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antioxidant and Nitrate reductase (NR) activity of cucumber (Cucumis sativus cv. Super)
inoculated with mycorrhiza was studied. A factorial experiment based on a completely
randomized design (CRD) with 6 replicates was designed. Treatments were three levels
of nitrogen (NO3-50, NO3-75 and NO3-100) and two mycorrhiza inocula (1000 spore
(AM1), 2000 spore (AM2) and no mycorrhiza treatment (AM0) as the control. Results
showed that the root fresh weight increased by mycorrhiza inoculation at all nitrogen
levels, while it was unaffected by nitrogen levels and mycorrhiza inoculation. FV/FM
was higher in NO3-75 mycorrhizal inoculated plants compared to that of AM0 ones.
Antioxidant activity of plants increased due to mycorrhiza symbiosis in nitrogen
deficiency treatments, so that AM1 and AM2 increased antioxidant activity in NO3-50
and NO3-75 treatments, respectively, as compared to the AM0 plants. The highest NR
activity was observed in the NO3-50 treatment. However, mycorrhiza inoculation
decreased NR activity of the plants at all nitrogen levels. Therefore, it can be concluded
that mycorrhiza inoculation, especially the 1000 spores treatment (AM1), and a moderate
level of NO3 (NO3-75) can be used and these application levels can be very effective for
greenhouse cucumber production.
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INTRODUCTION
Nitrogen (N), as an essential nutrient element, which
consists of about 3-4% of the dry matter of plants, often
becomes a limiting factor for plant growth (Makhziah et
al., 2013).
Proteins increase vegetative and
reproductive growth of plants. The production of
proteins, in turn, depends on the supply of nitrogen
(Lawlor, 2008). Nitrogen is also important for plant
growth because it is one of the basic elements for the
synthesis of chlorophyll and several enzymes and it is
involved in cell division and growth (Liu et al., 2013).
Since N plays an important role in crop yield and
quality (Chen et al., 2004), its application in agricultural
practices is continuously increasing. Nitrate is the major
source of N for higher plants. Uptake of nitrate by
plants results in high nitrate accumulation in plants,
especially in vegetable crops (Chen et al., 2004). On the
other hand, application of nitrogen to produce more
yields has become increasingly a potential pollutant
(Zand-Parsa et al., 2006). Application of nitrogen
fertilizers is more than what the plant needs and the
nitrogen use efficiency is less than 10% (Dai et al.,
2011); therefore, large amounts of unused N in soils
lead to many environmental problems (Gollany et al.,
2004).
Azcon et al. (1992) reported that mycorrhizal fungi
are important in ecological agriculture as biofertilizers,
biological protectors, and biological control agents. The
positive effect of mycorrhiza on plant growth, especially

under nutrient limited conditions, has been established
by some researchers (Mortimer et al., 2009; Goss and de
Varennes, 2002). Smith and Read (1997) demonstrated
that Arbuscular mycorrhiza hyphae spread in the soil
around the root and provided the surface area, and
caused absorption of nutritional elements such as
phosphorus, nitrogen, zinc, and copper for the host plant.
Symbiosis relation between the mycorrhizal fungi and
their host plants can also improve transferring large
amounts of nitrogen in different plants (He et al., 2007;
Mortimer et al., 2009; Li et al., 2006). Also, it has been
reported that mycorrhiza fungi increased phosphorous
content of plants and positively affected nitrogen uptake
by plants (Tufenkci et al., 2005).
The two most important nitrogen sources for plant
and mycorrhiza are nitrate and ammonium (Masoumeh
et al., 2009). The colonization and growth of
mycorrhiza is correlated with the nitrogen status in the
soil and it is inhibited by high nitrogen levels (Azcon et
al., 1992). The transfer and metabolism of nitrogen is
dependent on the biosynthesis and flux of carbon by
host plant to mycorrhizal fungi (Liu et al., 2013).
N deficiency and ecession is a nutritional stress on
plant which activates defense plant system, such as
antioxidant and non-antioxidant activities (Chen et al.
2013). On the other hand, it has been shown that
mycorrhiza inoculation increased total phenol content
leaves and flowers in artichoke plants (Ceccarelli et al.,
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2010). Total phenol content of grape significantly
increased by all strains of mycorrhiza inoculation
compared to the control plants (Eftekhari et al., 2012).
The objective of the present research was to study
the effect of i) reduction of nitrogen rates and ii)
beneficial effects of mycorrhiza inoculation to
compensate the reduction of nitrogen rates on plant
growth, antioxidant amount, and nitrate reductase
activity of cucumber (Cucumis sativus cv. Super N3)
under greenhouse condition.

MATERIALS AND METHODS
This experiment was conducted in a plastic greenhouse
in the Department of Horticulture Science of Isfahan
University of Technology, Isfahan, Iran . The
temperature in greenhouse was 30-35
and relative
humidity was 30-35% between July and October 2013.
The study was carried out as a factorial experiment
based on CRD with 6 replications. The inoculation
dosages of mycorrhiza were 1000 spore (AM1; 50 g),
2000 spore (AM2; 100 g) and non-mycorrhizal
inoculated plants (AM0) as controls. Nitrogen
treatments were 52.5 (50% of Johnson nutrient
solution= NO3-50), 78.75 (75% of Johnson nutrient
solution= NO3-75) and 105 (100% of Johnson nutrient
solution= NO3-100) mg L-1 of Johnson nutrient solution
(Jones, 1930). The components of Johnson nutrient
solution are introduced in Table 1.
Seeds of cucumber (Cucumis sativuscv. Super N3)
were germinated in peat at 25
for 30 days. The
seedlings with uniform sizes were transplanted to 3-L
pots containing sand which had received mycorrhiza
inoculum of Glomus mosseae according to mycorrhizal
treatments from Touran Biotech Company (Shahroud,
Iran). The interaction of mycorhiz and root was
observed with light microscopic through examination of
all roots, stained with Chlorazol Black E at the root
surface. The pots were irrigated daily with about 50 ml
Johnson nutrient solution with defined treatments.
Chlorophyll content was measured using chlorophyll
meter (SPAD-502, Minolta Corp., Ramsey, NJ, USA)
and FV/FM was measured by chlorophyll florescence
(OS- 30, USA) after 3 weeks. Nitrate reductase (NR)
activity was measured according to Sagi et al. (1997)
after one month.
In order to determine total phenol content in 1 g of
the leaves, McDonald et al.'s (2001) procedure was
followed. Briefly, each leave sample was mixed with 5
ml folin ciocaltea and 4 ml aqueous Na2CO3 separately.
The phenol concentration was determined at 765 nm as
gallic acid equivalents per gram (mg GAE g-1 DW) by a
spectrophotometer.
Antioxidant activity of cucumber leaves was
determined following Koleva et al.'s (2002) procedure.
Briefly, 3 mg of samples were dissolved in 5 ml
methanol stock and 1.4 ml of this solution was blended
with 0.6 ml of DPPH solution. After 30 min, the
absorbance of the solution was recorded at 515 nm by a
spectrophotometer (V-530, JASCO, Japan) against
methanol as a blank. The 0.2 mM of DPPH solution in

