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ARTICLEINFO ABSTRACT

Keywords: Pistachio suffers from some physiological disorders such as fruit abscission, endocarp lesion,
Blankness; blankness, non-split, early-split and deformed nuts. In this experiment, the effects of calcium
E::f;_’:;ﬁt?ms; nitrate (2 gr/lit), calcium chloride (2 gr/lit), boric acid (200 ppm) and their combination
Elr(‘ﬁg;e"z‘:ﬁ"ity; treatments were investigated on physiological disorders of ‘Kaleh-Ghoochi’ pistachio. Foliar
Pistachio application was applied one week earlier and two weeks later than full bloom. Then,

physiological disorders and enzyme activities, such as catalase (CAT), poly phenol oxidase
(PPO), peroxidase (POD), phenylalanine ammonilyase (PAL) and total phenol level of nut-
shells and proline level of leaves were tested. Results specified that all applied treatments
diminished fruit abscission. Also, all treatments, excepting boric acid, diminished endocarp
lesion and non-split nut disorders but there were no considerable differences between the
treatments. Results specified that all applied treatments decreased the blank nut but there were
no considerable differences between the treatments. In this research, the lowest deformed nuts
with 10.38 percent and early split nut with 2.48 percent were observed by application of both
calcium nitrate and boric acid. Meanwhile, the highest split nuts with 56.55 percent were
obtained by application of calcium nitrate and boric acid. Generally, all treatments especially
use of both calcium nitrate and boric acid diminish the catalase, poly phenol oxidase,
peroxidase, and phenylalanine ammonilyase enzymes activities and moreover total phenol of

nut-shells and proline of leaves.

Introduction

Pistachio  (Pistacia vera L.) has some pollen grains, but most of flowers and fruits are fallen

physiological disorders such as fruit abscission,
endocarp lesion nut, production of the blank nut, non-
split, early-split and deformed nuts (Ferguson et al.,
2005; and Hokmabadi, 2011). Fruit

abscission is one of the critical physiology disorders

Sajadian

in pistachio. This occurrence causes economic
damage in pistachio orchards. Sometimes the amount
of fruit drop in pistachios is over 80 percent. Usually

pistachio trees produce plenteous of flowers and

during beginning fruit development and only small
amount of the fruits are persist on pistachio clusters.
Researchers recognize that physiological status and
last year nutritional status, kind of medium stresses,
lacking pollen grains, rainfall during pollination,
weakness of pollination or fertilization, disruption of
embryogenesis, contention for carbohydrates sources

and inadequate plant growth substances stimulus the
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fruit abscission in pistachio trees (Stephenson, 1981;
Acar and Eti, 2007).

Other studies specified that application of free
polyamines and organic acids diminish the percentage
of fruit abscission (Khezri et al., 2010; Kamiab et al.,
2015). Endocarp lesion disorder was announced from
pistachio orchards in newly years. These disorders
cause economic destruction to pistachio producers.
Researchers reported that calcium scarcity causes
endocarp lesion in pistachio nuts (Sajadian and
Hokmabadi, 2011). Hence limited research has been
done about the endocarp lesion disorder in pistachio
nut. Researchers believed that generation of blank
nuts in pistachio is dependent to embryo miscarriage
during the growing season, different medium stresses
and parthenocarpic occurrence (Crane and Nelson,
1971; Polito and Pinney,
specifies that generation of blank nuts has been

1999). Some reports

depended on multiple factors such as unsuitable
pollination, unsuccessful fertilization, spring rain-fall
in pollination stage, inadequate nutrition, also kind of
stresses during the kernel enlargement (Crane and
Iwakiri, 1981; Ferguson et al., 2005).

In addition, application of L-arginine have been
shown to remain ameliorative effect on fruit
abscission and physiological disorders of pistachio nut
(Eslami et al., 2019).

Khezri et al. (2010) believed that exogenous
application of polyamine such as spermidine
decreased the percentage of blank nuts. Shell spiriting
in pistachio nut is associated to multiple factors such
as orchards management type of cultivars, optimal
irrigation and nutrition, crop load, medium situations,
harvest time and level of plant growth adjustments
(Crane and Iwakiri, 1981; Polito and Pinney, 1999;
Ferguson et al., 2005; Khezri et al., 2010). In non-
split nut, kernels are advanced but the shell does not
cleave and this is not desirable for consumers. Some
of the researchers reported that endocarp cracking in
pistachio nuts is associated to kind of pistachio
cultivars and pollen parents, crop load, harvest time,
optimal irrigation and nutrition, kernel advance and

free polyamines (Polito and Pinney, 1999; Ferguson et
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al., 2005; Khezri et al., 2010). Early-split nuts have
split peels and shells in the pistachio nuts. It happens
in the orchard before harvest time and kernels are
exposed to biotic factors such as fungi especially
aflatoxin and this is not desirable for consumers.
Other studies specified that wrong management,
medium stresses, imbalance and inadequate irrigation
and nutrition can interfere in boosting of early-split
nuts (Doster et al., 2001; Hosseinifard and Panahi,
2006).

