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Abstract

No study has been reported on the effect of organic and biological fertilizers on the leaf type and development of
pistachio leaflets until now. A four-year field experiment was carried out to evaluate the pistachio leaflet
development via nutritional status by pistachio waste compost (0, 10, 15 kg seedling™) and mycorrhizal fungi (0,
100, 200 g seedling™®) consumption on two different pistachio salt-tolerant cultivars (Akbari and Badami Zarand)
grown in saline-alkaline soil. Calcium, iron, manganese, and biological nitrogen fixation by free-living
diazotrophs were affected by the factor 'year'. The Akbari cultivar had the highest leaf area (428.4 cm?) and
micronutrient concentration. Akbari and Badami Zarand absorbed more micro and macronutrients,
respectively. Leaves developed abnormally due to the high micronutrient concentration and larger leaf area. The
pistachio waste compost had a greater impact on the nitrogen, iron, zinc, and manganese concentrations. lron
and zinc were only adequately supplied at the third level of the mycorrhizal fungus. Phosphorus, calcium, iron
and manganese absorption in both levels fungi usage were affected by mycorrhizal dependency. Mycorrhizal
dependency displayed a high positive effect on the number of 4 (41.8%) and 5 (40.6%0) leaflets (developed leaves)
in the 100g fungus application which was probably due to enhanced cellular differentiation in pistachio leaves.
The leaf area and the number of leaflets were inversely related to each other. Alternatively, Badami Zarand
which absorbed fewer micronutrients reduced the leaf area due to nutrient stress and produced 57.8% more
normal leaves as a stress remedy. The seedlings of pistachio made less effort to develop normal leaves when their
nutrition status was more appropriate.

Keywords: Leaf development, Leaflet number, Mycorrhizal dependency, Nutrient sufficiency ranges, Salinity
and alkalinity stress

Introduction
The global harvested area of pistachios was 1,033,646
ha, and the total yield was 1,008,800 tons in 2020/2021.
The Iranian share of fertile pistachio plantings was
411,432 ha (about 39%) and the total yield was 337,381
tons (Shahbandeh, 2021). Almost all pistachio orchards
are mainly located in arid and semi-arid regions in Iran
and have serious limitations such as water stress, soil
and water salinity and alkalinity, nutrient uptake loss,
and a low population of microorganisms and soil
organic matter (Mehrnejad and Javanshah, 2010).
Thousands of tons of organic waste are produced by
hundreds of pistachio processing factories. These wastes
make up about 40% of the pistachio fresh weight
harvested from the pistachio orchards (Sherafati et al.,
2013). If these wastes are not used properly, they can

pollute the environment. Pistachio waste chemical
analysis showed that it consists of about 11% protein,
15% fiber, 12% ash, and 33% dry matter, which are just
some of the components (Forough Ameri, 1997).
However, in recent years, the application of pistachio
waste has been associated with serious concerns
because of its high phenolic compounds, which
destroyed soil aggregates (similar to that observed in
sodic soils), and the unsuitable effect on the soil
microbial community, especially bacteria (Mohajeryfar
et al., 2020).

Mycorrhizal fungi can enhance the tolerance of
plants under salinity stress (Klinsukon et al., 2021).
Many primary non-living factors affect the distribution
and abundance of Arbuscular mycorrhiza, for example,
moderate  salinity increases the percentage of
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colonization, but high salinity harms the percentage of
mycorrhizal colonization. Root colonization percentages
of pistachio were highest and lowest at 3 to 6 and 9 to
12 dS m? soil EC, respectively (Sanjari Nia et al.,
2013). Arbuscular mycorrhizal fungi (AMF) can also
operate over a wide pH range and tolerate acid stress.
However, their activity decreases as soil pH increases
(Sanjari Nia et al., 2013).

Pistachio (Pistacia vera L.) has compound leaves,
and the number of leaflets per leaf depends on the
genotype (Esmailpour, 2005) and climatic conditions,
especially the chilling requirement (Hokmabadi and
Javanshah, 2006). Studies have shown that the number
of leaflets per leaf (1-5) varies in different years
(Javanshah and Nazori, 2005; Asghari, 2002).
Phenological characteristics, including leaf area and the
number of normal (3 and 5 leaflets) and abnormal
leaves (1, 2 and 4 leaflets), were different each year.
The abnormal leaves showed a negative correlation with
the average temperature of December in the early- and
late-flowering varieties, and they also had a positive
correlation with the average temperature of February in
the middle-flowering varieties (Javanshah, 2008). This
fact is probably the main reason for the plant hormone
imbalance and growth retardation in the orchards of
Kerman (Iran) (Lerner, 1999; Javanshah, 2008). Some
researchers believe that a higher percentage of abnormal
leaves is caused by a lack of chilling requirements. This
means that the percentage of abnormal leaves increases
in years when the chilling requirements are not met
(Hokmabadi and Javanshah, 2006; Javanshah and
Nazori, 2005). Neyshaburi et al. (2021) mentioned that
the leaflet size and number can have a greater effect on
the weight of pistachio fruit, and these traits can be used
as a morphological marker for screening the superior
pistachio genotypes. To date, there has been no report
on the correlation between the number of leaflets per
leaf and the concentration of leaf nutrients or other
environmental factors.

This four-year research project included several
innovative objectives. 1) Determining the effect of
macro and micronutrient concentration on pistachio
leaves development, leaf size, and evolution; 2)
Revealing the correlation between soil salinity and
alkalinity stress and pistachio leaf development; 3)
Determining the developed leaves difference between
the two different stress-tolerant cultivars in stress
conditions; and 4) Investigating the effect of different
factors such as mycorrhiza, pistachio waste compost
usage, etc. on leaf normality and development and the
compatibility of pistachios in very saline and alkaline
soil and water conditions. The assessment consisted of
measuring some growth characteristics, counting
leaflets, analyzing micro- and macronutrients in leaves,
and examining them together.

Materials and methods
Planning and implementation of the experiment: A
field experiment was conducted on the seedlings of two

pistachios (Pistacia vera L.) cultivars (Akbari and
Badami Zarand). The experiment was laid out in a
factorial split-plot arrangement based on a randomized
complete block design (RCBD) for four years (2016—
2019) with twelve replications in the Feyzabad pistachio
research station of Khorasan Razavi, Iran. The research
station is located at 34° 54’ 15" N, 58 45’ 37" E with an
altitude of 850 m. This research station was created in
1998 with an area of approximately 100 ha, and
pistachio orchards have been gradually expanded. At the
same time, different crops, such as cereals, were also
grown, which were progressively eliminated from the
production cycle due to increased soil and water
salinity. Currently, approximately 20 hectares are
dedicated to growing pistachios. The average rainfall,
annual mean temperature, and climate type of the
station are 110 mm, 19.1 'C, and hot and dry climate,
respectively. The water source used in the station is a
deep well with a discharge of 30 I s. Experimental
factors include 1) two cultivars (Akbari (Ak) and
Badami Zarand (Ba)) as main plots; 2) pistachio waste
compost in three levels of zero, 10, and 15 kg seedling™?
as sub-plots; 3) mycorrhizal fungi (belonging to four
species,  Funneliformis ~ mosseae,  Rhizophahus
intraradices, Glomus iranicus, and Rhizophahus
irregularis in equal proportions) in three levels of zero,
100, and 200 g seedling™ of soil containing fungal
spores (one gram of soil containing 100 to 120 mixture
propagules of four species fungi) obtained from Risheh
Gostar Vira Compony as secondary sub-plots were
applied in the first (Y1) and third (Y3) years of
experiment. The investigated traits and factors were
recorded and measured in the second (year 2=Y2) and
fourth years (year 4 =Y4) of the experiment (biennial).
Land preparation and compost addition: The
project implementation plan was performed on the
mainland in April 2016. The distance between random
experimental blocks, treatments and two adjacent
seedlings in each plot was considered to be 6.0, 4.0 and
0.5 meters, respectively. Half-meter-wide and one-meter
deep pits were dug at the planting site to remove the
hardpan and provide appropriate space for adding
pistachio waste compost. Chemical characteristics and
nutrients in pistachio waste and compost are shown in
the table (1) (Haydari, 2014). In the process of
converting pistachio waste into compost (Table 1), the
electrical conductivity (EC), organic matter content
(OM%), as well as macronutrient concentration, have
decreased, while the concentration of micronutrients
(except copper) has increased significantly due to
differences in the dynamic of elements in the
composting process (Haydari, 2014). Some modeling
studies of organic matter dynamics during the
composting process have shown that the initial soluble
fraction could contain some degradable and recalcitrant
elements that are not easily accessible experimentally
(Zhang et al., 2012; 2014). This compost consisted of
about 10-15% loamy-textured soil, 40% cow manure,
and 45% pistachio waste, including 36% hull, 7%
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Table 1. Comparison of some chemical characteristics and nutrients in the waste of pistachio processing with pistachio waste

compost
Parameter EC pH N P K Ca”? Mg*? Na' Fe Zn Mn Cu OM CIN
Unit dSm?t - % mg kgt % -
pw 7.8 6.3 12 033 24 0.8 0.33 250 12 29 33 448 216
2PWC 3.6 7.1 10 0.2 11 2.8 0.5 2215 245 385 117 9.2 533

PW= Pistachio processing waste, 2PWC= Pistachio waste compost

pistachio cluster wood, and 2.7% leaf. After complete
mixing, these compounds accumulated approximately
170 cm high. Compost aeration was performed when
the bed floor temperature reached about 70 ‘C. Aeration
was performed three times until the bed temperature
remained constant at about 25 ‘C. Then the compost was
ready for use.

Two tolerant cultivars (Akbari and Badami Zarand)
were selected based on the previous studies (Hokmabadi
and Sherafati, 2015; Mohammadi Mohammad Abadi,
1998; Moein rad, 2000). Seedling cultivation was done
indirectly on the mainland. To prepare pistachio seeds,
they were immersed in water for 72 hours. Then, they
were kept in cotton wool for one week at room
temperature. Immediately at the onset of germination,
they were planted in 45 cm (H) x 10 cm (W) plastic
growth bags on March 5, 2016. The plastic growth bags
were filled with sand, and the seedlings were irrigated
with an average of water 3.6 dSm?® EC before
transferring to the mainland. Two months later, when
the seedlings were about 15 cm high, they were
transferred to the mainland. Before transplanting the
seedlings from the plastic bags into the soil, pistachio
waste compost (according to the implementation plan)
was added to the soil to prevent soil subsidence from
irrigation and root damage during planting. Then
irrigation was performed once. The compost dosages
used were chosen based on soil organic matter at the
beginning of the experiment, reaching 0.5% in the
volume of the rhizosphere. The pits were filled with
different amounts of compost (0, 10 and 15 kg seed
ling™*) and remained soil.

Myecorrhizal inoculation and planting: After land
preparation and compost addition, pits with 30 cm depth
were dug again. Then mycorrhizal fungi doses were
inoculated below the roots at this depth (30cm) (Shool
et al., 2014). Seedlings with 15 cm height and two
months' age for both cultivars were planted in mid-May
2016. Due to the high salinity of water (12.2 dS m1) in
the first year (Y1) of the experiment, the seedlings were
irrigated with low water salinity about 4 dS m™ by a pan
to prevent seedling leaves from the damage of high
water EC as the seedlings were very small and sensitive
at the first time period. Pistachio waste compost
addition and mycorrhizal inoculation were repeated in
the third year (Y3) of the experiment. Further compost
and mycorrhizae treatments were added, with pits 60 cm
deep and 50 cm wide on one side of the seedlings.

