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ABSTRACT

The present study was carried out to find the natural regeneration patterns of Sogdian ash, Fraxinus sogdiana
Bunge, in the fertile forests along the Sharin River in Almaty Province, Kazakhstan. We investigated factors
affecting the establishment and growth of seedlings of this valuable species in the gradient of distance from the
river. A systematic survey method with 40 plots each 20 x 20 m? at different distances from the river was used to
attain this goal. Data on seedling density in three different elevation classes, soil physico-chemical characteristics,
light intensity, and health were carefully recorded and analyzed. The results showed that the distance from the
river played a decisive role in the success of the natural regeneration of this species. The density of seedlings
decreased from 2850 plants ha™* for the area within 0-50 m along the river up to 290 plants ha! in an area where
distance from the river was more than 150 m. Correlation analysis confirmed the existence of a significant
correlation between distance from the river and seedling density, with a coefficient of -0.91. Soil properties
including moisture (from 32.5% to 12.3%) and organic matter (from 4.5% to 2.1%) were also found to decrease
by elevating distance from the river. On the other hand, the health of the seedlings beside the river was much
better, and the proportion of healthy seedlings decreased from 85.5% close to the river to 41.2% at further
distances. The growth rate of the established seedlings was also considerably higher beside the river, being 28.5
cm yrt compared to 12.3 cm yr! for the more distant plants. All these findings clearly suggest that maintaining
the ecological conditions of the riverbank is crucially important for the continuation of the species, and also any
change in the hydrological regime of the river can be considered a grave threat to the survival of this valuable
ecosystem.
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INTRODUCTION

The communities of forests in arid and semi-arid regions are special treasures that play a crucial role in the
maintenance of ecosystem balance and fulfilment of various species' biological requirements (Mazarzhanova et
al. 2024). Among them, broadleaf forests along rivers maintain undisputed importance for environmental
sustainability, as if they were a green jewel in the heart of arid lands (Aldibekova et al. 2021). These forests not
only offer a habitat unique for many living organisms but are also highly effective in soil stabilization, flood
control, and climate regulation (Dyderski & Jagodzinski 2020). Therefore, any variation in health and dynamics
in these sensitive ecosystems may have widespread consequences (Sadyrova et al. 2025). It is an important
endemic and key species in the forests covering the Sharin River mangroves, a very specific biome. The Sogdian
sparrow tongue tree enjoys a special position in these ecosystems, since it can determine the structure and function
of the forest by adapting to the peculiar moisture and soil conditions at the riverine sites. Its successful existence
in the life cycle in the region is essentially a sign that it has been resistant to various environmental stresses in the
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past. In the last few decades, however, there has been persistent concern over the issue of the continuity in the
generation of this valuable species. These concerns emphasize the need to look more closely at the natural
processes of restoration and recovery of its population (Cuomo et al. 2019; Cortés-Flores et al. 2020; Qurbonov
et al. 2025). The natural regeneration process, including seed germination, establishment, and growth of seedlings
to maturity, is a fundamental process that forms the continuity of plant communities (Ugarl1 2020). This complex
process is strongly influenced by the unique microclimatic conditions, soil characteristics, and competition with
other species, in addition to human activities (Santos et al. 2023). Any disturbance in this sensitive process results
in the development of a generation gap in the population of trees and, consequently, a gradual loss of forests
(Chazdon 2017). An in-depth understanding of the mechanisms of natural regeneration of Sogdian sparrow tongue
would thus be imperative for understanding the fate of these forests. Unfortunately, field evidence and initial
observations in the study area have given signs of weakness in the natural recovery of this species. This is proven
by the significant decrease in the number of young seedlings under the shade of mature trees, indicating the
existence of obstacles in the life cycle of this species (Baul et al. 2022). This phenomenon can be considered a
warning for the ecosystem, as continuation depends on the presence of the young generation (Piffer et al. 2022;
Assanova et al. 2025). If this is the case, in the long term we will be facing the phenomenon of gradual aging of
trees and ultimately the decrease in population density, which is very hard and expensive to restore (Khrustalev
etal. 2023; Mohammed & Al-Gawhari 2024; Khaydarova et al. 2025). On the other hand, generalized changes in
the Sharin River hydrological regime are probably one of the main factors that influences this trend. The
construction of different structures along and within the streambed, changes in water use habits, and fluctuations
in climate might have interfered with the natural pattern of annual flood flow so essential for washing the soil and
creating a suitable substrate for germination (Kadhem et al. 2024). These changes create conditions that may be
unfavorable for the establishment of a new generation of Sogdian sparrows. Not knowing these relationships, any
management action will not be effective. Ultimately, the conservation of the remaining Sogdian sparrow-tongued
forests in Sharin River will only be made possible by an understanding of the natural processes that govern them
and the development of conservation plans based on indigenous knowledge. This research takes a necessary step
toward filling the existing gap in knowledge about this unique ecosystem and provides the insight necessary to
prevent its possible destruction. The future of these valuable forests depends upon informed actions, rooted in
basic and applied research (Tanirbergenova et al. 2025). The present study was, therefore, designed with the main
objective being a critical examination of the natural recovery processes of the Sogdian sparrow and its limiting
factors. The different stages of recovery, from seed production to the transformation of seedlings, are to be
examined in this study from a scientific and systematic point of view. We have to know at what link in this long
chain weakness has occurred and disruption has taken place; whether or not the problem is related to the quality
and quantity of seeds; or is it that environmental conditions have become unfavorable for germination and
establishment of seedlings. The achievements of this research can provide a valuable roadmap for natural resource
managers and planners. Accurate identification of the natural barriers to recovery allows in-depth designing of
practical and cost-effective management actions to remove the identified barriers. These may involve
interventions such as targeted management of water flow or the careful management of livestock grazing in areas
where natural seedlings are likely to emerge or even simple relief operations to improve conditions for
germination. In fact, this research acts like a bridge between ecological science and practical forest management.