Deformed nuts are tiny and poorly shaped nuts
that diminish the pistachio market.it has been reported
that mechanical damage, medium stresses, disease and
insect assaults can interfere in boosting of deformed
nuts (Niven et al., 1994; Fabbri et al., 1998). Reduce
production in pistachio orchards are dependent to
orchards management and numerous physiological
disorders that related to different biotic and abiotic
stresses (Ferguson et al., 2005). To deal with
environmental stresses, plants are used from
enzymatic and non-enzymatic process (Pazuki et al.,
2015). Catalase, poly phenol oxidase, peroxidase, and
phenylalanine ammonilyase are antioxidant enzymes
which are produced versus stress situations (Queiroz
et al., 2008; Amna et al., 2010; Kim and Hwang,
2014; Siddika et al, 2015). Phenolic complexes and
proline are non-enzymatic mechanisms which are
considered important in the interplay of plants with
surroundings. Since most pistachio orchards in Iran
are commonly constructed in arid areas with high
salinity of soil and water. So ameliorating conditions
of soil, water and nutrition quality can diminish the
disorders in pistachio orchards.

From horticultural view point, it has been made
clear that exogenous application of essential elements
such as boron (B) and calcium (Ca) can interfere in
boosting of quality and the yield of some fruit crops
(Pradubsuk, 2011; Madani, 2014).

Enhancing effect of foliar application of potassium

Moreover,

and zink on walnut and pistachio crop yield have been
well demonstrated (Keshavarz et al., 2011; Norozi et
al., 2019). Calcium as a necessary nutrient has main
construction and

role in plants especially cell
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operations (Barker and Pilbeam, 2007). Some their combinations on physiological disorders of
researchers indicated that calcium could boost pistachio fruit.

anthracnose resistance in dragon fruit (Ghani et al,

2011). Researchers reported that using of calcium Materials and Methods
could diminish susceptibility to anthracnose in banana

(Chillet et al., 2000). The other reports indicated that

Plant material and experiments

postharvest used of calcium diminish anthracnoses The experiments were done on 13-year-old
disease in Papaya (Mahmud et al., 2008). Boron is ‘Kaleh-Ghoochi’ pistachio trees grafted on Badami-
essential for plants that it plays several consequential Riz (Pistacia vera cv Badami-Riz) rootstock at the
roles in plants metabolic changes and cell damage in Sharif abad orchard located in Qom, Iran. In 2017,
the affected tissue (Marschner, 1986). It also thirty trees were chosen and six treatments were
participates in structure of cell wall formation and applied on the trees, including (1) control, (2) calcium
division, carbohydrates transport, improvement of nitrate; 2 gr/lit, (3) calcium chloride; 2 gr/lit, (4) boric
plant sexual growth, development of hormone system acid; 200 ppm, (5) combination of calcium nitrate; 2
and control of phenol metabolism (Ahmad, 2009). gr/lit and boric acid; 200 ppm, (6) combination of

Although numerous  physiological ~ disorders calcium chloride; 2 gr/lit and boric acid; 200 ppm
reported by pistachio growers in all over the world but .Foliar application were done one week earlier full
little evidence was accessible in the reply of the bloom and also two weeks later than full bloom. All
pistachio tree to the application of calcium nitrate, horticultural practices were followed during the
calcium chloride and boric acid in order to control nut experiment. On each tree, five quite homogeneous
physiological disorders. Therefore, the objective of shoots were selected and labeled. Each chosen shoot
this study was to distinguish the effect of calcium contains three clusters. The results of soil analysis of
nitrate, calcium chloride and boric acid and moreover orchard were shown in Table 1.

Table 1. The soil characteristics of the experimental orchard.

Soil texture depth (cm) soil pH soil EC (ds. m™) K mg/kg Na mg/kg Mg mg/kg Ca mg/kg

silty- clay 0-30 7.8 9.63 58 228 272 1009

Estimation of disordered nuts

The percent of fruit set and the percent of fallen floated in ethanol. The disorders were reported as
fruits on each fruit cluster were estimated two weeks the percentage of disordered fruits by all the fruit sets.

later than fruit set and at harvest time, respectively.

. . . - Biochemical trai
Fruit abscission (%) was estimated through dividing ochemical traits

the number of fallen fruits by the primitive number of To assay biochemical traits, sampling the fruit was

fruit set on each shoot. Other pistachio disorders only taken on the first of August. According to the method

were estimated at harvest time on each clusters. Since of Obinger et al. (1997), Catalase activity was assayed

the early-split disorder happened nearly four weeks according to the method described by Chance and
earlier harvest time, the number of early-split nuts was Maehly (1955), Poly phenol oxidase activity was
gauged earlier to harvest. When the nut-shells was assayed. According to the method described by Kar
easily detached from the endocarp, pistachio nuts and Mishra (1976), peroxidase activity was assayed

were harvested (Ferguson et al., 2005), all the fruit with some modifications. According to the method

clusters were detached from shoots and hand sorted in described by Saunders and Mcclure (1974), the
to blank, non-split, deformed, endocarp lesion and activity of phenylalanine ammonilyase enzyme was

split nuts. To sort blank and non-split nuts, they were
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assayed. In this experiment, the total phenol
ingredients was assayed by Folin Ciocalteu's method
1965),
ingredients was assayed according to the method

described to Lattanzio et al. (2009).