methanol was used as a stock of DPPH for
determination of the free radical scavenging activity of
the samples.
The antiradical activity was calculated by the
following equation:
Antioxidant activity =
A control: absorbance of the DPPH solution
A sample: absorbance of the DPPH solution after the
addition of the sample
At the end of the experiment when plants started
anthesis (30 days after transplanting), plants were
harvested, fresh weights of roots and shoots were
measured and then, all the samples were oven dried at
70°C for 3 days and the dry weights were measured by
an analytical balance (to 0.001 decimal places).
Mycorrhizal dependency for shoot (MDS) and root
(MDR), which shows the dependency of yield to
mycorrhiza inoculation (M1 and M2) compared with the
non-inoculated treatment, was also calculated using the
following equation (Planchette et al., 1983), which
shows the dependency of yield to mycorrhiza
inoculation (M1 and M2) compared with the noninoculation media:
MDS=
FWS= Fresh weight of shoot
MDR=
FWR= Fresh weight of Root
Nitrogen dependency for shoot (NDS) and root
(NDR) was calculated by the following modified
formula:
NDS=
FWS= Fresh weight of shoot
NDR=
FWR= Fresh weight of Root
Shoot nutrient efficiency (SNE) was calculated
following Sepeher et al.'s (2012) procedure, using the
following equation
SNE=(SDWnitrogen déficit /SDW full nitogen )×100
SDW=shoot dry weight
RNE=(RDWnitrogen déficit /RDW full nitogen )×100
RDW=Root dry weight
Stress tolerance indexes were calculated using the
following modified equation (Farshadfar et al., 2013):
Stress Tolerance; TOL=FWS full nitrogen-FWS deficit nitrogen
FWS= Fresh weight of shoot
The present study was arranged in a factorial design
with 6 replications. Data were analyzed using Statistix 8
(Tallahassee FL, USA). All data were subjected to twoway ANOVA and the means were compared for
significance by the least significant difference (LSD)
test at P < 0.05.
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RESULTS AND DISCUSSION
Shoot and root fresh weights, shoot dry weight,
chlorophyll content, and antioxidant activity increased
with both AM1 and AM2 applications compared to nonmycorrical treatment (AM0). Root dry weight did not
change significantly with AM application. FV/FM
decreased with AM1 and AM2 applications compared
to AM0. Total phenol content increased in AM1 and
AM2 compared to AM0 and was the highest in AM2
treatment. Conversely, NR activity decreased in AM1
and AM2 compared to AM0 and was the lowest in AM2
treatment (Table 2).
By increasing NO3-50 level to NO3-75 and NO3-100,
shoot and root fresh weights, shoot dry weight, and
chlorophyll content increased significantly. However,
root dry weight and FV/FM did not change significantly.

Antioxidant activity and NR activity increased in both
NO3-75 NO3-100 treatments compared to NO3-50
treatment and was the highest in NO3-100 treatment.
Total phenol content decreased by increasing NO3 to
NO3-100 level compared to NO3-50 to NO3-75 levels
(Table 2).
Mycorrhizal dependency of root was higher in AM1
than AM2 treatment, and the same results were
observed for MDS. Nitrogen dependency for shoot and
root was higher in NO3-50 treatment than NO3-75
treatment. Shoot nutrient efficiency was higher in NO375 treatment than NO3-50 treatment. Conversely, Stress
Tolerance to N deficiency was lower in NO3-75
treatment than NO3-50 treatment. Root nutrient
efficiency was not affected by NO3 content (Table 4).

Table 1. The components of Johnson nutrient solution
Compound

M.W

KNO3
Ca(NO3)2.4H2O
NH4H2PO4
MgSO4.7H2O

101.10
236.16
115.08
246.49

Stock conc. Stock conc. ml stock per
M
gL-1
liter final sol.
1.0
1.0
1.0
1.0

101.10
236.16
115.08
246.49

6.0
4.0
2.0
1.0

Element Final conc.
ppm

50%
ppm

75%
ppm

N
K
Ca
P
S

224
235
160
62
32

112
117.5
80
62
32

168
176.25
120
62
32

24

24

24

1.77
0.27
0.11
0.13
0.03
0.05
2.80

1.77
0.27
0.11
0.13
0.03
0.05
2.80

1.77
0.27
0.11
0.13
0.03
0.05
2.80

mM
mg
KCl
74.55
50
3.72
1.0
Cl
H3BO3
61.84
25
1.54
1.0
B
MnSO4.H2O
169.01
2.0
0.33
1.0
Mn
ZnSO4.7H2O
287.55
2.0
0.57
1.0
Zn
CuSO4.5H2O
249.71
0.5
0.12
1.0
Cu
H2MoO4
161.97
0.5
0.081
1.0
Mo
Fe-EDTA
346.08
50
21.53
1.0
Fe
Changes in potassium and calcium elements were adjusted by chloride salts.

Table 2. Main effect of Arbuscular mycorrhiza (AM) on some characteristics of cucumber
Arbuscular Shoot fresh Root fresh Shoot dry
mycorrhiza weight/
weight/
weight
treatment plant (g)
plant (g)
/plant (g)

Root dry Chloropweight hyll content
/plant (g) (SPAD
value)

FV/FM

Antioxidant activity
(%
inhibition)

Total
phenol
content
(mg GAE
g-1 FW)
AM0
144.1 b
19.2 b
11.0 b
16.7 a
7.05 b
15.08 a
0.15 b
0.22 c
AM1
160.4 a
34.1 a
14.3 a
15.7 a
13.53 a
0.03 b
0.48 a
87.31 b
AM2
158.0 a
31.3a
14.0 a
15.9 a
12.04 a
0.04 b
0.44 a
89.13 a
Means with different letters in each column are significantly different at P < 0.05 according to the LSD test.