MATERIALS AND METHODS

Study area

As a study area, forests on the banks of Sharin River in Almaty Province covered with the Sogdian sparrow tongue
species were selected. By an area of 150 hectares, it covered areas ranging from those close to the river to those
quite some distance away from the main water stream.

Survey design
A random-regular survey design was conducted for the systematic investigation of natural regeneration through a
20 x 20 m? grid of plots. A total of 40 plots were established in the area, with 50 m between the centres.

Collection of seedling data

Data collection was carried out on young seedlings in three separate height classes. For each seedling, several
characteristics were measured and recorded, including but not limited to, height and general health, any effects of
environmental damage, and light intensity at the establishment site.
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Investigation of environmental factors

Soil and light were measured to study the environmental condition affecting seedling establishment. A digital
luxmeter was used for measurement of physical and chemical parameters of soil samples and light intensity at the
surface of the ground.

Data analysis
Data analysis was done with statistical tools in the form of multivariate regression analysis and one-way variance
test. All analyses were done using appropriate software, at a significance level of p < 0.05.

Data quality control

All measurements were made by a trained team of three in order to assure accuracy and reliability, and 10% of
the plots were remeasured randomly for a second time. This broad methodology provided a detailed study of the
natural regeneration process and identification of the factors affecting establishment and growth of Sogdian
sparrow tongue seedlings.

RESULTS

Field surveys showed that there were different trends in the natural regeneration of Fraxinus sogdiana within the
studied floodplain. The analyses of seedling density, environmental parameters, and their relationships clearly
indicate the current state of regeneration and its drivers.

Table 1. Density of Fraxinus sogdiana seedlings across different height classes.
Class I (<30 cm) Class 11 (30-100 cm)  Class 111 (>100 cm)

Distance from River (m)

(seedlings ha?) (seedlings ha) (seedlings ha'?)
0-50 2850 1240 310
51-100 1620 850 195
101-150 730 320 85
>150 290 110 25

As presented in Table 1, a strong negative correlation was observed between distance from the river and seedling
density across all height classes. The highest density was consistently found in the 0-50 m zone, with a notable
decline in the number of taller seedlings (Class 111), suggesting potential bottlenecks in seedling development.

Table 2. Soil physicochemical properties in relation to distance from the river.
Distance from River (m) pH  Organic Matter (%) Soil Texture Moisture Content (%)

0-50 71 4.5 Silt loam 325
51-100 7.3 3.8 Loam 25.1
101-150 7.6 2.9 Sandy loam 18.7
>150 7.9 21 Sand 12.3

The soil analysis, detailed in Table 2, shows a clear gradient in key edaphic factors. Proximity to the river was
associated with higher soil moisture, greater organic matter content, and a finer soil texture, creating a more
favorable microenvironment for seed germination and seedling establishment.