(Singleton and Rossi, and also Proline

Statistical analysis

In this experiment, to find the effects of treatments
on each dependent variable, randomized complete
block design (RCBD) was used with 5 replications.
Analysis of variance was done by using SAS software
(version 9.2) and mean values of treatments were
compared using the Least Significant Difference test

Journal of Nuts 10(2) (2019) 103-115

Results
Effect of treatments on nut disorders

In this experiment results specified that all applied
treatments as compared to control diminished the fruit
abscission. The effect of calcium nitrate was more
than effects of calcium chloride in reducing the fruit
abscission. While there were no considerable
differences between calcium nitrate and boric acid in
fruit abscission. On the other hand, there were no
considerable differences between calcium nitrate and
boric acid and combinations treatments in the fruit

abscission (Fig. 1).

Fruit abscission(%)
= N w B (o2 [*2] ~ o]
o o o o o o o o

(LSD, P=0.05).
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Calcium Boric acid Calcium Calcium
Chloride Nitrate and Chloride and
Boric acid  Boric acid
Treatments

Fig. 1. Effect of foliar application of Calcium Nitrate, Calcium Chloride and Boric Acid on fruit abscission

According to the experiment, all applied

treatments, excepting boric acid as compared to
control, diminished endocarp lesion in pistachio nuts

but there were no considerable differences among
treatments in decreasing endocarp lesion in pistachio
nuts (Fig. 2).
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Fig. 2. Effect of foliar application of Calcium Nitrate, Calcium Chloride and Boric Acid on endocarp lesion.

In the case of blank nut, results specified that all

treatments diminished the blank nuts as compared to

control, but no considerable differences were

observed between the all treatments (Fig. 3).
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Fig. 3. Effect of foliar application of Calcium Nitrate, Calcium Chloride and Boric Acid on blank nut.

Generally, low level of deformed nuts was

observed in this study. However, the results specified
that calcium nitrate and moreover combination

treatment of calcium nitrate and boric acid diminished

the number of deformed nuts as compared to other
So,

considerable difference between other treatment and

treatments and control. there was not a

control in the number of deformed nuts (Fig. 4).
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Fig. 4. Effect of foliar application of Calcium Nitrate, Calcium Chloride and Boric Acid on deformed nut.

In the case of early split nut, the results specified
that all applied treatments except to boric acid,
diminished this disorder in comparison to control. but
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no considerable differences were observed between
the all treatments (Fig. 5).
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Fig. 5. Effect of foliar application of Calcium Nitrate, Calcium Chloride and Boric Acid on early split nut.

Also according to the experiment, excepting boric
acid treatment, all applied treatments, diminished non-
split nut in comparison to control. On the other hand,

no considerable differences were observed among the
other treatments (Fig. 6).
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Fig. 6. Effect of foliar application of Calcium Nitrate, Calcium Chloride and Boric Acid on non-split nut.

In the case of split nut, the results specified that
excepting boric acid treatments, all applied treatments
in comparison to control, boosted split nuts. But there

were no considerable differences between calcium

nitrate and calcium chloride to boost the split nuts but
the best result was obtained through the application of
calcium nitrate and boric acid (Fig. 7).
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Fig. 7. Effect of foliar application of Calcium Nitrate, Calcium Chloride and Boric Acid on split nut.
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Effect of treatments on biochemical traits

In this study, the results specified that all the chloride was more than the boric acid to diminish
treatments diminished the CAT enzyme activity as CAT activity. Among the combination treatments,
compared to control. The effect of calcium nitrate was calcium nitrate and boric acid had more than the effect
much more than calcium chloride and boric acid to of calcium chloride and boric acid to diminished CAT
diminish CAT activity, and also the effect of calcium activity (Table 2).

Table 2. Effects of foliar application of Calcium Nitrate, Calcium Chloride and Boric Acid on biochemical factors of ‘Kaleh-Ghoochi’

pistachio.

Treatments CAT P_OD P_PO PAL Total Proline

(W/mgFW)  (ug.min/gFW)  (ug.min/gFW)  (nmol.min/gFW) phenol(mg/gFW) (ug/gFW)
Control 8.32° 6.28° 4.96° 10.19° 1.34° 11.94°
Calcium nitrate 6.75° 4.59° 417° 8.95° 0.95° 8.23°
Calcium chloride 7.52° 5.38" 441" 9.27™ 117" 9.78"
Boric acid 7.92° 6.09° 455 9.87° 1.23° 11.75°
Calcium nitrate and Boric acid 6.23° 4.09% 3.71¢ 7.87 0.88" 8.12°
Calcium chloride and Boric acid 7.32% 519 4.19° 5.95° 1.06° 9.58™

In each column, means with the same letters are not significant according to Duncan's multiple range test (P<0.05).

