'™ forests

Article

Comparative Apparent Hydraulic Conductance, Leaf Gas
Exchange, and Water Resource Partitioning of Populus
euphratica Trees and Saplings

Yapeng Chen 1*, Xingming Hao 1/

check for
updates

Citation: Chen, Y.; Hao, X.; Zhu, C.
Comparative Apparent Hydraulic
Conductance, Leaf Gas Exchange,
and Water Resource Partitioning of
Populus euphratica Trees and Saplings.
Forests 2022, 13,1982. https://
doi.org/10.3390/£13121982

Academic Editors: Mateja Germ

and Ivan Kreft

Received: 17 October 2022
Accepted: 21 November 2022
Published: 24 November 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

and Chenggang Zhu !

State Key Laboratory of Desert and Oasis Ecology, Xinjiang Institute of Ecology and Geography,
Chinese Academy of Sciences, Urumgqi 830011, China

Akesu National Station of Observation and Research for Oasis Agro-Ecosystem, Akesu 843017, China
*  Correspondence: chenyp@ms.xjb.ac.cn

Abstract: Water acquisition via the root system of woody species is a key factor governing plant
physiology. In order to compare the impact of water acquisition on the hydraulic and photosynthetic
characteristics of different-sized Populus euphratic, which is a desert riparian tree species, we quantified
leaf hydraulic conductance (K} ), stomatal conductance (gs), net photosynthetic rate (Py;), predawn
and midday leaf water potential (¥), and the stem 5180 of the saplings and mature trees. The
results showed that the saplings had a lower predawn leaf water potential (¥},4) and soil-to-leaf
water potential gradient (AY) and a higher K; than the mature trees but had a similar gs and Py
to the mature trees. In arid zones, probably due to root limitation, the saplings were more likely
to use unreliable topsoil water (<80 cm), whereas the mature trees typically uptake reliable deep
soil water (>80 cm) and groundwater due to having deeper root systems. The unreliability of the
water supply might make saplings hold a higher hydraulic conductance to ensure that the water is
transported efficiently to the leaves and to satisfy their transpiration need. In contrast, the mature
trees, which uptake the more reliable deeper water resources, had a relatively low leaf-specific
hydraulic conductance because of the increased path length versus the saplings. However, adult trees
can maintain stomatal conductance by upregulating AY, thereby facilitating their ability to maintain
a carbon assimilation rate similar to that of the saplings. This regulating behavior benefits mature
trees’ net carbon gain, but it comes at the expense of an increased risk of hydraulic failure. These
results imply that the top priority for saplings should be to maintain hydraulic system functioning,
whereas, for mature trees, the priority is to assure stable net carbon gain for their growth.

Keywords: desert riparian trees; leaf hydraulic conductance; photosynthetic rate; water uptake;
stable isotopes

1. Introduction

Recognizing the mechanisms of leaf physiological changes as trees grow is important
for extending individual leaf observations to stand scales and estimating carbon fluxes in
forest ecosystems [1,2]. Photosynthesis, stomatal conductance [3-6], and hydraulic conduc-
tance [7,8] are crucial physiological processes that vary with plant size and age. According
to the hydraulic limitation hypothesis, the lengthened hydraulic channel causes the leaf-
specific hydraulic conductance to decrease as a tree’s height increases [9,10]. The primary
factor limiting tall trees” ability to conduct stomatal conductance is a size-related decrease
in leaf-specific hydraulic conductivity [9,11]. Thus, declining leaf-specific hydraulic con-
ductance with increasing height would reduce stomatal conductance, which may result in
lower intercellular CO, concentrations in the leaves and less assimilation [12,13]. Moreover,
as plants grow, the morphology and anatomical structure of leaves, including leaf thickness,
leaf-specific mass, and stomatal density, may change significantly, which, in turn, affects
the photosynthesis of plants [14,15]. It has been discovered that many species’ stomatal
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conductance and photosynthetic rates decrease with height [16-18]. However, certain study
findings contradict these fundamental patterns [19,20]. In addition, some studies found
that there was no change in either stomatal conductance or photosynthetic rate with tree
height or age [1,21]. In summary, plant physiological processes are related to plant sizes or
ages, although the correlations vary widely depending on species and site conditions.

