving a larger amount of growth compound due
to their larger size when the growth compounds were
applied. This is supported by the decrease in the RWC
of the middle and a greater decrease in that of the upper leaves of the plant (Table 2). On the other hand, the
middle and upper leaves are more exposed to sunlight
and consequently transpire more water, therefore did not
show a significant response to this compound.
Xudan (1987) reports that the foliar application of
fulvic acid improves the drought tolerance of wheat by
inducing a partial closure of the stomata, which reduces transpiration and increases the water potential during
flowering and enhances root activity, resulting in an increase in ion uptake and high rate of transport of phosphorus to the grains.

Numbers of leaves
Inoculation with mycorrhiza significantly affects the
number of middle leaves on tobacco plants (Table 3).
Comparison of the average number of middle leaves
indicates they are more numerous on plants inoculated

with mycorrhiza. Number of leaves is very important, in
term of leaf yield and consequently farmer income. All
tobacco plants produce about 20–50 leaves in a growing
season. In addition, most of the highest quality leaves are
middle leaves, which have lower nicotine content.
As it takes time for the colonization and growth of
fungal mycelium and the onset of symbiosis and as a consequence the positive effect of this symbiosis is only likely
to affect the middle and upper leaves and then increases
in air and soil temperature reduce its effect. As shown by
Augé et al. (2015) mycorrhiza promotes an increase of
about 10% when air temperature is less than 27 °C but
negative increases at higher temperatures. In another
study, it is reported that an increase in air temperatures
of 3 °C reduces colonization by mycorrhiza (Wilson et al.
2016). The decline in the activity of mycorrhiza at high
temperatures is also reported by Mohan et al. (2014).
However, increased leaf numbers, leaf area, shoot
and root biomass and higher chlorophyll a, b in plants
inoculated with mycorrhiza is also reported (Lu and Wu
2017).
There were no significant effects of foliar applications
of growth compounds on the number of leaves (Table 3).
Comparison of the average numbers of leaves reveal that
the highest number of both lower and middle leaves developed on plants sprayed with seaweed extract and fulvic acid + seaweed extract + urea. Latique et al. (2013)

Table 3 Results of the analysis of variance of the effects of mycorrhiza, fulvic acid, seaweed extract and urea on the leaf traits of tobacco.
Numbers of leaves

Leaf fresh weight

Leaf dry weight

SOV

df

Lower

Middle

Upper

Lower

Middle

Upper

Middle

Upper

Block

2

0.433ns

7.05**

2.508ns

0.0001ns

0.003ns

0.0004ns

9.33ns

0.00006ns

0.000008ns

Mycorrhiza

1

0.133ns

35.20**

0.008ns

0.0003ns

0.530ns

0.00002ns

8.53ns

0.0002*

0.00004ns

Ea

2

1.033

0.108

1.108

0.0010

0.378

0.0004

0.00002

0.000009

0.00003

Growth compounds

4

0.395ns

1.80ns

0.32ns

0.0010**

0.063**

0.0068**

0.00003*

0.0008**

0.00007ns

M×G

4

0.112ns

0.18ns

0.195ns

0.0002ns

0.009ns

0.0005ns

0.00001ns

0.00005ns

0.00006ns

Eb

16

0.00001

0.0001

CV (%)

0.191

5.55

1.277

10.100

14.09

19.880

0.0002
11.21

0.012
15.82

Lower

0.0013
14.35

16.7

7.94

0.00008
19.11

**, * Significant at 1% and 5% levels, respectively, ns non-significant.

Table 4 Comparison of the average effects of mycorrhiza, fulvic acid, seaweed extract and urea on the leaf traits of tobacco.
Numbers of leaves

Treatment
Mycorrhiza

Growth
compounds

Leaf fresh weight (g/p)

Leaf dry weight (g/p)