The results of POD enzyme activity specified that was observed during the treatment of calcium nitrate
except to boric acid, all applied treatments, and boric acid (Table 2).
diminished POD activity as compared to control. The According to the experiment, treatments
effect of calcium nitrate was much more than calcium diminished total phenol ingredients as compared to
chloride in diminishing of POD activity. On the other control. However, the effect of calcium nitrate was
hand, combination treatment of calcium nitrate and more than calcium chloride and boric acid to diminish
boric acid was more than the effect of other solitary total phenol content. Also, no considerable difference
and combinations treatments to diminish POD activity was observed between calcium chloride and boric acid
(Table 2). to diminish total phenol ingredients. On the other

According to the experiment, PPO activity was hand, among combination treatments, calcium nitrate
diminished under the effects of application treatments and boric acid diminished total phenol ingredient
as compared to control. Also, the effect of calcium which was considered more effective than calcium
nitrate was more than calcium chloride and boric acid, chloride and boric acid treatments (Table 2).
and also the effect of calcium chloride was more than All samples had lower proline ingredient as
boric acid to reduce of PPO activity. However, compared to control samples. The effect of calcium
combination treatment of calcium nitrate and boric nitrate was more than calcium chloride and boric acid
acid was more than effect of other solitary and and also the effect of calcium chloride was more than
combinations treatments to diminish PPO activity boric acid to diminish the proline ingredients. Among
(Table 2). combination treatments, calcium nitrate and boric acid

In this study, samples had the lower levels of PAL diminished the proline ingredient which was more
activity than control samples, the effect of calcium effective than calcium chloride and boric acid
nitrate was more than effects of calcium chloride and treatments. No considerable difference was observed
boric acid and also the effect of calcium chloride was between combination treatments, calcium nitrate and
more than boric acid in diminishing of PAL activity. boric acid and calcium nitrate in the proline ingredient
In combinations treatments, the lowest PAL activity (Table 2).
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Discussion

In this study, the results of soil analysis of orchard
have specified that the grade of water and soil EC are
high than over limit. Pistachio is commonly famous as
tolerant trees to salinity and drying but the high
salinity and drying diminishes product and boost
disorders in pistachio orchards (Herrera, 1997). Our
results have specified that there is a junction among
physiological disorders in pistachio nuts with PAL,
PPO, POD, CAT, proline and phenol ingredient of
nut-shells and leaves. It seems that among
physiological disorders in pistachio and surrounding
stresses, there is a junction.

Plants in unfavorable situations such as biotic and
abiotic stresses produced Reactive Oxygen Species
(ROS) which induce damage to cellular structures.
Versus environmental stresses, plants used enzymatic
and non-enzymatic mechanisms (Pazuki et al., 2015).
In fact PAL, PPO, POD and CAT are antioxidant
enzymes that created in stress conditions. In stress
condition, antioxidant enzymes prevent from more
damages to cellular structures through eliminating
HZOZ

counterbalance deleterious free radicals. On the other

such dynamic oxygen species as and
hand, PAL has been presented as the key enzyme of
phenylpropanoid traverse causing to the production of
antioxidant metabolites like ascorbic acid, phenolic
complexes and flavonoids (Queiroz et al., 2008;
Amna Mhamdi et al., 2010; Kim and Hwang, 2014;
Siddika et al, 2015). Phenolic complexes are non-
enzymatic mechanisms which have a consequential
role in the interplay of plants with its surroundings. In
fact these complexes defended plants versus biotic
and abiotic stresses (Kliebenstein, 2004). Proline is a
critical material that diminished disorders through
expanding the scope of stresses in agriculture in
situation stresses (Pazuki et al., 2015). In this study,
the results have specified that treatments diminish
physiological disorders and biochemical indexes.

Our

treatments diminished the percentage of fruit

results have specified that all applied
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abscission. Some reports specifies that boron has an
significant role in the proceeding of fertilization and it
has been reported that boron shortage in style and
stigma diminishes pollen germination and growth of
the pollen tube in process of fertilization in which it
causes the fruit abscission (Nyomora and brown,
1997). In fact boron prevents the action of indole
acetic acid oxidase, causes the persistency of auxins in
plants tissue, and diminishes fruit abscission (Castro
and Sotomayor, 1997). Another study has indicated
that number of the fruit, usually are boosted in
pistachio trees with the advancement of the nitrogen
supply, (Arias et al., 2005). Jackson (2003) reported
that consumption of urea can diminish the fruit
abscission in apple and pear trees. In fact the presence
of nitrogen has an important role in the process of
fertilization and fruit set.

