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Impacts of Euphorbia fischeriana invasion on plant community succession and soil
physicochemical properties in Hulunbuir grassland
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Abstract: The toxic plant Euphorbia fischeriana has spread rapidly in the Hulunbuir grassland in recent years, posing
a significant ecological threat. However, its invasion mechanisms and ecological impacts remain unclear. This niche
analysis study aimed to elucidate the restructuring mechanisms of plant communities and soil nutrient dynamics
following E. fischeriana colonization. Results revealed that as the invasion intensity of E. fischeriana increased, the
dominant species in the grassland community shifted from Lespedeza bicolor (dominance: 25.93%) to E.

fischeriana (dominance: 18.90% ). In severely invaded areas, plant community biomass decreased significantly by
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27% compared to control plots. Concurrently, the niche breadth of major plant species contracted markedly, and the
average niche overlap index among community plants increased from 0. 55 to 0. 65, indicating intensified interspecific
competition. Furthermore, the population expansion of E. fischeriana resulted in significantly elevated soil nutrient
levels. Total nitrogen, available phosphorus, and ammonium nitrogen contents increased by 41. 0%, 29.8%, and
19. 8%, respectively, relative to controls. Soil organic matter exhibited an initial decline followed by a gradual rise.
These findings suggest that E. fischeriana restructures soil nutrient availability in degraded grasslands through a
“fertility island effect”, that provides enhanced its competitive advantage over native plants while reducing grassland
productivity. This dual impact of E. fischeriana threatens the sustainable development of local animal husbandry. In
conclusion, controlling E. fischeriana proliferation and restoring native plant communities are critical for grassland
rehabilitation. This study highlights the necessity of balancing invasive species management with soil nutrient
regulation to mitigate ecological degradation.

Key words: Euphorbia fischeriana; niche; community structure; fertility island effect; grassland productivity
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K2 REXBIARCEETHEIZEYM EEYS

Table 2 Aboveground biomass of dominant plant species under different infestation levels of E. fischeriana (g-m™)

T H Item CK T, T, T,
WK E. fischeriana 0+0d 24.79+4.79¢ 39.76£2.79b 52.9126.02a
L35 F. sibiricum 60.96+18. 55a 22.08+8.91b 29.29-+5.11b 34.8746.50b
WK ZE 5 C. pediformis 37.71+3.76a 26.21+3. 20b 29.79+3. 16ab 31.96+3. 98ab
KT L. bicolor 87.76+11.28a 26.927. 54b 16.90=+3.73b 27.7143.91b
WS, baicalensis 8.6645.02b 74.83+20. 75a 30. 563. 98b 27.0427. 34b
W A, stricta 4.4542.45b 5.71+1. 81ab 9.0842. 90ab 11.5541. 22a
BRI C. hexapetala 14.97411. 23a 2.79+2.63a 3.3642. 40a 8.9973. 36a
WS T, petaloideum 26.22+6.70a 2.2870.72b 3.0342.03b 2.34+1.15b
DUIN/RERSE S, baicalensis 12.44+5. 16a 3.85+1.52b 0.10+0. 10b 0.13-0.13b
ERC L. chinensis 9.03+£5.12a 7.01£5.46a 1.13+1.13a 1.2941.01a
A ALY Other plants 35.2245. 29a 18.454-3.69b 7.9341.94b 12.7044. 07b
43t Total 297. 40423, T4a 202.474-18. 31b 170. 93£6. 57b 217. 06 14. 40b

s S A £ AR R AT R [N B R SRR AN [6) Ak 3 (A 25 5 R 3 (P<<0.05) , T [Al . Data are presented as mean— standard error. Different

lowercase letters within the same row indicate significant differences among different treatments (P<<0. 05). The same below.

K3 HEYBEFEERSHM

Table 3 Plant community richness and diversity

% Index CK T, T, T,
FE 8 EEFE 8 Species richness index (S) 18.33+0. 76a 15.00+0. 82b 13.8340. 70b 19.600. 51a
Shannon-Wiener § #{ Shannon-Wiener index (H) 2.1840. 04a 2.0940. 09a 2.1240.06a 2.22+0.07a
Simpson 1§ % Simpson index (D) 0.84-+0.01a 0.83+0.02a 0.85+0.01a 0.83%+0.01a
Pielou #8 ${ Piclou index (E) 0.7540.0la 0.7740.03a 0.8140. 02a 0.780.01a
2.3 FTRARFEXRELEEETLBERLRREA *4 REXBAAREETHEIZHYNESHEE

AW RS RS ARG ERET - Table 4 Niche breadth of dominant community plant species
BT 4L 48 A5 5L S 7] 175 Ak E s (36 5) L Hoh & 4k T under different infestation levels of E. fischeriana
ERZAN==R NI GRS s &