Lower

Middle

Upper

Lower

Middle

Upper

Lower

Middle

Upper

Control

4.266a

15.630b

5.700a

0.148a

0.677a

0.225a

0.020a

0.127b

0.048a

Inoculation

4.400a

17.800a

5.660a

0.154a

0.752a

0.253a

0.021a

0.133a

0.046a

Control

4.000a

16.583a

5.916a

0.130b

0.598c

0.252abc

0.019ab

0.143a

0.052a

Seaweed

4.583a

17.250a

5.500a

0.166a

0.834a

0.241bc

0.023a

0.130ab

0.049a

Fulvic

4.166a

16.917a

5.916a

0.158ab

0.762a

0.290a

0.022a

0.140a

0.047a

Urea

4.333a

15.833a

5.666a

0.132b

0.609bc

0.205c

0.017b

0.114c

0.045a

Seaweed+fulvic+urea

4.583a

17.000a

5.416a

0.163a

0.745ab

0.281ab

0.022a

0.124bc

0.043a

Averages with the same letter in each column are not significantly different at a 0.05 probability level using Duncan’s multiple range test.
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report that seaweed contains growth hormones that
enhance yield. The same results are reported for potato
(Sarhan 2011; Haider et al. 2012), peanut and sunflower (Karthikeyan and Shanmungam 2015). Conversely,
when the initial soil organic matter and NO3-N levels are
high seaweed extract has no effect on yield (Wickham
and Davis 2015).
Since, in this experiment the leaves developed before
spraying, the fact they did not increase in number is reasonable, but the size or weight of the leaves were expected
to increase.