Table 3. Correlation matrix between seedling density and environmental variables.

Variable Class | Density  Class Il Density  Class 111 Density  Light Intensity

Soil Moisture 0.89** 0.85** 0.81** -0.72**

Organic Matter 0.84** 0.79** 0.75** -0.68**

Light Intensity -0.76** -0.71** -0.65** 1

Distance from River -0.91** -0.88** -0.83** 0.75**
**p<0.01.

The correlation analysis (Table 3) confirms these observations statistically. Seedling density in all classes showed
a strong positive correlation with soil moisture and organic matter, while a strong negative correlation with light
intensity and distance from the river. The visualization in Fig. 1 clearly demonstrates the dramatic decline in
seedling density by elevating in distance from the river. All three height classes follow similar decreasing trends,
though the reduction is most pronounced for the taller Class I11 seedlings. This pattern suggests that environmental
conditions become increasingly unsuitable for seedling survival and growth as distance from the water source
increases.
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Fig. 1. Density of Fraxinus sogdiana seedlings by height class and distance from the river.

Table 4. Light Intensity (lux) at Ground Level under Different Canopy Cover Conditions.

Canopy cover 0-50 m from river (lux)  51-100 m from river (lux)  101-150 m from river (lux)
Dense (>80%) 1250 1850 2450
Moderate (50-80%) 2850 3520 4100
Sparse (<50%) 4850 5520 6250

Light availability at the forest floor, detailed in Table 4, increased by both greater distance from the river and
sparser canopy cover. This suggests that canopy density is a key modulator of the microclimatic conditions crucial
for early seedling survival.

Table 5. Analysis of Variance (ANOVA) for Seedling Density by Distance Zone.
Source of variation ~ Sum of squares  Degrees of freedom  Mean square  F-value

Between Groups 285.4 3 95.13 42.8**
Within Groups 53.2 36 222
Total 338.6 39
**p<0.01.

The ANOVA results (Table 5) confirm that the differences in seedling density across the four distance zones are
statistically significant, indicating that distance from the river is a major factor structuring the regeneration pattern.

Table 6. Health Status of Class | Seedlings across Different Zones.
Distance from river (m)  Healthy (%) Stressed (%) Damaged (%) Mortality (%0)

0-50 85.5 10.2 3.8 0.5
51-100 72.3 18.5 7.9 13
101-150 58.7 25.6 12.4 33

>150 41.2 31.8 20.5 6.5

The health assessment of the youngest seedlings (Table 6) reveals a troubling trend. The proportion of healthy
seedlings decreases markedly by distance from the river, while the rates of stress, damage, and mortality show a
corresponding increase. Growth rates for established seedlings (Class I1), shown in Table 7, were consistently and
significantly higher beside the river. This indicates that the more favorable conditions not only aid establishment,
but also promote subsequent growth. Fig. 2 shows the strength and direction of relationships among key
environmental variables and distance from the river. The strong negative correlations for soil moisture (-0.91) and
organic matter (-0.88) imply that these soil quality parameters significantly decrease by the elevated distance away
from the river. In contrast, light intensity shows a strong positive correlation (0.75), reflecting the more open
canopy conditions found further from the riparian zone. These correlation coefficients emphasize the critical role
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of the river in maintaining favorable micro-environmental conditions for F. sogdiana regeneration. In short,
results point to a logical coherent pattern: successful natural regeneration of F. sogdiana is heavily concentrated
in a narrow belt beside the river, where a combination of higher soil moisture, richer organic matter, and moderated
light levels creates a favorable niche for seedling establishment, health, and growth.