Crop management: From the second year (Y2), the
irrigation schedule was adjusted to a 15-day irrigation
interval during the growing season (Hosseini fard et al.,

2017) with saline and alkaline water (Table 2). Spraying
against pistachio psylla (Agonoscena pistaciae) was
done as needed in the middle of the growing season
(July) once a year. Spraying was carried out by the
engine-powered hydraulic sprayer with a herbal
composition (coconut vegetable oil extract) with the
trading name "Palizin" (Kimia Sabz Avar Company) at
a rate of 0.2% v/v. Weed control was done twice a year
at the beginning of the growing season (May) and late
growing season (October) by hand. No chemical
fertilizers or organic manures were used to avoid
interference with the treatment with mycorrhizal
fertilizer and pistachio waste compost during the
experiment.

Climate parameters measurement and
assessment in four years of experiment: This study
was conducted in 2016 on the mainland. The desired
traits were recorded in 2017 (Y2) and then in 2019
(Y4). According to the data in Table 3, two important
climatic parameters, including rainfall and temperature,
have been completely variable in the years of this study.
In the second year of implementation (2017), the
amount of rainfall was 100.4 mm, while in the fourth
year (2019), it was 214.1 mm. This means that the
amount of rainfall in the fourth year (Y4) increased by
more than 114% compared to the second year (Y2).

In the experimental years, there was a reduction
trend in the average annual temperature (Table 3). It
decreased to 20.15 and 19.46 °C in the second and
fourth years of the experiment, respectively. Also, the
suitable average temperature (25 °C) of the first three
months of the growing season (April, May, and June),
which is important for proper nutrient uptake and
vegetative growth in pistachio, were equal to 25.71 and
21.86 °C for the second (Y2) and fourth (Y4) years of
the experiment, respectively (Table 3). It should be
noted that the main growth of the pistachio shoot begins
in early April and continues until mid-May (Ferguson et
al., 2005). Shoot growth also follows root growth. Root
growth begins about 2 to 6 weeks earlier than shoot
growth. It reaches maximum growth in mid-April to
mid-May; after that, the shoot growth begins and
reaches its maximum in June. Young, white roots in the
regions of elongation and maturation absorb most of the
water and mineral nutrients utilized by the tree (Ryugo,
1988).

Measurement of vegetative parameters: During
the second (year 2= Y2) and fourth years (year 4= Y4)
of the experiment, parameters were measured since the
seedlings' growth was limited due to undesirable growth
conditions in the first year (Y1) of the experiment, so it
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Table 2. Some chemical properties of the irrigation water used in the experiment

Parameter EC pH CO3? HCO3z (Ca+Mg)* Ca* Mg*? Na* 2SAR
Unit dS mt - meq I -
Y1 12.2 7.3 0.00 3.2 40 25.6 144 78.6 17.6
Y4 141 7.5 0.00 1.8 56 36 20 85.1 16.1

Y1 = first year (2016), Y4 = fourth year (2019)

'EC= Electrical conductivity, 2 SAR= Sodium adsorption ratio.

Table 3. Meteorological data in the four years of project implementation (2016-2019)

Average of annual

The average temperature of the first three

Annual rainfall

Year temperature (C) months of the growing season (C) (mm)
Y1 20 24.06 91.02
Y2 20.15 25.71 100.4
Y3 19.13 24.63 67.3
Y4 19.46 21.86 214.1

Y1 =first year (2016), Y2=Second year (2017), Y3=Third year (2018), and Y4 = fourth year (2019)

was impossible to measure the leaf sampling. No data
were also collected in the third year (Y3). Data
measurements in the third year (Y3) did not allow
sufficient time for the fungal treatments to become
effective because the treatments (pistachio waste
compost and mycorrhiza) were added again in that
period. The meteorological data for four years of the
experiment were also reported in Table 3. At the end of
the growing season of the second (Y2) and fourth (Y4)
years of the experiment, the traits, including diameter,
length, and width (crown), of seedlings were recorded.
The diameter was measured at 10 cm above the soil
surface with a caliper. About 30 leaves were harvested
from the middle of the annual growth branches in mid-
August to calculate leaf area and nutrient
concentrations. The number of normal (3 and 5 leaflets)
and abnormal (1, 2 and 4 leaflets) leaves was counted in
the 30 sampling leaves of each tree. Leaf area was
measured and recorded with a leaf area meter device
(LI-3100C Area Meter, USA).

Determination of macro and micronutrients in
soil and plants: Soil sampling was done at the
beginning and end of the experiment. The physical and
chemical properties of soil have been represented in
tables (4) and (5). Sampling of tree leaves was
performed in August of the Y2 and Y4 years of the
experiment. Leaf samples were transferred to the soil
and plant analysis Laboratory at the Khorasan Razavi
Agriculture and Natural Resources Research and
Education Center to measure the concentration of
nutrients including nitrogen (N), phosphorous (P),
potassium (K), calcium (Ca), manganese (Mn), iron
(Fe), and zinc (Zn). Leaf nitrogen was measured by the
Kjeldahl method (Kalra, 1998). Leaf samples were
burned in the electric furnaces for P, K, Mn, Fe and Zn
measurements, and then they were prepared by the wet
digestion method with hydrochloric acid for nutrient
analysis (Ryan et al, 2001). Phosphorus was
determined by the ammonium molybdate method using
a spectrophotometer (UV/VIS spectrophotometer,
WPA-S2000 model) (Ryan et al., 2001). A flame
photometer (Jenway - PFP7) was used to determine the

amount of potassium (Rahi, 2013). Other elements were
read by atomic absorption spectroscopy (Perkin Elmer,
2380 model).

The elemental composition of water was measured
by the soil and water lab of the Khorasan Razavi
Agricultural and Natural Resources Research Center
each year (Table 2). Electrical conductivity (EC) and
pH were measured by the EC and pH meter (EW-
35414-00 model) (Ryan et al., 2001). The soluble
calcium and magnesium were determined by the 0.01
normal titration method (Ryan et al., 2001), soluble
sodium by a Flame Photometer (JENWAY PFP 7
Model), carbonate and bicarbonate by 0.01 normal
H,SO, titration method (Klute, 1986), and soluble
chloride by 0.01 normal AgNOs titration method (Klute,
1986). Some soil chemical properties were measured in
the soil and water lab of the Khorasan Razavi
Agricultural and Natural Resources Research Center
(Table 4 and 5). The total neutralizing value was
measured by normal titration with NaOH 1 (Klute,
1986). Other soil sample parameters were measured in
the  soil saturation extract (Aliehyaei and
Behbahanizadeh, 1993). The methods for soil analysis
were the same as previously described.

The mycorrhizal dependency (MGD) for nutrients
was calculated using the following equation (Amanifar
and Toghranegar, 2020).

MGD (%) = [(DW AM plants — DW NM plants) / DW
AM plants] x 100

Where, MGD is mycorrhizal dependency, DW AM
is the dry weight of the mycorrhizal plant and DW NM
is the dry weight of the non-mycorrhizal plant.

Statistical analysis: The normality test was done by
Excel before the data analysis via skewness and kurtosis
measurement for each parameter (Results not shown). It
showed a normal distribution. The data were statistically
analyzed as a split-plot arrangement in time based on a
randomized complete block design (combined analysis
in RCBD) by MSTAT-C software and ANOVA tables
were obtained. Then the means' comparison of data was
performed by the Least Significant Difference (LSD)
test (at a 5% probability level). The correlation
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Table 4. Some soil properties at the first of experiment (2016)
Parameter Unit Amount Parameter Unit Amount

Depth 0-50 cm 50-100 cm Depth 0-50 cm 50-100 cm
EC dSm? 8.9 9.1 K* mg kgt 172 238
pH - 8.0 8.0 Ca?* meq | 27.0 20.0
2Total neutralizing value (TNV) % 16.7 16.2 Mg?* meq | 19.0 10.0
%0.C % 0.20 0.08 Fe?* mg kg 2.23 2.20
Sand % 23 41 Mn2* mg kgt 5.64 1.90
Silt % 56 32 Zn? mg kg 0.44 0.48
Clay % 21 27 Cu®* mg kg 1.39 1.20
Soil Texture - silt loam loam CI meq I 176.4 235.1
4Nt % 0.040 0.023 Na* meq | 72.9 84.1
P mg kgt 12 14 SSAR - 14.5 20.8

!EC= Electrical conductivity, 2 TNV is the percentage of the material that can neutralize acid expressed as the calcium
carbonate equivalence (CCE) of the product, *0.C = Organic matter,  Nt= Total nitrogen, > SAR= Sodium adsorption ratio.

Table 5. Some soil properties at the end of experiment (2019)

Parameter Unit Amount Parameter Unit Amount

Depth 0-50 cm 50-100 cm Depth 0-50 cm 50-100 cm

1EC ds m? 36.0 32.7 K* mg kg 321 212

pH - 7.7 7.6 Ca? meq I 60.0 72.0

2Total neutralizing value (TNV)" % 174 17.6 Mg** meq I 38.0 48.0

%0.C % 0.26 0.20 Fe?* mg kg 0.32 0.32

Sand % 19 41 Mn2* mg kg! 1.66 1.16

Silt % 54 36 Zn? mg kg 1.90 2.96

Clay % 27 23 Cu?* mg kg 1.32 0.74

Soil Texture - silt loam loam CI meq | 255.0 260.0

4Nt % 0.023 0.025 Na* meq | 242.9 1924

P mg kg 4.4 17.6 5SAR - 34.7 24.8

EC= Electrical conductivity, 2 TNV is the percentage of the material that can neutralize acid expressed as the calcium
carbonate equivalence (CCE) of the product, 30.C = Organic matter,  Nt= Total nitrogen, > SAR= Sodium adsorption ratio.

coefficients were calculated by MSTAT-C software too.

Results and discussion

Year effects on nutrient absorption: The
concentration of N in leaves was higher than that in the
first year (Y1) (Table 6). This higher nitrogen
concentration can be mainly due to the increase in
biological nitrogen fixation (BNF) by free-living
diazotrophs due to increased rainfall (Table 3). During
this process, molecular nitrogen is converted into nitrate
and provided to the plant (Taiz et al., 2014). Also, the
reduction of temperature (Table 3) increased nitrogen
accumulation in the plant (Table 7). The plant cannot
utilize most of the absorbed nutrients at lower
temperatures due to a reduction in metabolism and
photosynthesis, resulting in an increase in their
concentration in the shoots and roots (Hokmabadi et al.,
2015), as seen in the fourth year (Y4). It can be
mentioned in Tables 4 and 5, the soil carbonic acid
concentration increased due to rainfall doubling
(+114%) (Table 3) and rising soil moisture. H,CO3 is a
weak acid that affects the adsorbed calcium of soil
particles and releases and activates a large amount of
calcium from the soil (Arya and Khan, 2020). Maybe
this can be the main reason for the significant difference
in the leaf calcium concentration increase between the
fourth year (Y4) (1.662%) and the first year (Y1)
(1.499%) (Table 7). In addition, Ca and P have

antagonistic interaction effects in soil (Mulder, 1954).
Also, the primary soil calcium concentration was high
(Tables 4 and 5), and the availability of calcium
released into the soil increased by the calcium rising, so
a large part of it led to the fixation of phosphorus as
calcium phosphate and therefore reduced phosphorus
uptake (Table 7). Among the macronutrients, only, the
potassium concentration did not differ significantly in
both years (Y1 and Y4) (Table 7). According to Mengel
and Kirkby (2012), rainwater contains nutrients that can
supply part of the plant's nutritional requirements .
Among nutrients, potassium concentration was much
lower in rainwater than other elements, especially
sodium. In addition, the concentration of sodium was
too high due to saline and alkaline irrigation water
(Table 2) and soil (Tables 4 and 5) in this study. On the
other hand, with decreasing soil acidity (pH) in rainy
conditions (Arya and Khan, 2020; Foth, 1990), net
potassium uptake decreases sharply (Marschner, 2011).
Also, due to the high concentration of primary soil
sodium (Table 4) and its dynamics in the soil, this
element is activated by heavy rainfall and moves from
the soil surface to the lower layers (Cui et al., 2019).
Due to the antagonistic interaction effect between the
soil sodium and potassium concentration (Mulder,
1954), an increase in sodium concentration that is
released into the soil could reduce the uptake and leaf
potassium concentration in the second year (Y2). Of


http://dx.doi.org/DOI: 10.22034/13.61.15
https://jispp.iut.ac.ir/article-1-1924-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-23 ]