Calcium has been

important to improve

fertilization, and subsequent embryo and fruit
improvements (Anil and Rao, 2001). Pollen often
needs on calcium sources in the pistil for germination
and elongation of the pollen tube. On the other hand,
free calcium in cytosol is an important secondary
messenger in cell signaling. In fact it systemizes the
polarity of the pollen tube and abundance of calcium
signals in ovary and ovule, provides essential mineral
nutrition, and shifts the pollen tube in some plants
(Lili et al., 2007; Fageria, 2009; Dodd et al., 2010).
On the other hand, the unfavorable environmental
situations, minerals and growth adjustments have been
reported as some rationales for the fruit abscission
(Acar and Eti, 2007). In environmental stresses, plants
produce ROS and ethylene which acts as an
intracellular signal to stimulate plant protection
mechanisms versus kind Of stresses (Chen et al.,
2005; Xia et al., 2015). It seems that the boost of the
fruit abscission has a positive correlation with
ethylene. Since calcium acts as anti-ethylene in
abscission process (Taiz, and Zeiger, 2015), In fact
calcium in treatments diminishes the rate of stresses,

so the fruit abscission was diminished.
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In this research, the percentage of the endocarp
lesion disorder is diminished with application of all
treatments excepting boric acid. With studying
different sources of calcium such as calcium chloride
and calcium nitrate on endocarp lesion disorder.
Sajadian and Hokmabadi (2011) reported that these
treatments diminished the rate of disorder as the study
has been shown. Gastol and Iwona (2006) who
studied the rate of calcium in the different parts of the
pear fruit reported that the highest amount of calcium
was the presence on the skin of fruit. Also, these
studies have shown that the presence of calcium was
essential when cell membranes were damaged through
various stresses (Netonda et al., 2004). Usually the
soak up of calcium into nuts is done with mass flow
process and is related to transpiration. In salinity and
drought situations, the soak up of water and calcium is
limited. In fact spray of calcium nitrate and calcium
chloride are boosted in pistachio fruits and the
endocarp lesion disorder is diminished. However, the
causes of the endocarp lesion disorder in pistachio are
not plainly known.

Our study has been showed that all treatments
diminish the percentage of the blank nuts. Some of the
researchers reported that fertilization challenge such
as destruction of the ovary segments, are the chief
factor of blanking in pistachio (Shuraki and Sedgley,
1996). Some of the researchers reported that when the
movement of pollen tube is stopped in the style, the
particle of starch is promptly aggregated in an ovary,
then blanking happen in pistachio (Shuraki, 2006).
Boron deficiency limits the reproductive growth,
boosts the weak anther, develops the defective pollen,
and stops the growth of the pollen tub (Ahmad et al.,
2009). Moreover, some researchers reported that
blanking is created at the time of fruit set and to
complete the kernel (Ferguson et al., 2005). It seems
that boron diminishes percentage of the blank nuts
through improving the fertilization and the nutritional
situations if blank nut is association to watering and
nutritional stresses (Ferguson et al., 2005).
from some of

Calcium was prevented

physiological processes of plant (Hashimoto and

111

Journal of Nuts 10(2) (2019) 103-115

Kudla, 2011). Some researchers reported that biotic
and abiotic stresses boosted intracellular calcium
source and induce cell cycle delay (Sano et al., 2006).
Also, calcium could reinforce drought tolerance and
diminishing the proline oxidase activity (Abdul Jaleel
et al, 2007). On the other hand, nitrogen is the main
source of amino acids and proline is one of amino
acids which in response to drought and salinity
stresses were accumulated in plant tissue and boosted
plant resistance to stresses (Verslues et al., 2006).
However, few researches have reported the precise
causes of blanking in pistachio nuts.

Some report specifies that the deformed nuts in
pistachio are generated with disease, insect or other
physical damages (Niven et al., 1994). Microscopic
perceptions showed that deforming in pistachio has
been established two weeks later than full bloom with
destruction of parenchymal cells in endocarp
(Metheney et al, 1995). Calcium as a nutrient has
chief role in cell functions, in association, Fageria
(2009) reported that calcium was essential in cell
division and elongation, the structure of the cell wall
in plants and other organelles and it also helped the
activity of auxin. On the other hand, auxin is
significant to improve the shape of the fruit (Tiwari et
al., 2012). According to the results of experiment, It
seems that calcium diminish percentage of the
deformed nuts through participating in rebuilding of
the tissue. However, little research has been reported
about the precise causes of deformation in the
pistachio nut.

Some report specifies that the causes of boosting
early-split are the nutrition and irrigation stresses in
an orchard (Doster et al., 2001; Hosseinifard and
Panahi, 2006). Our results specified that treatments,
especially calcium nitrate + boric acid and calcium
nitrate, diminish the percentage of early split nut. If
the early split nut is associated to the nutrition and
irrigation stresses, it seems that our treatments can
possibly diminish the nutrition and irrigation problem.
In stress situations, the rate of ROSs and ethylene is
boosted (Perez-Lopez et al., 2009; Xia et al., 2015).

