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Abstract The present study investigated the quantitative composition of water-soluble carbohydrates in the leaves and
seeds of Pistacia vera L. collected from the Topalang and Bobotog National Nature Parks of Surkhandarya Region using
High-Performance Liquid Chromatography (HPLC). The contents of fructose, glucose, sucrose, and maltose were
determined, and significant differences were observed depending on the plant organ and the growing location. The highest
total carbohydrate content was detected in the leaves collected from the Bobotog area (2.97 mg/g), whereas the lowest value
was recorded in the seeds collected from the Topalang area (0.90 mg/g). The predominance of glucose and fructose in the
leaves and sucrose in the seeds confirms the physiological characteristics of photosynthetic assimilate distribution within the
source-sink system. The obtained results indicate that carbohydrate metabolism in Pistacia vera L. is influenced by
environmental conditions and demonstrate that the HPLC method provides reliable quantitative determination of
water-soluble carbohydrates. These findings provide a scientific basis for evaluating the physiological and biochemical
characteristics of Pistacia vera L., understanding the distribution of photosynthetic assimilates among plant organs, and
supporting future fundamental and applied research.
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1. Introduction

Pistacia vera L. is one of the most economically important
nut-bearing tree species widely distributed in arid and
semi-arid regions of the world. The productivity of this
species, seed quality formation, and adaptation to unfavorable
environmental conditions are closely associated with
physiological and biochemical processes occurring in the
plant, particularly carbohydrate metabolism [1]. As the
primary products of photosynthesis, carbohydrates provide
cellular energy, regulate metabolic processes, maintain
osmotic balance, and serve as the principal carbon source for
plant growth and development [2].

Leaves function as the primary photosynthetic source
organs, where glucose and fructose synthesized during
photosynthesis are subsequently converted into sucrose and
transported via the phloem to developing fruits, seeds, roots,
and other sink organs [3]. The efficiency of the source-sink
system depends on photosynthetic activity, carbohydrate
translocation, and the metabolic demand of sink tissues,
making it one of the key physiological factors determining
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plant productivity and the accumulation of storage
compounds [4].

Recent studies on Pistacia vera L. have demonstrated that
the relationship between crop load and leaf photosynthetic
activity significantly influences photosynthetic efficiency,
the production of photosynthetic assimilates, and the
accumulation of soluble carbohydrates. Branches bearing a
higher fruit load maintain photosynthetic activity for a longer
period, exhibit changes in non-structural carbohydrate
content, and actively allocate assimilates to developing seeds
[5]- These findings indicate that productivity and carbohydrate
metabolism in Pistacia vera L. are closely related to the
functional status of the source—sink system.

The distribution of carbohydrates among plant organs is
influenced not only by developmental stages but also by
environmental conditions. Temperature, water availability,
mineral nutrition, and light intensity significantly affect
carbohydrate biosynthesis and assimilate transport [6].
Under drought and salinity stress, the concentrations of
soluble sugars such as glucose, fructose, and sucrose are
altered, contributing to osmotic adjustment and enhancing
plant tolerance to environmental stress [7].

In nut-bearing tree species, including Pistacia vera L.,
sucrose is the principal transport form of photosynthetic
assimilates and serves as the major carbon source for the
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biosynthesis of lipids, proteins, and other storage compounds
during seed development [2,5]. Therefore, determining the
quantitative distribution of mono- and disaccharides in leaves
and seeds is an important physiological and biochemical
approach for evaluating the functional activity of the
source-sink system [3].

Currently, High-Performance Liquid Chromatography
(HPLC) is one of the most reliable analytical techniques
for the quantitative determination of soluble carbohydrates
in plant tissues due to its high sensitivity, selectivity, and
reproducibility. This method enables the simultaneous
determination of glucose, fructose, sucrose, maltose, and
other soluble carbohydrates and is widely used to investigate
carbohydrate metabolism and the distribution of photosynthetic
assimilates among plant organs [8].

From this perspective, a comparative analysis of the
soluble carbohydrate composition in the leaves and seeds of
Pistacia vera L. collected from the Topalang and Bobotog
areas of the Surkhandarya Region provides valuable information
on the functional characteristics of the source—sink system,
regional differences in carbohydrate metabolism, and the
influence of environmental conditions on the distribution of
photosynthetic assimilates. Therefore, the aim of the present
study was to determine the quantitative composition of
soluble carbohydrates in the leaves and seeds of Pistacia
vera L. using HPLC and to evaluate the distribution of
photosynthetic assimilates within the source—sink system
from physiological and biochemical perspectives.