As trees grow in size, physiological and structural alterations may compensate for the
gravitational effect and mitigate potential hydraulic limitations to leaf-specific gas exchange
in old/tall trees [22,23]. These compensatory mechanisms could improve water delivery
to tall tree leaves [24], although these are not usually sufficient to prevent the depression
of photosynthesis [11,25]. A lower minimum leaf water potential and increased access to
deep water resources were discovered to be compensatory mechanisms in the taller trees
of diverse species [7,10,26]. The decline in minimum leaf water potential with tree height
maintains the driving force between the roots and leaves [18] and allows for liquid-phase
water flux maintenance in taller trees, thereby minimizing the reductions in leaf-specific
hydraulic conductance and stomatal conductance as trees grow larger [22].

In general, old /big trees are likely to have developed deeper or more extensive root
systems than young/small trees [27,28]. Differences in root development between big and
small trees lead to differences in water resources [29], which may regulate stomatal conduc-
tance and subsequent net carbon assimilation [18]. In addition, deeper roots in big trees
can uptake deeper water sources [30,31], allowing them to have a greater photosynthetic
rate and transpiration rate than small trees with limited root systems [7] while sustaining a
stomatal conductance that is equivalent to small trees [23].

Populus euphratica is a desert riparian tree species in the lower reaches of the Heihe
River in western China that plays a crucial part in supporting natural systems. [32,33].
Many researchers have explored the effects of drought on the gas exchange, hydraulic
properties, and water uptake of P. euphratica [31,34-38]. However, only a handful of these
studies have evaluated the photosynthetic capability, hydraulic conductance, and water
uptake of saplings and mature specimens of P. euphratica. Consequently, the relationships
between hydraulic conductance and gas exchange in P. euphratica are still not well un-
derstood. Moreover, there is little information on how hydraulic traits and water uptake
change during the maturation from saplings to trees. We hypothesized that, as P. euphratica
grows, the mature trees have better access to deeper water sources than the seedlings;
hydraulic conductivity varies between seedlings and mature trees, and the water sources
of P. euphratica have a certain link with its hydraulic and photosynthetic characteristics.
The objectives of this study were to (1) compare the differences between leaf gas exchange
and hydraulic conductance among saplings and mature trees and to investigate the rela-
tionship between hydraulic conductance and gas exchange, (2) identify whether soil water
and groundwater contribute differently to water uptake between the saplings and trees,
(3) and to investigate whether the differences in gas exchange and hydraulic conductance
are reflected in changes in water sources.

2. Materials and Methods
2.1. Study Area and Plant Material

The study area is located in the lower reaches of the Heihe River (40°20'—42°41" N,
97°36'-102°08' E) in the county of Ejina, Inner Mongolia, northwest China. The study area
belongs to arid desert regions and has the obvious characteristic of a warm temperate zone
and arid continental climate, with little rainfall and strong evaporation. In the research
region, the mean annual precipitation was less than 42 mm, the potential evaporation was
greater than 3200 mm, and the mean annual temperature was around 8.0 °C [39]. The
study location is representative of a desert riparian woodland habitat. The trees mainly
consist of Populus euphratica Oliv., the shrubs are mainly Tamarix chinensis Lour., followed
by Lycium ruthenicum Murr., and Alhagi sparsifolia Shap., and the grass is mainly made up
of Sophora alopecuroides L., Peganum Linn., etc.
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We set up a 50 x 50 m plot in the study region and took all measurements within
it. According to the diameter at breast height (DBH), we selected 10 P. euphratica trees in
two size classes (sapling and mature tree) for measuring and sampling at the study site.
The DBH of the saplings was 2.1 #+ 0.1 cm, and for mature trees, it was 82.8 £ 6.9 cm. The
saplings had a mean height of 3.2 m and were 4 years old, whereas the mature trees had
a mean height of 11.4 m and were 55 years old at the study site. All measurements were
taken from the same trees.