ROSs hurts membranes, lipids, proteins, nucleic acids,
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cellular and intracellular structures (Perez-Lopez et
al., 2009; Karray-Bouraoui et al., 2011). Since in
early-split nut affects the skin of the fruit, it seems
that ROSs and ethylene motivate the rate of early-split

nut to control the pistachio trees.
Conclusions

It is important to control the physiological
problems in pistachios. The results of the experiment
show that environmental stresses are effective on
physiological problems. Also, the results specify that
treatment of

treatments, especially combination

calcium nitrate and boric acid, diminish the

physiological problems through reducing stress
situations, and the synergistic effect of calcium nitrate
+ boric acid is better than each one alone. The other
treatments have fewer effects on physiological

problems.
Acknowledgments

Special thanks to Astane-Hazrat-Masome and
experts of Sharif-Abad orchard for providing all
facilities. We thank Ms Babai responsible of Islamic
Azad University lab, Qom, Iran, for technical advice

of the biochemical assays.
References

Abdul  Jaleel Sankar B,
Kishorekumar A, Rajaram P (2007) Calcium

chloride effects on salinity-induced oxidative

C, Manivannan P,

stress, proline metabolism and indole alkaloid
accumulation  in  Catharanthus
Comptes Rendus Biologies. 330, 674-683.

Acar |, Eti S (2007) Abscission of pistachio flowers

roseus.

and fruits as affected by different pollinators.
Pakistan Journal of Biological Sciences. 10,
2920-2924.

Ahmad W, Niaz A, Kanwal S, Rahmatullah N,
Rasheed MK (2009) Role of boron in plant
growth: A review. Journal of Agricultural
Research. 47, 329-338.

Amna M, Guillaume Q, Sejir C, Sandy V, Frank V,
Breusegem GN (2010) Catalase function in

112

Journal of Nuts 10(2) (2019) 103-115

plants: a focus on Arabidopsis mutants as
stress-mimic models. Journal of Experimental
Botany. 61, 4197-4220.

Anil VS, Rao KS (2001) Calcium-mediated signal
transduction in plants:a perspective on the
role of Ca and CDPKs during early plant
development. Journal of Plant Physiology.
158, 1237-1256.

Arias M, Carbonell J, Agusti M (2005) Endogenous
free polyamines and their role in fruit set of
low and high parthenocarpic ability citrus
cultivars. Journal of Plant Physiology. 162,
845-853.

Barker AV, Pilbeam DJ (2007) Handbook of Plant
Nutrition, CRC Press, BocaRaton, FL. pp,
773.

Castro GS, Sotomayor T (1997) Bloom time boron
and zinc sprays influencing almond fruit set.
Acta Horticulturae. 238, 401-405.

Chance B, Maehly AC (1955) Assay of catalases and
peroxidases. In: Colowick SP, Kaplan NO
(Eds.), Methods in Enzymology, Academic
Press, New York. pp. 823. 764-776.

Chen YF, Etheridge N, Schaller GE (2005) Ethylene
signal transduction. Annals of Botany. 95,
901-915.

Chillet M, DeLaperyre DBL, Dorel M, Joas],
DuboisC, Marchal J, (2000)
Evidence for the variation in susceptibility of

PerrierX
bananas towound anthracnose due to
Colletotrichummusae and the influence of
edaphicconditions. Scientia Horticulturae. 86,
33-47.

JC, Nelson MM (1971) The

mechanism of alternate bearing in the

Crane unusual

pistachio. Horticultural Science. 6, 489-490.

JC, BT (1981) Morphology and

reproduction  of

Reviews. 3, 376-393.

Dodd AN, Kudla J, Sanders D (2010) The language of
calcium signaling. Annual Review of Plant
Biology. 61 593-620.

Crane Iwakiri

pistachio.  Horticultural



E. Pourahmadi et al

Doster MA, Michailides TJ, Goldhamer DA, Morgan
DP (2001)
increases abnormal splitting of pistachio nuts.
California Agriculture. 55, 28-31.

Eslami M, Nasibi F, Manouchehri Kalantari K, Khezri
M, Oloumi H (2019) Effect of exogenous
application  of

Insufficient spring irrigation

l-arginine  and  sodium

nitroprusside on  fruit abscission and

physiological disorders of pistachio (Pistacia

vera L.) Scions. International Journal of
Horticultural Science and Technology 6(1):
51-62.

Fabbri A, Ferguson L, Polito VS (1998) Crop load
related deformity of developingPistaciaveracv
‘Kerman’ nuts. Scientia Horticulturae. 77,
219-234.

Fageria NK (2009) The Use of Nutrients in Crop
Plants. CRC Press, Boca Raton. pp. 273-283.