NR
activity
(mg g-1
FW)
0.07 a
0.06 b
0.05 c

Table 3. Main effect of different NO3 concentration on some characteristics of cucumber.
Nitrogen
level

Shoot
fresh
weight/pla
nt (g)

Root fresh Shoot dry Root dry
weight/pla weight/pla weight/pla
nt
nt (g)
nt (g)
(g)

Chlorophy FV/FM
ll content
(SPAD
value)

Antioxidant
activity %
inhibition)

Total
phenol
content (mg
GAE g-1
FW)
NO3-50
136.2 b
6.1 b
10.8 b
12.25 a
7.72 b
4.83 a
0.26 c
61.51 b
NO3-75
158.2 a
8.8 a
13.1 a
12.40 a
10.88 a
5.98 a
0.46 b
65.50 a
NO3-100
158.1 a
8.2 a
12.9 a
12.18 a
9.02 ab
4.34 a
0.75 a
49.65 c
Means with different letters in each column are significantly different at P < 0.05 according to the LSD test.

NR
activity
(mg g-1
FW)
0.06 c
0.07 b
0.09 a
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Table 4. The effect of mycorrhiza/NO3 levels on MD, ND, NE and TOL of root and shoot
Arbuscular ycorrhiza
MDR
MDS
Nitrogen
NDS
NDR
SNE
RNE
TOL
treatment
level
AM1
0.14
0.10
NO3-50
0.13
0.25
83.72
100.57
21.9
AM2
0.06
0.08
NO3-75
-0.0006
-0.07
101.55
101.80
-0.1
T-test
0.01
0.41
0.027
0.02
0.02
0.27
0.002
Mycorrhizal dependency for shoot (MDS) and root (MDR); Nitrogen dependency for shoot (NDS) and root (NDR); Shoot
nutrient efficiency (SNE); Root nutrient efficiency (RNE); Stress Tolerance (TOL)

AM1

80
70

b
b

50

ab

b

b b

b b

40
30
20
10
0
NO3-50

Root fresh weight/ per plant (g)

AM0
20
18
16
14
12
10
8
6
4
2
0

NO3-75

AM1

NO3- 100

a
a
a

a
a
b

b
b

NO3-50

NO3-75

NO3- 100

Fig. 1. Interactive effect of mycorrhiza inoculation and
nitrogen concentration on shoot fresh weight (a), root
fresh weight (b), shoot dry weight (c) and root dry
weight (d) per plant. Bars with different letters across
treatments are significantly different at P < 0.05
according to the LSD test.

Mycorrhiza application in NO3-50 treatment increased
SPAD values significantly when AM2 application was
used. The highest SPAD value was observed in NO3100×AM1 treatment. However, no significant
differences were found between NO3-100×AM0 and
NO3-100×AM2 treatments and between NO3-75
treatments in none of three levels of mycorrhiza
applications (Fig 2).
No significant differences were observed in FV/FM
between the different treatments. However, the highest
and lowest levels of FV/FM were found in NO3100×AM0 treatment and NO3-50×AM1 treatment,
respectively (Fig 3).

AM0

AM2

a
ab
b

b
b

b

AM2

AM2

a

60

AM1
a

15
14.5
14
13.5
13
12.5
12
11.5
11

Chlorophyll content
(SPAD value)

Shoot fresh weight/ per plant
(g)

AM0

AM0

Shoot dry weight/ per plant (g)

Fresh weight of shoots increased significantly in
NO3-75×AM1 treatment but it did not show any
significant difference between other treatments (Fig 1a).
Root fresh weight increased significantly by AM1 and
AM2 applications compared to non-mycorrical
treatment (AM0) in all levels of NO3 and the most root
fresh weight was observed in NO3-75×AM1 treatment
(Fig 1b). Dry weight of shoots increased significantly in
NO3-75 and NO3-100 treatments compared to NO3-50
treatment in all mycorrhiza levels and the lowest dry
weight of shoots was found in NO3-50 treatment with
all mycorrhiza levels (Fig 1c). Root dry weight
increased by increasing NO3 from NO3-50 to NO3-75
and NO3-100 in all mycorrhiza levels. However, in
NO3-50 treatment, by applying mycorrhiza (AM1 and
AM2), root dry weight significantly increased compared
to the AM0 treatment (Fig 1d).

AM1

AM2

a

20
b

15

c

b

b b

ab

ab

10
5

cd

0
NO3-50

c

NO3-50

c

NO3-75

NO3-75

NO3- 100

c
NO3- 100

Fig. 2. Interactive effect of mycorrhiza inoculation and
nitrogen concentration on SPAD value. Bars with
different letters across treatments are significantly
different at P < 0.05 according to the LSD test.
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0.07
0.06
0.05
0.04
0.03
0.02
0.01
0

ab b

ab

AM1

AM2

ab ab ab

a

ab ab

AM0

NO3-50

NO3-75

NO3- 100

Fig. 3. Interactive effect of mycorrhiza inoculation and
nitrogen concentration on FV/FM. Bars with different letters
across treatments are significantly different at P < 0.05
according to the LSD test.

Phenol content of cucumber leaves increased by
AM1 and AM2 applications compared to AM0
treatment in all levels of NO3. The highest phenol
content was observed in NO3-75×AM1 treatment (Fig
4).
Antioxidant activity decreased in NO3-75 and NO3100 treatments, especially with AM2 application and the
highest antioxidant activity was found in NO3-50
treatments with all three levels of AM applications (Fig
5).
AM0

AM1

Total phenol content
(mg GAE g-1 FW)

120
80

a b

d c

100
i

g f

h

e

60
40
20
NO3-50

NO3-75

NO3- 100

Fig. 4. Interactive effect of mycorrhiza inoculation and
nitrogen concentration on total phenol content. Bars
with different letters across treatments are
significantly different at P < 0.05 according to the
LSD test.
AM0
0.25
0.2
0.15
0.1
0.05
0

a a a

AM1

AM2

b b

b b
c

NO3-50

AM1

AM2

0.1

a
a a

0.08
0.06

ab

ab

b

c c

c

NO3-50

NO3-75

0.04
0.02
0
NO3- 100

Fig. 6. Interactive effect of mycorrhiza inoculation and
nitrogen concentration on NR activity. Bars
with different letters across treatments are
significantly different at P < 0.05 according to
the LSD test.