Leaf fresh weight
Leaf fresh weight was not affected significantly by inoculation with mycorrhiza (Table 4). Like the effects of
mycorrhiza on RWC, this is to be expected, because mycorrhiza helps plants to obtain water, however, the effect
was not significantly different.
Bakr et al. (2018) report that fresh weight of moderately stressed plants inoculated with mycorrhiza was increased by 73% but for those well supplied with water it
was only 8%.
The effect of foliar applications of growth compounds
on leaf fresh weight were significantly different for all
leaves. The maximum leaf fresh weight was recorded for
the lower leaves of plants sprayed with seaweed extract
and fulvic acid + seaweed extract + urea and for the middle leaves sprayed with seaweed extract and fulvic acid
and for upper leaves with fulvic acid. It seems that, the
difference in the effect of growth compound is due to the
variation in the needs of tobacco leaves in different positions, due to their age, size, exposure to solar radiation
and temperature.
Esringu et al. (2015) show that humic and fulvic acids
promote plant growth in terms of the number of buds,
plant height, number of main shoots, number of side
shoots, plant diameter, root length, fresh root weight and
fresh shoot weight.
Leaf dry weight
Inoculation with mycorrhiza had a significant effect
on the dry weight of the middle leaves (Table 4). Probably
this is due to an increase in the absorption of macro and
micronutrients from the soil as is reported by Amal et al.
(2014) and Munda et al. (2016).
Chen et al. (2017) report that the net photosynthetic
rate and stomatal conductance is increased significantly in plants inoculated with mycorrhiza by 58.76 and
95.65%, respectively. However, for other species of mycorrhiza, the increase in these traits is reported to be 35.79
and 21.26%. They conclude that the enhancement of
photosynthesis in these treatments is associated with an
increase in ribulose-bisphosphate carboxylase/oxygenase
(RuBisCO) and Calvin cycle enzymes. Finally, they state
that plant height, dry weight of shoot and root, root to
shoot ratio, root activity, chlorophyll content, photosynthetic characteristics and nutrient uptake, including N,
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P, K, Ca, Cu, Fe, Mn, Mg, Zn, and S of inoculated plants
are all significantly higher. In another study, the improvement in the growth of plants inoculated with mycorrhiza
is due to improvements in water use efficiency, stomatal
conductance and photosynthetic efficiency (Bakr et al.
2018).
Mycorrhizal symbiosis can greatly improve yield when
the level of P in the soil is low (Magarey et al. 2005), hence
we conclude that if pre-sowing application of chemical
fertilizers had not occurred in this experiment, it is likely
the yield increase would have been higher. The results of
Munda et al. (2016) indicate that the application of biofertilizers can improve the availability of P for the next
crop. However, Hendrix (1993) indicates that the symbiosis between mycorrhiza and tobacco reduces the yield
of commercial tobacco and is the cause of a poor growth
condition called “tobacco stunt”.
In this study, the foliar application of growth compounds resulted in significantly different dry weights of
the lower and middle leaves. The maximum weight of
lower leaves was recorded for the plants sprayed with
seaweed extract, fulvic acid and fulvic acid + seaweed
extract + urea. For the middle leaves it was for plants
sprayed with distilled water and fulvic acid.
The lack of an effect of the growth compounds in increasing the dry weight of the middle and upper leaves
can be attributed to two factors. Initially, these growth
stimulants may have increased leaf quality, such as their
colour, size, shape and soluble sugar content, which were
not measured in this experiment. Secondly, since the inflorescence is cut off when the upper leaf of tobacco ceases growing (known as: Topping), thus removing a strong
drain on photosynthetic products, which enables these
products to be transferred to the growing leaves and
therefore obscuring any effects the growth compounds
may have had. The increase in the photosynthesis of the
leaves may also be similarly determined.
Wickham and Davis (2015) also report that the application of seaweed extract does result in an increase
in yield when the soil initially contains high levels of organic matter and NO3-N. The positive results of growth
compounds are also reported by others such as: grain
yield increase of 7.3–18.0% with application of fulvic
acid (Xudan 1987), promoting effects of fulvic acid on
dry weights of roots and shoots (Esringu et al. 2015),
enhancing of antioxidant enzymes by fulvic acid (Lotfi
et al. 2015), significant increase in plant height, number
branches and the percentage dry matter in shoots of pepper after application of seaweed extracts (Marhoon and
Abbas 2015) and increase in root growth, nutrient element absorption and stem thickness and growth after application of seaweed extracts (Jensen 2004). Sutharsan et
al. (2014) also state that the foliar application of seaweed
extract increases shoot dry weight (80.92%), root dry
weight (81.57%), fruit number (57.87%), fruit yield per
hectare (58.70%), Total Soluble Solids (25.71%) and Total
acidity (76.95%) content of fruit over that in the control.
European Journal of Environmental Sciences, Vol. 9, No. 1
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Conclusion
Tobacco is a cash crop grown in the northwest of IranMarivan and in order to increase the yield of leaves it is
planted in fertile soil and treated with commercial fertilizers. This is likely to result in the entry of chemical and
heavy elements in the human food chain and in damaging the environment. The application of bio-growth promoters was introduced as an environmentally friendly
alternative to chemical fertilizers. In order to increase the
yield of tobacco leaves, in this experiment a mycorrhizal fungus (G. intaradices) and the bio-stimulants fulvic
acid, seaweed extract and chemical stimulant urea were
used.
The results of this study indicate that the inoculation
of mycorrhiza had positive effects on some of the characters studied, such as an increase in the number and dry
weight of the middle leaves of tobacco. Inoculation with
mycorrhiza increased the number and dry weight of the
leaves by 13.88 and 4.72%, respectively, in comparison
with the control. Since the number and weight of leaves
determines the final yield and income of the farmers, increasing these components is very desirable. There were
positive effects of mycorrhiza on other traits but they
were not significant. It is concluded that due to irrigation
and high rainfall in the area studied, the positive effects of
mycorrhiza was less apparent than expected. In addition,
soil fertility and the application of chemical fertilizers
before planting may have reduced the positive effects of
mycorrhiza. Lower colonization of plants by mycorrhiza
is reported when the levels of potassium and magnesium
in the soil are high (Zare-Maivan et al. 2017).
On the other hand, mycorrhiza has a more positive
effect on plants subject to drought and high salinity.
Fernández-Lizarazo and Moreno-Fonseca (2016) conclude that mycorrhiza can enhance the water potential,
stomatal conductance and nutritional content of plants
and finally result in an increase in plant growth during
periods of drought. Also a higher dry mass and leaf area
and enhancement of chlorophyll content, light energy
absorption, gas exchange and Rubisco activity of plants
inoculated with mycorrhiza growing under salinity stress
is reported by Xu et al. (2018).
Corrêa et al. (2006) report that the response of plants to
mycorrhiza depends on “their age (stage of development,
leaf area), their initial nutritional status and the amount
of nitrogen supplied”. They conclude that colonization by
mycorrhiza only increases the net photosynthesis rate in
young plants and the application of high levels nitrogen
inhibits the formation of mycorrhizal symbioses.
In this experiment, probably the effects of the mycorrhizal fungi was less that of the native strains in the
soil, because the soil in the pots was sterilized, which is
not possible to duplicate under field condition. In other
research, higher dry and fresh weights and chlorophyll
contents are reported in plants with mycorrhiza than in
those grown in sterilized soil (Zare-Maivan et al. 2017).
European Journal of Environmental Sciences, Vol. 9, No. 1