2.2. Leaf Gas Wxchange

In early August 2014, the gas exchange for the sapling and mature P. euphratica trees
(n = 5 plants per size class) was measured on clear days. At midday (11:00-13:00 h), the
gas exchange on at least three leaves per plant was observed using the Li 6400 portable
gas exchange instrument (LiCOR Inc., Lincoln, NE, USA). In order to maintain a constant
external environment for each measurement, the PAR was set to 2000 umol m =2 s ™1 using
the 6400-02B LED light source, the cuvette CO; concentration to 400 pmol mol ! using the
CO;, injection system, the flow rate to 400 umol s~ !, and the block temperature to 28.0 °C,
respectively. In the middle and upper canopy, fully opened, normally growing, and mature
leaves were chosen for in situ measurements with the help of a herringbone ladder. The
photosynthetic rate (Pyy), transpiration rate (E), and stomatal conductance (gs) were recorded
after the data had stabilized, and each measurement was carried out three times.

2.3. Leaf Water Potential

The leaf water potential (¥}of) Wwas determined using a portable plant water status
console (Model 3115). Predawn (04:00-06:00 h) leaf water potentials (¥},q) were recorded
from three leaves from every plant (n = 5 plants each size). The midday (11:00-13:00 h) leaf
water potentials (¥,,4) were measured in the same individuals immediately following the
end of each gas exchange measurement.

2.4. Hydraulic Conductivity

The leaf-specific apparent hydraulic conductance (K1) was estimated based on Ohm’s

law [40]:
E

Ysoit = Yieat — p8h
where E is transpiration rate as determined by the gas exchange system. ¥, and ¥y, are
the soil and leaf water potentials, respectively. pgh is the potential energy at a given height
((h) height of the measured leaf from the ground surface), g is the gravity acceleration, and
p is the water density. Instead of ¥, the predawn leaf water potential (¥},q) was used as
a proxy of bulk soil water potential under zero sap flow in the trees.

Ky =

2.5. Xylem, Soil, and Ground Water Sampling

Approximately 5 cm-long suberized twigs (1 = 5 plants for saplings and mature trees)
were clipped from sunlit branches. The xylem samples were quickly removed from the bark
and packed into sampling bottles. These bottles were then sealed with Parafilm, stored in
ice boxes, and brought back to the laboratory for frozen storage prior to testing.

At intervals of 10 cm for each layer from 0 to 40 cm and 20 cm for each layer below
40 cm up to the groundwater, the soil samples were taken using a manual soil auger. For
each layer, two soil samples were collected: one in an aluminum box for measuring soil
water content and the other in a sampling bottle for measuring soil water isotopes, which
were handled in the same manner as the plant samples. Each soil sample was taken three
times for each layer. The gravimetric water content () of soil was determined by the
drying and weighing methods.

Groundwater was gathered from a monitoring well in the experimental location built
in 2010. In the field, the groundwater samples were handled in the same manner as the
xylem samples, but in the lab, they were kept chilled until testing.
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2.6. Isotopic Analyses

Using a cryogenic vacuum extraction technique developed by West et al. (2006) [41],
the water from soil and plant xylem was extracted in the State Key Laboratory of Desert
and Oasis Ecology, China. The stable oxygen isotope ratios of all the water samples were
then determined using a Finnigan MAT Delta V advantage mass spectrometer.

5'%0 = [(Rsam - Rstd)/Rstd] 1000 %o

where Ry, and Ry are the 180/10 ratios of the sample water and the standard mean
ocean water, respectively [42].

According to the similarity and trend of soil water 6'80 values at different depths,
the soil profile was divided into two layers: surface soil (0-80 cm) and subsurface soil
(80-320 cm). By the weighted averaging of the soil water content and §'80O values in the
different sampling layers, the average isotope values of the surface and subsurface soils
were determined. More details can be found in Chen et al. [31].