2. Materials and Methods

Leaves and seeds of Pistacia vera L. collected from
the Topalang and Bobotog National Nature Parks in the
Surkhandarya Region of Uzbekistan were used as the research
material. Plant samples were collected at the physiological
maturity stage during the growing season, air-dried under
laboratory conditions, ground into a fine powder, and
prepared for chromatographic analysis. The primary objective
of the study was to determine the quantitative composition
of water-soluble carbohydrates in leaves and seeds and to
evaluate their distribution within the source—sink system.

The quantitative determination of carbohydrates was
performed using High-Performance Liquid Chromatography
(HPLC). Chromatographic analyses were carried out on an
Agilent 1100 HPLC System (Agilent Technologies, USA)
equipped with a vacuum degasser (G1379A), quaternary pump

(QuatPump G1311A), autosampler (ALS G1313A), column
thermostat (ColCom G1316A), refractive index detector
(RID G1362A), and Agilent ChemStation Rev. B.01.03
software for data acquisition and processing.

Chromatographic separation was performed on a Supelcosil
LC-NH: aminopropyl column (5 pm, 4.6 X 250 mm, Supelco,
USA). Chromatographic conditions were selected and
optimized according to the HPLC methodology described by
Nollet [9].

An isocratic mobile phase consisting of acetonitrile and
deionized water (82:18, v/v) was used throughout the
analysis. The flow rate was maintained at 1.0 mL min™, the
column temperature was set at 35<C, and the injection
volume was 10 pL. Carbohydrates were detected using a
refractive index detector (RID).

Auxiliary laboratory equipment included adjustable
micropipettes (100 and 1000 L, VWR), a 5 mL pipette
(Biohit), an analytical balance (AND GR-202; accuracy
0.00001 g), a Millipore Simplicity water purification system,
an Elmasonic S30H ultrasonic bath, and 0.45 pm nylon
membrane filters. HPLC-grade acetonitrile (Sigma-Aldrich,
USA) was used for preparation of the mobile phase.

Analytical-grade fructose, glucose, sucrose, and maltose
standards were used for calibration. Standard solutions
of each carbohydrate were prepared and analyzed under
identical chromatographic conditions to construct calibration
curves. Individual carbohydrates were identified based on
their retention times. The average retention times were 4.9 +
0.2 min for fructose, 5.7 £0.2 min for glucose, 10.4 +0.2
min for sucrose, and 12.1 +0.2 min for maltose.

Prior to analysis, all sample extracts were filtered through
0.45 pm nylon membrane filters and injected into the HPLC
system. Quantification of carbohydrates was performed by
comparing the peak areas of the samples with those obtained
from the corresponding calibration curves of the reference
standards. The results were expressed as mg g! dry weight
(DW).

The applied HPLC methodology provided accurate,
reliable, and reproducible quantitative determination of
water-soluble carbohydrates in the leaves and seeds of
Pistacia vera L., enabling the physiological and biochemical
evaluation of carbohydrate metabolism and the distribution
of photosynthetic assimilates within the source—sink system.

3. Results and Discussion

Table 1. Quantitative composition of carbohydrates in the leaves and seeds of Pistacia vera L. (mg g™' DW)

Carbohydrates Topalang leaves Topalang seeds Bobotog leaves Bobotog seeds
Fructose 0,53 0,06 1,26 0,19
Glucose 0,57 0,07 1,35 0,24
Sucrose 0,33 0,68 0,27 1,53
Maltose 0,36 0,09 0,09 0,18

Total 1,79 0,90 2,97 2,14
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Figure 1. Topalang leaves
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Figure 2. Topalang seeds
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Figure 3. Bobotog leaves
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Figure 4. Bobotog seeds

The quantitative composition of water-soluble carbohydrates
in the leaves and seeds of Pistacia vera L. was determined
using High-Performance Liquid Chromatography (HPLC).
The obtained results are presented in Table 1. The analyses
were performed using samples collected from the Topalang
and Bobotog National Nature Parks located in the
Surkhandarya Region, Uzbekistan. The results demonstrated
that the quantitative composition of carbohydrates varied
significantly depending on the plant organ and the geographical
location of the sampled populations.

HPLC analysis identified fructose, glucose, sucrose, and
maltose in the leaves and seeds of Pistacia vera L., with
significant differences in their concentrations depending on
the plant organ and collection site. The total carbohydrate
content in leaves collected from the Bobotog area reached
2.97 mg g' DW, which was 1.66-fold higher than that in
the Topalang leaves (1.79 mg g™' DW). Likewise, the total
carbohydrate content in Bobotog seeds (2.14 mg g! DW)
was 2.38-fold higher than that in Topalang seeds (0.90 mg
g DW). These findings suggest that carbohydrate biosynthesis
and the distribution of photosynthetic assimilates were more
active in plants growing in the Bobotog area.

