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Background: Pistachio is one of Iran's most important agricultural products,
whose export has a special economic and commercial value. Biennial and alternate
bearing are among the problems that cause severe fluctuations in this product
production and export. Indeed, in the high-yield year of pistachios, the
reproductive (flower) buds fall off, leading to alternate bearing and crop
decreasing in the next year (off). This year (2021) was a low crop year for
pistachios in Rafsanjan; however, reports indicate a reduction in flower bud for
next year, contrary to the flowering regulation.

Materials and Methods: In the present study, four commercial cultivars of
pistachio (Fandoghi, Kaleghoochi, Ahmad Aghaei, and Akbari) in different areas
of Rafsanjan were sampled. Then, the percentage of vegetative and reproductive
buds was determined by their cutting, staining, and microscopic examination.
Results: The results showed that reproductive buds decreased this year and
reached about 33% of the total buds, especially for Kaleghoochi and Ahmad
Aghaei cultivars.

Conclusion: Considering that only about 10% of flower buds in a cluster turn into
fruit each year, it is recommended that pistachio orchards be managed properly
with careful planning to prevent a reduction in crop production as much as
possible next year.
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1. Introduction

Pistachio cultivation (Pistacia vera L.)
originated in Central Asia and then spread
throughout the Middle East and the
Mediterranean. The history of pistachio
cultivation in Iran dates back to about 3 to 4
thousand years ago [1, 2]. With the start of
pistachio exports about 70 years ago, this
product gained special economic and
commercial value, and Iran was recognized as
the first and most important producer of
pistachios in the world. According to FAO
statistics, the annual production of pistachios in
Iran in 2017 was equal to 648934 tons, which
decreased to about 337815 tons in 2019 [3, 4].

Alternate bearing of pistachios is one of the
most significant problems causing severe
fluctuations in crop production in the country. In
fruit trees, flower bud formation is limited on the
branches despite the abundant yield. However,
flower buds are formed in pistachio trees every
year, and in the high-yielding year (on), they fall
in summer, causing alternate bearing [5-7].

The physiology and mechanisms of alternate
bearing are still unknown, and not all attempts to
control the falling of flower buds have been
successful. Some early studies have identified
competition between fruit development and
flower buds for carbohydrate uptake as the cause
of flower bud loss [7]. Therefore, the more fruit
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a branch has, the more flower buds will fall.
Studies have shown that flower buds on fruitless
branches receive twice as many photosynthetic
compounds (carbohydrates) as those on fruity
branches [8]. Genetics, carbohydrates, nutrients,
hormones, and environmental factors can cause
flower buds to fall (Fig. 1) [7]. Pistachio flower
buds fall in three stages [9]. The first stage is
from flower bud formation to before kernel
filling, with a more than 40% fall. The second
stage, also known as the main stage of flower
bud falling, lasts from the beginning of kernel
filling to the approximate harvest time; flower
buds fall up to about 50% or more at this stage.
The third pistachio flower bud falling stage
begins in late winter and lasts until early spring.
In recent years, more attention has been paid to
this stage, and the results of studies show that the
percentage of flower bud falling in the third
stage in natural climatic conditions and meeting
the cold needs is between 5% to 15%. Flower
buds fall at this stage due to genetic factors (type
of cultivar and rootstock), the amount of cold
supply, climatic and humidity fluctuations, and
how to manage the garden. It seems that in the
case of severe fluctuations in climate and
humidity, as well as problems due to lack of cold
requirements in some years, the percentage of
the third stage falling will increase sharply [9].
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Fig. 1 Hypotheses related to pistachio alternate bearing (Pistacia vera) [7]

Morphologically, pistachio vegetative buds
are narrow and elongated, and reproductive buds
are round and swollen. After pistachio trees
reach maturity, most of the lateral buds are
reproductive buds, but the terminal and 1-2 buds
below are vegetative [10]. While it is relatively
easy to distinguish vegetative buds from
reproductive, there is a third category of buds
that are intermediate and cannot be easily
distinguished as vegetative or reproductive.

In recent years, oral reports of farmers and
agricultural experts have indicated a decrease in
flower bud formation. In this regard, an attempt
was made to sample the orchards in different
areas of Rafsanjan region in a field study so that
by the laboratory and microscopic examination
of the buds, farmers could be guided for the next
year's crop management.

2. Materials and Methods

This research was carried out in Rafsanjan
area, located in the northwest of Kerman
province with the coordinates of "24 '30 ° 30
north,” 38 '59 ° 56 east, and an altitude of 1527
meters above sea level. Annual branches of four
commercial cultivars of pistachio (Fandoghi,
Kaleghoochi, Ahmad Aghaei, and Akbari) were
sampled in cooperation with Agricultural Jahad
of Rafsanjan from 24 gardens in different parts
of the city (Ismail Abad, Kashkuyeh, Ferdows,
Bahrman, Kabutarkhan, and the western suburbs
of Rafsanjan) in November 2021. It is notable
that 5 samples were prepared from each cultivar
in each garden.

In the next step, thin cuts from longitudinal
area of the buds were prepared by using a scalpel
blade, so that the bud tissues were directly
exposed to dye [11]. The cuts were then stained

by a simple one-step method using Fuchsin
reagent for one minute and then washed with
distilled water.

Samples were carefully evaluated by
binocular microscope (Olympus Corporation,
Japan, Model SZX2-ILLD), and the percentage
of vegetative and reproductive species of
commercial pistachio cultivars in different
regions was calculated using the following
formula:

Bud (reproductive or vegetative) percentage
= bud (reproductive or vegetative) numbers /
[reproductive buds + vegetative buds] x 100

It should be noted that the buds at the end of
the branch (vegetative buds) were not included
in the calculations.

