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Allometry relationship of branches and leaves of typical desert shrubs in the Tarim
Basin, Xinjiang of northwestern China

Zhang Funing' Wu Mingyue' Ji Xu' LiuNa' Hu Shuping' Jia Xin'?*’
(1. School of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China;
2. Yanchi Ecological Research Station of the Mu Us Desert, Beijing 100083, China;
3. National Key Laboratory for Efficient Production of Forest Resources, Beijing Forestry University, Beijing 100083, China)

Abstract: [Objective] This paper examines allometry relationship of branches and leaves of typical desert
shrub species in the Tarim Basin, Xinjiang of northwestern China, aiming to reveal their morphological and
structural adaptation strategies. [Method] During July—August 2023, we investigated three shrub species
(Lycium ruthenicum, Nitraria sphaerocarpa, N. tangutorum), which had assimilative branches, and four
shrub species (Tamarix hispida, T. ramosissima, T. tarimensis, T. taklamakanensis), which did not have

assimilative branches. We used the standardized major axis regression analysis (SMA) to examine the
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allometry relationship among leaves, branches, and branch-leaf traits, with a particular focus on testing
differences in allometric scaling exponent (b) between the two functional groups and among species.
[Result] (1) The relationship between leaf area and leaf dry mass growth showed no significant differences
between groups and species, with all showing isometric growth. (2) The relationship between branch volume
and dry mass showed significant differences among groups and between species with and without
assimilating branches. Groups with assimilating branches exhibited higher b values. However, no significant
difference in b was found among species with assimilating branches, with a common value of 1.125,
indicating that branch volume increased significantly faster than branch dry mass. (3) There was no
significant difference in length and diameter of desert shrub branches between groups and species, with b
consistently estimated at 1.490. The growth rate of branch length was significantly faster than that of branch
diameter. (4) Overall, branch dry mass grew significantly faster than leaf dry mass (b = 0.876) for desert
shrubs, although some species (N. sphaerocarpa and T. taklamakanensis) exhibited isometric growth, while
there was no significant correlation between leaf dry mass and branch dry mass for 7. tarimensis.
[Conclusion] The allometry relationship of leaf area-leaf dry mass, branch length-branch diameter, and leaf
dry mass-branch dry mass are not influenced by morphology of photosynthetic organs. However, the
allometry relationship between branch volume and branch dry mass differs significantly between functional
groups based on the presence or absence of assimilative branches. These findings highlight both convergent
and divergent morphological and structural adaptations of desert shrubs in response to their environment.
The research results have deepened our understanding of growth patterns and environmental adaptation
mechanisms of desert plants, providing a scientific basis for vegetation ecological construction in desert
areas.

Key words: allometry; desert shrubs; assimilative branch; the Tarim Basin; interspecies difference;