Gazey et al. (2004) report that indigenous mycorrhizal fungi colonized a higher proportion of roots in
two agriculture soils than introduced species. Hepper et
al. (1998) compared three species of mycorrhizal fungus
and confirm the superiority of indigenous over introduced species.
Williams et al. (2012), based on studies on six species
of mycorrhiza, confirms the superiority of indigenous
strains and state that it is better to use indigenous than
commercial strains, both in terms of increased plant
growth and cost, when regenerating forest.
Also based on the results of this study, the highest
numbers of leaves were produced by seaweed and fulvic
acid + seaweed extract + urea in the lower leaves side. In
lower leaves, the maximum leaf dry weight was obtained
from seaweed, fulvic acid and fulvic acid + seaweed extract + urea.
Fulvic acid and seaweed extract contain different
macro and micronutrients that can enhance the growth
and development of plants resulting in a better quality
and greater yield. Matysiak et al. (2011) report that, the
spraying of plants with seaweed extract and fulvic acid
increased chlorophyll levels by 27–30% and shoot and
root weight by 30–68%.
As most of the leaves used to produce tobacco are
middle leaves, inoculating tobacco plants with mycorrhiza and the foliar application of growth compounds,
especially seaweed extract, can be used to significantly
increase the quantity and quality of these leaves.
REFERENCES
Amal AM, Wedad E, Eweda E, Heggo AM, Enas AH (2014) Effect
of dual inoculation with arbuscular mycorrhizal fungi and sulphur-oxidising bacteria on onion (Allium cepa L.) and maize
(Zea mays L.) grown in sandy soil under greenhouse conditions. Ann Agr Sci 59: 109–118, http://dx.doi.org/10.1016/j
.aoas.2014.06.015.
Augé RM, Toler HD, Saxton AM (2015) Arbuscular mycorrhizal symbiosis alters stomatal conductance of host plants
more under drought than under amply watered conditions: a
metaanalysis. Mycorrhiza 25: 13–24, http://dx.doi.org/10.1007
/s00572-014-0585-4.
Bakr J, Pék Z, Helyes L, Posta K (2018) Mycorrhizal inoculation
alleviates water deficit impact on field-grown processing tomato. Pol J Environ Stud 27: 1949–1958, https://doi.org/10.15244
/pjoes/78624.
Banerjee A, Datta JK, Mondal NK, Chanda T (2011) Influence of
integrated nutrient management on soil properties of old alluvial soil under mustard cropping system. Commun Soil Sci
Plan 42: 2473–2492, http://dx.doi.org/10.1080/03650340.2014.
1000877.
Baslam M, Goicoechea N (2012) Water deficit improved the capacity of Arbuscular Mycorrhizal fungi (AMF) for inducing
the accumulation of antioxidant compounds in lettuce leaves.
Mycorrhiza 22: 347–359, http://dx.doi.org/10.1007/s00572
-011-0408-9.
Chen S, Zhao H, Zou C, Li Y, Chen Y, Wang Z, Jiang Y, Liu A, Zhao
P, Wang M, Ahammed GJ (2017) Combined inoculation with

