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Comparison of root traits among two invasive and three native species
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Abstract. High competitiveness is vital for successful invasion by invasive plants. Previous
studies related to invasive species competitiveness have primarily focused on aboveground
properties, with research on root traits, which are responsible for water and nutrient uptake,
remaining limited. To reveal the responses of height, biomass, and fine root traits to mixed
planting (competition) , we investigated two invasive species ( Chromolaena odoratum (L.) R.
M. King & H. Rob and Eupatorium adenophorum Speng ) and three native species
( Eupatorium heterophyllum DC., Eupatorium fortune Turcz., and Eupatorium japonicum
Thunb.) with similar life forms from Asteraceae. Monocultures were applied as controls. Results
showed that under monoculture, the two invasive species had higher values for height and
shoot biomass than the three native species. However, no significant differences were found in
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height and aboveground biomass for the two invasive species between monoculture and mixed
planting treatments. Compared with the monoculture treatments, height, aboveground
biomass, fine root biomass, length, surface area, and volume were significantly reduced in
the three native species under mixed planting. Furthermore, root tissue density in the two
invasive species was significantly reduced under mixed planting; in addition, specific root
length and specific root area were significantly increased in E. adenophorum Speng. Across
the five species under monoculture and mixed planting treatments, plant height was
significantly positively correlated with fine root length and root biomass, and shoot biomass
was significantly positively correlated with fine root volume and surface area. Principle
component analysis showed that the two invasive plants were located at the end with greater
plant height and shoot biomass. In summary, the above results suggest that the two invasive
plants, C. odoratum and E. adenophorum, showed strong competitiveness against the native
species by modifying their carbon investment strategies in roots, especially at the seedling
stage.
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Ea, Co, Eh, Ef, and Ej indicate Eupatorium adenophorum, Chromolaena odorata, E. heterophyllum, E. fortune, and E. japoni-

cum, respectively. Same below.
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Fig. 1 lllustrations of monoculture and mixed planting treatments
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1, 2, 3, 4, and 5 indicate Chromolaena odorata, Eupatorium adenophorum, E. fortune, E. heterophyllum,
and E. japonicum, respectively. Different letters indicate significant differences in traits under monoculture and
mixed planting treatments among five species and in two treatments of same species (P < 0.05). Value are
means + SE. Same below.
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Fig. 2 Differences in height, shoot biomass, total root biomass, and root
shoot ratio of five species under monoculture and mixed planting treatments
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Table 1 Two-way ANOVA of effects of species, competition, and their interaction on height, biomass, and root traits

Motk Y TEGALBE Pk x a4
L Species Competition Species x competition
Trait
(df = 4,54) (df =1,54) (df = 4,54)

Bk Height (cm) 20.23 12.74* 0.77
Hu A= ¥ Aboveground biomass (g) 12.89 " 14.51 2.47
SAEYH Total root biomass (g) 30,00 65 63 " 6.99 ***
M Root shoot ratio (%) 20.43** 1.64 271"
AR A5 Fine root ratio (%) 12.86 ** 9.00 % 0.49
4R Fine root length (cm) 2.93" 16.10 *** 1.25
M F ML Fine root surface area (cm?) 467 20.59 " 4.69™
JAHAF Fine root volume (cm?®) 15.35 *** 18.83 " 10,11 =
HARIK: Specific root length (cm/g) 12.91 = 0.31 2.29
IR Specific root area (cm?/g) 11.24 % 0.02 5.36*
T FEAE Root dry matter (g/g) 2.35 25.15"** 1.78
AR E Fine root tissue density (g/cm?®) 12.43 " 6.49" 8.95 "

Notes: df, degrees of freedom. *, P <0.05; *, P<0.01; " ; P <0.001. Same below.
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Fig. 3 Differences in fine root ratio, fine root length, fine root surface area,
and fine root volume in five species under monoculture and mixed planting treatments
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Table 2 Pearson correlation coefficients between traits across five species under monoculture and mixed planting treatments

. . WA iR Mo A IR AR g ’ R T
T NE i .
e T T T .
RB FRR SB L SA Vol SRA  RDMC
A4 RB 0.000
MR L] FRR 0.185  -0.627
ML RSR -0676* 0487 -0.667*
M FAEYE SB 0696* 0606 -0.121 -0.301
YIRS L 0776 0561 -0.188  -0.294 0.859*
AIMRL A SA 0.223 0.901** -0.382 0.187 0.725*  0.739"
MRUATR V -0.170 0.913* -0.439 0453 0457 0404  0.908*
HAR & SRL 0267  -0477 0027  -0.433 -0.286 0.048 -0.363 -0.492
HEAR AR SRA -0.195  -0.238 -0.230 0.001 -0480 -0.159 -0.171 -0.118  0.820™
WT4EWE RDMC  -0.267  -0.661* 0630  -0453 -0407 -0.581 -0.601 -0.477 0.203 0.137
AR RTD 0.635* -0.017  0.201 -0.416 0552 0.442 -0.033 -0.313 -0.181 -0.677* -0.153
e WECHRE AR R 1R SRR,
Notes: English abbreviations correspond to Chinese names in the table 1.
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S and M in brackets represent monoculture and mixed planting treatments, respectively.
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Fig. 5 Principal component analysis (PCA) using 12 traits from five species
under monoculture(a) and mixed planting(b) treatments
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