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Response of hydraulic traits in heteromorphic leaves of Populus euphratica Oliv.
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Abstract: Water is the most important factor limiting the survival of desert vegetation, and leaf hydraulic traits play an
important role in material transportation and water supply. As a typical representative tree species in arid and semi-arid
regions, Populus euphratica Oliv. has heteromorphic leaf characteristics, but there is a lack of in-depth studies on its leaf
vein traits and hydraulic properties. Three typical heteromorphic leaves (lanceolate, oval, and serrated broad-oval) of adult
P. euphratica were used as experimental materials to investigate the response of their hydraulic traits ( water potential , leaf
veins, stomata, and anatomical structure) to the gradient of the groundwater depth ( GWD) and the adaptation strategies

under drought adversity. The results showed that: (1) The water potential and hydraulic conductivity of heteromorphic
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leaves of P. euphratica showed a decreasing trend with the increase of GWD, while leaf vein density, stomatal density, and
leaf thickness increased and differed significantly among different GWD habitats ; the middle vein diameter and stomatal area
decreased with the increase of GWD, and the differences were significant among different GWD habitats and among
heteromorphic leaves. (2) The leaf vein density and loopiness of veins of heteromorphic leaves of P. euphratica showed a
highly significant positive correlation with GWD, while water potential, leaf thickness, and palisade tissue/spongy tissue
showed a highly significant negative correlation with GWD. (3) Lanceolate leaves improved leaf water transport and water
retention capacity primarily through coordination between minor vein density, loopiness of veins and palisade tissue/spongy
tissue, and leaf thickness to respond the drought stress; Oval leaves maintained a balance between leafl water transport and
water loss through increased minor vein density and trade-offs between stomatal density and area, vessel density and area;
Serrated broad-oval leaves had higher vein density and loopiness of veins, meanwhile, the middle vein diameter was
significantly reduced, so that the material transportation and water supply capacity of the leaf vein system was stronger than
that of the other two leaf shapes, and the leaf blade was more drought-resistant. (4) With increasing GWD, heteromorphic
leaves of P. euphratica mitigated hydraulic limitation mainly by optimizing leaf vein traits in order to adapt to increasingly
arid desert environments. Elucidating the ecological strategies of the hydraulic traits of the heteromorphic leaves of P.
euphratica to adapt to drought changes will provide a theoretical basis for the mechanism of plant resistance and adaptation
in the increasingly arid desert environments in the extreme arid zone of the Tarim, as well as a scientific basis for the
conservation and rejuvenation of the P. euphratica forests in extreme arid zones and the ecological restoration of the desert

riparian forests.

Key Words: heteromorphic leaves of Populus euphratica ; leaf veins; stomata; anatomical structure; adaptation strategies ;

extreme arid regions
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Fig.1 The characteristics of three typical heteromorphic leaves of P. euphratica
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Fig.2 Changes in water potential and hydraulic conductivity of heteromorphic leaves of P. euphratica along GWD gradients
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Fig.3 Changes in vein traits of heteromorphic leaves of P. euphratica along GWD gradients
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Fig.4 Changes in stomatal traits of heteromorphic leaves of P. euphratica along GWD gradients
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Fig.5 Changes in anatomical structure of heteromorphic leaves of P. euphratica along GWD gradients
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Table 2 The correlation matrix between hydraulic traits and GWD of heteromorphic leaves of P. euphratica

4k I Lanceolate leaf GHIE AT Oval leaf B V5 A BT A Serrated broad-oval leaf
Index Pearson FH 2% 1: Sig. (W B) Pearson FH5& 1 Sig. ( W2 ) Pearson #H Sig. (W2 )
Preas -0.365** 0.001 -0.758 " 0.000 -0.785** 0.000
Kicar 0.481* 0.000 -0.162 0.152 -0.243* 0.030
VLA 0.878** 0.000 0.820"* 0.000 0.919** 0.000
VLA, gjor 0.498 ** 0.000 -0.210 0.061 0.751** 0.000
VEA inor 0.880"* 0.000 0.830 " 0.000 0.912** 0.000
MVD -0.355** 0.001 -0.329"" 0.003 -0.152 0.179
4% -0.056 0.621 -0.066 0.559 0.271" 0.015
LV 0.865** 0.000 0.853** 0.000 0.914** 0.000
SD 0.015 0.892 -0.065 0.568 -0.140 0.214
SA -0.507 ** 0.000 -0.295** 0.008 0.015 0.893
LT -0.480 ** 0.000 -0.657 " 0.000 -0.514** 0.000
cr -0.286 " 0.010 0.170 0.132 0.175 0.120
PT/ST -0.477 0.000 -0.601 ** 0.000 -0.688 ** 0.000
VBA/XA 0.174 0.124 0.277* 0.013 0.158 0.163
VA -0.295 ** 0.008 -0.371*" 0.001 0.020 0.860
VD 0.417"* 0.000 0.441 0.000 -0.043 0.702

* RN 3 (P<0.05) 5
conductance; VLA M k% & Vein length per leaf area; VLA

major *

: FEPKEE Major vein density; VLA

w0 RN A RPE B 3 (P<0.01) 5 W, . M Fr /K # Leaf water potential; K, : " F 7K} 3% Leaf hydraulic

KBRS Minor vein density; MVD . H K B

minor *

1% Middle vessel diameter; VV: M- JkK{&F Vein volume; LV: M k5 Loopiness of veins; SD: S FL% & Stomatal density; SA:“ LK/ Stomatal

area; LT: M &
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Fig.6 Correlation between minor vein density and stomatal density, area of heteromorphic leaves of P. euphratica
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Fig.7 Principal component analysis of hydraulic traits of lanceolate leaves, oval leaves and serrated broad—oval leaves of P. euphratica
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