The proportional contribution of various latent water sources to the P. euphratica
trees and saplings was estimated by the IsoSource model [43]. Because P. euphratica is a
halophyte and might fractionate against hydrogen isotopes [44], we only used 680 data
for the model calculations.

2.7. Statistical Analyses

Statistical analyses were conducted with SPSS version 20.0 software package (IBM
Corp., Armonk, NY, USA). The tests for the differences between the saplings and mature
trees for parameters measured were performed using analysis of variance. The effects of
Ky, on Py, gs, E, and leaf water potential were described by least square regressions.

3. Results
3.1. Soil Moisture

The average water content in the soil profile was 3.6 £ 0.9% at a depth of 10 cm; this
increased to 10.7 £ 2.1% at 80 cm, decreased to 4.8 = 0.9% at 100 cm, increased again to
10.4 £ 2.1% at 140 cm, and decreased again to 3.5 & 1.1% at 200 cm (Figure 1). The water
content of the deeper soil profile increased with depth, from 12.5 & 2.2% at 220 cm to
24.3 £ 0.8% at 320 cm.
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Figure 1. Soil water content relative to soil depth, collected in the lower reaches of the Heihe River.

3.2. Isotopic Composition of Water

The 6180 soil water values exhibited evaporative enrichment in the heavier isotopes
close to the surface but decreased markedly with increasing depth (Figure 2). The 680
soil water values dropped suddenly from 5.70%. at 0 cm to —3.82%. at 80 cm. Soil water
became progressively depleted in '¥O between 120 and 320 cm. Overall, the 6'80 of the
subsurface soil water was more stable than that of surface soil water. The groundwater
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5180 was —6.94%., which was close to the 5180 of the soil water stored at 160-320 cm. The
5180 of P. euphratica of different size classes showed a marked difference (p < 0.01). The
5180 of the xylem water in the mature trees was most similar to the groundwater or deep
soil water and was more negative than in the saplings (p < 0.01)

8180(%0)
-8 6 4 -2 0 2 4 6
1 om
0 -
~ 50 I
B
=~ 100
=]
5150
8 209 - Soil water
250 - — — —  Groundwater
A Sapling
300 < [ Mature tree

Figure 2. Stable oxygen isotopic signature of plant xylem water, soil water, and groundwater.

3.3. Water Uptake

The contribution ratios of various water sources for the two sizes of P. euphratica
calculated by the IsoSource model are shown in Table 1. The results showed that between
68% and 71% of the water uptake by the saplings was taken from the surface soil, and the
subsurface soil water and groundwater were less used. However, the mature trees used
little surface soil water (2%—6%) and mainly used subsurface soil (58.4% on average) and
groundwater (37.6% on average) (Table 1). Due to the similar 5180 between the subsurface
soil water and groundwater, it is difficult to distinguish which source (groundwater or
subsurface soil) was utilized by the mature trees.

Table 1. Estimated proportion of water source use (%) in Populus euphratica.

Potential Water Sources

Size
Surface Soil (0-80 cm) Subsurface Soil (80-320 cm) Groundwater
Sapling 69.5 (68-71) 13.5 (7-20) 17.0 (9-25)
Mature tree 4.0 (2-6) 58.4 (26-91) 37.6 (3-72)

The average source proportions calculated by the model are shown, as well as the range of minimum/maximum
source proportions (in parentheses).