[ DOI: DOI: 10.22034/13.61.15]

20 Journal of Plant Process and Function, Vol. 13, No. 61, Year 2024

Table 6. Analysis of variance of the investigated traits under different treatments of cultivars, pistachio waste compost and fungi
Mean sum of squares

Treatment df

N P K Ca Fe Zn
Year (A) 1 0.183m™ 0.002m 0.045M 0.719m 164268.00™ 11521.669™
Block 4 0.056" 0.000m 0.382" 0.192m 81.519"M 0.683 M
Variety (B) 1 0.157m 0.000m 0.322m 0.044ms 32378.70 ™" 0.021m
(A) x(B) 1 0.003m 0.000m 0.727m 0.167" 370.370™ 123.521™
Error 4 0.040 0.0005 0.373 0.203 65.481 2.470
Compost (C) 2 0.060™ 0.000m 0.048m 0.020m 3385.176™ 36.613™
(A) x (C) 2 0.024" 0.001" 0.073m 0.039m 763.194™ 4,280
(C) x(B) 2 0.020m 0.000m 0.064" 0.002m 3071.731™ 42.799™
(A) x (C)x (B) 2 0.009" 0.000m 0.034" 0.027m 2413.898™ 14.799™
Fungi (D) 2 0.005" 0.000m 0.057m 0.026M 8965.898™ 47.600™
(A)x (D) 2 0.027ms 0.000m 0.004" 0.011m 2606.861™ 130.488™
(B)x (D) 2 0.002m 0.000m 0.026" 0.089™ 1021.843™ 104.090™
(A)x (B)x (D) 2 0.036" 0.000m 0.150m 0.165™ 870.398™ 57.924™
(C) x(D) 4 0.029 * 0.000m 0-037m 0.056™ 1307.454™ 21.322™
(A)x (C) x (D) 4 0.027m 0.001" 0.041m 0.009" 998.556™ 15.725™
(B) x(C)x (D) 4 0.024m 0.001" 0.061" 0.043" 713.787™ 13.035™
(A) x (B) x (C)x (D) 4 0.006™ 0.000m 0.023m™ 0.025m 5421.593™ 20.826™
Error 32 0.011 0.0001 0.034 0.013 42.815 2.178
Error 32 0.007 0.000 0.014 0.009 36.414 3.110
CV (%) 3.90 12.29 9.15 6.16 3.18 8.52

ns *and ** are non-significant and significant respectively at the probability level of 5% and 1%

Continue of table 6.

Mean sum of squares

Treatment df Mn Leaf area Branch height  Branch diameter  Seedling width
Year (A) 1 1748.058™ 7528.362™" 6589.45™ 602.083" 5410.253"
Block 4 88.822" 287.509 " 16.131" 2.833" 0.697"
Variety (B) 1 3870.021"  83761.659™ 32.013" 0.454ns 33.779™
(A) x(B) 1 7845.558™ 3345.568" 116.979™ 0.231" 19.935"
Error 4 25.64 211.97 3.585 2.352 1.100
Compost (C) 2 576.447" 29123.088™ 414.006™ 9.333" 43.623"
(A) x (C) 2 511.808™ 1115.384™ 217.334™ 1.444"s 36.442™
(C) x(B) 2 47.632" 10446.727™ 9.771™ 6.704" 104.878™
(A) x (C)x (B) 2 620.141* 2439.694™ 140.506™ 0.593 " 7.056 "
Fungi (D) 2 366.252" 7385.530" 60.908"™ 0.194"s 7.747m
(A)x (D) 2 192.586™ 684.058" 211.524™ 2.583m™ 4.344
(B)x (D) 2 4223827  11884.192™ 138.374™ 2.898" 15.293"
(A)x (B)x (D) 2 434.308™ 506.678" 3.407™ 0.843" 3.660"
(C) x(D) 4 142.079™ 3938.533" 123.439™ 3.778™ 89.744™
(A)x (C) x (D) 4 105.815™ 1603.457** 40.289" 1.778m 6.9321s
(B) x(C)x (D) 4 412.639"  24166.901* 48.474™ 0.481" 25.217*
(A) x (B) x (C)x (D) 4 208.662™" 1845.844™" 6.120" 1.370™ 1.464 1
Error 32 9.959 146.300 9.380 1.612 4.347
Error 32 21.395 174.932 8.949 0.512 3.331
CV (%) 7.43 3.30 6.88 7.09 9.52

ns *and ** are non-significant and significant respectively at the probability level of 5% and 1%

Continue of table 6.

Mean sum of squares

Treatment df Mn Leaf area Branch height  Branch diameter  Seedling width
Variety (A) 1 2037.498™ 30.225™ 1540.270" 0.107™ 94.936"
Error 2 16.472 2.022 22.848 2.087 1.590
Compost (B) 2 754.865™ 6.946™ 651.672™ 25.852™" 282.821™
(B) x(A) 2 1225.709™ 91.162™ 498.674™ 28.047" 13.281"
Fungi (C) 2 721.400™ 28.312™ 60.412™ 40.384™ 156.839™
(A)x (C) 2 62.525" 6.358™ 195.696™ 10.754™ 119.925™
(B) x(C) 4 335.280™ 26.237™ 100.777" 26.508™ 191.875™
(A) x(B)x (C) 4 382.630™ 40.462™ 223.016™ 36.487" 131.294™
Error 32 12.364 0.760 6.344 0.963 2.382
CV (%) 9.5 8.44 7.19 17.10 13.75

ns *and ** are non-significant and significant respectively at the probability level of 5% and 1%
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Table 7. The effect of year on growth parameters and leaf nutrients of pistachios

Branch Branch Seedling

Treatment N P K Ca Fe Mn Leaf area height diameter width
Unit % % % % ppm ppm Ppm cm? cm mm cm
Y2 2.029° 0.119® 1.293% 1.499° 150.981° 31.0198 58.204°  408.8942 35.659° 7.722° 12.093°
Y4 2.111*  0.111° 1.253% 1.662% 228.981* 10.361° 66.250°  392.196° 51.2812 12.4442 26.248%

Y2=2017, Y4=2019

Means followed by the same letters are not significantly different (P < 0.05) base on LSD test.

course, this difference was not significant (Table 7). In
addition, the synergistic interaction effect of potassium
with soil phosphorus was reported by Mulder (1954)
too, which was consistent with the results of this study.
Among the micronutrients, the concentration of zinc in
leaves sharply decreased in the fourth year compared to
the first year (Y1) (Table 7). This large difference could
be due to a 114% increase in rainfall (Table 3) in the
fourth year of the experiment, which affects lime in the
soil (Tables 4 and 5) and increases soil bicarbonate
(HCOs3). Zinc absorption decreases as soil bicarbonate
increases (Acton, 2012). Increased rainfall probably
caused changes in soil redox conditions (Table 3). Iron
and manganese were reduced in the soil, and so their
uptake increased by plants (Table 7) (Strawn et al.,
2015).

Pistachio cultivars (Akbari and Badami Zarand)
effects: In studies conducted by Hokmabadi and
Sherafati (2015); Hokmabadi et al. (2004); Moein rad
(2000) and Mohammadi Mohammad Abadi (1998), it
was found that the seedlings of Akbari and Badami
Zarand cultivars had more ability to absorb nutrients
from the soil compared to other cultivars of pistachio
belonging to Pistacia vera L. in saline conditions and
therefore, they were classified into relatively salt-
tolerant pistachio cultivars with different degrees
(Nilsen and Orcutt, 1996). The results presented in table
(8) proved that there is no statistical difference between
these two pistachio seedlings in nutrient uptake except
for iron and manganese. However, Akbari and Badami
Zarand  cultivars absorbed more micro and
macronutrients, respectively, but the concentration of
micro and macro elements in the leaves of both cultivars
was more and less than the sufficiency range (SR) of
nutrients for pistachio (Table 9).

The results of this study showed that the
concentration of iron and zinc in the seedlings of the
Akbari cultivar was higher than the Badami Zarand
cultivar but it was inverse between the two cultivars for
manganese concentration (Table 8). Meanwhile, the
Akbari and Badami Zarand cultivars had 58.5% and
42.2% abnormal leaves (the total number of 1, 2, and 4
leaflets), respectively (Table 8). In other words, the
percentage of normal leaves (3 and 5 leaflets) decreased
with the Fe, Zn and Mn concentration improved in the
pistachio seedlings (Table 8), which indicates the
influence of other factors such as genetics (cultivar)
(Esmailpour, 2005) and environmental conditions
(Hokmabadi and Javanshah, 2006; Javanshah and
Nazori, 2005) in converting the leaves into normal
leaves. Another hypothesis that can be stated is that the

number of abnormal leaves in a micronutrient
deficiency state increased. The highest reversed
correlation coefficient was observed for manganese with
leaf area (r=-0.46) and abnormal leaves (r=-0.53). At the
molecular level, excessive Mn can prevent the uptake
and translocation of other essential elements such as Ca,
Mg, Fe and P, inhibit chlorophyll biosynthesis, cause a
decline in the photosynthetic rate, reduce the
meristematic cell division in roots by inhibiting auxin
biosynthesis, and lead to an increase in the
accumulation of oxidized Mn and oxidized phenolic
compounds in the apoplast (Alejandro et al., 2020). The
results of Chou and Tan (1990) suggested the presence
of a Mn (ll)-sensitive mechanism for controlling cell
division. The increase in the number of leaflets per leaf
(normal leaflets) with a decrease in micronutrient
deficiency is probably due to the prevention of
photosynthesis reduction and the mitigation of
nutritional stress (Javanshah and Nazori, 2005).
However, the toxic Mn concentration causes
abnormalities in cell division and abnormal leaf
generation. Recent evidence suggests that the
intracellular redox environment fluctuates during the
cellular cycle, moving into a more oxidized state during
mitosis (Sarsour et al., 2014). Manganese superoxide
dismutase (MnSOD) activity is higher in GO/G1 cells
compared with S, G2 and M phases. After cell division,
MnSOD activity increases in the G1 phase of the
daughter generation. The periodic fluctuation in
MnSOD activity during the cell cycle inversely
correlates with cellular superoxide levels as well as
glucose and oxygen consumption. Based on an inverse
correlation between MnSOD activity and glucose
consumption during the cell cycle, it is proposed that
MnSOD is a central molecular player in the “Warburg
effect. In general, loss of MnSOD activity results in
“aberrant proliferation” (Sarsour et al., 2014).