Ferguson L, Beede RH, Freeman MW, Haviland DR,
Holtz BA, Kallsen CE (2005) Pistachio
Production Manual (4th ed.). Fruit and Nut
Research and Information Center, University
of California, Davis, California.

Gastol MD, Iwona S (2006) Effect of foliar sprays on
Potassium,  Magnesium and  Calcium
distribution in fruit of the Pear. Journal of
Fruit and Ornamental Plant Research. 140,
169-176.

Ghani MAA, AwangY, Sijam K (2011) Disease
occurrence and fruit quality of pre-harvest
calcium treated red flesh dragon fruit.African
Journal of Biotechnology.10, 1550-1558.

Hashimoto K, Eckert C, Anschutz U, Scholz M, Held
K, Waadt R, Reyer A, Hippler M, Becker D,
Kudla J (2012) Phosphorylation of calcineurin
B-like (CBL) calcium sensor proteins by their
CBL-interacting protein kinases (CIPKSs) is

required for full activity of CBL-CIPK

complexes toward their target proteins.
Journal of Biological Chemistry. 287, 7956—
7968.

113

Journal of Nuts 10(2) (2019) 103-115

Herrera E (1997) Growing pistachios in New Mexico,
New Mexico State University, Cooperative
Extension Service, Circular 532.

Hosseinifard J, Panahi B (2006) The effect of
different mineral nutrients on early splitting in
pistachio. Acta Horticulturae. 726, 325-328.

JacksonJE (2003) Biology of Apple and Pears,
Cambridge University Press. pp. 488. 243-
249.

Kamiab F, Talaie A, Khezri M, Javanshah A (2015)
Exogenous application of free polyamines
enhance salt tolerance of pistachio
(Pistaciavera L.). Plant Growth Regulation.
72,257-278.

Kar M, Mishra D (1976) Catalase,

polyphenol oxidase activities during

peroxidase,

rice
senescence. Plant Physiology. 57, 315-319.

Karray-Bouraoui N, Harbaoui F, Rabhi M (2011)
Different antioxidant responses to salt stress
in two dierent Journal of Botany provenances
of Carthamus tinctorius L. Acta Physiologiae
Plantarum. 33, 1435-1444.

Keshavarz K, Vahdati K, Samar M, Azadegan B,
Brown P (2011) Foliar application of zinc and
boron improves walnut vegetative and
reproductive
21(2):181-186.

Khezri M, Talaie A, Javanshah A, Hadavi F (2010)

Effect of exogenous application of free

growth. HortTechnology

polyamines on physiological disorders and
yield of ‘Kaleh-Ghoochi’ pistachio shoots
(Pistacia vera L.). Scientia Horticulturae.
125, 270-276.

Kim DS, Hwang BK (2014) an important role of the
pepper phenylalanine ammonialyase gene
(PAL 1) in salicylic acid-dependent signaling
of the defense response to microbial
pathogens. Journal of Experimental Botany.
65, 2295-2306.

Kliebenstein DJ (2004) Secondary metabolites and
plantenvironment interactions "a  view

through Arabidopsis thaliana tinged glasses".

Plant Cell and Environment. 27, 675-684.



E. Pourahmadi et al

Lattanzio V, Cardinali A, Ruta C, Fortunato IM,
Lattanzio VM, Linsalata V, Cicco N (2009)
Relationship of secondary metabolism to
growth in oregano (Origanum vulgare L.)
shoot cultures under nutritional stress.
Environmental and Experimental Botany. 65,
54-62.

Lili G, Hui EQT, Scott DR (2007) Calcium function
and distribution during fertilization in
angiosperms. American Journal of Botany.
94, 1046-1060.

Madani B, Tengku MM, Biggs AR, Kadir J, wangY,
Tayebimeigooni A, Shojaei TR (2014) Effect
of preharvest calcium chloride applications on

calcium level and

fruit post-harvest

anthracnose  disease of papaya.
Protection. 66, 55-60.

Mahmud TMM, Eryani-Rageeb AA, Sayed OmarSR,
Mohamed Zaki AR, Al-Eryani AR (2008)
Effects of different

applications of calcium on storage life and

Crop

concentrations and

physiochemical characteristics of Papaya

(Carica papaya L.). American journal of
Agricultural and Biological Sciences. 3, 526-
533.

Marschner H (1986) Mineral Nutrition of Higher
Plants, Academic Press, London. pp, 889.

Metheney P, Baughn L, Ferguson L (1995) Crop load
related deformity of developing pistacia vera
cv ‘kerman’ nuts. Acta Horticulturae. 419, 79-
84.

Netonda GW, Onyango JC, Beck E (2004) Sorghum
and salinity: 11. Gas exchange and chlorophyll
fluorescence of sorghum under salt stress.
Crop Science. 44, 806-811.

Niven ACM, Fabbri A, Dollo L, Polito V, Metheney
P, Ferguson L, Cruz H, Bentley W, Blackwell
B (1994) Investigation of damage by other
means in developing pistachios. California
Pistachio
Year. 94, 87-91.