Table 7. Mean Annual Growth Rate (cm/year) of Class Il Seedlings.
Distance from River (m) Year1 Year2 Year3

0-50 28.5 31.2 29.8
51-100 22.1 24.5 23.3
101-150 17.8 19.1 18.4
>150 12.3 135 12.9
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Fig. 2. Correlation of key environmental variables with distance from the river.
DISCUSSION

Results from this study give a clear picture of the natural recovery pattern of Sogdian sparrow's tongue in the
Sharin River basin. As clearly shown in Table 1 and Fig. 1, the density of seedlings in all age classes decreases
considerably by the elevated distance from the river-from 2850 seedlings ha™* at 0-50 m to 290 seedlings ha™ at
over 150 m. This clearly indicates that successful recovery of this species is highly dependent on proximity to a
water source. The significant decline in the number of class Il seedlings at higher distances from the river
indicates the presence of several barriers to the survival and growth of seedlings in these areas. This trend is well
explained by the analyses of physicochemical properties of soil presented in Table 2. The deterioration in soil
moisture and organic matter (from 32.5% to 12.3% and from 4.5% to 2.1%, respectively) as the distance increases
from the river makes the medium unpropitious to seedling establishment and growth. This claim is supported by
a strong correlation between these factors and seedling density, as reflected in Table 3: the correlation between
soil moisture and the class | seedling density was 0.89. In fact, the river provides appropriate moisture and fertile
soil, which constitutes the best environment for seed germination and hence the establishment of seedlings.
Results for light intensity recorded in Table 4 shed light on another dimension of this ecological puzzle. While
increasing light intensity at greater distances from the river-from 1250 to 6250 lux in areas with thin canopy cover-
may seem positive at first glance, it exacerbates heat and drought stresses for young seedlings along with the
decreasing soil moisture. This is well confirmed by a negative correlation of 0.76 between the light intensity and
the class | seedling density. As can be seen from Table 6, the data on seedling health clearly demonstrate the
impact of adverse environmental conditions at a greater distance from the river: increased percentages of stressed
(from 10.2% to 31.8%) and damaged (from 3.8% to 20.5%) seedlings and higher mortality rates among seedlings
there (from 0.5% to 6.5%) point to serious challenges to the survival of the seedlings. This confirms that even the
seedlings which succeed in initial establishment are exposed to multiple environmental threats. Annual growth
for the class 1l seedlings (Table 7) revealed that the negative effects related to the distance from the river are not
confined to the early stages of establishment. The reduced growth rate with increased distances -from 28.5 cm
year'to 12.3 cm year- points out that the environmental stresses continue to affect even the established seedlings.
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This is a cause for concern since the time taken by seedlings to reach maturity and reproduce would be prolonged,
thus making the population more susceptible to mortality factors. As shown by Table 5, the analysis of variance
statistically confirms that the factor of distance from the river is determinant in the distribution pattern of
seedlings. The F value calculated at a probability level of 0.01 is 42.8, taking away any doubts about the key role
of the river in natural recovery of this species. This result is of great relevance, since it furnishes a scientific basis
for the management and conservation of this valuable ecosystem. In other words, Sharin River can be referred to
as an important artery for the natural recovery of Sogdian sparrow tongue. An environmental gradient created by
proximity to the river and areas further away has resulted in conditions that strongly influence the success of
natural recovery. One clear example can be seen in the strong correlation of -0.91 of the distance from the river
to the density of young saplings. Such a profound identification of ecological relationships is the necessary
backdrop to any planning and design of an effective conservation program.

CONCLUSION

The present study establishes, once and for all, that the survival and perpetuation of the Sogdian sparrow's tongue
in the fragile ecosystem of Sharin River depends absolutely on the presence and health of the river. These results
clearly indicate that the natural regeneration of this species can only be successfully done within a narrow range
of riverine habitats which possess suitable microclimatic conditions. Indeed, the dramatic fall in seedling density,
significant decline in health, and reduced growth rates beyond 50 meters from the river provide clear evidence of
this critical dependency. This study deepens our understanding of the regeneration ecology of this valuable species
and provides a serious warning about any change in the hydrological regime of the river. A decrease in water
discharge, a change in seasonal flood patterns, or any human intervention that disrupts the natural link between
the forest and the river can break the natural cycle of regeneration in the short term and lead to the gradual
extinction of this forest community in the long term. As such, any management plan should put special emphasis
on the protection of Sharin River as the lifeblood of this ecosystem. Any conservation effort that fails to take this
close relationship into consideration is doomed to failure. This study advocates for an integrated approach in
managing the Sharin River watershed, considering both the river and its forests as one living system.
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