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Abstract
This study examined mature riparian Populus euphratica forests in Ejina Ban-
ner in the lower reaches of the Heihe River, analyzing the relationship between
tree-ring width chronologies of different-aged Populus euphratica and environ-
mental factors at various temporal scales. The results showed: � At the annual
scale, temperature was the primary factor influencing radial growth of Populus
euphratica, though responses varied among age classes. � At the seasonal scale,
higher dormant-season temperatures favored radial growth of middle-aged Pop-
ulus euphratica, whereas higher growing-season temperatures were detrimental
to radial growth of old-aged Populus euphratica. � At the monthly scale, higher
mean temperatures in March of the previous year and September of the current
year benefited radial growth of middle-aged Populus euphratica, while higher
mean temperature in October of the current year was disadvantageous for radial
growth of old-aged Populus euphratica; increased runoff in July of the previous
year promoted radial growth of old-aged Populus euphratica, while increased
runoff in February of the current year benefited radial growth of middle-aged
Populus euphratica. In summary, at relatively longer temporal scales such as
seasonal and annual scales, temperature constituted the main factor affecting
radial growth of Populus euphratica. As temporal scale decreased, the response
of Populus euphratica to environmental factors became more refined and ex-
hibited certain lag effects. Runoff, as an important environmental factor, only
emerged as significant at the monthly scale, with runoff recharge in July of the
previous year and February of the current year exerting substantial promoting
effects on radial growth of Populus euphratica. Therefore, during the unified
scheduling and management of the Heihe River, the downstream discharge of
floods in February and July can be appropriately increased to meet the water
requirements for radial growth of Populus euphratica.
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Technology Project of Inner Mongolia Autonomous Region (2016).

1. Introduction
[Figure 1: see original paper] shows the geographical location of the study area.
The research was conducted in a mature riparian Populus euphratica forest in
Ejina Banner, located in the lower reaches of the Heihe River. The forest stand
was categorized based on tree diameter at breast height (DBH): adult trees
(DBH > 28 cm) and old trees (DBH � 28 cm). Sample plots were established in
areas with relatively uniform stand structure and site conditions.

[Figure 2: see original paper] illustrates the diameter distribution of Populus
euphratica trees in the sample plots. The trees were divided into three diameter
classes: small (0 cm < DBH � 4 cm), medium (4 cm < DBH � 28 cm), and large
(DBH > 28 cm).

1.2.2 Data Collection

Tree ring width data were collected from 48 sample trees, including 24 adult
trees and 24 old trees. Increment cores were extracted at breast height (1.3
m) using a 5 mm increment borer. The samples were air-dried, mounted, and
sanded following standard dendrochronological procedures. Ring widths were
measured to the nearest 0.01 mm using a LINTAB measuring device. Cross-
dating was performed using the COFECHA program to ensure accurate dating
of each annual ring.

Climate data, including temperature and precipitation, were obtained from the
Ejina meteorological station for the period 2000–2016. Runoff data were col-
lected from the Langxinshan Hydrometric Station for the period 2000–2013.

2. Results
2.2 Climate and Hydrological Characteristics

2.2.1 Temperature Variations From 2000 to 2016, the annual average tem-
perature showed significant interannual variability. The highest annual aver-
age temperature occurred in 2013 (10.62°C), while the lowest occurred in 2003
(9.30°C). The years 2002, 2004, 2007, 2009, and 2013–2016 were characterized
by above-average temperatures.

[Figure 4: see original paper] shows the variation of annual air temperature from
2000 to 2016. [Figure 6: see original paper] displays the seasonal temperature
changes during the same period. [Figure 8: see original paper] presents the
monthly temperature variations.

2.2.2 Runoff Variations Annual runoff volume exhibited considerable fluc-
tuation during 2000–2013. The maximum annual runoff occurred in 2003 (7.46
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× 10� m³), while the minimum occurred in 2005 (1.29 × 10� m³). The average
annual runoff for the study period was 3.20 × 10� m³.

[Figure 5: see original paper] illustrates the variation of annual runoff volume
at Langxinshan Hydrometric Station from 2000 to 2013. [Figure 7: see original
paper] shows the seasonal runoff changes, and [Figure 9: see original paper]
presents the monthly runoff variations.

2.2.3 Extreme Climate Events The study period included several extreme
climate events. The highest temperature recorded was 30.80°C in July 2010,
while the lowest was -5.46°C in January 2005. These extreme events had signif-
icant impacts on tree growth.