3.4. Leaf Water Potential

Predawn leaf water potential (¥,q) in the mature trees (—0.44 MPa) was significantly
higher than that in the saplings (—0.64 MPa, p < 0.05, Figure 3) because of deeper water
resource uptake. Midday leaf water potential (¥,,q) in the mature trees was obviously
lower than that in the saplings (p < 0.05). As a consequence, the water potential difference
between the soil and the leaf (AY) did vary between the saplings and the mature trees and
generated a different driving force (about 1.33 MPa in the saplings and about 1.81 MPa in
the mature trees) for the water flow from the soil to the leaves.
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Figure 3. Predawn water potential (¥,4), midday water potential (¥1q), and soil-to-leaf water
potential gradient (AY, calculated as Y5 —¥ieas-pgh) for P. euphratica at different sizes. Vertical bars
represent the standard error of the means (1 = 5). Different letters at each column indicate significant
differences between the saplings and the mature trees (p < 0.05).

3.5. Hydraulic Conductivity and Gas Exchange

The leaf-specific apparent hydraulic conductance (K1) significantly differed between the
size classes (p < 0.01, Figure 4). The K, in the mature trees was 5.67 mmol m~2s 1 MPa—!,
which was 26.5% lower than that in the saplings (p < 0.01) because of the similar E and
higher water potential difference between the soil and leaves. Furthermore, the PN was
about 21 pmol m~2 s~! and was not found to be significantly different between the size
classes (p > 0.05). Likewise, no statistical difference was found in gs or E between the
saplings and the mature trees (p > 0.05, Figure 4).
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Figure 4. The leaf-specific apparent hydraulic conductance (Ki), net photosynthesis rate (Pyy),
stomatal conductance (gs), and transpiration rate (E) of P. euphratica of different sizes. Vertical bars
represent the standard error of the means (1 = 5). Different letters at each column denote significant
differences between the saplings and the mature trees (p < 0.05).

3.6. The Relationship between Ky, and Gas Exchange, ¥

When all the data for K;, and g for the saplings and mature trees were pooled, Ki
was not positively correlated with the g; measured at midday in P. euphratica (p > 0.05),
but a positive correlation relationship was observed for saplings or mature trees (p < 0.01).
However, the effect of K1, on gs for different tree heights was different. For example, the
mature trees showed greater increases in g; for the same Ky, increase when compared to the
saplings (p < 0.05, Figure 5a). Moreover, the mature trees tended to show a higher g; and E
than the saplings for the same Ki, although the difference was not significant in g and E
between the saplings and the mature trees (p > 0.05).
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Figure 5. The relationship between leaf-specific apparent hydraulic conductance (K} ) and stomatal
conductance (gs) and the transpiration rate (E) and photosynthesis rate (Py) of P. euphratica at
different sizes. Lines indicate significant linear regressions fit at a p value of <0.05. Asterisks indicate
a significant difference in the slopes of gs versus Ki, between the size classes (p < 0.05). (a) stomatal
conductance; (b) transpiration rate; (c) photosynthesis rate.

The mature trees showed a significant linear increase in E with increasing Ki, (p < 0.01).
Again, the saplings also showed a similar linear relationship between the two variables, but the
slope of E versus Kp, in the mature trees was marginally higher than that in the saplings (p = 0.09,
Figure 5b). There were no significant correlations between Py and K, in either the trees or the
saplings (R? = 0.14, p = 0.28 in saplings, and R? = 0.19, p = 0.24 in mature trees, Figure 5c).

At different stages of development, there was a clear link between leaf water potential
and the Ky, of P. euphratica (p < 0.01). Over the midday water potential range, the K}, steadily
declined with decreasing leaf water potential, indicating anisohydric regulation. The rate of
increase in K, with leaf water potential in the saplings and mature trees was similar (Figure 6).
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Figure 6. The relationship between leaf water potential and leaf-specific apparent hydraulic conduc-
tance (K1 ). Lines indicate significant linear regressions fitted at a p value of <0.05.

