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Study on Root Trait Variations of Native and Invasive Plants in Response to
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Abstract: The mechanisms by which the root systems of invasive plants respond to nutrient and water deficiency
remain poorly understood. In this study, we conducted a paired comparison between Asteraceae invasive plants
(Senecio wvulgaris, Symphyotrichum subulatum) and native plants (Senecio scandens, Aster ageratoides) ,
examined their root traits, Arbuscular Mycorrhizae Fungi (AMF) colonization rate, and biomass performance
under normal and water and nutrient deficient conditions. The results showed that although both water and nutri-
ent deficiencies reduced aboveground biomass and AMF colonization rates by more than 20% on average across
all species, the invasive plants exhibited significantly greater aboveground biomass and higher AMF coloniza-
tion rates compared to native plants. Nutrient deficiency significantly increased specific root length and specific
root surface area, promoted root length and surface area of roots with diameters <Z0.5 mm, and reduced root
tissue density in native plants, with average changes ranging from 8.23% to 32.64% in native plants. How-
ever, invasive plants showed opposite or no significant changes. With the exception of Symphyotrichum subula-
tum, water deficiency enhanced specific root length, specific root surface area, root length and surface area
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across all diameter classes, while reducing root tissue density in the other species. In summary, the invasive
plants demonstrated stronger stress resistance. Under nutrient stress, invasive plants relied more on maintain-

ing high AMF colonization, whereas native plants primarily depended on adjustments in root morphology.
Under water deficiency, both invasive and native plants exhibited similar root adaptation strategies, but the inva-

sive plants maintained higher AMF colonization. Combined stress responses tended to resemble those under
single nutrient deficiency. These findings are important for elucidating the mechanisms underlying the adapta-