3. Results

According to the reports indicating a decrease
in the number of pistachio flower buds this year,
in this study, vegetative and reproductive buds
in pistachio orchards in different parts of
Rafsanjan city were studied in more detail.

Figs. 2 and 3 show some microscopic images
of vegetative and reproductive buds. As can be
seen, the scale-like (leaf-like) structure in the
vegetative buds (Fig. 2), as well as the main and
secondary axes and other components of the
flower cluster in the reproductive buds (Fig. 3),
can be well distinguished.

The percentage of vegetative and
reproductive buds related to four commercial
pistachio cultivars (Fandoghi, Kaleghoochi,
Ahmad Aghaei, and Akbari) sampled from 24
orchards in different areas of Rafsanjan is
presented in Table 1. As can be observed, in
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most cases, the proportion of reproductive
(flower) buds was lower than that of vegetative
buds. In some areas (such as Toghari water well
in the Ferdows area), 100% of the sampled buds
were vegetative. However, in some areas, such
as Ali Bajgani water well in Ferdows, the
percentage of reproductive buds reached 81%.

As shown in Fig. 4, the percentage of
vegetative buds was higher than reproductive
buds in all cultivars (about 22% to 46%). The
reduction of reproductive buds in Kaleghoochi
and Ahmad Aghaei cultivars was more than
Fandoghi and Akbari cultivars (Fig. 4).

Further examination of reproductive buds
showed signs of burns in their tissue (Fig. 5).

Fig. 2 Microscopic images of vegetative buds of pistachio.
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Fig. 3 Microscopic images of reproductive (flower) buds of pistachio.

Table 1. Percentage of vegetative and reproductive buds in samples of four commercial cultivars of pistachio
(Fandoghi, Kaleghoochi, Ahmad Aghaei, and Akbari) in different areas of Rafsanjan area.

‘1 Fandoghi Ismail Abad 50 50
‘2 Kaleghoochi Ismail Abad 94 6
'3 | Ahmad Aghaei  Ismail Abad 68 32
4| Akbari Ismail Abad 75 25
5  Fandoghi Kashkuyeh 73 27
6 | Kaleghoochi Kashkuyeh 55 45
7 | Ahmad Aghaei  Kashkuyeh 54 46
8 Akbari Kashkuyeh 42 58
Fandoghi Water well in Islam Abad of 56 44
- Javadieh Mortazavi- Ferdows area
10 Kaleghoochi Toghari water well in Ferdows area 100 0
11 Ahmad Aghaei  Toghari water well in Ferdows area 100 0
Akbari Water well of Ali Bajegani- 19 81
- Ferdows area
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Fig. 4 Percentage of vegetative and reproductive (flower) buds in different commercial cultivars of pistachio
(Fandoghi, Kaleghoochi, Ahmad Aghaei, and Akbari) in Rafsanjan city.
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Fig. 5 Microscopic images of damaged reproductive (flower)buds.

4. Discussion

Alternate bearing is common in fruit trees.
However, based on the available knowledge, its
mechanism is unique in pistachio. The formation
and falling of flower buds in the high-yield year
is a clear reason for the alternate bearing
phenomenon in pistachio [7].

Research shows that 80% of lateral buds in
mature pistachio trees are flower buds with the
ability to become fruit clusters [10, 12]. This
year, however, the number of flower buds has
decreased to 33% of the total buds. It should be
noted that this year is a low-yield year (off), and
according to the flowering rule, pistachio trees
should have the most flower buds.

This study also showed that some buds,
especially reproductive ones, were burned and
damaged possibly due to repeated use of
pesticides and sulfur [13, 14].

In pistachios, the flowering or conversion of
vegetative buds to reproductive buds begins in
May. There are several steps involved in a
vegetative bud to become a flower bud, requiring
a balance between carbohydrates, nutrients, and
growth regulators. Severe climatic fluctuations
disturb this equilibrium pattern and affect
flowering [7, 15, 16]. On the other hand, flower
buds may fall off after formation, which may

occur in three stages, including 1- from flower
bud formation to kernel filling stage, 2- from the
beginning of kernel filling to approximately
harvesting time, and 3- from late winter to early

spring [9].

Studies show that various environmental
(biotic and abiotic) stresses such as nutritional
stresses, irrigation tensions (reduction of
quantity and quality of irrigation water), pests,
and diseases cause physiological imbalance,
disturbance of photosynthesis and producing
carbohydrates, as well as hormonal inbalance in
flower buds and an increase in their falling [5-7,
17].

Since in the present study, data was collected
in November, the decrease in the percentage of
flower buds is related to the disorder in flower
formation or bud loss in the first and second
stages.

While this complication is widespread, it
seems that horticultural management factors
such as nutrition, pest, and disease control do not
play a role in this reduction since this study
included orchards with different management
methods. On the other hand, climate change can
be considered as the main cause of this decrease
because this study shows that the reduction of
flowering is not a function of regional and
managerial boundaries. A decrease in the
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quantity and quality of irrigation water may be
another factor contributing to the loss of flower
buds this year.

5. Conclusion

Each flower cluster in pistachio has one
hundred to several hundred flowers, eventually
about 10% of which turn into fruits [18]. While
the percentage of flower buds this year, a low-
yield year (off), has reached about 33% of the
total buds, pistachio orchards must be managed
properly with careful planning to prevent the
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