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Abstract: Populus euphratica Oliv., an established species in the Tarim Desert Area, was used to investigate
variations in osmoregulatory substances and antioxidant enzyme activities of three typical heteromorphic
leaves along the groundwater depth (GWD) gradient as well as differences in their adaptive strategies to
drought stress. Results showed that: (1) with the increase in GWD, the relative water content, leaf water po-
tential, soluble protein (SP) content, and peroxidase (POD) activity of the three heteromorphic leaves of P. eu-
phratica showed a decreasing trend, while the water saturation deficit, free proline (Pro) content, soluble su-
gar (SS) content, and malondialdehyde (MDA) content showed an increasing trend, and superoxide dismu-

tase (SOD) maintained high and stable activity. (2) The Pro and SS contents in lanceolate leaves showed a
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highly significant positive correlation with GWD, the SS and SP contents in oval leaves showed a significant
positive correlation with GWD, and the SS content in serrated broad-oval leaves showed a highly significant
positive correlation with GWD. (3) The lanceolate leaves maintained cellular osmotic potential through the syne-
rgistic action of Pro and SS to cope with water stress, oval leaves enhanced drought resistance through os-
motic adjustment (SP, Pro, SS), and serrated broad-oval leaves maintained cellular expansion pressure with
SS and Pro, while eliminating reactive oxygen species (ROS) through POD and SOD, which synergistically

adapted to increasingly arid desert environments.
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Table 1 Characteristics of study plots
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Site Longitude and latitude GWD/m  Density /ind./hm> Average age/a Average height/ m  Average DBH/cm
ST 40°30'04"N, 80°58'27"E 1.0~1.5 290.5 80.2 6.4 26.3
B4 40°26'29"N, 81°09'10"E 2.3~27 171.3 69.1 8.5 22.6
B BL$R 40°19'44"N, 80°23'35"E 4.0~4.5 268.1 64.6 7.9 21.1
{Fi 2= 40°41"19"N, 81°59'43"E 7.5~8.0 120.2 110.6 7.8 36.4
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Fig. 1

Characteristics of three heteromorphic leaves of Populus euphratica
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Different lowercase letters indicate significant differences among different leaf shapes in the same site (P<0.05), and different uppercase let-
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Fig. 2 Response of water potential, relative water content, and water saturation deficit in heteromorphic leaves to GWD
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Fig. 3 Response of osmoregulatory substances (Pro, SS, SP) in heteromorphic leaves to GWD
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Table 2 Correlation matrix of GWD and six physiological indicators of lanceolate leaves

B4 Indicator GWD Pro SS SP MDA SOD POD
GWD 1.000 0.772** 0.709** -0.360 0.291 -0.194 -0.798**
Pro 1.000 0.585* -0.379 0.733** 0.340 -0.754*
S8 1.000 0.339 0.519 -0.299 -0.929**
SP 1.000 0.119 -0.425 -0.159
MDA 1.000 0.440 -0.649*
SOD 1.000 0.149
POD 1.000

TE: *FORMRMERE (P<0.05), “FRMCHENREE (P<0.01). T,
Notes: *, significant (P<0.05); **, highly significant (P<0.01). Same below.

®3 M AEIERS WD AKX RIERK

Table 3 Correlation matrix of GWD and six physiological indicators of oval leaves

#54% Indicator GWD Pro SS SP MDA SOD POD
GWD 1.000 0.441 0.617* 0.667* 0.098 -0.523 -0.799*

Pro 1.000 0.342 0.801* 0.618* 0.395 -0.528

Ss 1.000 0.760** 0.639* -0.628* -0.117

SP 1.000 0.720* -0.146 -0.389

MDA 1.000 0.082 0.174

SOD 1.000 0.034

POD 1.000

&4 BEEFMEMEERERS GWD HHEX X RER

Table 4 Correlation matrix of GWD and six physiological indicators of serrated broad-oval leaves

545 Indicator GWD Pro SS SP MDA SOD POD
GWD 1.000 0.392 0.840* 0.318 0.198 0.337 0.468
Pro 1.000 0.789* 0.188 0.707* 0.402 0.762*
Ss 1.000 0.122 0.621* 0.599* 0.784*
SP 1.000 -0.430 -0.708* -0.216
MDA 1.000 0.760* 0.738*
SOD 1.000 0.742*
POD 1.000

A i S K 2 R
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Fig. 5 Principal component analysis of physiological traits of lanceolate (A), oval (B), and serrated broad-oval leaves (C)
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