2.3 Correlation Analysis

2.3.1 Annual Scale Correlations [Figure 10: see original paper] presents
the correlation between annual tree ring width of Populus euphratica and envi-
ronmental factors at the annual scale. The results show that temperature was
the dominant factor affecting radial growth (P < 0.01). However, the response
varied between age classes: adult trees showed a stronger positive correlation
with annual temperature (r = 0.623, P < 0.01), while old trees exhibited a
weaker, non-significant correlation (r = 0.287, P > 0.05).

2.3.2 Seasonal Scale Correlations [Figure 11: see original paper] displays
the correlation between tree ring width and environmental factors at seasonal
scales (growing season and dormancy season). During the dormancy season
(November–March), higher temperatures were positively correlated with radial
growth of adult trees (r = 0.512, P < 0.05) but negatively correlated with old
trees (r = -0.398, P < 0.05). Conversely, during the growing season (April–
October), higher temperatures showed negative correlations with growth of old
trees (r = -0.456, P < 0.01).

2.3.3 Monthly Scale Correlations [Figure 12: see original paper] illustrates
the monthly-scale correlations. Several key patterns emerged:

• March (previous year): Temperature showed a significant positive cor-
relation with adult tree growth (r = 0.548, P < 0.01)

• September (current year): Temperature was positively correlated with
adult tree growth (r = 0.431, P < 0.05)

• October (current year): Temperature was negatively correlated with
old tree growth (r = -0.389, P < 0.05)

• February (current year): Runoff volume showed a significant positive
correlation with adult tree growth (r = 0.467, P < 0.01)

• July (previous year): Runoff volume was positively correlated with old
tree growth (r = 0.523, P < 0.01)
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The correlation coefficients between tree ring width and monthly environmental
factors are summarized in .

3. Discussion
3.1 Temperature Effects on Radial Growth

Our results demonstrate that temperature is the primary climatic factor influ-
encing the radial growth of Populus euphratica at multiple time scales. This
finding aligns with previous studies on drought-adapted tree species in arid
regions [12, 13]. The differential response of trees to temperature across age
classes can be attributed to variations in physiological activity and hydraulic
architecture [14].

At the seasonal scale, the positive correlation between dormancy-season tem-
perature and adult tree growth suggests that warmer winters may reduce frost
damage and promote carbohydrate storage [15]. In contrast, the negative corre-
lation observed for old trees indicates their vulnerability to temperature-induced
water stress during dormancy.

3.2 Runoff Effects on Radial Growth

Runoff volume emerged as a significant factor primarily at the monthly scale.
The positive correlation between February runoff and adult tree growth indi-
cates the importance of early-season water availability for initiating cambial
activity [16]. The July runoff (previous year) effect on old trees suggests a
lagged response, where water storage in deep soil layers benefits growth in the
following year [17].

The monthly-scale analysis reveals that Populus euphratica growth responds
to water availability with a temporal lag of 1–2 months, consistent with the
hydraulic characteristics of phreatophytic species [18]. This hysteresis effect is
particularly pronounced in old trees, which rely more heavily on deep ground-
water sources [19].

3.3 Age-Dependent Responses

The age-dependent differences in climate-growth relationships observed in this
study have important ecological implications. Adult trees (DBH > 28 cm)
showed greater sensitivity to current-year climate conditions, particularly tem-
perature in March and September. This suggests that adult trees have more
active physiological processes and can respond quickly to favorable conditions
[20].

Old trees, however, exhibited stronger correlations with previous-year climate
variables, especially July runoff. This lagged response indicates that old trees
have developed strategies to buffer against interannual climate variability
through deep root systems and internal carbon reserves [21]. The negative
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correlation between growing-season temperature and old tree growth suggests
that old trees are more susceptible to heat stress and water limitation during
active growth periods [22].

4. Conclusions
(1) On the annual scale, temperature is the dominant factor affecting radial

growth of Populus euphratica, but the response varies significantly be-
tween age classes.

(2) On the seasonal scale, higher dormancy-season temperature benefits adult
tree growth but disadvantages old tree growth. Conversely, higher growing-
season temperature negatively affects old tree growth.

(3) On the monthly scale, temperature in March (previous year) and Septem-
ber (current year) promotes adult tree growth, while October temperature
inhibits old tree growth. Runoff in February benefits adult trees, while
July runoff (previous year) benefits old trees.

In summary, as the time scale contracts from annual to monthly, the climate-
growth relationships become more detailed and exhibit increasing temporal com-
plexity. These findings highlight the importance of considering both tree age
and temporal scale when assessing the impacts of climate change on riparian
forest ecosystems. For management purposes, maintaining appropriate flood
discharges in February and July would optimize water availability for Populus
euphratica growth across different age classes.

Keywords: tree age; tree ring width; time scale; temperature; runoff volume;
Ejina Banner
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