AM2

0

Antioxidant activity
(% inhibition)

NR activity of the leaves increased in NO3-100
treatment in all levels of AM applications. However,
there were not significant differences between these
treatments and NO3-50/AM2 and NO3-75/AM2
treatments. NR activity was the lowest in NO3-50/AM0,
NO3-50/AM1 and NO3-75/AM0 treatments (Fig 6).

NR activity
(mg g-1 FW)

FV/FM

AM0

NO3-75

c

NO3- 100

Fig. 5. Interactive effect of mycorrhiza inoculation and
nitrogen concentration on antioxidant activity. Bars
with different letters across treatments are
significantly different at P < 0.05 according to the
LSD test.

Nitrogen fertilization at moderate concentration
level increased the plant growth of some leafy vegetable
crops, while high nitrogen level reduced plant growth
by increasing N supply (Chen et al., 2004). In the
present study, by increasing NO3 level from NO3-50 to
NO3-75 and NO3-100, shoot and root fresh weights and
shoot dry weight of cucumber significantly increased.
Also, shoot fresh weight and root dry weight increased
by mycorrhiza inoculation in NO3-50 treatment. Similar
results were reported by Vazquez et al. (2002) who
found that shoot and root weights of alfalfa increased by
mycorrhiza colonization under the lowest nitrogen
concentration. However, Hays et al. (1982) reported that
plant growth of blue grama was enhanced by increasing
nutrient solution (N and P), no mycorrhizal infection
occurred at high N and P levels and mycorrhiza
inoculation caused a lower shoot and root weight at high
N level (Hays et al., 1982). The amount and timing of N
application can also alter plant morphology, nutrient
availability, and net photosynthesis (Zapata & Zaharah,
2002). It seems that by increasing nutrient absorption,
the photosynthesis traits improved and caused more
assimilate production (Zapata & Zaharah, 2002).
Nitrogen and phosphorous are critical determinants of
plant growth and productivity, and plant growth and
root morphology are important parameters for
evaluating the effects of supplied nutrients (Zapata &
Zaharah, 2002). N is required in the largest quantities,
and its availability and internal concentration affect the
partitioning of biomass between roots and shoots (Zhao
et al., 2008). Although high N availability affects root
and shoot biomass production (Barraclough et al., 1989),
P plays an important role in lateral root morphology and
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root branching (López-Bucio et al., 2003) and
influences not only root development, but also the
availability of nutrients (Jin et al., 2005).
In the present experiment, MDS did not show any
significant effect on shoot fresh weight, which shows
that shoot fresh weight did not depend on mycorrhiza
application (Table 3), except in NO3-75×AM1 treatment
and AM2 application (Fig 1a). Also, in the medium N
deficiency, mycorrhiza improved the root fresh weight
effectively in NO3-75×AM1 treatment (Fig 1b). These
results supported the data of MDR which showed that
generally AM1 application was more effective in
increasing root fresh weigh (Table 3), especially in the
NO3-75 treatment. In agreement with the present study,
the result of another study showed that plant height of
chickpea and shoot fresh and dry weights of this plant
significantly increased by increasing N concentration
and mycorrhiza inoculation (Tufenkci et al., 2005).
Johansen et al. (1994) showed that dry weights of shoots
and roots increased by increasing N concentration, and
mycorrhiza colonization (G. intraradices) increased
cucumber cv. Aminex weight at all nitrogen levels (100,
200, and 400 mg N per kg soil). In the present study, it
seems that in the medium and the optimum N levels of
the nutrient solution, mycorrhiza had the same effect on
root fresh weight and in the high rate of N application,
the mycorrhiza application was more effective in
increasing root dry weight than shoot dry weight of
cucumber (Fig 1c and 1d).
The SPAD value indirectly quantifies chlorophyll
content and plant nitrogen status (Wu et al., 2007). In
the present study, higher SPAD value was observed in
the mycorrhizal inoculated plants compared to the nonmycorrhizal inoculated ones at all nitrogen levels.
Huang et al. (2011) stated that high chlorophyll content
in the leaves of the mycorrhizal inoculated plants
confirms that symbiosis plays a key role in modifying
photosynthesis and metabolic activity. The SPAD
values were higher in the mycorrhizal inoculated plants
than in the non-mycorrhizal inoculated ones in the study
of Busquet et al. (2010). Similar results were observed
by Campanelli et al. (2013) who found that SPAD value
of alfalfa increased by mycorrhiza inoculation under
non-stress conditions, but was not influenced under
salinity stress. Chlorophyll and carotenoid synthesis are
dependent upon mineral nutritions. N is the most
important elemental factor in chlorophyll biosynthesis.
It might be due to the optimum availability of N, which
plays a vital role in cell division and the formation of
active photosynthetic pigments including chlorophyll.
Green pigments in leaves also depend on P
concentration (Daughtry et al., 2000).
Zhu et al. (2011) reported that Fv/Fm was stimulated
by mycorrhiza inoculation under non-stress conditions
and temperature stress condition. In the present study,
mycorrhiza inoculation increased Fv/Fm in NO3-75
treatment, while mycorrhiza symbiosis reduced Fv/Fm
in NO3-100.
In the present study, nitrogen at a moderate level
(NO3-75) increased total phenol content of cucumber.
Giorgi et al. (2009) showed that by reducing N
supplementation, total phenol content of yarrow
increased. In our study, mycorrhiza inoculation with