tion of invasive plants to nutrient- and water-deficient environments.
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Table 1  Analysis of variance CANOV A) of the effects of water and nutrient deficiency on biomass, root morphology, Sand
AMF (Arbuscular Mycorrhizal Fungi) conlonization rate in Senecio vulgaris and Senecio scandens
. ) . AMF R i3S HHRFEER RFYHER
BN T8/ T3 BT A Bk AMFHR * o e R ) FFARE
S . , . | . AMF colonization rate / Specific root length/ Specific root surface area/  Root average diameter /
Senecio v./ enecio s. Root biomass/g ~ Shoot biomass/g ~ Ratio of root to shoot . o -
% (emeg ) (em™g ) mm
J0 3 Treatment I P e P e P 7 P 7 P 7 P 7 P
41 Species 1.204 0273 14493 <0.001 9.251 0.002 8.488 0.004 32.715 <0.001 13.064 <0.001 43461 <0.001
#% Nutrient 212388 <0.001  47.675  <0.001 3.532 0060 14111 <0.001 0.420 0.517 1.690 0.194 0.058 0.810
K7 Water 3.087 0079  26.505  <0.001 L1745 0.186 7.059 0.008 11971 <0.001 8.618 0.003 1.812 0.178
W % Species X Nutrient — 1.727 0.189 0207 0.649  0.605 0.437 3.788 0.052 4.209 0.040 2.226 0.136 3.704 0.054
P OCK 2 SpeciesX Water 0,372 0542 27147 0.097  0.516 0473 0.486 0.486 1511 0.219 0.585 0.445 0.813 0.367
HEF KA Nurent X Water 0137 0.711 3770 0.052  0.043 0.836 1.498 0.221 0.930 0.335 0.761 0.383 0.002 0.967
PEnCER KR 0.391 0532 6.441 0.011 0.013 0.910 0.000 0.989 0.204 0.652 0.223 0.637 0.127 0.722
Species X Nutrient X Water
BB/ T RAAHLE REmR BRI REmR i3S ik 38
Sc;m'o o Senecins Root tissues density/ ~ Root surface area Root surface area Root surface area Root length Root length(0.5<D<1mm)/ Root length (D>1 mm)/
o (grem™) (D05 mm)/em’  (0.5<D<1 mm)/em’ (D>1 mm)/em’ (D05 mm)/cm cm cm
fb# Treaiment 7 P v P 7 P 7 P 7 P 7 P 7 P
1 Species 0.564 0453 42.722 <0.001  16.080  <0.001 12,764 <0.001 46.199 <0.001 14.526 <0.001 3.580 0.058
#% Nutrient 2.216 0137 11571 <0.001 5.657 0.017 5.841 0.016 14579 <0.001 5.751 0.016 2.944 0.086
K Water 4614 0.032 8.9 0.003 2.531 0.112 1418 0.234 7917 0.005 2.807 0.089 1.659 0.198
10 <5 J Species X Nutrient 0970 0325 3.256 0.071 0.030 0.863  10.241 0.001 7971 0.005 0.070 0.791 9.761 0.002
HIH0OCK ) Species X Water 0,135 0.713 0373 0.542 1.076 0.300 4.636 0.031 0.757 0.384 1418 0.234 3.251 0.071
HEFROOKD NutrientX Water 0,439 0507 7.448 0.006 3445 0.063 6.749 0.009 5.186 0.023 3.825 0.050 3.756 0.053
WECER XK 0.143 0.705 3403 0.065  0.040 0.842 1.077 0.299 1.674 0.196 0.016 0.898 0.626 0429
Species X Nutrient X Water
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1 KPMERTHRIITER(Se S. )/ERMTFEHR(Se V. ) (ABFC)F = PR EFE (As A. ) /55T £ FE (Sy S. ) (D.EFF)IRE
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Fig. 1 Effects of water and nutrient deficiency on the root biomass (A and D), shoot biomass (B and E), and ratio of root to
shoot (C and F) of Senecio scandens (Se S. )/Senecio vulgaris (Se V. ) (A, B, and C) and Aster ageratoides (As A. ) /Sym-
phyotrichum subulatum (Sy S.) (D, E, and F)
TE < P A A 52 A T 0 355 0 H Ak ) 2 8 /NS B R AT R (P<<0. 05) o AN K AT MIBRE = AN /N, 23 5 R 90 Fh (1) 85 35 KT (2) 3k 43k
F )M H AR . HN—IER &S LN — E I 5 B WW — IR K5 s LW — K 5 w5 Bk
Note: Significant differences among treatments are indicated by lowercase letters for significant interaction effects only (P<Z0.05). Three smaller
graphs are attached to the right of each larger graph, showing differences among species (1), nutrient levels (2), or water levels (3). HN-

Normal nutrition ; LN-nutritious deficiency ; WW -Normal water supply ; LW-Water deficiency

AR 4% A BRI E X AMF 12 e R %A 38 H 5% FEOFI 6. 34%~20. 57 % (K43 .
IE, AEAR H T B BRI T L6 B A W PO M 1M 3, A0 T Bk, RO T L%
AMF {2 e J& T BB 1. 03~1. 34 fi5 (£ 1 f &l FLA 3 KA HEAR I CIE 3AD AT EE AR 2 i AR &
2A) T E S5 K 435 B (R 5 35 R AT T 7 A 3BY, T HEH 1. 14~2. 9245 , B HEHR/NT
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HANTO.5 mmAAT 1 mm RAMBKAMERT  (EIE ARG L (- E  JEHAAEE IR T 50T,
M SCE RO T EO6R, Bk i T R PR ks 1.07~2. 38/ . B 37 7 i A K
/ANF 0.5 mm AR T 1 mm ARA MR, KT8k 05 S Ol B3 B T P4 AP R AR AR 9 B O
BEAT W R W Y AR R S AR B R T EAIT 97 :35.4806~60. 0306 57K 43 : 24. 6996 ~47. 796 i
f Lo AR AT L AR R B, CF K 204200~ M b AR W R COF 3R ¢ 25.3200~67.50% 5 K 4
84.93% , L HZEHA/NT 0.5 mmMR AW, HRE  21.97%~49. 74%) (A B SE HMRE L . BRI
BEAR T PR O AR A 2LV B (T OB B SR AL BRER UK 70 R8I A0 PHOO AR F b A= W) i A A 10 35 0
bh,20.8300~44.6200) o EFRMK G GBI AR MERUY.
R2 KDFEF SIS L5 (Symphyotrichum subulatum ) 71 = fk 22 3% (Aster ageratoides) £ ¥ & .
RAFEMAMF ERAEESHZMPFTESNTR
Table 2 Analysis of variance CANOV A) of the effects of water and nutrient deficiency on biomass, root morphology,

and AMF (Arbuscular Mycorrhizal Fungi) conlonization rate in Symphyotrichum subulatum and Aster ageratoides.