In the study of vegetative traits (Table 8), it was
identified that the two important parameters (height and
diameter of the seedlings) did not show any significant
difference (P<0.05) under the effect of a cultivar. The
leaf area in the Akbari (428.4 cm?) was higher than that
in the Badami Zarand cultivar (372.7 cm?) (Table 8).
The relationship between leaf area and leaf
macronutrient concentration was not very clear, but it
was reversed. Thus, the Akbari cultivar had the highest
leaf area and micronutrient concentration (Table 8). The
results of studies on different plants showed that N, P,
Zn and Ca played an important role in leaf size
(Hasanuzzaman et al., 2018). But in pistachio, the main
cause of little leaf disease and leaf-area shrinkage has
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Table 8. The effect of pistachio cultivars on growth parameters, leaf nutrients and leaflet number of pistachios

Treat. N P K Ca Fe Zn Mn Branch height
Unit (%) (%) (%) (%) (ppm) (ppm) (ppm) (cm)
Ak 2.0312 0.1142 1.218° 1.601° 207.2962  20.7042 56.241° 429262
Ba 2.108 2 0.116 2 1.328 @ 1.560 @ 172.667°  20.676°2 68.213 2 44,0152
Treat.  Leafarea  Branch diameter Seedling width 1 leaflet 2 leaflets 3leaflets 4 leaflets 5 leaflets
Unit (cm?) (mm) (cm) (%) (%) (%) (%) (%)
Ak 428.394 @ 10.1482 19.730 2 43.137¢ 9.581° 29.670° 57812 12.552 2
Ba 372.696 ° 10.019 2 18.611° 30.852 P 11.078 2 40.352 2 5.693 2 9.900 °

AK= Akbari var., Ba=Badami Zarand Var.

Means followed by the same letters are not significantly different (P < 0.05) base on LSD test.

Table 9. Critical levels and sufficiency ranges for pistachio leaf nutrient (Ferguson, 2005)

Nutrient Unit Critical range Sufficiency range

N % 1.8 22-25
P % 0.14 0.14-0.17
K % 1.6 1.8-2.0
Ca % 13 1.8-4.0
Fe mg kgt ? 110.0

Zn mg kg! 7.0 10 -15

Mn mg kg 3.0 30-80

been attributed to the deficiency of two micronutrients, year and Akbari and Badami Zarand cultivars

copper and iron (Hokmabadi, 2011) and zinc and iron
(Mehrnejad and Javanshah, 2010). For Fe and Mn
concentrations, Table 8 confirms this point completely.
Thus, the Fe concentration in the leaves of the Akbari
cultivar was much higher than that of Badami Zarand,
and the leaf area of Akbari had a higher significant
difference from the Badami Zarand cultivar (P<0.05).
Each pistachio cultivar that can absorb more iron has a
better reactive oxygen species (ROS) capturing system
and has more leaf area and abnormal leaves (58.5%).
Hilo et al. (2017) concluded that Fe acts locally by
promoting cell division in the meristematic cells of
adventitious root (AR) primordia. These results
highlight a specific biological function of Fe in AR
development. Iron cofactors such as heme and Fe-sulfur
clusters function in all primary metabolic processes,
including respiration, DNA synthesis and repair, and
cell proliferation and differentiation (Camprubi et al.,
2017). In plants, iron is also essential for chlorophyll,
hormone synthesis, and photosynthesis. Plants tightly
regulate iron uptake, localization, transport, and storage,
as iron overload can cause serious damage. This is
because iron's potent electron chemistry also makes it
dangerous when it is in physiological excess. Iron acts
as a catalyst with hydrogen peroxide through the Fenton
reaction, producing more dangerous reactive oxygen
species (ROS), including the highly reactive hydroxide
ion (Winterbourn, 1995). These potent oxidizers
damage lipids, proteins, nucleic acids, and cell division
disturbance (Becana et al., 1998; Pinto et al., 2016).
When the damage becomes too severe, the cell cannot
be saved and undergoes programmed cell death (Tsai
and Huang, 2006). Iron is an absolute requirement for
optimal cell proliferation (Le and Richardson, 2002).
Interacting effects of year and cultivar influenced
micronutrients and growth parameters (Table 10). The
concentration of Fe and Mn was higher in the fourth

respectively, however, the zinc level was greater in the
first year (Y1) and Badami Zarand (Table 10). Growth
parameters were also improved in the fourth year and
the Akbari cultivar.

Pistachio waste compost effects: The effect of
pistachio waste compost was effective on the
concentration of all leaf nutrients; it had a more
significant effect on the concentration of N, Fe, Zn and
Mn. In general, the 15 kg compost seedling™ had the
greatest effect on the concentration of leaf nutrients.
The control and the 10 kg seedling™? treatments did not
differ from each other except for Fe and Mn (Table 11).
It was found that the effect of pistachio waste compost
on the concentration of macronutrients was almost
below the critical levels (CL), and the concentration of
three studied micronutrients (Fe, Mn and Zn) was even
larger than the sufficiency range in pistachios (Table 9).
Research conducted by Miri Dysfani and Sherafati
(2013) on the effect of four organic fertilizers, including
pistachio waste compost, manure, vermicompost, and
municipal waste compost, on two pistachio seedlings of
Akbari and Badami Sefid cultivars in greenhouse
conditions presented that the effect of pistachio waste
compost on the leaf's concentration of nutrients (N, P,
K, Fe and Zn), as well as vegetative traits such as stem
and root length and diameter, was greater than other
organic fertilizers. In spite of the lower concentrations
of microelements in pistachio waste compost (Table 1),
the study suggests that the low EC and pH of pistachio
compost compared to other organic fertilizers such as
cattle, poultry, and sheep manure (FAO, 1982) may
explain the higher microelement uptake in this study
because microelements are more readily absorbed in
soil with a low pH (Rengel, 2015). This study made it
clear there is no need to use other fertilizer compounds
(organic or chemical) to supply microelements in the
sapling period of pistachios (before the fruiting age),
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Table 10. The interaction effects of year and pistachio cultivars on growth parameters, leaf nutrients pistachios

Treatment N P K Ca Fe Zn mn  Leaf  Branch = Branch  Seedling
area height  diameter  width

Unit % % % % ppm ppm ppm cm? cm mm cm
Y2xAK 1.995% 0.1196@ 1.321% 1.480° 166.4° 29.96° 60.74° 43122 3407°¢ 7.741° 12.22¢
Y2xBa 2.062% 0.11782 1.2662 15182 13559 32072 55.67° 386.6° 37.24° 7.704° 11.96°¢
Y4xAK  2.068% 0.1074?® 1.116% 1.7212 248.1% 11.44° 51749 42562 51782 12562 27.24 2
Y4xBa 21542 0.1141° 13892 16032 209.8° 92789 80762 358.8°¢ 50.792 1233% 25.26°

Y1= 2017, Y2=2019, AK= Akbari var., Ba=Badami Zarand Var.
Means followed by the same letters are not significantly different (P < 0.05) based on the LSD test.

Table 11. The effect of pistachio waste compost on growth parameters, leaf nutrients and leaflet number of pistachios

Treat. N P K Ca Fe Zn Mn Branch height
Unit (%) (%) (%) (%) (ppm) (ppm) (ppm) (cm)
Cco 2.034" 0.11422 1.266 @ 1.579° 178.8° 20.22° 59.61° 42.95°
C10 2.061° 0.11282 1.241 1.6042 195.02 20.00"° 66.83 2 40.37 ¢
C15 21142 0.11722 1.313° 1.558 @ 196.2 2 21852 60.24 ° 47.092
Treat.  Leafarea  Branch diameter Seedling width 1 leaflet 2 leaflets 3leaflets 4 leaflets 5 leaflets
Unit (cm?) (mm) (cm) (%) (%) (%) (%) (%)
Co 410.7° 10.19° 18.21° 34.51° 10.382 33.23" 6.256 @ 15.792
C10 386.4° 9.528 " 18.94° 44342 9.683° 30.08 ¢ 4.367° 9.256 ©
C15 42252 10.53 2 20.372 32.13° 10.92 2 41722 6.589 2 8.633°

CO0=control, C10=10 kg, C15=15 kg

Means followed by the same letters are not significantly different (P < 0.05) base on LSD test.

with 15 kg seedling® of pistachio waste compost
applied in such conditions. However, the 15 kg was
insufficient to provide macronutrients and maximum
vegetative growth; therefore, other organic manure,
fertilizer, or pistachio compost should be used. The
effect of treatments on leaflet number results was only
affected by 10 kg seedling? of compost, which
increased abnormal leaves (58.3%) compared to 39.3%
of normal leaves (Table 11). This was probably caused
by the low levels of all growth parameters at this
compost level. The number of normal and abnormal
leaves was the same in the other two treatments
(Table 11).

The table (12) study showed that pistachio compost
in the fourth year had the most significant effect on the
concentration of most nutrients in leaves, which may be
due to precipitation (Table 3) and increased soil
moisture, which has increased nutrient availability. The
vegetative growth parameters were maximum in 15 kg
seedling™® of pistachio waste compost (Table 12).

The effect of cultivar on  macronutrient
concentration was more remarkable than compost levels
and Badami Zarand cultivar showed superiority in this
respect. Inversely, micronutrient concentration and
growth parameters were affected by pistachio waste
compost levels (Table 13), which may be due to the
higher concentration of microelements compared to
their sufficiency level (Table 9) for pistachios. The
pistachio cultivars and compost showed a significant
and clear effect on leaflet number and the type of leaf
(Tables 6 and 13).

The growth parameters and the nutrient
concentration were most affected by the cultivar,
compost level (15 kg seedling™), and year, respectively
(Table 14). Phosphorous and potassium concentration

and leaf area (465 cm?) were maximum in the
Y2xAkxC15 treatment. Calcium, iron, and seedling
width were also maximum in the Y4xAkxC15 treatment
(Table 14).

Mycorrhizal fungus effects: In this study, the use
of mycorrhizal fungi did not significantly affect the
concentration of macronutrients, including N, P, K, and
Ca in leaves (Table 15). The high pH, EC and low soil
moisture and organic matter content can cause a
mycorrhizal mycelium growth reduction (Sanjari Nia et
al., 2013; Mehrnejad and Javanshah, 2010). However,
Fe and Zn concentrations were most affected by the
third mycorrhizal application level (200 g), while Mn
concentrations were most affected by the second level
(100 g). The Mn concentration was 29 and 385 ppm in
pistachio waste and compost, respectively (Table 1).

The diffusion rates of NO3, NH4*, and PO42 ions in
the soil are 106, 107, and 10® cm?sec?, respectively.
NOs is sufficient in most agricultural soils and due to
its high diffusion coefficient and the extent of the NO3
depletion zone, the role of mycorrhiza in the nitrogen
supply is low in plants (Dar, 2010). A study by Hayman
(1987) showed that mycorrhizal plants were more likely
to use non-fertilizer nitrogen sources than non-
mycorrhizal plants. Most plants are non-mycorrhizal at
high concentrations of nitrogen and phosphorus
(Lambers et al., 2018). In addition, extracellular
phosphatase activity is high in mycorrhizal fungi.
Although the activity of this enzyme is greatly reduced
in saline and alkaline soils (Zhang et al., 2011; Cao et
al., 2020), this may have been a reason for reducing the
effect of mycorrhizal fungi on phosphorus uptake by the
plant in this study (Table 15). Studies have shown that
mycorrhizal fungi do not play a significant role in the
uptake of potassium and calcium. Potassium has a high
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Table 12. The interaction effects of year and pistachio waste compost on growth parameters, leaf nutrients and leaflet
number of pistachios

Treatment N P K Ca Fe Zn Mn Leaf Brz_inch I_3ranch See_dling
area height diameter  width
Unit % % % % ppm ppm ppm cm? cm mm cm
Y2xCO 2011°¢ 0.1206® 1.277%® 1510° 14499 30.17° 59.11°¢ 4198 3576¢ 7.667°¢ 12.06 ¢
Y2xC10 1.991¢ 0.1111°¢ 1221° 1548° 1522°¢ 30.61° 58.83°¢ 37099 34649 7.389° 12.00 ¢
Y2xC15 2.083% 012448 13822 1.439¢ 1558°¢ 32282 56.67¢ 436.0% 36579 8.111° 12.22¢
Y4xCO  2.056% 0.1078°¢ 1.254° 16482 2127b 10.28¢9 60.11°¢ 4015°¢ 50.14° 12.72° 24.36 ¢
Y4xC10  2.132@ 0.1144% 1260%® 16612 23772 9.389¢ 74832 366.0¢ 46.09°¢ 11.67° 2587°
Y4xC15 2.144% 0.1100¢ 1243 16772 236.6° 11.42° 63.81P 409.1¢ 57612 1294°2 28.52%

Y2= 2017, Y4=2019, CO=control, C10=10 kg, C15=15 kg
Means followed by the same letters are not significantly different (P < 0.05) base on LSD test.