2000 spore (AM2) significantly increased total phenol
content of cucumber leaves. In agreement with the
present study, the increase in total phenol content by
mycorrhiza inoculation was also observed by Kapoor
(2008), Al-Askar and Rashad (2010), and Mathur and
Vyas (1996). Chen et al. (2013) reported that
polyphenol content of cucumber increased by
mycorrhiza inoculation under non-stress and low
temperature stress conditions. Similar results were
observed in the present experiment as both mycorrhiza
inoculations increased total phenol content of cucumber
under N deficit and normal N supply. The highest total
phenol content was observed in the N deficit (NO3-75)
treatment by mycorrhiza inoculation with 1000 spores.
The highest deleterious effect of stress on cucumber
was found in the NO3-50 treatment, and Mycorrhiza
application did not significantly improve it, because it
caused the highest antioxidant activity to moderate the
stress condition, but in NO3-75 and NO3-100
treatments, mycorrhiza application effectively decreased
stresses on plants, due to not stimulating antioxidant
activities. Giorgi et al. (2009) showed that nitrogen
deficit reduced plant growth, total nitrogen, chlorophyll,
and carotenoids contents. Nitrogen significantly
increased total phenol compound and antioxidant
contents of root and leaves of yarrow (Achillea collina
Becker ex Rchb.) compared to the normal nitrogen
supply condition (Giorgi et al., 2009). In agreement
with the present study, increasing N supply significantly
reduced antioxidant activity of chrysanthemum flower
(Liu et al., 2010). Liu et al. (2010) reported that an
excess N supply negatively affected the antioxidant
activity and, thereby, reduced the quality of
chrysanthemum. In agreement with the present study,
Ordookhani and Zare (2011) reported that antioxidant
activity of tomato increased by mycorrhiza inoculation
as compared to non-mycorrhiza inoculated plants.
Similar results were observed by Akhtar Maya and
Matsubara (2013) who reported that mycorrhiza
inoculation increased antioxidant activity of leaf, root,
and tuber of cyclamen.
Nitrate reductase (NR) activity of cabbage, spinach
and rape significantly increased with high N
supplementation (Chen et al., 2004). Similarly, an
increase in NR activity by mycorrhiza inoculation was
observed in onion under water stress by Azcon and
Tobar (1998) and in rice under low temperature stress
by Liu et al. (2013). Caravaca et al. (2005) showed that
drought stress caused a reduction in NR activity and
mycorrhiza inoculation improved NR activity of the
plants under drought stress. In the present study, it
seems that by increasing N level of nutrient solution and
NO3 availability for plants, the NR activity increased to
convert N to an usable form for improving plant
metabolism. The application of mycorrhiza in high level
(AM2) along with low NO3 levels (NO3-50 and NO3-75)
effectively increased the absorption of NO3 which
resulted in the same NR activity as was observed in the
high level of NO3 application; i.e., NO3-100 (Fig 6).
Evidence is on the rise that the AM symbiosis with host
plants changes the nutrient uptakes of the plants (Li et
al., 2006). Whether and how the plant uptake pathway
for N is affected by the colonization with AM fungi is
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currently unknown, but some pieces of evidence were
presented that showed some plant N transporters were
downregulated in colonized roots (Kobae et al., 2010).
It was also shown that fungal N uptake system have a
high affinity for the uptake of N from the soil (PérezTienda et al., 2012), but how the expression of these
transporters is regulated is largely unknown. The
transcript levels of some of these transporters are
substrate inducible, and regulated by the NH4+ supply
and/or fungal NH4+ status (Lopez-Pedrosa et al., 2006).
Other researches showed different results on the
efficiency of mycorrhiza on N absorption in different
plants (Mensah et al., 2015). Evidence was presented
that there is a high intraspecific diversity in the
efficiency with which fungi are able to improve the N
nutrition of their host (Mensah et al., 2015).

CONCLUSIONS
In general, high nitrogen stress which resulted from low
N supply and was observed in the NO3-50 treatment had
a deleterious effect on plant growth (decreasing root
fresh and dry weights compared to high N supply
treatments). Both mycorrhiza inoculation levels
enhanced root fresh and dry weights while these
parameters were unaffected by mycorrhiza inoculation

in nitrogen stress conditions. The lowest total phenol
content of tested plants was found in the NO3-50
treatment. However, both mycorrhiza inoculation levels
stimulated total phenol content of tested plants.
Mycorrhiza inoculation with 2000 spores (AM2) was
more effective than AM1 treatment. The highest NR
activity was observed in the NO3-100 treatment in all
mycorrhiza inoculation levels while the lowest NR
activity was achieved in the NO3-50 and NO3-75
treatments. Mycorrhiza inoculation increased NR
activity. Based on the results of this study, it can be
concluded that the low nitrogen supply caused high
stress on cucumber production during the vegetative
growth stage. Mycorrhiza inoculation can compensate
for some parameters like root fresh and dry weights,
phenol content and NR activity under high nitrogen
deficit stress condition (NO3-50), especially under high
mycorrhiza inoculation condition (AM2). It seems that
mycorrhiza inoculation could compensate for moderate
N deficiency (NO3-75) in most parameters and had the
same results as NO3-100 provided. Therefore, it can be
concluded that by mycorrhiza inoculation, especially the
1000 spores treatment (AM1), a moderate level of NO3
(NO3-75) can be used and these application levels can
be very effective for greenhouse cucumber production.

REFERENCES
Al-Askar, A. A., & Rashad, Y. M. (2010). Arbuscular
mycorrhizal fungi: a biocontrol agent against common
Bean fusarium root rot disease. Plant Pathology, 9 (1), 31–
38.
Azcon, R., & Marıa Tobar, R. (1998). Activity of nitrate
reductase and glutamine synthetase in shoot and root of
mycorrhizal Allium cepa effect of drought stress. Plant
Science,133, 1–8.
Aktar Maya, M., & Matsubara, Y. (2013). Influence of
arbuscular mycorrhiza on the growth and antioxidative
activity in cyclamen under heat stress. Mycorrhiza, 23,
381–390.
Azcon, R., Gomez, M., & Tobar, R. (1992). Effects of
nitrogen source on growth, nutrition photosynthetic rate
and nitrogen metabolism of mycorrhizal and phosphorous
fertilized plants of (Lactuca sativa L.). New Phytologist,
121, 227–234.
Barraclough, P. B., Kuhlmann, H., & Weir, A. H. (1989).The
effects of prolonged drought and nitrogenfertilizer on root
and shoot growth and water uptake by winter-wheat.
Journal of Agronomy and Crop Science, 163(5),352–360.
Busquets, M., Calvet, C., Camprubi, A., & Estaun, V. (2010).
Differential effects of two species of arbuscular mycorrhiza
on the growth and water relations of (Spartium junceum)
and (Anthyllis cytisoides). Symbiosis, 52, 95–101.
Campanelli, A., Ruta, C., Mastro, G. D., & Morone-Fortunato,
I. (2013). The role of arbuscular mycorrhizal fungi in
alleviating salt stress in (Medicago sativa L.) var. icon.
Symbiosis, 59 (2), 65-76.
Caravaca, F., Alguacil, M. M., Hernandez, J. A., & Roldan, A.
(2005). Involvement of antioxidant enzyme and nitrate
reductase activities during water stress and recovery of
mycorrhizal (Myrtus
communis) and
(Phillyrea
angustifolia) Plants. Plant Science, 169, 191–197.