4. Discussion
4.1. The Effect of Leaf Hydraulic Conductance on Stomatal Conductance

Some studies suggest that manipulating leaf-specific hydraulic conductance would
alter g;, but not in every case [45,46]. The mechanisms by which the hydraulic signals
control stomatal closure have not been clear yet [47]. In this study of both saplings and
mature trees, leaf stomatal conductance had a strong positive correlation with Ky, (Figure 5a),
suggesting that a decrease in leaf-specific apparent hydraulic conductance exercises a great
influence on stomatal closure, reducing transpiration. This is in agreement with previous
studies that documented the coordination of gs with plant hydraulic conductance [48,49].
Meanwhile, we found that the effect of K, on gs; was different between saplings and
mature trees via the slope rate of gs and K, (Figure 5a). Stomatal conductance (gs) is
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primarily a function of hydraulic conductance between soil and leaf (K ), the leaf-to-air
vapor pressure gradient (D), and the soil-to-leaf water potential difference (AY): gs = K.
(Ysoi1— Y1ear)/ D [22]. At one measurement time, ¥4 and D are constant, and the response
of stomata to K depends only on ¥},¢, according to the formula mentioned above. Mature
trees had a lower Yy, during midday (Figure 3) so the decrease in g; of the mature trees
was larger than that of the saplings under the same decrease in K.

4.2. The Relationship between Hydraulic Properties and Gas Exchange

According to the hydraulic limitation hypothesis, increased path length with height
can diminish leaf-specific hydraulic conductance [25], and plants with high hydraulic
conductance can efficiently transport water from their roots to their leaves, maximizing
gs [50]. Our result is not completely consistent with the hydraulic limitation hypothesis. In
this study, the K, in mature P. euphratica was much lower than in saplings, but the lower
Ky, did not result in a lower g in the mature trees (Figure 4). If AY remained constant as
the trees increased in height, the gs would reduce and increasingly limit photosynthetic
assimilation [10,51]. The results above may be caused by the difference in the water
potential gradient from the soil to the leaf between the saplings and the mature trees, which
may generate a variation in gs [52]. The mature trees had a high ¥4 due to the uptake of
deeper water resources and low ¥4, so the AY in the mature trees was higher than that in
the saplings (Figure 3). The increase in AY offset the negative effect of the decreasing Ky,
on gs with increasing tree height. Consequently, great leaf water potential regulation in the
mature trees resulted in a similar g in the saplings and mature trees.

Plants generally display either isohydric and anhydrous properties or both, depending
on the species [53]. Interestingly, the slope of the linear fit between the predawn and midday
leaf water potential is higher for anisohydric species [53]. Anisohydric plants were able
to sustain high photosynthetic rates while their leaf water potential decreased [52]. In the
present research, we also discovered that although the leaf water potential of the P. euphratica
trees declines with their development, they may still sustain a certain photosynthetic rate
(Figures 3 and 4). The Py of anisohydric species may show less response to sequential
decreases in leaf-specific hydraulic conductance [51]. In this study, the Py did not respond
to a decrease in K|, in the mature trees or saplings (Figure 5), but the leaf water potential
obviously decreased with decreasing Kj (Figure 6), indicating that P. euphratica is an
anisohydric plant. This result coincides with the study by Gries et al. (2003) [54]. The
linkage between gs; and Py changes with environments but is approximately linear [55].
The saplings had a similar value for gs to the mature trees (Figure 4), and thus Py did not
respond to a reduction in Ky, as P. euphratica grew older.

4.3. Comparison of Water Sources between Saplings and Mature Trees

Plant predawn water potential (¥},q) is a close proxy for the water potential of the soil,
where plants extract water [56]. Therefore, ¥ q is correlated with plant water sources [57].
The differences in ¥pq between the mature trees and the saplings (Figure 3) suggest
differences in their water acquisition strategies. Furthermore, the isotopic 80 signatures of
the trees and saplings were different (Figure 2), showing that they took up different water
resources. Mature trees with a high ¥4 may uptake deeper water resources, and saplings
were likely to utilize the water sources closer to the soil surface because of the drop in ¥q.
Predawn plant water potential does not always correspond with the available soil water
potential according to investigations of plant nocturnal sap flow, which have identified an
imbalance between the predawn leaf water potential and soil water potential in several
species [58,59]. However, field studies have also shown that soil water potential and Ypd
are closely related under various water treatments, even when there is little transpiration at
night, and ¥4 can be used as a rough substitute for the water potential of soil, from which
plants extract water [60]. This suggests that there is still a great deal of uncertainty in the
results above. The extrapolation of water resources made above using ¥ },q was consistent
with the calculation results (of contributions of different water sources for plants) of the
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IsoSource model (Table 1), indicating the validity of using predawn leaf water potential to
extrapolate the water source of P. euphratica.

