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Abstract

Aims Understanding the effects of plant size on the trade-off between twigs and leaves is important for revealing
strategies of plants forming different canopy structure, making full use of space resources, and enhancing their
photosynthetic efficiency and competitiveness with adjusting plant configuration. Our objective was to study how
twig and leaf traits of Zygophyllum xanthoxylum depended on size in the northern slope of Qilian Mountains,
China.

Methods The study was conducted in a desert grassland on the northern slope of the Qilian Mountains, Gansu
Province, China. A transect was laid out horizontally along latitudinal direction, and three sample plots were set
up along the transect at the interval of 50 m. Community traits were investigated by using double diagonal
method, and all individuals of Z. xanthoxylum were used for measurement of the height, canopy, single leaf area,
leaf numbers, twig length, cross-sectional area of twig, and bifurcation angle. Total of 90 plants were divided into
different size classes based on the volume: d (the cube root of plant volume) < 60 cm, 60 cm <d < 120 cm,
and d > 120 cm. Twig and leaf traits were log-transformed, and the standardized major axis (SMA) estimation
method was used to examine the allometric relationships of twig length with leaf area or leaf number.

Important findings With the increase of plant size, the height, individual leaf area, twig length, and twig
cross-sectional area of Z. xanthoxylum increased gradually (p < 0.01), while the bifurcation angle and leaf number
decreased gradually (p < 0.01). An isometric or allometric relationship was found between twig length and leaf
area in all plant size, whereas an allometric relationship was found between twig length and leaf number. The al-
lometric slope between twig and leaf area was significantly decreased with the increase of plant size, the
y-intercepts between twig and leaf number was significantly decreased too. To improve the efficiency of resource
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utilization, small individuals of Z. xanthoxylum tend to have a large number of leaves on short twigs, and large
individuals have relatively few leaves on thick and long twigs. The increase of leaf area and the decrease of leaf

number influenced the resource allocation pattern of twigs.

Key words plant size; Zygophyllum xanthoxylum; twig length; leaf area; leaf number; northern slope of Qilian

Mountains
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Table 1 Main functional properties of Zygophyllum xanthoxylum in different size classes (mean + SE)

AMER A TR P aicl TR T AN
Plant size Height (cm) Bifurcation angle (°) Twigs cross-sectional area (mm?)
1% Size | 50.80 +2.01° 57.95 + 2.30° 7.07 £0.20°

11%% Size Il 87.80 + 3.44° 53.42 +2.05 8.04 0.22°

1k Size I 105.60 + 4.12° 4752 +1.82° 10.20 +0.27°

S Ja AN NS FREROR AN AR /AN 20 i 22 57 1 2 (p < 0.01)

Different lowercase letters in the same column indicate significant differences among size classes (p < 0.01).

R2 AR TOCEA AT A CPI E AR HE DR 52)

Table 2 Photosynthetically active radiation of Zygophyllum xanthoxylum in different layers among size classes (mean + SE)

AMEKR/N Plant size )2 Upper layer

i Middle layer ik Down layer

1% Size | 1004.80 + 41.33°
%% Size Il 1205.10 + 50.75"
M Size Il 1330.00 + 58.50%

436.30 + 14.18°
570.50 + 21.28°

739.20 + 27.95°
918.80 + 36.94°

1009.60 + 41.03* 634.40 + 24.32°

) SUBTR i NN 7 R R NS 2RI T2 5 5.5 (p < 0.00).

Different lowercase letters in the same column indicate significant differences among layers in different plant sizes (p < 0.01).

R3 AFRDNER G ERRIRCP I E SRR Z)

Table 3 Twig and leaf traits of Zygophyllum xanthoxylum in different size classes (mean + SE)

AMER/NEYL Plant size classes Kol J% Twig length (cm)

HiAY Individual leaf area 45 Leaf number

128 Sizel 14.49 + 0.36°
1124 Size Il 15.24 +0.38°
2% Size Il 16.22 + 0.42°

1.18 £0.03° 70.01  1.51°
1.31+0.04° 65.92 +1.30°
1.40 +0.04* 63.32+1.18°

IS J5 AN NS T RER R A R /AN 2 i 72 5 1 25 (p < 0.01)

Different lowercase letters in the same column indicate significant differences among size classes (p < 0.01).
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Fig. 1 The relationship between twig length and leaf area of
Zygophyllum xanthoxylum. I-111, plant size classes.
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Fig. 2 The relationship between twig length and leaf number
of Zygophyllum xanthoxylum. I-111, plant size classes.
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