Ceccarelli, N., Curadi, M., Martelloni, L., Sbrana, C.,
Picciarelli, P., & Giovannetti, M. (2010). Mycorrhizal
colonization impacts on phenolic content and antioxidant
properties of artichoke leaves and flower heads two years
after field transplant. Plant and Soil, 335, 311–323.
Chen, B. M., Wang, Z. H., Li, S. X., Wang, G. X., Song, H. X.,
& Wang, X. N. (2004). Effects of nitrate supply on plant
growth,
nitrate
accumulation,
metabolic
nitrate
concentration and nitrate reductase activity in three leafy
vegetables. Plant Science, 16, 635–643.
Chen, Sh., Jina, W., Liu, A., Zhang, Sh., Liu, D., Wang, F.,
Lin, X., & He, C. (2013). Arbuscular mycorrhizal fungi
(AMF) increase growth and secondary metabolism in
cucumber subjected to low temperature stress. Scientia
Horticulturae, 160, 222–229.
Dai, J., Liua, Sh., Zhanga, W., Xua, R., Luoa, W., Zhang, S.
H., Yin, Z., Han, L., & Chen, W. (2011). Quantifying the
effects of nitrogen on fruit growth and yield of cucumber
crop in greenhouses. Scientia Horticulturae, 130, 551–561.
Daughtry, C. S. T., Walthall, C. L., Kim, M. S., Brown, D. E.,
Colstounm E., & McMurtrey, J. E. (2000). Estimating corn
leaf chlorophyll concentration from leaf and canopy
reflectance. Remote Sensing of Environment, 74(2),229–
239.
Eftekhari, M., Alizadeh, M., & Ebrahimi, P. (2012).
Evaluation of the total phenolics and quercetin content of
foliage in mycorrhizal grape (Vitis vinifera L.) varieties
and effect of postharvest drying on quercetin yield.
Industrial Crops and Products, 38, 160–165.
Farshadfar, E., Poursiahbidi, M. M., & Safavi, S. (2013).
Assessment of drought tolerance in land races of bread
wheat based on resistance/ tolerance indices. International
Journal of Advanced Biological and Biomedical Research,
12, 143-158.

63

Haghighi and Abdolahipour / Iran Agricultural Research (2019) 38(1) 57-66
Giorgi, A., Mingozzi, M., Madeo, M., Speranza, G., &
Cocucci, M. (2009). Effect of nitrogen starvation on the
phenolic metabolism and antioxidant properties of yarrow
(Achillea collina Becker ex Rchb.). Food Chemistry, 114,
204–211.
Gollany, H. T., Molina, J .E., Clapp, C. E., Allmaras, R. R.,
Layese, M.F., Baker, J.M., & Cheng, H.H. (2004).
Nitrogen leaching and denitriﬁcation in continuous corn as
related to residue management and nitrogen fertilization.
The Journal of Environmental Management, 33, S289S298.
Goss, M. J., & de Varennes, A. (2002). Soil disturbance
reduces the efﬁcacy of mycorrhizal associations for early
soybean growth and N2 ﬁxation. Soil Biology &
Biochemistry, 34, 1167-1173.
Hays, R., Reid, C. P. P., St, John, T. V., & Coleman, D. C.
(1982). Effects of Nitrogen and Phosphorus on Blue Grama
Growth and Mycorrhizal Infection. Oecologia, 54, 260-265.
He, Z., He, C., Zhang, Z., Zou, Z., & Wang, H. (2007).
Changes of antioxidative enzymes and cell membrane
osmosis in tomato colonized by arbuscular mycorrhizae
under NaCl stress. Colloids and Surfaces B: Biointerfaces,
59, 128-133.
Huang, Z., Zou, Z., He, C., He, Z., Zhang, Z., & Li, J. (2011).
Physiological and photosynthetic responses of melon
(Cucumis melo L.) seedlings to three Glomus species under
water deficit. Plant and Soil, 339, 391–399.
Jin, J., Wang, G. H., Liu, X., Pan, X., & Herbert, S.J. (2005).
Phosphorus application affects the soybean root response
to water deficit at the initial flowering and full pod stages.
Soil Science and Plant Nutrition, 51(7), 953–960.
Johansen, A., Jakobsen, I., Jensen, E., & Hyphal, N. (1994).
transport by a vesicular-arbuscular mycorrhizal fungus
associated with cucumber grown at three nitrogen levels.
Plant and Soil, 160, 1-9.
Jones, J. B. (1930). Hydroponics: a practical guide for the
soilless grower. CRC Press, USA.
Kapoor, R. (2008). Induced resistance in mycorrhizal tomato
is correlated to concentration of jasmonic acid. The Journal
of Bioscience, 8 (3), 49–56.
Kobae, Y., Tamura, Y., Takai, S., Banba, M., & Hata, S.
(2010). Localized expression of arbuscular mycorrhizainducible ammonium transporters in soybean. Plant Cell
Physiology. 51, 1411–1415.
Koleva, I. I., Van Beek, T. A., Linssen, J. P. H., de Groot, A.,
& Evstatieva, L. N. (2002). Screening of plant extracts for
antioxidant activity: A comparative study on three testing
methods. Phytochemical Analysis, 13, 8-17.
Lawlor, D.W. (2008). Carbon & nitrogen assimilation in
relation to yield: mechanisms are the key to understanding
production systems. Journal of Experimental Botany, 53,
773–787.
Li, H. Y., Smith, S. E., Holloway, R. E., Zhu, Y. G., Smith,
F.A.( 2006). Arbuscular mycorrhizal fungi contribute to
phosphorus uptake by wheat grown in a phosphorus-fixing
soil even in the absence of positive growth responses. New
Phytologist, 172, 536–543.
Liu, D., Liu, W., Zhu, D., Geng, M., Zhou, W., & Yang, T.
(2010). Nitrogen effects on total flavonoids, chlorogenic
acid, and antioxidant activity of the medicinal plant
Chrysanthemum morifolium. Journal of Soil Science and
Plant Nutrition,173 (2), 268-274.
Liu, Z. L., Li, Y. L., Hou, H.Y., Zhu, Z. C., Rai, V., He, X. Y.,
& Tian, C. J. (2013). Differences in the arbuscular
mycorrhizal fungi-improved rice resistance to low
temperature at two N levels: Aspects of N and C
metabolism on the plant side. Plant Physiology and
Biochemistry, 71, 87-95.