Table 13. The interaction effects of pistachio cultivars and pistachio waste compost on growth parameters, leaf nutrients and
leaflet number of pistachios

Treat. N P K Ca Fe Zn Mn Branch height
Unit (%) (%) (%) (%) (Ppm) (Ppm) (Ppm) (cm)
AkxCO 1.998° 0.11332 1.173¢ 1.606 ® 197.8°¢ 21.33" 53.39 ¢ 42.77°
AkxC10 1.998 " 0.11222 1.179be 1.625¢ 202.3° 20.00 « 59.83¢ 40.06¢
AkxC15 2.098 2 0.11502 1.303 ® 1571® 22182 20.78 b¢ 55.50 ¢ 45,955
BaxCO0 2.069 ® 0.11502 1.3582 1553 ® 159.8 f 19.11¢ 65.83° 43.13°
BaxC10 21242 0.11332 1.302 % 1.584 187.6 ¢ 20.00 73.832 40.68¢
BaxC15 2.1302 0.11942 1.3222 1.544 b 170.6 22922 64.97° 48.232

Treat. Leaf area Branch diameter Seedling width 1 leaflet 2 leaflets  3leaflets 4 leaflets 5 leaflets
Unit (cm?) (mm) (cm) (%) (%) (%) (%) (%)
AkxCO 423.0° 10.61%® 19.65%% 40.18° 10.76°¢ 29.18°¢ 5.244° 17.42°
AkxC10 4145¢ 9.111°¢ 17.53 % 58.972 6.344¢ 18.96¢ 4.089°¢ 11.24¢
AkxC15 44762 10.72°2 22.01° 30.27¢ 11.64° 40.882 8.0112 8.989¢
BaxCO0 398.3¢ 9.778%¢ 16.76°¢ 28.844 10.01°¢ 37.29° 7.2672 14.16°
BaxC10 322.3¢ 9.944 abe 20.34°b 29.72¢ 13.02° 41.212 4,644 7.267°
BaxC15 397.5¢ 10.332 18.73« 33.99¢ 10.20°¢ 42562 5.167° 8.278 d

AK= Akbari var., Ba=Badami Zarand Var., CO=control, C10=10 kg, C15=15 kg
Means followed by the same letters are not significantly different (P < 0.05) base on LSD test.

Table 14. The interaction effect of year, pistachio cultivars and pistachio waste compost on growth parameters and nutrients

of pistachios

Treatment N P K Ca Fe Zn Mn Leaf Brgnch Branch See_dling
area height  diameter width
Unit % % % % ppm ppm ppm cm? cm mm cm

Y2xAkxCO  1.976% 0.1211% 1.204%c 1497¢  160.9° 30.33* 59.56¢ 422.6" 34.92f 7.889%  12.89¢
Y2xAkxC10 1.920¢ 0.1133%¢ 1.209%d 1557¢% 166.4° 30.11° 65.11° 40599 31.169  7.000° 10.67 9
Y2xAkxC15 2.090*  0.1244*  1.459°% 13867 172.0° 29.44°¢ 5756% 46502 36.14°F  8.333¢ 13.11°¢
Y2xBaxC0  2.047°¢ 0.1200% 1.259°% 1523¢% 1290" 30.00* 58.67% 417.0¢ 36.60°  7.444% 11227
Y2xBaxC10 2.062°° 0.1089° 1.233° 1539% 138.09 31.11° 5256" 335.8f 38.13°¢ 7.778¢%® 13.33¢
Y2xBaxC15 2.077° 0.1244® 1.306*° 1.492°¢ 139.69 35112 5578 407.0¢ 37.00° 7.889¢%  11.33%f
Y4xAkxCO  2.021° 0.1056°¢ 1.051¢ 1.7142% 234.7° 12.33¢ 47221 4235 50.61°¢  13.33° 26.41°
Y4xAkxC10 2.077° 0.1111°% 1149« 1693%c 238.2° 9.889% 54.56%" 423.1°¢ 4897°¢  11.22°¢ 24.39°¢
Y4xAkxC15 2.106% 0.1056°¢ 1.148% 1.757@ 271.6° 12.11% 53.44% 430.2° 5576° 13.11%  30091°
Y4xBaxCO  2.091* 0.1100° 1.458% 1.582¢% 190.7¢ 8.222" 73.00° 379.6° 4967°¢ 1211°%  2230¢
Y4xBaxC10 2.1872 0.1178%c¢ 1371% 16294 237.2° 8.889%" 95.11% 30899 43229 1211t  27.36°
Y4xBaxCl5 2.183% 0.1144%c¢ 1339% 1597 201.6° 10.72¢f 74.17° 387.9° 5047°% 1278%  26.12°%

Y2=2017, Y4=2019, AK= Akbari var., Ba=Badami Zarand Var., CO=control, C10=10 kg, C15=15 kg
Means followed by the same letters are not significantly different (P < 0.05) base on LSD test.

diffusion coefficient (2.1-9.5x107 cm?sec?) similar to
ammonium (Baligar and Fageria, 2001) and 88% of
calcium uptake is also supplied by mass flow (Doshi,
2016). An antagonistic effect was observed between Zn
consumption and Fe concentration in the study of
drought stress, zinc application and mycorrhizal

inoculation on the uptake of trace elements in maize
(Sajedi and Rejali, 2011). Investigation of Fe and Zn
concentrations during the experimental years (Tables 4
and 5) showed their inverse relationship and plant
competition for the absorption of two elements.
Moreover, the concentration of iron in pistachio waste
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Table 15. The effect of mycorrhizal fungus on growth parameters, leaf nutrients and leaflet number of pistachios

Treat. N P K Ca Fe Zn Mn Branch height
Unit (%) (%) (%) (%) (ppm) (ppm) (Ppm) (cm)

FO 2.0822 0.11252 1.308 a 1.551¢ 186.6 " 21652 58.68 ¢ 43.03°
F100 2.058 2 0.1156 2 1.230a 1.604 @ 176.2 ¢ 19.42° 64.86 2 44932
F200 2.069 2 0.1161 a 1.281a 1.587 @ 207.22 21.002 63.14° 42.44°
Treat.  Leafarea  Branch diameter Seedling width 1 leaflet 2 leaflets 3leaflets 4 leaflets 5 leaflets
Unit (cm?) (mm) (cm) (%) (%) (%) (%) (%)

FO 399.6 0 10.06 @ 19.70 2 43352 8.883° 34.67° 4.100 ¢ 8.544 ¢
F100 41532 10.03 @ 18.84 @ 30.69°¢ 10.99 @ 36.992 7.0392 14.39@
F200 386.7°¢ 10.17 @ 18.98 @ 36.94° 11127 33.37° 6.072° 10.74°

FO=control, F100= 100g, F200=200g

Means followed by the same letters are not significantly different (P < 0.05) base on LSD test.

and compost was 21 and 90 times greater than the
concentration of zinc, respectively (Table 1). Due to the
high Fe concentration in pistachio compost and soil and
the wide iron sufficiency range in pistachios (110.0
ppm, Table 9), mycorrhizal fungi did not help absorb Zn
from the soil (Table 15). It is possible that the pistachio
roots have better mechanisms for absorbing Fe.
Numerous studies have demonstrated the positive effect
of mycorrhizal fungi on manganese uptake in various
pistachios cultivars too (Bagheri et al., 2012; Safari
Kamal Abadi, 2020). The increase in rainfall trends over
the experimental years (Table 3) created reduction
conditions in the soil and thus increased Mn*2 uptake.
Moreover, the middle sufficiency range of Mn for
pistachio (55.0 ppm, Table 9) caused the maximum leaf
concentration of Mn, which was obtained at the second
level of mycorrhizal usage (Table 15).

Vegetative traits, including leaf area and seedling
height, were affected by the mycorrhizal fungi (Tables 6
and 15). The optimum and practical level of
mycorrhizal fungi for growth parameters increase was
100 g seedling™. Since all rootstocks are heavily
colonized in the field, Ferguson et al. (1998) proposed
that pistachio rootstocks should be thought of as a
pistachio-mycorrhizal ~ symbiosis. The  Arbuscular
mycorrhiza (AM) inoculation caused higher pistachio
growth (including plant shoot and root weights, leaf
area, and total chlorophyll content) (Abbaspour et al.,
2012). The control and 200 g seedling? mycorrhizal
consumption caused abnormal leaves to increase by
56.3% and 54.13%, respectively (Table 15). However,
pistachio growth parameters were maximum in 100 g
seedling™, and at this level, the number of normal
(51.38%) and abnormal (48.71%) were approximately
equal (Table 15). It seems that better growing
conditions and higher growth parameters have increased
the number of abnormal leaves in pistachios (Tables 15
and 11). Under suitable growing conditions, the
pistachio seedlings made less effort to produce
developed (normal) leaves.

In the fourth year, mycorrhizal efficacy on the leaf
concentration of N, Ca, and Fe was higher than in the
first year (Y1) (Table 16). The influence of Glomus
etunicatum colonization on plant growth and drought
tolerance of 3-month-old Pistacia vera seedlings in
potted culture in two different water treatments showed

that the growth of AM-treated seedlings was higher than
that of non-AM-treated seedlings, regardless of water
status. P, K, Zn and Cu contents in (Arbuscular
mycorrhizal) AM-treated shoots were greater than those
in non-AM shoots under well-watered conditions and
drought stress. N and Ca content were higher under
drought stress, while AM symbiosis did not affect the
Mg content (Abbaspour et al., 2012). Totally, the
growth parameters were higher in the fourth year and
F100, except for the Leaf area index, which was high in
the first year (Y1) and F100 (Table 16).

Table 17 showed that the cultivar factor (especially
Badami Zarand) was stronger than the fungus level in
the nutrient concentration and number of leaflets.
Maximum leaf area was indicated in Akbari and 100 g
seedling® fungus with 458 cm (Table 17). The results
of Table 17 also showed that the abnormal leaves
decreased with mycorrhizal consumption in the first
year (Y1). In addition, the normal leaves were higher in
the fourth year compared to abnormal leaves, unlike in
the first year (Y1) (Table 17).

Phosphorous and potassium concentrations were
maximum in the Y2xAKxF200 treatment. Calcium,
iron, and branch diameter were also maximum in the
Y4xAkxF200 treatment (Table 18). The maximum leaf
area was obtained in the Y2xAkxF100 (459.7 cm™) and
Y4xAkxF100 (456.3 cm™) treatments. The smaller leaf
area and other higher growth parameters were likely the
result of higher humidity and a lower temperature
(Table 5) in the second year (Y2) (Table 18). As a
consequence, vegetative parameters were higher in the
second year (Y2), so the leaves did not develop and
reach their final growth, and the leaf area remained
small (Table 18).

The amount of pistachio compost had a critical
impact on the efficiency of mycorrhizal fungi (Table
19). As a consequence of the consumption of 15 kg
seedling™® pistachio compost in combination with 200 g
mycorrhizal fungi, the greatest effect on leaf nutrients,
as well as seedling growth parameters such as seedling
height, diameter, and width (Table 19) was found to be
synergistic. The No. of abnormal and normal leaves was
observed in the 200g fungi with 10 and 15 kg seedling™?
of pistachio waste compost respectively (Table 19).

