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Fractal root systems of Elymus nutans under different density conditions in
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Abstract: Fractal root systems affect the distribution pattern of root systems, and are important to understand the
environmental adaption mechanism of roots under the habitation stress. The objective of this study was to examine the
relationship between root fractal dimension and root fractal abundance of Elymus nutans in response to density in the
northwest of China. The study site was located in Gahai Wetland, Gansu Province, China (102.08°—102.47° E, 33.97°—
34.32° N). The altitude of the study site is 3430—4300 m, whereas the average annual temperature is 2.3°C . Sixty samples
(Im x 1 m) were set up along the river bank to investigate the density of E. nutans in August 2016. Population density was
categorized as high (I, 500—700 plant/m’) , medium (II, 300—500 plant/m*), and low (III, 100—300 plant/m*).
The density, height, coverage, and above-ground biomass of the plant communities were recorded from 1 m X 1 m grids in
the three densities with six replications, The SC-900 Soil Compaction Meter was used to measure soil compaction in each
grid with five replications. The XDB-12 Root Sampler was used to collect the roots of E. nutans, and samples from each grid
were sieved completely to collect 60 roots, which were transferred to the laboratory. Afterward, the method of excavation of
the whole root system was used to dig soil cores (30 cm X 30 ¢cm X 50 cm) from six grids (30 em X 30 ¢cm) from the three

density gradients. Then the sieve (mesh size=0.25 mm) was used to clean the soil core in the nearby river, and the roots
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were collected and transferred to the laboratory. Meanwhile, we adopted the method of stratifying the sampling (0—350 c¢m).
In the laboratory, the root samples of E. nutans were scanned using Win-RHIZO to measure the root fractal dimension and
fractal abundance, and the biomass was measured for different plots after being dried in an oven (at 105 °C for 12 h).
Similarly , soil moisture content was measured by oven-drying (at 84 °C for 24 h). The results showed that as the population
density changed from high-medium to low-medium, the coverage, height, above-ground biomass, and fractal dimensions of
the plants displayed a pattern of steady decline, whereas below-ground biomass, root-shoot ratio, main root to lateral root
ratio, fractal abundance of the population, and soil compaction increased. Root fractal dimension and root fractal abundance
were negatively correlated (P<0.05) across the alpine wetland. A highly significantly negative correlation ( P<0.01) was
observed between root fractal dimension and root fractal abundance in the high density (I) and low density (1II) wetlands
of E. nutans population, whereas a less significant correlation ( P<0.05) was observed in the medium density (1I)
wetlands. With the change in density, the root fractal dimension of E. nutans decreased whereas the root fractal abundance

increased, which reflected the trade-off mechanism of different root traits.
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Table 1 Community characteristics and soil physical properties under different densities ( mean+SE)

N N S MK .
i i I S B S 21,
) : Aboveground Soil moisture . .
Density Plant high/cm Coverage/ % . N Soil compaction/MPa
biomass/(g/m~) content/ %
I 76.54+0.65a 96+2.45a 467.98+8.41a 26.21+0.61a 1.16+£0.03¢
| 65.76+0.88b 82+3.43b 279.84+3.92b 22.90+0.70b 1.23+0.03b
I 44.25+0.53¢ 65+1.06¢ 195.15+1.51¢ 18.94+0.54c¢ 1.48+0.04a

B AS [ /NG P e R 56 i 1] 22 5 18 2% (P<0.05) 5 1; B8 i (500—700 #k/m?) , high density (500—700 plant/m?) ; 11, H45 ¥ (300—500
F¥k/m?) , medium density (300—500 plant/m?) ; 1T, iK% (100—300 #/m?) , low density (100—300 plant/m?)
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Table 2 Biological characteristics of E. nutans under different densities ( mean + SE)
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I 74.20+1.86a 92.00+2.04a 55.56x1.50¢ 0.22+0.04¢ 1.55+0.08¢
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