Effects of mycorrhiza, fulvic acid, seaweed extract and urea on tobacco
multiple Arbuscular mycorrhizal fungi improves growth, nutrient uptake and photosynthesis in cucumber seedlings. Front
Microbiol 8: 1–11, http://dx.doi.org/10.3389/fmicb.2017.02516.
Corrêa A, Strasser RJ, Martins-Loução MA (2006) Are Mycorrhiza Always Beneficial? Plant Soil 279: 65–73, https://doi.org
/10.1007/s11104-005-7460-1.
Esringü A, Sezen I, Aytatli BA, Ercişli S (2015) Effect of humic
and fulvic acid application on growth parameters in Impatiens
walleriana L. Akademik Ziraat Dergisi 4: 37–42, http://azd.odu
.edu.tr/files/4_1/37–42.pdf.
Fernández-Lizarazo JC, Moreno-Fonseca LP (2016) Mechanisms
for tolerance to water-deficit stress in plants inoculated with
Arbuscular mycorrhizal fungi. A review. Agron Colomb 34:
179–189.
Garai TK, Datta JK, Mondal NK (2014) Evaluation of integrated
nutrient management on Boron rice in alluvial soil and its impacts upon growth, yield attributes yield and soil nutrient status. Arch Agron Soil Sci 60: 1–14, http://dx.doi.org/10.1080/03
650340.2013.766721.
Gazey C, Abbott LK, Robson AD (2004) Indigenous and introduced
Arbuscular mycorrhizal fungi contribute to plant growth in
two agricultural soils from south-western Australia. Mycorrhiza 14: 355–362, http://dx.doi.org/10.1007/s00572-003-0282-1.
Haider MW, Ayyub CM, Pervez MA, Asad HU, Manan A, Raza SA,
Ashraf I (2012) Impact of foliar application of seaweed extract
on growth, yield and quality of potato (Solanum tuberosum L.)
Plant Soil Environ 31: 157–162, www.se.org.pk/File-Download
.aspx?publishedid=154.
Hendrix JW (1993) Glomales fungi as plant pathogens. Mycorr
News 5: 1–6.
Hepper CM, Azcon-Aguilar C, Rosendahl S, Sen R (1998) Competition between three species of glomus used as spatially separated introduced and indigenous mycorrhizal inocula for Leek
(Allium porrum L.). New Phytol 110: 207–215.
Ignacimuthu S, Vendan SE (2007) Botanical pesticides in insect
pest management. Uttar Pradesh J Zool 4: 141–154.
Jensen E (2004) Seaweed: Fact or Fancy? Organic Broadcaster 12:
164–170.
Karthikeyan K, Shanmugam M (2015) Yield and oil content of
peanut (var. TMV-7) and sunflower (var. Co-2) applied with
bio-stimulant AQUASAP manufactured from seaweed. Afr
J Agr Res10: 2537–2543, http://dx.doi.org/10.5897/AJAR2015
.9771.
Khang VT (2011) Fulvic foliar fertilizer impact on growth of rice
and radish at first stage. Omonrice 18: 144–148, http://www
.clrri.org/ver2/uploads/noidung/18–18.pdf.
Latique S, Chernane H, Mansori M, El Kaoua M (2013) Seaweed
liquid fertilizer effect on physiological and biochemical parameters of bean plant (Phaseolus vulgaris variety paulista) under
hydroponic system. Eur Sci J 9: 174–191, http://www.eujournal
.org/index.php/esj/article/viewFile/1953/1895.
Latique S, Elouaer MA, Souguir M, Aloui H, Hannachi C, Chernane H, Mansori M, Elkaoua M (2014) Effect of seaweed extract
of Sargassum vulgare on germination behavior of two bean cultivars (Phaseolus vulgaris L) under salt stress. IOSR J Agric Vet
Sci 7: 116–120, http://www.iosrjournals.org/iosr-javs/papers
/vol7-issue2/Version-1/T0721116120.pdf.
Lotfi R, Pessarakli M, Gharavi-Kouchebagh P, Khoshvaghti H
(2015) Physiological responses of Brassica napus to fulvic acid
under water stress: Chlorophyll a fluorescence and antioxidant
enzyme activity. Crop J 3: 434–439, http://dx.doi.org/10.1016/j
.cj.2015.05.006.
Lu LH, Wu OSh (2017) Mycorrhizas promote plant growth, root
morphology and chlorophyll production in white clover. Bio