adaptation strategy
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Fig.3 Growth relationship between leaf area and leaf dry mass for different shrub species in the Tarim Basin
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Tab. 1 Standard major axis regression analysis of leaf area and leaf dry mass for
seven shrub species in the Tarim Basin
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Tab. 2 Standard major axis regression analysis of branch traits for seven shrub species in the Tarim Basin
B Fp SMARIF (95% B 15 X [A]) SMABH(95% B 15 X [A]) R’ n
BT LR* 1.184(1.018 ~ 1.377) 0.718(0.568 ~ 0.868) 0.901 21
M NS 1.002€0.803 ~ 1.250) 0.6910.450 ~ 0.933) 0.576 37
I NT* 0.855(0.738 ~ 0.992) 0.559(0.421 ~ 0.697) 0.494 93
AR & NIEHEH) TH* 1.169(1.079 ~ 1.267) 0.739(0.647 ~ 0.832) 0..703 180
Z AR TR 1.043(0.953 ~ 1.141) 0.612(0.524 ~ 0.700) 0.878 62
P& BOREEMN TT 1.226(1.000 ~ 1.502) 0.771€0.534 ~ 1.009) 0.818 21
WA RN TTLM 1.152(0.959 ~ 1.383) 0.593(0.422 ~ 0.765) 0.932 12
B AMAT LR* 0.317€0.239 ~ 0.419) —0.643(-0.718 ~—0.567) 0.652 21
I NS* 0.319€0.247 ~ 0.413) —0.623(-0.713 ~—0.534) 0.430 37
I NT* 0.293(0.244 ~ 0.352) -0.617(-0.676 ~—-0.557) 0.212 93
B AR T WIEAEI TH* 0.408(0.367 ~ 0.454) ~0.662(~0.704 ~ ~0.619) 0.487 180
Z M TR* 0.325(0.277 ~ 0.382) —0.749(—0.798 ~ —0.699) 0.612 62
P& B TT* 0.289(0.213 ~ 0.393) —0.815(—0.890 ~ —0.729) 0.582 21
IHEREM) TTLM* 0.331€0.243 ~ 0.451) —0.765(—0.849 ~—0.681) 0.800 12
AR LR* 0.640(0.557 ~ 0.734) 1.573(1.499 ~ 1.647) 0.918 21
T NS* 0.4640.369 ~ 0.585) 1.544(1.427 ~ 1.660) 0.541 37
I NT* 0.487€0.419 ~ 0.568) 1.515(1.433 ~ 1.596) 0.462 93
HK B TR Wl REH0 TH* 0.513(0.469 ~ 0.560) 1.709C1.664 ~ 1.754) 0.640 180
Z RN TR* 0.584(0.501 ~ 0.681) 1.775(1.690 ~ 1.859) 0.644 62
P& HLRBEAN TT 0.799(0.615 ~ 1.038) 2.043(1.843 ~2.243) 0.696 21
WA TTLM* 0.561€0.431 ~0.730) 1.680(1.559 ~ 1.801) 0.857 12
AR MIRC LR* 2.020(1.465 ~2.786) 2.872(2.283 ~ 3.460) 0.536 21
YR NS* 1.454(1.121 ~ 1.886) 2.450(2.084 ~2.816) 0.411 37
i) NT* 1.662(1.362 ~2.030) 2.540(2.231 ~2.848) 0.069 93
BB A NISE A0 TH* 1.256(1.108 ~ 1.425) 2.540(2.375 ~2.705) 0.272 180
Z R TR* 1.796(1.424 ~ 2.264) 3.119(2.684 ~3.553) 0.181 62
P& BB TT* 2.762(1.881 ~ 4.056) 4.292(3.115 ~ 5.469) 0.327 21
WA RN TTLM* 1.697(1.099 ~ 2.620) 2.978(2.200 ~ 3.756) 0.595 12
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Fig. 5 Growth relationship between branch length and branch diameter for different shrub species in the Tarim Basin
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Fig. 6 Growth relationship between leaf dry mass and branch dry mass for different shrub species in the Tarim Basin
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Tab. 3 Standard major axis regression analysis of leaf dry mass and branch dry mass

for seven shrub species in the Tarim Basin

Wb SMARIH(95% B A5 X [4)) SMATHE (95% E 15 X [A]) R n
AT LR* 0.768(0.653 ~ 0.903) —0.344(-0.448 ~ —0.240) 0.884 21
AR NS 0.916 (0.767 ~ 1.093 ) 0.042 (-0.133 ~0.217) 0.731 37
F NT* 0.819 (0.694 ~ 0.967 ) —0.114 (=0.264 ~ 0.035) 0.358 93
NI AR TH* 0.892 (0.809 ~ 0.983 ) 0.409(0.323 ~ 0.495) 0.566 180
% BB TR* 0.853 (0.731 ~ 0.996 ) 0.341€0.217 ~ 0.466) 0.639 62
& BOREEH TT 1.259 (0.820 ~ 1.934 ) 0.557(0.025 ~ 1.090) 0.151 21
VAR TTLM 1.015 €0.736 ~ 1.399 ) 0.357(0.089 ~ 0.625) 0.785 12
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