Norozi M, ValizadehKaji B, Karimi R, Nikoogoftar
Sedghi M (2019) Effects of foliar application

Industry. Annual Report. Crop

114

Journal of Nuts 10(2) (2019) 103-115

of potassium and zinc on pistachio (Pistacia
vera L.) fruit yield. International Journal of
Horticultural Science and Technology 6(1),
113-123.

Nyomora AMS, Brown PH (1997) Fall foliar applied
boron increases tissue boron concentration
and nut set of almond. American journal of

Agricultural and Biological Sciences. 22, 405-

410.
Obinger C, Regelsberger G, Strasser G, Burner U,
Peschek GA (1997) Purification and

characterization of a homodimeric catalase-

peroxidase  from the  cyanobacterium

Anacystis  nidulans.  Biochemical and
Biophysical Research Communications. 235,
545-552.

Pazuki A, Asghari J, Sohani M, Pessarakli M, Aflaki
F (2015) Effects of Some Organic Nitrogen
Sources and Antibiotics on Callus Growth of
Indica Rice Cultivars. Journal of Plant
Nutrition. 38, 1231-1240.

Perez-Lopez U, Robredo A,Lacuesta M (2009) The
oxidative stress caused by salinity in two
barley cultivars is mitigated by elevated CO..
Physiologia Plantarum. 135, 29-42.

Polito VS, Pinney K (1999) Endocarp dehiscence in
pistachio (Pistacia vera L.). International

Journal of Plant Sciences. 160, 827-835.

JR (2011) Seasonal

in Mature

Pradubsuk S, Davenport
Distribution of micronutrients
‘Concord’ Grape: Boron, Iron, Manganese,
Copper and Zinc. Journal of the American
Society for Horticultural Science. 136, 69-77.

Queiroz C, Lopes MLM, Fialho E, Valente-Mesquita
VL (2008)
Characteristics and mechanisms of browning

Polyphenol oxidase:
control. Food Reviews International. 24, 361-
375.

Sajadian H, Hokmabadi H (2011) Investigation on
Effects of Calcium Nitrate, Calcium Sulfate
(soil application) and Calcium chelate as
foliar spray on Endocarp Lesion Disorder and

Some Qualitative Characteristics of pistachio



E. Pourahmadi et al

nut Cv. Akbari. International Journal of Nuts
and Related Sciences. 2, 23-28.

Sano T, Takumi H, Koichi H, Yasuhiro K,
Kazuyuki K, Seiichiro H, Anja H, Jorg E,
Ulrich Z, Rainer H,

Tiwari A, Offringa R, Heuvelink E (2012) Auxin-
induced Fruit Set in Capsicum annuum L.

Gibberellin
Biosynthesis. Journal of Plant Growth
Regulation. 31(4), 570-578.

Saunders JA, Mcclure JW (1974) The suitability of a

quantitive  spectrophotometric assay for

Requires Downstream

phenylalanine ammonia lyase activity in
barely, buck wheat and pea seedlings. Plant
Physiology. 54, 412-413.

Shuraki YD, Sedgley M (1996) Fruit development of
Pistacia vera (Anacardiaceae) in relation to
embryo abortion and abnormalities at
maturity. Australian Journal of Botany. 44,
35-45.

Shuraki YD (2006) Constraints on seed production in
Pistacia mutica  Fisch. And  Mey,
(Anacardiaceae). Acta Horticulturae.726,
409-415.

Siddika MR, Rakib MA, Abu Zubair M, Islam MM,
Haque MS, Al-Khayri JM (2015) Regulatory
mechanism of enhancing polyphenol oxidase
activity in leaf of Basella alba induced by
high temperature stress. Emirates Journal of
Food and Agriculture. 27, 82-93.

Journal of Nuts 10(2) (2019) 103-115

Singleton VL, Rossi JA (1965) Colorimetry of total
phenolics  with phosphomolybdic -
phosphotungstic acid reagents. American
Journal of Enology and Viticulture. 16, 144-
158.

Stephenson AG (1981) Flower and fruit abortion:
proximate causes and ultimate functions.
Annual Review of Ecology, Evolution, and
Systematics. 12, 253-279.

Taiz L, Zeiger E, Moller IM, Murphy A (2015) Plant
Physiology and Development. 6th Edition,
Sinauer Associates, Sunderland, CT.

Verslues PE, Agarwal M, Katiyar-Agarwal S, Zhu JH,
Zhu JK (2006) Methods and concepts in
quantifying resistance to drought, salt and
freezing, abiotic stresses that affect plant
water status. Plant Journal. 45, 523-539.

Xia XJ, Zhou YH, Shi K, Zhou J, Foyer CH, Yu JQ
(2015) Interplay between reactive oxygen
species and hormones in the control of plant
development and stress tolerance. Journal of
the Society of Experimental Botany. 66,
2839-2856.

115