In general, larger trees had access to deep water resources using their deep roots,
whereas smaller trees did not [61,62]. However, this does not always hold true. For
example, Meinzer et al. (2001) observed that during dry periods, smaller trees were more
likely than larger trees to tap deeper soil water [47]. In addition, Stahl et al. (2013) showed
that there is no strong relationship between tree size and the depth of water uptake [57]. In
this study, we found different patterns of water uptake by the saplings and mature trees.
The saplings mostly depend on 0-80 cm of surface soil water, but the mature trees mainly
uptook deep soil water stored below 80 cm and groundwater. By not using the surface
soil water, the mature trees may be able to avoid water competition with the saplings that
inhabit the same sites. This could increase the likelihood of surviving a drought.

4.4. The Effect of Water Source Changes on Plant Physiology

Water acquisition via the root system of woody species is a key factor governing plant
physiology [63,64]. Mature trees can tap deeper soil water and groundwater (Table 1, Figure 2),
supplying the canopy with water more steadily. However, saplings mostly rely on surface
soil water (Table 1, Figure 2), which is an unstable water resource for plant transpiration in
arid regions. The difference in the water acquisition patterns of the saplings and mature
trees may influence their water transport strategy. The unreliability of the water supply
could make saplings hold high hydraulic conductance to ensure efficient water transport
from soil to leaf and to satisfy their transpiration need. In contrast, mature trees that uptake
reliable, deeper water resources had a relatively low leaf-specific hydraulic conductance
because of the increased path length (versus the saplings). However, mature trees can
maintain stomatal conductance by upregulating AY (decreasing midday Yie,¢) and thus
maintain a carbon assimilation rate similar to that of the saplings (Figures 3 and 4). This
regulation behavior benefits mature trees’ net carbon gain, but it is at the cost of an increased
risk of hydraulic failure [65,66]. These results implied that the top priority for saplings
should be to maintain hydraulic system functioning, but for mature trees, the priority is to
assure stable net carbon gain for growth.

Our earlier studies have also shown that the anatomical characteristics of P. euphratica
leaves vary according to the stage of development, with mature trees showing a notice-
ably higher leaf epidermal thickness, palisade tissue thickness, and stomatal density than
saplings [67,68], all of which will have an effect on the physiological processes in plants [15,69].
Therefore, more research into the link between anatomical structure and physiological
processes is required to fully understand the impact of shifting water resources on the
physiological processes in mature trees and saplings.

5. Conclusions

In the present study, we found that the net photosynthetic rate and stomatal conduc-
tance in P. euphratica did not consistently decline with increasing size; we did not observe
coordination between the hydraulic and leaf gas exchange properties among the different
tree sizes. This study also suggests that water source partitioning is coordinated with the
hydraulic properties of P. euphratica of different sizes. The saplings mostly uptook unstable
water resources but had higher water transport efficiency and safety. In contrast, the mature
trees mostly rely on reliable deeper water resources and therefore had a larger risk of losing
the conducting system. With global warming, drought may become more severe in arid
areas, and in response to this, mature trees will continuously downregulate water potential
to maintain their growth, making them likely to die due to hydraulic failure, while saplings
will die of “thirst” because there is insufficient water in the topsoil moisture deficit. In order
to provide additional information and references for the conservation and regeneration of
desert riparian vegetation in arid areas, additional comparative investigations of the hy-
draulic characteristics and water uptake of P. euphratica under different drought situations
are needed.
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