López-Bucio, J., Cruz-Ramírez, A., & Herrera-Estella L.
(2003). The role of nutrient availability in regulating root
architecture. Current Opinion in Plant Biology, 6(3),280–
287.
Lopez-Pedrosa, A., González-Guerrero, M., Valderas, A.,
Azcón -Aguilar, C., & Ferrol, N. (2006). GintAmt1
encodes a functional high-affinity ammonium transporter
that is expressed in the extraradical mycelium of Glomus
intraradices. fungal genetics and biology, 43, 102–110.
Makhziah, K., Rochiman, R., & Purnobasuki, H. (2013).
Effect of nitrogen supply and genotypic variation for
nitrogen use efficiency in maize. American Journal of
Experimental Agriculture, 3(1), 182-199.
Masoumeh, F., Wichmann, S., Vierheilig, H., & Kaul, H. P.
(2009). The effects of arbuscular mycorrhiza and nitrogen
nutrition on growth of chickpea and barley.
Pflanzenbauwissenschaften, 13 (1), 15-22.
Mathur, N., & Vyas, A. (1996). Relative efﬁciency of different
VAM fungi on growth and nutrient uptake in Ziziphyus
mauritiana. Indian Forester,19, 129–131.
Mensah, J. A., Koch, A. M., Antunes, P. M., Hart, M. M.,
Kiers, E.T., & Bücking, H. (2015). High functional
diversity within arbuscular mycorrhizal fungal species is
associated with differences in phosphate and nitrogen
uptake and fungal phosphate metabolism. Mycorrhiza, 25,
533–546.
McDonald, S., Prenzler, P.D., Antolovich, M., & Robard, K.
(2001). Phenolic content and antioxidant activity of olive
extracts. Food Chemistry, 73, 73-84.
Mortimer, P. E., Perez-Fernandez, M. A., & Valentine, A .J.
(2009). Arbuscular mycorrhizae affect the N and C
economy of nodulated (Phaseolus vulgaris L.) during NHþ
nutrition. Soil Biology & Biochemistry, 41, 2115–2121.
Ordookhani, K., & Zare, M. (2011). Effect of Pseudomonas,
Azotobacter and Arbuscular Mycorrhiza Fungi on
Lycopene, Antioxidant Activity and Total Soluble Solid in
Tomato (Lycopersicon Esculentum F1 Hybrid, Delba).
Advances in Environmental Biology, 5(6), 1290-1294.
Pérez-Tienda, J., Valderas, A., Camañes, G., García-Agustín,
P., & Ferrol, N. (2012). Kinetics of NH4+ uptake by the
arbuscular mycorrhizal fungus Rhizophagus irregularis.
Mycorrhiza, 22, 485–491.
Planchette, C., Fortin, J. A., & Furlan, V. (1983). Growth
response of several plant species to mycorrhiza in soil of
moderate fertility. I. Mycorrhizal dependency under ﬁeld
condition. Plant and Soil, 70, 199–209.
Sagi, M., Savidov, N. A., Lvov, N. P., & Lips, S. H. (1997).
Nitrate physiological reductase and molybdenum cofactor
in annual ryegrass as affected by salinity and nitrogen
source. Plant Physiology, 99, 546-53.
Smith, S. E., & Read, D. J. (1997). Mycorrhizal Symbiosis,
second ed. Academic Press Inc London, UK.
Tufenkci, S., Sonmez, F., & Sensoy, R. (2005). Effect of
arbuscular mycorrhiza fungi inoculation and phosphours
and nitrogen fertilization on some plant growth parameter
and nutrient content of chickpea. Journal of Biological
Sciences, 5(6), 738-743.
Vazquez, M. M., Barea, J. M., & Azcon, R. (2002). Influence
of arbuscular mycorrhizae and a genetically modified strain
of Sinorhizobium on growth, nitrate reductase activity and
protein content in shoots and roots of Medicago sativa as
affected by nitrogen concentrations. Soil Biology &
Biochemistry, 34, 899–905.
Wu, Q., Zou, Y., Xia, R., & Wang, M. (2007). Five Glomus
species affect water relations of Citrus tangerine during
drought stress. Botany Study, 48, 147–154.

64

Haghighi and Abdolahipour / Iran Agricultural Research (2019) 38(1) 57-66
Zand-Parsa, S., Sepaskhah, A.R., & Ronaghi, A. (2006).
Development and evaluation of integrated water and
nitrogen model for maize. Agricultural Water Management,
81, 227–256.
Zapata, F., & Zaharah, A. R. (2002). Phosphate availability
from phosphate rock and sewage sludge as influenced by
addition of water soluble phosphate fertilizers. Nutrient
Cycling in Agroecosystems, 63,43–48.
Zhao, D., Kane, M., Borders, B., & Harrison, M. (2008).
Pine growth response to different site- preparation methods
with or without post-plant herbaceous weed control on
North Florida’s Lower Coastal Plain. Forest Ecology and
Management, 255(7), 2512–2523.
Zhu, X. C., Song, F. B., Liu, S. Q., & Liu, T. D. (2011).
Effects of arbuscular mycorrhizal fungus on photosynthesis
and water status of maize under high temperature stress.
Plant and Soil, 346, 189–199.