The 3-way interaction effect of the year, pistachio
waste compost, and mycorrhizal fungus did not show
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Table 16. The interaction effects of year and mycorrhizal fungus on growth parameters and leaf nutrients pistachio

Treatment N p K Ca Fe Zn Mn Leaf  Branch  Branch  Seedling
area height diameter  width

Unit % % % % ppm ppm ppm cm? Cm mm cm
Y2xF0 2.0682 0.118328 1.3292 14745 150.7¢ 34172 56.94¢ 403.9P 37.92¢ 7.889° 12.61°
Y2xF100 1.989¢ 0.11832 1.2392 15375 1437f 2844c¢ 5850¢ 42312 3513¢ 7.778" 12.11°
Y2xF200 2.028P 0.11942 1.3122 1486° 15869 30.44P 59.17¢ 399.7bc 33.92¢ 7500° 11.56°P
Y4xFO 2.0962 0.1067° 1.2872 16272 2224 9139f 6042°¢ 3953°¢ 48.14°¢ 12.22% 26.792
Y4xF100 2.1262 0.11282 12212 16712 208.7¢ 10.39¢ 71.22@ 407.5P 54732 12282 25.56 2
Y4xF200 2.1112 0.112820 12502 16882 25582 11569 67.11° 37379 5097P 12832 26.39 2
Y2= 2017, Y4=2019, FO=control, F100= 100g, F200=200g
Means followed by the same letters are not significantly different (P < 0.05) base on LSD test.

Table 17. The interaction effect of pistachio cultivars and mycorrhizal fungus on growth parameters, nutrients and leaflet
number of pistachios

Treat. N P K Ca Fe Zn Mn Branch height
Unit (%) (%) (%) (%) (ppm) (Ppm) (ppm) (cm)
Ak x FO 2.038 0.11172 1.268 ® 15145 198.7° 19.72°¢ 54.28 ¢ 42.95bc
AkxF100 2.016 ¢ 0.1128 2 1.144° 1.657 @ 199.0° 20.17°¢ 61.22°¢ 4224 ¢
AkxF200  2.041°b¢ 0.11612 1.243® 1.631 2 22422 22225 53.224 43.59°
Ba x FO 2.126 2 0.11332 1.3492 1.588 ® 174.4 4 23582 63.08 ¢ 43.12 ¢
BaxF100 2.099 ® 0.1183? 1.316 2 15515 153.4¢ 18.67¢ 68.50 P 47632
BaxF200 2.098 2 0.11612 1.318° 1.643° 190.2 ¢ 19.78 ¢ 73.06 2 41.30°¢

Treat. Leaf area  Branch diameter Seedling width 1 leaflet 2 leaflets  3leaflets 4 leaflets 5 leaflets
Unit (cm?) (mm) (cm) (%) (%) (%) (%) (%)
Ak x FO 432.9° 10.00 @ 20.982 51.60° 7.500 ¢ 25.89¢ 4.744°¢ 9.622 ¢
AkxF100 458.02 9.889 2 18.86 P 35.40¢ 10.33° 34.78¢ 6.211° 13.27°
AkxF200 394.3¢ 10.56 @ 19.35° 42410 1091 ® 28.34 ¢ 6.389° 14772
Ba x FO 366.4 ¢© 10.11 18.42° 35.10°¢ 10.27° 43.462 3.456 ¢ 7.467 ¢
BaxF100 372.6 % 10.172 18.82° 25.98¢ 11.64 39.20° 7.8672 15512
BaxF200 379.14 9.778 2 18.60 P 31.48¢ 11.32° 38.40° 5.756 " 6.7221

AK= Akbari var., Ba=Badami Zarand Var., FO=control, F100= 100g, F200=200g
Means followed by the same letters are not significantly different (P < 0.05) base on LSD test.

Table 18. The interaction effect of year, pistachio cultivars and mycorrhizal fungus on growth parameters, nutrients and
leaflet number of pistachios

Treatment N P K Ca Fe Zn Mn

Leaf Branch Branch  Seedling
area height  diameter width
Unit % % % % ppm ppm ppm cm? cm mm cm
Y2xAkxF0 2010% 0.1178* 1377% 14427 161.1¢ 29.78%*  57.11f 4356° 36.91°% 7.889 ¢ 13.67 ¢
Y2xAkxF100 19899 01189 1.168% 1584  159.7° 29.22°¢ 64.78 ¢ 459.72 31.63f 7.667 ¢ 11.33¢
Y2xAkxF200 1.987¢ 0.1222 @ 1.418° 14129 178.6 ¢ 30.89° 60.33 ¢ 398.2°¢ 3368 f 7.667 ¢ 11.67 %
Y2xBaxF0 2126% 0.1189% 1.282% 1507%W 14037 3856% 56.787 372.2° 38.93¢  7.889° 11.56°¢
Y2xBaxF100 19909 0.1178% 1.310% 1.489°  127.79 27.67¢ 52229 386.51 38.63¢ 7.889 ¢ 12.89 ®
Y2xBaxF200 2,070 0.1167%c  1.206°% 1559 % 138.6f 30.00%° 58.00° 401.1°¢ 34.17¢ 7.333°¢ 11.44°¢
Y4xAkxFO 2.066°  0.1056°¢ 1.159%  1586%  236.3° 96679 51449 430.2° 4899°¢  1211° 2830
Y4xAkxF100 2.043% 01067 1.120¢% 1.730° 238.3° 11.11° 57.67°  456.3° 52.84° 12.11° 26.38
Y4xAkxF200 2094 0.1100®  1.069° 1.849% 269.82 13.56 ¢ 46.11" 3904« 5350° 13.44% 27.03%®
Y4xBaxFO0 2.126% 0.1078" 14162 1.669 ™ 208.4 ¢ 8.611°¢9 69.39 ¢ 360.5f 47.30 ¢ 12.33® 25.28
Y4xBaxF100 2209% 0.1189%® 1.321% 1612«  179.1¢ 9.667 ¢ 84.78° 358.7 f 56.62 2 12.44 % 2474 ¢
Y4xBaxF200 2127® 01156  1.431% 1527%  2419° 9.556 ¢ 88.11* 357.1f 48.43 ¢ 12.22° 25.76
Y2=2017, Y4=2019, AK= Akbari var., Ba=Badami Zarand Var., FO=control, F100= 100g, F200=200g
Means followed by the same letters are not significantly different (P < 0.05) base on LSD test.

any special impact on macro and micronutrient
concentration (Table 20), but growth parameters

nutrient concentrations, growth parameters, and number
of leaflets. The most of mean growth parameters

including branch height and diameter and seedling
width were maximum in the Y4x C15xF200 treatment.
The leaf area was maximum in the Y2x C15x200
treatment (Table 20).

There was no special trend in the table (21) for

including branch height and diameter and seedling
width were greater in the AkxC15xF200 treatment
(Table 21). Also, the maximum of abnormal (85.13%)
and normal (56.13%) leaves were observed in the
AkxC10xF200 and BaxC15xF0 treatments respectively
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Table 19. The interaction effects of pistachio waste compost and mycorrhizal fungus on growth parameters, leaf nutrients

and leaflet number of pistachios

Treat. N P K Ca Fe Zn Mn Branch height
Unit (%) (%) (%) (%) (ppm) (ppm) (Ppm) (cm)
CO x FO 2.058 ¢ 01083° 1278 ® 1.582 abc 184,14 20.83 ¢ 56.42 ¢ 41.83°
COxF100 1.980° 0.1183 % 1.262 % 1.617 ¢ 1658 f 18.83 ¢ 58.50 ¢ 48272
COxF200  2.063 & 0.1158 1.257 1.538 186.5 21.00 b 63.92° 38.75°¢
C10 x FO 2.041 0.1092 1.244° 1.596 a¢ 184,14 19.83 62.67 o 4113
C10xF100  2.113%® 0.1158 1.227° 1.553 bed 176.1¢ 18.83 ¢ 73.002 39.93 be
C10xF200  2.030 " 0.1133 % 1.250 1.664°2 22482 21.33° 64.83° 40.04 bc
C15 x FO 2.1462 0.12002 1.403° 1.475¢ 1915¢ 24292 56.96 © 46.132
C15xF100  2.080 * 0.1125% 1.200 ¢ 1.461 % 186.7 « 20.58 k¢ 63.08 46.60 2
C15xF200 2116 0.1192 % 1.336 ® 15584 210.3" 20.67 ¢ 60.67 48542
Treat. Leaf area Branch diameter Seedling width 1 leaflet 2 leaflets  3leaflets 4 leaflets 5 leaflets
Unit (cm?) (mm) (cm) (%) (%) (%) (%) (%)
CO x FO 394.1 % 10.33 ¢ 21.19%® 42,03° 9.433 3433 4217« 9.750 ¢
CO0 xF100 43992 10.25 2bed 15.68 ¢ 35.03°¢ 10.00 © 33.50 6.300° 14.92°
COxF200 3979« 10.00 bed 17.74°¢ 26.47°¢ 11.72° 31.87 ¢ 8.250 2 2270
C10 x FO 386.6° 10.00 bed 20.13° 51.282 6.767 29.72¢ 3.350 ¢ 8.167 %
C10xF100  362.4f 9.250 ¢ 19.58° 30.45% 9,850« 36.38°¢ 7.700 2 15555
C10xF200  356.3f 9.333« 17.09 « 51302 12.43 24157 2.050 ¢ 4.050 f
C15x FO 418.2° 9.833 bed 17.77°¢ 36.73 ¢ 10.45°¢ 39.97° 4.733°¢ 7.717°¢
C15xF100  4435¢? 10.58 ® 21.24 % 26.58 ¢ 13.12° 41.08° 7.117%® 12.70 ¢
C15xF200  405.9° 11172 22.092 33.07 ¢ 9.200 ¢ 44,102 79172 54837

C0=control, C10=10 kg, C15=15 kg, FO=control, F100= 1009, F200=200g
Means followed by the same letters are not significantly different (P < 0.05) base on LSD test.