. X %) 4 Plant name CK T, T, T,

(9 1 48 pH 4 3575 7. 68~7. 88, BAK 55 L, AR —
Y . . - WK E. fischeriana — 5.70 5.93 5.81
DA IR T R BOR A B DA BT B 2 5 (P WK ZE 5 C. pediformis 5.86 5.95 5.86 5.77
0. 05) © j:i}%% 7J( 2 j\] 13. 52/ 14. 67% ’ E‘Z: IE] L2 F. sibiricum 4.36 3.17 5.60 5.39
J& T Z 18] I W 3 22 5+ (P=>0.05) , X R R 5 WK T L. bicolor 5.78 5.16 415 5.39
ﬁﬁi?fﬁiﬂ%ﬁ%’ﬂi/}ﬁi%ﬁﬁﬁﬁf“u&i% K. HES. baicalensis 2.38 5.50 4.23 4.45
THEANL R SRRV RIS A Ho R Ok W5 A. stricta 2.47 3.84 4.27 5.72
2 fG mg’kﬁmg—\ﬁim 61.31 g-kg ' FHEE WKL C. hexapetala 1.78 1.22 3.57 4.44
57.67 g-kg UM AR T N R B RR R 5. 94Y% (P<< ML FEIN R T, petaloideum 4.78 3.78 3.03 3.42
0.05) . B JE A HLIR & BB i I TF . 5 BF fo & F + 2EH L. chinensis 3. 44 1.95 1.00 1.89
LYW B. chinens - - 2.64 3.52
A WU A R E I, M 69. 31 g-kg ', 5 CK M I O e ’
DUMREF S, baicalensis 2.96 4.00 1.00 1.00

WFE EIF13.05% (P<<0.05), tIELA AL
Tha#, X B 1. 04 g-kg ' b TR & fE Y
1.41 g-kg ', PHEECS A M S A ST 2 RF R A b & fa % BT SRS A S AR TR BT
19.80% , 5t Al LI A A S MM 15. 49 mg-kg " FFHE 13. 12 mg-kg ', B EFFMK15. 3090 . 39 2w &
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CKLey T Ley
Fil 0.47 Fil 0.03
Tha 0.71 0.81 Tha 0.36 0.46
Ade 0.73 0.50 0.49 Ade 0.92 0.58 0.23
Car 0.66 0.85 0.84 0.77 Car 0.76 0.75 0.77 0.57 :g
Cle 045 0.13 047 028 0.25 Cle 043 075 0.75 0.42 0.00 gé
Scu 0.28 0.68 0.06 0.39 0.50 0.50 Eup 0.42 097 0.77 0.74 0.77 0.45 §§
Les 0.64 0.56 098 0.64 0.87 0.75 0.81 Scu 0.75 0.03 0.83 0.52 0.59 0.38 0.84 !
Ser 0.73 098 0.40 0.74 0.17 0.53 0.50 0.60 Les 0.47 0.90 0.46 0.84 0.69 0.60 0.82 0.07
Mel 0.13 0.63 0.05 0.73 0.60 0.53 0.59 0.66 0.20 Mel 0.48 0.31 0.49 0.90 0.58 0.77 0.82 042 0.23
Sti 0.88 0.29 0.73 0.16 0.84 0.64 0.61 0.64 0.43 0.39 Sti 0.63 0.81 0.58 0.84 0.57 0.78 0.82 0.89 0.42 0.32
PP F I T TS S ERCICPCIR O R SR AR SN
T. Ley T, Ley
Fil 0.19 Fil 0.53
Tha 0.53 0.82 Tha 0.60 0.50
Ade 0.73 0.75 0.43 Ade 0.66 0.98 0.52
Car 0.86 0.70 0.96 0.41 Car 0.95 0.85 091 0.59
Cle 0.79 0.73 0.89 0.61 0.83 Cle 0.88 0.82 0.83 0.80 0.23
Eup 0.75 0.99 0.84 0.71 0.97 0.38 Eup 0.88 0.98 0.95 0.79 0.89 0.46
Scu 096 0.68 091 0.75 0.70 0.94 0.32 Scu 0.89 0.71 0.81 0.90 0.45 0.84 0.21
Les 0.86 0.89 0.63 0.90 0.78 0.50 0.91 0.27 Les 0.85 0.92 0.74 0.88 0.92 0.58 0.90 0.51
Bup 0.67 0.65 0.64 0.50 0.67 0.39 0.22 0.74 0.00 Bup 0.84 0.51 0.71 0.74 0.69 0.69 0.55 0.74 0.41
Sti 0.41 0.70 0.31 0.33 0.22 0.37 0.46 0.00 0.38 0.00 Sti 0.11 0.45 0.61 042 0.12 0.33 0.38 0.00 0.32 0.22
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Fig. 1 Niche overlap index of dominant grassland species under different infestation levels of E. fischeriana