The predominance of monosaccharides in leaf tissues
reflects the physiological role of leaves as source organs.
In the Bobotog leaves, glucose and fructose contents
reached 1.35 mg g! DW and 1.26 mg g™' DW, respectively,
representing 2.37-fold and 2.38-fold increases compared
with the corresponding values in the Topalang leaves (0.57
mg ¢! DW and 0.53 mg g' DW, respectively). The high
accumulation of glucose and fructose in leaves indicates
active photosynthetic carbon assimilation and confirms the
metabolic role of leaves as the primary organs responsible
for carbohydrate production.

In contrast, sucrose was the predominant carbohydrate in
the seed samples. The sucrose content in Bobotog seeds
reached 1.53 mg g™' DW, which was 2.25-fold higher than
that in Topalang seeds (0.68 mg g' DW). Conversely,
glucose and fructose contents in Bobotog seeds were 0.24
mg ¢! DW and 0.19 mg g' DW, whereas those in Topalang

seeds were 0.07 mg g' DW and 0.06 mg g' DW,
respectively. These results indicate that monosaccharides
synthesized in leaves were converted into sucrose and
subsequently transported through the phloem to developing
seeds, where they served as carbon sources for the biosynthesis
of storage compounds.

Maltose was detected at relatively low concentrations in
all analyzed samples. The highest maltose content (0.36 mg
g DW) was observed in the Topalang leaves, whereas
only 0.09 mg g™' DW was detected in the Bobotog leaves,
representing a fourfold difference. In seed samples, maltose
concentrations were 0.18 mg g* DW in the Bobotog population
and 0.09 mg g DW in the Topalang population. The
relatively low abundance of maltose suggests that it mainly
functions as an intermediate product of starch metabolism
rather than as a major transport carbohydrate.

Overall, the obtained results confirm the classical
source-sink pattern of carbohydrate distribution in Pistacia
vera L. The higher accumulation of glucose and fructose in
leaves reflects active photosynthetic assimilate synthesis,
whereas the predominance of sucrose in seeds indicates
efficient translocation of photosynthetic products to developing
reproductive organs. In particular, the elevated total
carbohydrate contents in the leaves (2.97 mg g* DW) and
seeds (2.14 mg g' DW) collected from the Bobotog area
demonstrate a higher intensity of carbohydrate metabolism
and assimilate translocation under these environmental
conditions. These findings further indicate that environmental
factors play a significant role in regulating carbohydrate
metabolism and the distribution of photosynthetic assimilates
in Pistacia vera L.

4. Conclusions

The quantitative composition of water-soluble carbohydrates
in the leaves and seeds of Pistacia vera L. was determined
using High-Performance Liquid Chromatography (HPLC),
revealing significant differences according to plant organ
and growing location. Leaf and seed samples collected from
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the Bobotog area exhibited higher total carbohydrate
contents than those from the Topalang area. In particular,
the total carbohydrate content reached 2.97 mg g' DW in
the leaves and 2.14 mg g! DW in the seeds collected from
Bobotog, indicating a relatively higher intensity of carbohydrate
metabolism.

The results demonstrated that glucose and fructose
predominated in the leaves, whereas sucrose was the dominant
carbohydrate in the seeds. These findings are consistent with
the physiological principles of photosynthetic assimilate

partitioning within the source—sink system of Pistacia vera L.

Leaves functioned as photosynthetic source organs responsible
for carbohydrate synthesis, while seeds acted as sink organs,
accumulating sucrose for the biosynthesis of storage
compounds.

The obtained data indicate that carbohydrate metabolism
in Pistacia vera L. is influenced by environmental conditions
and that the growing location affects both the production of
photosynthetic assimilates and their distribution among plant
organs. Furthermore, the HPLC method proved to be a
reliable analytical technique for the accurate quantitative
determination of water-soluble carbohydrates, providing
valuable information on the physiological and biochemical
status of Pistacia vera L.

Overall, this study provides new insights into
carbohydrate metabolism and the source-sink distribution of
photosynthetic assimilates in Pistacia vera L. The findings
contribute to a better understanding of carbon allocation
in this economically important species and may serve as a
scientific basis for future studies aimed at improving
productivity, evaluating adaptive responses to environmental
conditions, and advancing physiological and biochemical
research on Pistacia vera L.
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