Table 20. The interaction effect of year, pistachio waste compost and mycorrhizal fungus on growth parameters, nutrients

and leaflet number of pistachios

e W Pk R @ L bee Bl Sedl
Unit % % % % ppm ppm ppm cm? cm mm cm
Y2xC0xF0 2,042 011830 1270%  1513°¢  1340" 33.83° 5767" 3939% 36309  8.500° 14.83°9
Y2xC0xF100 1910  0.1183%d 1242  1535% 14121 27179 55177 4455% 39857  7.667 0 9.833
Y2xCOxF200  2.082%«  0.1250%®  1.318% 1482°9 150.7%" 2950 64.50% 420.0%  31.131 6.8339  11.50 Mk
Y2xC10xF0 2.035¢ 0.1033% 1.233" 1540% 149.2%" 31.33*@ 55337 39617 39.73% 7.833°0 1267 %M
Y2xC10xF100 2.040¢  0.12173° 1258 1523%" 13451 28179 61.50%0 367.9"  29.95)  7.333°0 1283 %M
Y2xC10xF200  1.898¢  0.1083 %  1.172¢ 1580 173.0°¢ 32.33* 59.67°" 3486k 3425 7.000"  10.50 'k
Y2xC15xF0 2.127% 013332 1.485% 13709 160.0" 37.33% 57.839% 4238 37.73% 7.333¢%  10.33 Kk
Y2xC15xF100 2.018%  0.1150°¢ 1.217¢ 1552¢% 1553%  30.00% 58.83%"  456.0° 3560"  8.333° 13.67 9
Y2xC15xF200 2.105%«  0.1250%® 1.445% 13957 152,09 29.50° 53.331 4304% 36389 8667°  12.67 9
Y4xCO0xFO 2.075%  0.09833° 1.287%° 1650 2252°¢ 7.833% 55171 39447 4737« 1217°b4  2755%
Y4xCOxF100  2.050° (0.1183®«¢ 1.282% 1700% 190.5¢ 1050 61.83% 4344 5668° 12.83%  2153f
Y4xCOxF200  2.043°%4 01067 %  1.195°¢ 1595%% 2223¢ 1250" 63.33% 3759 4637% 13.17%  23.98 %f
Y4xC10xF0 2,047 011500 1.255b 1652%d 2190°¢ 8333k 70.00° 377.1M 4253 1217  27.60"
Y4xC10xF100  2.187%  0.1100%%®  1.197°¢ 1583°% 217.7¢ 9500% 8450° 357.0% 4992°¢ 11.17¢  26.33cd
Y4xC10xF200 2.162%°¢ 0.1183%« 1328%  1748% 2765% 10.337 70.00° 36397 4583% 1167% 23.68 ¢
Y4x C15%xF0 2.165%® 01067 %  1.320% 1580% 2230°¢ 11.25" 56.08M  414.6° 5453° 12.33%d 252 cde
Y4xC15xF100  2.142%«  0.1100°% 1,183 °¢ 1.730° 218.0°¢ 11.17" 76.33" 431.1% 5760% 12.83%  28.82°
Y4xC15xF200  2.127%  0.1133%%  1227¢ 1.720%® 268.7° 11.83" 68.00* 38159 60.70° 13.672 31.52%

Y2= 2017, Y4=2019, CO=control, C10=10 kg, C15=15 kg, FO=control, F100= 100g, F200=200g
Means followed by the same letters are not significantly different (P < 0.05) base on LSD test.

(Table 21). The average of Ca, Fe and Zn
concentrations in the Akbari cultivar were higher.
Whereas, the mean of N, P, K, Zn and Mn
concentrations was greater in Badami Zarand cultivar
(Table 21). There may be an antagonistic interaction
between free-living diazotrophs increasing because of
increased rainfall with mycorrhiza, resulting in more
normal leaves affected by FO (control) than by F100 and

F200 (Table 21). The Y4xAkxC15xF200 treatment
displayed maximum growth parameters, calcium and
iron concentration (Table 23).

Mycorrhizal dependency (MD) effects: One of the
important indications of mycorrhizal inoculation on
plant growth and nutrient uptake is mycorrhizal
dependency (MD) (Plenchette et al., 1983; Ortas et al.,
1996). Mycorrhizal fungi form an association with plant
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Table 21. The interaction effect of pistachio cultivars, pistachio waste compost and mycorrhizal fungus on growth

parameters, nutrients and leaflet number of pistachios

Treat. N P K Ca Fe Zn Mn Branch height
Unit (%) (%) (%) (%) (ppm) (ppm) (ppm) (cm)
AkxCOxFO 2.032 @bcd 0.1017¢ 1.163 cde 1.5680¢defg 193.2°¢ 20.33 @ 55.17 4350 %
Ak xCOxF100 1.945¢ 0.1150 2bcd 1.173 e 1.627 2bcd 193.7 ¢ 20.00cde  56.33 "M 43.47 ¢
Ak xCOxF200  2.018 bede 0.1233% 1.182 bede 1.620 abcd 206.5 ¢ 2367° 48,671 41,33 %f
Ak xC10xF0 1.937°¢ 0.1133 abcd 1.235 abede 1.498 ¢fo 196.3 ¢ 18.67 %f  60.00 fo" 41,15 %f
AkxC10xF100 2.093 &b 0.1167 20 1.168 ce 1.645 ¢ 182.0 7 19.83 % 63,17 cdef 39.03 7
AkxC10xF200 1.965 ¢ 0.1067 bed 1.133 % 1.732¢ 228.7° 21.50°¢ 56.33 N 40.00 °f
Ak x C15%F0 2.145% 0.1200 2 1.405% 1.475 ©f9 206.7 ¢ 20.17 47671 44,20
AkxC15x%F100 2.010 cde 0.1067 bed 1.090 ¢ 1.698 * 221.3b¢ 20.67 ¢ 64.17 e 44,22 @
AkxC15xF200 2,138 0.1183 ¢ 14152 1.54Q¢defg 237.3% 21.50°¢ 54,671 49.43°
BaxCOxF0 2.08520cd 0.1150 aed 1.393® 1.5950cdef 175,09 21.33°¢ 57.67 9 40.17
BaxC0xF100 2.015bcde 0.1217 % 1.350 20cd 1.60720cde 138.0K 17.67f 60.67 ©f9 53.072
BaxC0xF200 2.107 8be 0.1083 abcd 1.332 2bcd 1.4579 16651 18.33 ¢ 79.17 @ 36.17¢9
BaxC10xF0 21452 0.1050 « 1,253 abede 1.693 171.8 M 21.00°¢ 65.33 « 41,12 o
BaxC10xF100 2.133 e 0.1150 2cd 1.287 abcde 1.462 7 170.2 M 17.83f 82.832 40.83 %f
BaxC10xF200  2.095 ¢ 0.1200 a-c 1.367 abc 1.597 bede 2208 ¢ 21.17°¢ 73.33° 40.08 ef
BaxC15x%F0 21477 0.1200 ¢ 1.4002 1.475 9 176.3 fon 28.42¢ 66.25 © 48.7°
BaxC15xF100 2.1502 0.1183 ¢ 1.310 20cd 1.583bedefg 15201 20.50 ¢ 62.00 %f 48.98°
BaxC15xF200 2.093 e 0.1200 1.257 abede 1.5750edefg 183.3f 19.83 cde 66.67 ° 47,65
Treat. Leafarea  Branch diameter  Seedling width 1 leaflet 2 leaflets  3leaflets 4 leaflets 5 leaflets
Unit (cm?) (mm) (cm) (%) (%) (%) (%) (%)
AkxCOxFO 368.19 10.67 ® 25.282 50.70 ¢ 6.933 30539  3.867 ohi 7.733 1
Ak xCOxF100 490.5° 10.67 ® 15.48 37.40 ¢ 99337 33477  6.667°% 12.27
AkxCO0xF200 410.4¢ 10.50 ® 18.18 fonii 32.43 foh 15.40° 23.531 5.200 ©fo 32.27°2
Ak xC10xF0 424.7¢ 9.500 o 18.42 fohi 61.60° 47001 18.93 3.500 "i 10.10 %f
AkxC10xF100 429.6 ¢ 8.500 ° 18.27 fonii 41,63 % 7.667 " 25.001 6.967 18.83°
AkxC10xF200 389.2f 9.333 ¢ 15.90 73.67°2 6.667 12.93! 1.800 % 4.800 N
Ak xC15xF0 505.9 2 9.833 b¢ 19,25 efoh 42,50 % 10.87 ¢ 28.20 M 6.867 11.03 cde
AkxC15xF100 4538° 10.50 * 22.82bc 27.47 N 13.40°¢ 45.87° 5.000 fon 8.700 9
AkxC15xF200 383.2f 11.832 23.97%® 21.13 & 10.67 ¢ 48,57 % 12.172 7.233 9
BaxCOxF0 420.1 % 10.00® 17.10 Miik 33371 11.93% 3813 4567 foni 11,77
BaxC0xF100 389.3f 9.833 ¢ 15.88 K 32.67 fn 10.07 T 3353 5.933 def 17.57°
BaxC0xF200 3854 9.500 o 17.30 oniik 20.50 8.033" 4020 11.30° 13.13°¢
BaxC10xF0 348.5" 10.50 ® 21.85 bed 40.97 ® 8.833 ¢ 40.50 3.200 6.233 9N
BaxC10xF100 295.31 10.00® 20.90 cde 19.27 12.03 ¢k 47.77°% 8.433 b¢ 12,27
BaxC10xF200 32331 9.333 ¢ 18.28 fonii 28.93 oni 18.20° 35.37¢  2.300 Kk 3.300
BaxC15%F0 33051 9.833 b 16.30 & 30.97.9n 10.03 o 51.73¢ 2.600 ¥ 44001
BaxC15xF100 433.2¢ 10.67 % 19.67 dfo 26.00 1 12.83« 36.30 %f 9.233° 16.70°
BaxC15xF200 428.6¢ 10.50 * 20.22 def 45,00 @ 7.733 M 39.63¢  3.667 9 3.7331

AK= Akbari var., Ba=Badami Zarand Var., CO=control, C10=10 kg, C15=15 kg, FO=control, F100= 100g, F200=200g
Means followed by the same letters are not significantly different (P < 0.05) base on LSD test.

Table 22. The effect of mycorrhizal dependency on growth parameters, leaf nutrients and leaflet number of pistachios

S 5 @ = 12} 12} 1] 12}
. & 52588 2 8 8 8 8
< (3] = c o < = = = = =
. 2 a8 X g =] 1]

Treat o u N = g €3 €5 Bz & g 8 g 8
5} m< m= @ - - - -
— T u = o~ ™ < [Te)

Unit %

MDri0 -1.2 27 -63 33 59 -115 95 38
MDr2oo -06 31 -21 23 99 -31 7.1 -33

42 -03 -46 -413 192 63 418 406
-14 11 -38 -174 201 -39 325 204

MDr100 and MDr200 are mycorrhizal dependence to 100 and 200 grams of mycorrhizal fungi, respectively.

roots, which enhances plant nutrient uptake, especially
of P, Zn, Cu, K, and partly ammonium-nitrogen (NH4*)
in soils with low fertilization (Ortas, 2003). A
comparison of mycorrhizal dependency results (Table

22) showed P, Ca, Fe and Mn responded positively to
MGD at both levels of fungi consumption (100 and 200
g). The highest percent of mycorrhizal dependency was
found in the Fezo and Mnig treatments among the
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Table 23. The interaction effect of year, pistachio cultivars, pistachio waste compost and mycorrhizal fungus on growth
parameters and nutrients of pistachios