Sti: WHREFSE S, baicalensis; Mel: TEH & M. ruthenica; Ser: JLWRAEk S. komaroviis Les: WK T L. bicolor; Scu: ¥4 S. baicalensis; Cle: ¥ %k
2T C. hexapetala; Car: WilR ZEH C. pediformis; Ade: Y02 A. stricta; Tha: J &5 FEA B T. petaloideum; Fil: W34 F. sibiricum; Ley: £ 5 L.
chinensis; Bup: L4480 B. chinense; Eup: R 7 Kk E. fischeriana. T [f] The same below.
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Table 5 Soil physicochemical properties under different infestation levels of E. fischeriana

1645 Index CK T, T, ,
pH 7.6840.12a 7.88+0.03a 7.7440.07a 7.7540. 10a
+HE % K & Soil water content (%) 14.67-+0.67a 13.5240. 30a 14.20+0.53a 13.55+0. 21a
A HLF Soil organic matter (g-kg ') 61.31+1.35b 57.67+1.00c 59.28+0. 38bc 69.31+0.37a
42 Total nitrogen (g-kg ') 1.04+0.01b 1.32+0.05a 1.40+0. 13a 1.41+0. 05a
£ 75 A Ammonium nitrogen (mg-kg ') 12.2740.17a 11.39+0. 41c 12.64+0. 22bc 14.70+0. 47a
fit§ 45 % Nitrate nitrogen (mg-kg ") 15.4940. 40a 14.6140. 29 14.5740.52a 13.1240. 30b
42 Total phosphorus (g-kg ') 0.48+0.02a 0.4240.02ab 0.3840.03b 0.4040.03b
T Available phosphorus (mg-kg ') 5.3040.17b 5.4740.11b 5.7940.21b 6.88+0. 30a

HAHE T AR 2% FJF29.81%, 155 6. 88 mg-kg '(P<C0.05)., SR, TR &2 FRGE MK
FAF HR S 2 FRAIK 16. 67 % (P<<0.05) .
2.4 HMAASAEL XIEAH G E R

R MM A Y R A Y AR bR R B AT A DG i (B 2) TR O
AREEREY HE TEFR D ZRICR, G PR RS REAEY &5 H80h i sk 428 & 8500 % EAX
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Fig. 2 Correlation coefficient between aboveground plant biomass, community diversity indices, and soil physicochemical factors
#; P<0.05; **; P<C0.01; %% P<(0.001. SWC: -+ 3 & 7K fit Soil water content; SOM: -+ 3 4 #L i Soil organic matter; AP: # % # Available
phosphorus; TN: 4% Total nitrogen; TP: 4 Total phosphorus; ABE: R # K sk b I 4= ¥ & Aboveground biomass of E. fischeriana; CE: R K
ik o5 Coverage of E. fischeriana; TAB: M1 -4 ¥ Total aboveground biomass; OAB: H Ak ¥ #b I 4 ¥ Other plants aboveground biomass;
S: PP ==& J¥ Species richness; H: Shannon-Wiener 5 44 Shannon-Wiener index; D: Simpson #§ 41 Simpson index; E: Pielou #§ %4 Pielou index. {7 fr
FACEA K Ti 21 {8 Ko IR M 56, i 0 £ R UM G, B R R R PR3 59 . Il . The color bar reflects correlation coefficients: red indicates

positive correlations, blue indicates negative correlations, with color intensity representing correlation strength. The same below.

(P<<0.01), 5+ BRASTEEWREFEME(P<0.01), SMAER S B SR E E MAMHE(P<0.001), 54
B i 52 35 R DG (P<<0.05) o DA B 45 R SR WIAR 35 KRR Y #oer T8l Ak 35 o & s 2w ] Wl o R 9 LA A 0 1)
RS RS A SRR R E EAAE(P<0.05), 5+ A &8 B8 U (P<<0.001) .

i ICA BT (RDA) B GO R 5 KON & 8 T #EVE R 2B i 5 8 N T Z I R (B 3) . RDA
SR — Tl A RE RN 49. 27 %, RDA BHEE i B R Ny 28. 70% , BT STk RIA E 77, 97 % o MR BE K wkAE 3574 F
TR T 5 RV 0 R A S B o B, ELIR R RS A S N A 3R 4 B R G, HE VR LA AR S AT
TSR AN A A A S R EAR DG, DL 25 AR W] R R DR GE o R R SR A R AN S S A K R IR R A
G0 IR
3 iFig
3.1 REXKBY KAl BAE LN FRRERE = A

Wl 21 B AP R T 1) LR RRAIE A A A O 2 R R AL G W Rl O SR AR i 25 R IR . AW S R IR
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FEAK . X 5 B 5 55 AR Ak b O I 9T 45 SRR — B, WRSE R I AE /N R b AR B B 1 R Ak T RE S BRORE VR WS UR
5oz () 250 T R, R 4 T R 25 TE) A Jm LA B S 4 56 R IS B ME T T A B TROCCRE K T R A R 1 B AR T
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