39

technology 16: 34–39, http://dx.doi.org/10.3923/biotech.2017
.34.39.
Magarey RC, Bull JI, Reghenzani JR (2005) The influence of Vesicular Arbuscular Mycorrhizae (VAM) on sugarcane growth in
the field. Proc Aust Soc Sug Cane Technol 27: 282–290, https://
www.assct.com.au/media/pdfs/2005_Ag38_Magarey.pdf.
Malan C (2015) Review: humic and fulvic acids. A Practical Approach. In Sustainable soil management symposium. Stellenbosch, 5–6 November 2015, Agrilibrium Publisher.
Marhoon IA, Abbas MK (2015) Effect of foliar application of seaweed extract and amino acids on some vegetative and anatomical characters of two sweet pepper (Capsicum Annuum L.) cultivars. Int J Res Stud Agr Sci (IJRSAS) 1: 35–44, https://www
.arcjournals.org/pdfs/ijrsas/v1-i1/5.pdf.
Matysiak K, Kaczmarek S, Krawczyk R (2011) Influence of seaweed extracts and mixture of humic and fulvic acids on germination and growth of Zea mays L. Acta Sci Pol Agricultura 10:
33–45.
Mohan JE, Cowden CC, Baas P, Dawadi A, Frankson PT, Helmick
K (2014) Mycorrhizal fungi mediation of terrestrial ecosystem
responses to global change: Mini-review. Fungal Ecol 10: 3–19,
http://dx.doi.org/10.1016/j.funeco.2014.01.005.
Munda S, Shivakumar BG, Rana DS, Gangaiah B, Manjaiah KM,
Dass A, Layek J, Lakshman K (2016) Inorganic phosphorus
along with biofertilizers improves profitability and sustainability in soybean (Glycine max) – potato (Solanum tuberosum)
cropping system. J Saudi Soc Agr Sci 17: 107–113, https://doi
.org/10.1016/j.jssas.2016.01.008.
Pramanick B, Brahmachari K, Ghosh A (2013) Effect of seaweed
saps on growth and yield improvement of greengram. Afr J Agr
Res 8: 1180–1186, https://doi.org/10.5897/AJAR12.1894.
Prasad K, Das AK, Oza MD, Brahmbhatt H, Siddhanta AK, Meena R, Eswaran K (2010) Detection and quantification of some
plant growth regulators in a seaweed-based foliar spray employing a mass spectrometric technique sans chromatographic separation. J Agric Food Chem 58: 4594–4601, https://doi
.org/10.1021/jf904500e.
Roberts TL (2014) Cadmium and phosphorous fertilizers: the issues and the science. Procedia Engineer 83: 52–59, https://doi
.org/10.1016/j.proeng.2014.09.012.
Sarhan TZ (2011) Effect of humic acid and seaweed extracts on
growth and yield of potato plant (Solanum tuberosum l) desiree
cv. Mesopotamia J Agric 39: 19–27, https://www.iasj.net/iasj
?func=fulltext&aId=30377.
Schmidt W, Cesco S, Santi S, Pinton R, Varanini Z (2005) Water-extractable humic substances as nutrient acquisition signals
for root hairs development in Arabidopsis. In: Hartmann A,
Schmid M, Wenzel W, Hinnsinger P (eds) Rizosphere 2004 –
Perspectives and Challenges. Neuherberg, Gsf-Berich.
Sutharsan S, Nishanthi S, Srikrishnah S (2014) Effects of foliar
application of seaweed (Sargassum crassifolium) liquid extract
on the performance of Lycopersicon esculentum Mill. In sandy
regosol of batticaloa district Sri Lanka. Am Eurasian J Agric
Environ Sci 14: 1386–1396, https://doi.org/10.5829/idosi.aejaes
.2014.14.12.1828.
Wickham A, Davis JG (2015) Effect of liquid organic fertilizers and
seaweed extract on Daucus carota var. sativus growth characteristics. Proceedings of the Western Nutrient Management Conference. Reno, Nevada, 5–6 March, 2015.
Williams A, Norton DA, Ridgway HJ (2012) Different Arbuscular
mycorrhizal inoculants affect the growth and survival of Podo
carpus cunninghamii restoration plantings in the Mackenzie Basin, New Zealand. New Zeal J Bot 50: 473–479, https://doi.org
/10.1080/0028825X.2012.672429.
European Journal of Environmental Sciences, Vol. 9, No. 1