Treatment N P K Ca Fe Zn Mn
Unit % % % % ppm ppm ppm
Y2xAkxCOxF0 1.997 efoh 0.1067 defg 1.273 bedefghij 1.510 fonii 146.3 mno 30.33 ¢f 56.00 kimno
Y2xAk xCOxF100 1.893 hi 0.1167 bedefg 1.237 defghij 1.537 defghij 154.3m 28.33 1 62.33 ghi
Y2xAk xC0xF200 2.037 cdefgh 0.1400 2 1.373 bedefgh 1.443 hikk 182.0! 32.33 cde 60.33 hik
Y2xAk xC10xF0 1.893 hi (01100 cdefg 1.300 bedefghi 1.497 ohiik 151.7 ™ 29.67f 59.67 ikl
Y2xAkxC10xF100 2.050 cdefgh 0.1267 abcd 1.167 efonii 1.587 cdefghi 142.3 nop 30.00 ¢f 68.33 def
Y2xAkxC10xF200 1.8171 0.1033 fg 1.160 efonii 1.587 cdefghi 205.3 k 30.67 def 67.33 ¢fo
Y2xAk xC15%xF0 2.140 abcdef 0.1367 @ 1.557 2 1.320« 185.3! 29.33f 55.67 kimno
Y2xAkxC15xF100 2.023 defgh 0.1133 cdefg 1.1009hi 1.630 bedefgh 182.3! 29.33f 63.67 foni
Y2xAkxC15xF200 2.107 bedef 0.1233 abcde 1.7202 1.207! 148.3 mno 29.67f 53.33 nop
Y2xBaxCOxF0 2.087 bedefg 0.1300 abc 1.267 bedefghij 1.517 efonij 139.7 % 37.33b 59.33 iikim
Y2xBaxC0xF100 1.927 oni 0.1200 abcdef 1.247 cdefghij 1.533 defghij 128.0 9 26.009 48.00 T
Y2xBaxC0xF200 2.127 abedet 0.1100 cdefg 1.263 bedefghij 1.520 efohij 119.3" 26.67 9 68.67 def
Y2xBaxC10xF0 2.177 abcd 0.09667 ¢ 1.167 efonii 1.583 cdefghi 146.7 mno 33.00 < 51.00 ©°pd
Y2xBaxC10xF100 2.030 defgh 0.1167 bedefy 1.350 bedefghi 1.460 hiik 126.7 26.339 54.67 'mnop
Y2xBaxC10xF200 1.980 foni 0.1133 cdefg 1.183 efonii 1.573 defghij 140.7 o° 34.00°¢ 52.00 °pd
Y2xBaxC15%F0 2.1 3abcdef 0.1300 a¢ 1.413 abodef 1.420 ik 134.7 P 45,332 60.00 hiik
Y2xBaxC15xF100 2.0130%fgh 0.1167 bedefy 1.333 bedefghi 1.473hijk 128.3 30.67 df 54.00 nop
Y2xBaxC15xF200 2.103bodef 0.1267 abcd 1.170 efonii 1.583 cdefghi 155.7m 29.33f 53.33 nop
Y4xAkxCOxFO 2.067 bedefgh 0.09667 ¢ 1.053 i 1.627 bedefgh 240.09 10.33 Jimn 54,33 mnop
Y4xAk xCOxF100 1.997efoh 0.1133 cdefg 1.110 fonil 1.720 abed 233.0% 11.67 i 50.33 par
Y4xAk xCOxF200 2.000 efon 0.1067 defg 099001 1.797 2 231.0 df 15.00 ° 37.00°
Y4xAk xC10xF0 1.980 foni 0.1167bcdefg 1.170 efonii 1.500 9niik 241.04 7.667 °p 60.33 hiik
Y4xAkxC10xF100 2.137 abedef 0.1067 defg 1.170 efonii 1.703 abede 221.7 fan 9.667 Kimno 58.00 Jkimn
Y4xAkxC10xF200 2.113 abedef 0.1100 cdefg 1.107 fonil 1.8773 252.0c¢c 12.33 1 45.33"
Y4xAk xC15%xF0 2.150 abedef 0.1033 ¢fg 1.253 bedefghii 1 530 bedefeh 228 0 efg 11.00 iikim 39.67°
Y4xAkxC15xF100 1.997 efoh 0.1000 fo 1.080 N 1.767 abe 260.3 ¢ 12.00 ik 64.67 T
Y4xAkxC15xF200 2.17(abcde 0.1133 cdefg 1.110 fonij 18732 326.32 13.33hi 56.00 kimno
Y4xBaxCOxF0 2.083 bedefg 0.1000 fg 1.520 abed 1.673 bedefy 210.3 1 5.333°P 56.00 kimno
Y4xBaxC0xF100 2.103 bedef 0.1233 abede 1.453 abede 1.680 bedefy 148.0 mno 9.333 Imno 73.334
Y4xBaxC0xF200 2.087 bedefg 0.1067 defg 1.400 bedefg 1.393 i 213.7 hii 10.00 iimno 89.67°P
Y4xBaxC10xF0 2.113 abedef 0.1133 cdefg 1.340 bedefghi 1.803 2 197.0k 9.000 mno 79.67 ¢
Y4xBaxC10xF100 2.237%® 0.1133 cdefg 1.223 defghij 1.463 hiik 213.7 hii 9.333 Imno 111.02
Y4xBaxC10xF200 2.210 abc 0.1267 abcd 1.55( abe 1.620 bedefgh 301.0° 8.333 M0 94.67°
Y4xBaxC15%F0 2.180 abcd 0.1100 cdef 1.387 bedefgh 1.530 efoij 218.0 ghi 11.50 i 72.50 d
Y4xBaxC15xF100 2.2872 0.1200 abcdef 1 287 bedefghij 1.693 abodef 175.7! 10.33 Jimn 70.00
Y4xBaxC15xF200 2.083 bedefg 0.1133 cdefg 1.343 bedefghi 1.567 defohij 211.0 hii 10.33 Jimn 80.00 ¢

Y2= 2017, Y4=2019, AK= Akbari var., Ba=Badami Zarand Var., CO=control, C10=10 kg, C15=15 kg, FO=control, F100=

100g, F200=200g

Means followed by the same letters are not significantly different (P < 0.05) based on the LSD test.

nutrients, with 9.9% and 9.5, respectively, compared to
the control (Table 22). Mycorrhizal dependency was
observed at both levels of fungal consumption on plant
calcium and manganese content, but it was higher at the
100 g level (Table 22).

The higher number of 4 and 5 leaflets (developed
leaves) per leaf was affected by mycorrhizal
dependency (Table 22). The high number of leaflets per
leaf indicates more differentiation in pistachio leaves.
Therefore, this study indicated that mycorrhizal
consumption, particularly at the second level (100 g),
caused more cellular differentiation in pistachio leaves
under saline-alkaline conditions. At the highest level of
mycorrhizal symbiosis (MDF2q0), nutrient
concentrations, especially iron, were highest, which had
a reversed relationship with normal leaf production

(Table 22).

Conclusions

Under soil salinity and alkalinity stress conditions, we
can conclude two different explanations for leaf
pistachio development; 1) As compared to the highest
levels (15 kg seedling? pistachio waste compost and
200 g mycorrhizal fungi), the synergistic effect of 10 kg
seedling™ pistachio waste compost and 100 ¢
mycorrhizal consumption produced a smaller effect on
micronutrient absorption. Consequently, micronutrient
uptake was lower in both cultivars at lower levels,
particularly in Badami Zarand. Also, the less salt-
tolerant cultivar (Badami Zarand) decreased leaf area
and iron concentration. Therefore, photosynthesis
decreased and nutritional stress increased, resulting in a
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Continue of table 23.

Treatment Leaf area Branch height ~ Branch diameter ~ Seedling width
Unit cm? cm mm cm
Y2xAkxCOxFO 368.4 k 37.93 ik 8.667 9 18.671
Y2xAk xCOxF100 480.2 be 35.00 kimn 7.667 fan 8.667 "
Y2xAk xC0xF200 419, hi 31.83'mn 7.333 fon 11.33 Kimn
Y2xAk xC10xF0 426.5 fohi 36.73 7.333 fon 11.00 'mn
Y2xAkxC10xF100 436.3 ©fon 25.73° 7.000 fo 11.0Q 'mn
Y2xAkxC10xF200 355.0 Kim 31.00 ™ 6.667 9 10.00 ™n
Y2xAk xC15xF0 51192 36.07 ikimn 7.667 fon 11.33 Kmn
Y2xAkxC15%F100 462.6 « 34,17 Kimn 8.333 efah 14.33M4
Y2xAkxC15%F200 420.6 9N 38.20 ik 9.000 f 13.67 4
Y2xBaxC0xF0 419,3 hii 34,67 ikimn 8.333 efan 11.0Q 'mn
Y2xBaxC0xF100 410.7 7 44,70 € 7.667 fon 11.0Q 'mn
Y2xBaxC0xF200 421.0 9N 30.43 6.333" 11.67 Kimn
Y2xBaxC10xF0 365.7 4 42.73 foh 8.333 efgn 14.33 K
Y2xBaxC10xF100 299.5°P 34,17 Kimn 7.667 fon 14.67%
Y2xBaxC10xF200 342.2 mmo 37.50 ik 7.333 fon 11.00 'mn
Y2xBaxC15x%F0 331.7 M 39.40 hi 7.000 fon 9.333"
Y2xBaxC15xF100 449.3 & 37.03 ik 8.333 efon 13.00 Kim
Y2xBaxC15%F200 440.1 ¢ 34.57 ikimn 8.333 efan 11.67 Kimn
Y4xAkxCOxFO 367.8% 49.07 d 12.67 2 31.90%®
Y4xAk xCOxF100 500.9 2 51.93 bed 13.67 % 22.30 ini
Y4xAk xCOxF200 401.81 50.83 « 13.67%® 25.03 efah
Y4xAk xC10xF0 423.0 9" 45,57 € 11.67 bed 25.83 def
Y4xAkxC10xF100 422.9 9ni 52.33 bed 10.00 25.53 ¢efg
Y4xAkxC10xF200 423.4 9 49,00 % 12.00 bed 21.80 hii
Y4xAk xC15xF0 499.8 @ 52.33 bed 12.00 bed 27.17 cde
Y4xAkxC15xF100 445,0 def 54,27 b 12.67 2 31.30%®
Y4xAkxC15xF200 345,9 mno 60.67 2 14.672 34.272
Y4xBaxC0xF0 420.9 9hi 45,67 €0 11.67 bed 23.20 fohi
Y4xBaxC0xF100 368.0 k 61.432 12.0Q bed 20.771
Y4xBaxC0xF200 349.9 Kimn 41.90 oni 12.67 2 22.93 foni
Y4xBaxC10xF0 3312 39.50 i 12.67 ¢ 29.37 be
Y4xBaxC10xF100 291.0° 47,50 def 12.33 ¢ 27.13 cde
Y4xBaxC10xF200 304.4° 42.67 foh 11.33« 25.57 defg
Y4xBaxC15xF0 329.4° 56.73 % 12.67 2 23.27 foni
Y4xBaxC15%F100 417.1 hii 60.932 13.00 ¢ 26.33 cdef
Y4xBaxC15xF200 417.1 i 60.73 2 12.67 2 28.77 b

Y2= 2017, Y4=2019, AK= Akbari var., Ba=Badami Zarand Var., CO=control, C10=10 kg, C15=15 kg, FO=control, F100=

100g, F200=200g

Means followed by the same letters are not significantly different (P < 0.05) based on the LSD test.

greater number of normal leaves (3 and 5 leaflets per
leaf) and possibly more cellular differentiation.

2) The trend of two climatic parameters, including
precipitation (more than +114% increase) and the
temperature of the first three months (April, May, and
June) of the growing season (nearly 4 °C decrease), was
improved during the experimental years, so the nutrient
status, particularly iron (78 ppm increase) and Mn (8
ppm increase), increased. There was a significant
increase in the number of leaves as a result of the
increased vegetative growth, including branch height,
diameter, and seedling width; consequently, leaf area
decreased. Leaf area reduction was not affected by
micronutrient stress, but it was decreased by the number
of leaves rising and so the abnormal leaves (1, 2 and 4
leaflets) increased.

Pistachio leaf area and number of leaflets per leaf,

two factors that contribute to salinity resistance, were
found to be inversely related in this study. The leaf area
reduction in the first hypothesis is caused by the natural
growth inhibitors due to the increase in nutrient stress,
while the leaf area reduction in the second hypothesis is
caused by the increase in the number of leaves. In
addition, this study displayed that the concentration and
status of micronutrients (Fe) and (Mn) are very
important factors in the normality of leaf status, along
with the other environmental factors. In the presence of
high concentrations of Mn and Fe, abnormal leaves
were produced for different reasons. A high
concentration of Mn disrupts cell division, and a great
Fe concentration produces more abnormal leaves,
probably due to potent oxidizer production in
physiological excess concentration and so cell division
disturbance. However, these results require further
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studies and evidence to confirm them due to their the plant produces more normal leaves to compensate
enormous complexity. for the stress condition. However, as the number of
Under none non-environmental stress conditions, the normal leaves increases, their size and area decrease.

plant makes more abnormal leaves. While under
nutritional stress conditions especially micronutrients,
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