. —— BT
R iR REk ‘ BLEYR ) it AN g . Speciﬁitriflenglh/‘ Speciﬁcttriiffzc\e area/  Root Ejrefeiilelen/
Symphyotrichum s. / Astera.  Rootbiomass/g  Shoot biomass/g  Ratio of root to shoot  AMF colonization rate/ % (emeg) (omteg ™) .
{78 Treatment 7 P 7 P b P P P e P 7 P v P
Y Species 33684 <0.001 31567 <0.001 15106 <0.001 43.976 <0.001 0075 0.784 4630 0.031 42729 <0.001
E % Nutrient 3381 <0001 48913 <0.001 0450 0.502 13911 <0.001 6.396 0.011 5.537 0.019 1743 0.187
K7 Water 23889 <0.001 32393 <0.001 0272 0.602 10.888 <0.001 4.196 0.041 3.674 0.055 0.180 0.672
PIFh X % Species X Nutrient - 12,505 <0.001 26,500 <0.001 12424 <0.001 2.970 0.085 1.074 0.300 2.203 0.138 0.000 0.996
PIFOCOK S Species X Water 5307 0.021  9.900 0002 0.344 0.558 2.626 0.105 2.120 0.145 1.120 0.290 3.836 0.050
EROOKD Nutrient X Water — 7.382 0.007  17.749  <0.001  1.762 0.184 1.107 0.293 4637 0.031 1.567 0.211 3.706 0.054
PHOCET OOk 6.575  0.010 8189  0.040  0.600 0438 1.932 0.165 4328 0.037 2.984 0.084 0.000 0.984
Species X Nutrient X Water
RARE REmR RETH KR i3S fik 3N

ELE LA IS

. . Root tissues density/  Root surface area Root surface area ~ Root surface area(D>1mm)/ Root length (D<0.5 mm)/ Root length(0.5<D<{I mm)/ Root length (D>1mm)/
Symphyotrichum s./Aster a. ’ )

(grem™) (D05 mm)/em’ (0.5<D<T mm)/em* om’ cm cm m
Treatment 7 P 7 P v P v P v P 7 P v P

YT Species 13.789  <0.001  24.780 <0.001  10.760 0.001 19.503 <0.001 32.005 <0.001 11.5%4 <0.001 12937 <0.001

E7 Nutrient 4559 0.033 13022 <0.001  5.098 0.024 3.820 0.051 13.011 <0.001 5.740 0.017 1772 0.051

K5 Water 2.565 0.109  9.95¢ <0.001  6.938 0.008 0.070 0.791 10.464 0.001 8.119 0.004 0.465 0.791
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Fig. 3 Effects of water and nutrient deficiency on specific root length (A and K), specific root surface area (B and 1.), root
average diameter (C and M), root tissue density (D and N), root surface area with a diameter less than 0. 5 mm (E and O) and
root length (H and R), root surface area (F and P) and root length (I and S) with a diameter greater than 0. 5 mm but less than
1 mm, and root surface area (G and Q) and root length (J and T) with a diameter greater than 1 mm of Senecio scandens
(Se S. )/Senecio vulgaris (Se V. ) (A-J) and Aster ageratoides (As A. )/Symphyotrichum subulatum (Sy S. ) (K-T)

2.3 HEXMEEXRESHT A W) B Y5 AMEF {2 9 A0 8 3% 1E A, i AMF
SR 3CH EMD, TROG/ = IKCEEMR b b REFRSRHALEE HE/DT I mm RRHEK
x3 EMERREAFESHAMF EEEESHE Spearman XX AR (A EATER-ZRkES; £ T ABMTE x-S £3)
Table 3 Spearman correlation matrix for biomass, root morphology, and AMF (Arbuscular Mycorrhizal Fungi) colonization

rate Cupper right: Senecio scandens - Aster ageratoides; lower left: Senecio vulgaris - Symphyotrichum subulatum)