40 Shabnam Moradi, Babak Pasari, Reza Talebi
Wilson H, Johnson BR, Bohannan B, Pfeifer-Meister L, Mueller
R, Bridgham SD (2016) Experimental warming decreases ar
buscular mycorrhizal fungal colonization in prairie plants along
a Mediterranean climate gradient. Peer J 4: e2083, https://doi
.org/10.7717/peerj.2083.
Xu H, Lu Y, Tong S (2018) Effects of Arbuscular Mycorrhizal fungi
on photosynthesis and chlorophyll fluorescence of maize seedlings under salt stress. Emir J Food Agric 30: 199–204, https://
doi.org/10.9755/ejfa.2018.v30.i3.1642.
Xudan X (1987) The effect of foliar application of fulvic acid on
water use, nutrient uptake and yield in wheat. Aust J Agric Res
37: 343–350, https://doi.org/10.1071/AR9860343.
Yamauchi M, Katayama S, Todoroki T, Watanable T (1984) Total Synthesis of Fulvic Acid. J Chem Soc, Chem Commun 23:
1565–1566, http://dx.doi.org/10.1039/C39840001565.

European Journal of Environmental Sciences, Vol. 9, No. 1

Yang S, Zhang Z, Cong L, Wang X, Shi S (2013) Effect of fulvic acid
on the phosphorus availability in acid soil. J Soil Sci Plant Nut 13:
526–533, http://www.scielo.cl/pdf/jsspn/v13n3/aop4113.pdf.
Yigit F, Dikilitaş M (2008) Effect of humic acid applications on the
root-rot diseases caused by Fusarium spp. on tomato plants.
Plant Pathol 7: 179–182, https://doi.org/10.3923/ppj.2008.179
.182.
Zare-Maivan H, Khanpour-Ardestani N, Ghanati F (2017). Influence of mycorrhizal fungi on growth, chlorophyll content and
potassium and magnesium uptake in maize. J Plant Nutr 40:
2026–2032, https://doi.org/10.1080/01904167.2017.1346119.
Zhang X, Ervine EH (2004) Cytokinin-containing seaweed and
humic acid extracts associated with Creeping bent grass leaf cytokinins and drought resistance. Crops 44: 1737–1745, https://
doi.org/10.2135/cropsci2004.1737.