65

Haghighi and Abdolahipour / Iran Agricultural Research (2019) 38(1) 57-66
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ﮐﺎﻫﺶ ﻣﺼﺮف ﮐﻮد ﻧﯿﺘﺮوژن در ﺧﯿﺎر ﺑﺎ اﺳﺘﻔﺎده از ﻣﺎﯾﻪ زﻧﯽ ﮔﯿﺎه ﺑﺎ
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ﮔﺮوه ﺑﺎﻏﺒﺎﻧﯽ ،داﻧﺸﮑﺪه ﮐﺸﺎورزي ،داﻧﺸﮕﺎه ﺻﻨﻌﺘﯽ اﺻﻔﻬﺎن ،اﺻﻔﻬﺎن  ،ج .ا .اﯾﺮان
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ﻓﻌﺎﻟﯿﺖ آﻧﺰﯾﻢ ﻧﯿﺘﺮات رداﮐﺘﺎز
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ﭼﮑﯿﺪه -اﯾﻦ ﻣﻄﺎﻟﻌﻪ ﺑﻪ ﻣﻨﻈﻮر ﺑﺮرﺳﯽ ﺗﺄﺛﯿﺮ ﮐﺎرﺑﺮدﻫﺎي ﻣﺨﺘﻠﻒ ﻧﯿﺘﺮوژن ﺑﺮ رﺷﺪ ،ﻣﯿﺰان ﻓﻨﻞ،
آﻧﺘﯽاﮐﺴﯿﺪان و ﻓﻌﺎﻟﯿﺖ آﻧﺰﯾﻢ ﻧﯿﺘﺮات رداﮐﺘﺎز ﻫﻤﺮاه ﺑﺎ ﻣﺎﯾﻪزﻧﯽ ﻣﯿﮑﻮرﯾﺰا در رﻗﻢ  Super¬N3ﺧﯿﺎر
ﺑﻪﺻﻮرت ﻓﺎﮐﺘﻮرﯾﻞ در ﻗﺎﻟﺐ ﯾﮏ ﻃﺮح ﮐﺎﻣﻼً ﺗﺼﺎدﻓﯽ ﺑﺎ  6ﺗﮑﺮار ﺑﺎ  3ﺳﻄﺢ ﻧﯿﺘﺮوژن NO3- ،NO3-50
 75و NO3-100و  3ﺳﻄﺢ ﻣﺎﯾﻪزﻧﯽ ﻣﯿﮑﻮرﯾﺰا ﺷﺎﻣﻞ ﻣﺎﯾﻪزﻧﯽ  1000اﺳﭙﻮر ) ،(AM1ﻣﺎﯾﻪزﻧﯽ 2000
اﺳﭙﻮر ) (AM2و ﺑﺪون ﻣﺎﯾﻪزﻧﯽ ﻣﯿﮑﻮرﯾﺰا ) (AM0ﻣﻮردﺑﺮرﺳﯽ ﻗﺮار ﮔﺮﻓﺖ .ﻧﺘﺎﯾﺞ ﺣﺎﺻﻞ از ﺗﺮﮐﯿﺒﺎت
ﻧﯿﺘﺮوژن ﺑﺎ ﻣﺎﯾﻪزﻧﯽ ﻣﯿﮑﻮرﯾﺰا ﻧﺸﺎن داد ﮐﻪ وزنﺗﺮ رﯾﺸﻪ ﺑﺎ ﻣﺎﯾﻪ زﻧﯽ ﻣﯿﮑﻮرﯾﺰا در ﺗﻤﺎم ﺳﻄﻮح ﻧﯿﺘﺮوژن
اﻓﺰاﯾﺶ ﯾﺎﻓﺖ ،درﺣﺎﻟﯽﮐﻪ وزنﺗﺮ ﺳﺎﻗﻪ ﺑﺎ ﺳﻄﻮح ﻧﯿﺘﺮوژن و ﻣﺎﯾﻪ زﻧﯽ ﻣﯿﮑﻮرﯾﺰا ﺗﺤﺖ ﺗﺄﺛﯿﺮ ﻗﺮار ﻧﮕﺮﻓﺖ.
FV / FMدر ﮔﯿﺎﻫﺎن ﺑﺎ ﺳﻄﺢ  NO3-75و ﻣﺎﯾﻪ زﻧﯽ ﻣﯿﮑﻮرﯾﺰا در ﻣﻘﺎﯾﺴﻪ ﺑﺎ ﺗﯿﻤﺎر ﺑﺪون ﻣﺎﯾﻪزﻧﯽ
ﻣﯿﮑﻮرﯾﺰا ﺑﺎﻻﺗﺮ ﺑﻮد .ﻫﻤﺰﯾﺴﺘﯽ ﻣﯿﮑﻮرﯾﺰا ﻓﻌﺎﻟﯿﺖ آﻧﺘﯽ اﮐﺴﯿﺪاﻧﯽ ﮔﯿﺎه را در ﺗﯿﻤﺎر ﺑﺪون ﻧﯿﺘﺮوژن اﻓﺰاﯾﺶ
داد ،ﺑﻪﻃﻮريﮐﻪ  AM1و  AM2ﻓﻌﺎﻟﯿﺖ آﻧﺘﯽاﮐﺴﯿﺪاﻧﯽ را ﺑﻪ ﺗﺮﺗﯿﺐ در  NO3-50و NO3-75
ﻧﺴﺒﺖ ﺑﻪ ﮔﯿﺎﻫﺎن ﺑﺪون ﻣﺎﯾﻪزﻧﯽ ﻣﯿﮑﻮرﯾﺰا اﻓﺰاﯾﺶ دادﻧﺪ .ﺑﺎﻻﺗﺮﯾﻦ ﻓﻌﺎﻟﯿﺖ آﻧﺰﯾﻢ ﻧﯿﺘﺮات رداﮐﺘﺎز در
NO3- 50و ﻣﺎﯾﻪزﻧﯽ ﻣﯿﮑﻮرﯾﺰا ﻣﺸﺎﻫﺪه ﺷﺪ و ﻓﻌﺎﻟﯿﺖ آﻧﺰﯾﻢ ﻧﯿﺘﺮات رداﮐﺘﺎز ﮔﯿﺎﻫﺎن در ﺗﻤﺎم ﺳﻄﻮح
ﻧﯿﺘﺮوژن ﮐﺎﻫﺶ ﯾﺎﻓﺖ .در ﮐﻞ ،ﻣﯽ ﺗﻮان ﻧﺘﯿﺠﻪ ﮔﺮﻓﺖ ﮐﻪ ﺑﺎ ﻣﺎﯾﻪ زﻧﯽ ﻣﯿﮑﻮرﯾﺰا ،ﺑﻪ وﯾﮋه ﺗﯿﻤﺎر 1000
اﺳﭙﻮر ) ،(AM1و ﺳﻄﺢ ﻣﺘﻮﺳﻂ  (NO3-75) NO3ﻣﯽ ﺗﻮاﻧﺪ ﻣﻮرد اﺳﺘﻔﺎده ﻗﺮار ﮔﯿﺮد و اﯾﻦ ﻣﯿﺰان
ﻣﺼﺮف ﻣﯽ ﺗﻮاﻧﺪ ﺑﺮاي ﺗﻮﻟﯿﺪ ﺧﯿﺎر ﮔﻠﺨﺎﻧﻪ اي ﺑﺴﯿﺎر ﻣﻮﺛﺮ ﺑﺎﺷﺪ.