RADE WEAdE AMFRE  WRK LREGR RTHEG RASEE RKRL BKRL  RKRL WEGRRSA REMPRSA HEMHRRSA

RB SB AMF SRL SRSA RD RTD _ (D<0.5mm) (0.5<D<Imm) (D>1mm) (D<05mm) (0.5<D<Imm) (D>1mm)
RN E 1 0.576 0.546 0.157 0488 0.534 0.202
RB <0001 <0001 0.0005 <0001 00729 <0001 0.0007 0.0015 0.398 0.0054 0.002 0.276
VIRE/E 1 —0.062 0.364 0.468 0.118 0.315 0.463 0.165
SB <0001 <0001 0.0001 <0001 0.740 <0001 0.0444 0.008 0.528 0.0844 0.0087 0.376
AMF i 0.580 1 0439 0.283 0315
AMF 0.0017 0.0019 0.101 0.0275 0.0658 00136 <.0001 <0001 0.123 0.0005 <0001 0.0847
RS S 0.086 0.036 1 —0.217 0.250 0.072 0.319 0.342 0.072 0321
SRL 0.676 0.863 0.792 <0001 0.242 <0001 0174 0.701 0.080 0.059 0.700 0.078
&R 0.00547 ~ =0.051 1 0.050 0.042 0.027 0.155 0.046 —0.5
SRSA 0.979 0.804 0479 <0001 0.788 <0001 0.821 0.884 0.079 0406 0.804 0.101 —04
REHEE  —0449  —0351  —0.333 1 —0.277 —0.022 —0.053 =03

AD 0.0215 00788  0.0969  0.0001  0.0015 0.131 <.0001 0.969 0.907 0.0018 0.901 0.776
RANEE 0.112 0.153 1 —0.046 —0.017 —0.071

RTD 0585 0457 0125 <000l  <.000L  0.0788 0.540 0.804 0.070 0.930 0.704 0.094 !

T WK S s oS0 on JEOEEEN | oo [UGSEENE om0 0
(D<05mm) <0001 00003 00229 00002 0001 <0001 00175 <.0001 00004 <.0001 00001 <00l 02
RKRL 0.669 0.588 0289 0598 0571 1 065  [NNOSIERN 0% 03
(05<D<lmm) 00002 00016 0153 00013 00023 00062  0.0058  <.000L 00003 <.0001 <0001 0.0002 0.4

RKRL 0.097 0.071 1 0.650
(D>1mm) 0.107 0.118 0.133 0.636 0.731 (.824 0.573 .086 0.098 <.0001 0.0002 <0001

REMARSA 0.757 0.668 0428 0.636 0.587 0.355 1
(D<C0.5 mm) <.0001 00002 0.0292  0.0005  0.0016 0.0001 00183 <0001 <0001 0.075 <0001 <0001
REMPRSA 0.662 0.604 0.314 0.597 0.564 0.361 1

(0.5<D<1mm) _ 0.0002 0.0011  0.118 0.0013  0.0027 00057 0.0068 <0001 <0001 0.0697 <0001
REMBRSA 0.399 0.435 0.339 0.351 0.359 0.375 0.380

(D>1 mm) 0.0434 0.0264 0.0903  0.880 0.782 0.729 0.978 0.079 0.072 <.0001 0.059 0.0556
HRB-HREYHE SB-# EAEY) o s AMEF-AME {2 54 38 SRL- R IC ; SRSA - FEAR R0 AL RD-HRF 2 B AR s RTD-HEEH U3 )3 s RL-FRC
RSA-E MM D-HE
Note: RB-Root biomass; SB-Shoot biomass; AMF-AMF colonization rate ; SRL-Specific root length; SRSA-Specific root surface area; RD-
Root average diameter; RTD-Root tissue density ; RL-Root length; RSA-Root surface area; D-Diameter
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