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The effects of upward invasion of Veratrum oxysepalum on the native plant and

soil fertility in the tundra of Changbai Mountain
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Abstract: The alpine tundra ecosystem has a sensitive response to global climate change, and widespread studies of
continuous upward invasion of herbaceous plants had been reported. The upward invasion of herbaceous plants is
characterized by stages and spatial variation. Recently, Veratrum oxysepalum was observed to expand rapidly in the tundra of
Changbai Mountain, becoming the dominant upward invasive species. The original dominant species, shrub plant
Rhododendron aureum communities, and soil fertility in the tundra, also change synchronously. The study of the impact of
the upward invasion process of Veratrum oxysepalum on native shrub plants and soil fertility is significant to demonstrate the

response of tundra ecosystem to global climate change. This study continuously monitored the biomass of Veratrum
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oxysepalum and Rhododendron aureum communities, and measured soil fertility in different upward invasion degrees of
Veratrum oxysepalum from 2017 to 2019 ; Using the spatial instead of temporal method, reveals the differences of herb and
shrub plants communities’ biomass, along with soil total and available nutrients supplies at different stages of upward
invasion by Veratrum oxysepalum. The results indicate that, with the upward degree of invasion of Veratrum oxysepalum
increased, the biomass of Rhododendron aureum decreased continuously, and the content of soil organic matter (SOM) and
total nitrogen ( TN) decreased continuously. In contrast, soil available nitrogen ( AN) and available phosphorus ( AP)
contents increased. However, different changing trends in the biomass of Rhododendron aureum and soil fertility under
different degrees of Veratrum oxysepalum upward invasion emerged: from none upward to mild upward invasion stage, the
changes of Veratrum oxysepalum and Rhododendron aureum biomass were the fastest, with the soil fertility changes were also
the most significant; As the degree of upward invasion of Veratrum oxysepalum increased, the rate of biomass change of
Veratrum oxysepalum and Rhododendron aureum slowed down, and the amplitude of soil fertility change also decreased.
When the invasion stage reached the severe upward invasion stage, the rate of biomass change of Veratrum oxysepalum and
Rhododendron aureum is the smallest, and the amplitude of soil fertility change is also the smallest. There is a high
correlation among the biomass of Veratrum oxysepalum and Rhododendron aureum, and soil fertility. With the continuous
changes in the environment of the tundra zone, there may be a transition from positive to negative feedback between the
upward invasion of Veratrum oxysepalum and changes in soil fertility. The upward invasion rate of Veratrum oxysepalum is

inhibited, and the plant community structure and soil fertility tend to stabilize.

Key Words: upward invasion of herbs; Changbai Mountain tundra; Veratrum oxysepalum; Rhododendron aureum;

biomass; soil fertility
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( Veratrum oxysepalum ) FEVTAEAHT I BLAY —Fp IR E R ARR Y, 2014 4F H &R F S MRL LR A, £
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R BER 307 1 — B RETT RN 2 mx2 m, 331 28 NIRRT, AR BEE SEUG  IC R B T AR A E |
TR SBRE A, LU SRR DT AL BERD BRECRI S EAE . 2017—2019 4F454F 7 A RIRPA M HE K AR SE T
FEDT AR 2 B AL B SR A A AR

Rl RBEELRERERXSIRHE

Table 1 Classification criteria for upward invasion of the tundra by V. oxysepalum

LR SR H T T LI

Upward invasion degree Grade Plant community composition

J6 112 No upward invasion I TCRWEHE P WA T <10%

1% 112 Mild upward invasion I PR RE 5 B <20% , A 55 <40%

HiE 15 Moderate upward invasion I} RGP 55 20%—35% , FAN Y 35 B 40%—60%
HEE {2 Severe upward invasion v R 35 >35% , AR 75 >60%

1.2.2  HYHE S A Y& E

2017 47 7 AR DT /3 2N VUG ZE P AR, A R BRI BRI 3—5 MRy AT A= ) =
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A
1.2.3  LIEHEE SIS E
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F2 20172019 FERBEHEE FRTLEFER
Table 2 Changes in the upward invasion of V. oxysepalum from 2017 to 2019

R BRI % FAS TG A{E % RUEE P AR

ALY ) . L . Ko/
. Average change in coverage Average change in Upward invasive changing
Changing type Number
of V. oxysepalum coverage of herbs level of V. oxysepalum
[—1 0.00—13.75 2.50—22.50 1% 4
[—II 0.00—25.00 4.00—55.00 2% 2
[—Iv 0.00—50.00 5.00—80.00 3 1
n—1I 10.00—15.00 30.00—35.00 0% 1
n—1 12.50—23.75 26.25—55.00 1% 4
n—iv 15.00—42.50 30.00—82.50 2% 2
m—1r 26.67—31.67 45.00—51.67 0% 3
m—1v 28.75—47.50 46.25—75.00 1% 4
N—IV 45.71—49.28 70.72—78.57 0% 7

I —10 w2 P i A RBVR AR ZET T — IR h AR P AL T T —IV R h EA RPN EEAR
AR T — I 8 7 th e BE AR B b L AR ASASRAL; [T —IV AR Be th RE A RPN ARAEAIERY; —IV - AR PEEE P h h AR
P E AT

2.1.2 HYH AW AL

[—0. I—M . I—N . I—I . 0I—IV II—IViX 6 Ffll FZ2RRI8 2 [ ARFEE AR B T H
APREIIE 25 R RV (K 1) ,2017—2019 FAR[R FARZE AN ) 4 B2 b S A= Wy 38 4F 10 35 R % (P<0.05) , 2%
B i AT B LT (P<0.05) o [EOR[R] AR ST AR R I B A A 22 5, AR R R0 4f AR AR B A AR (R 28 R v
AREGES RO A R AR R RO, IR L RAREE A 1 AR T — VRS 3 ), ph3E
P AR R, AR A R 0 ¢/m® ETFEIZ R 400 g/m?, 2F Bz AL ES AR W AR Ak B oA sR BN, 2017 4E 3
2019 44z AL BS A M 900 g/m* L | R &R 500 g/m” 247, FREIRIE AN 45% ( 1 —IV) | i HoAth e 7Y
IR 22.5% (1 —1) .37.5%( I —M ), O—I, 0—1IV &84 flz A1 B8 A= 9 F B R 3 2400 20.83%
31.27%, WM—IVZERIAE e MRS AE Y i N R2) 17.87% , WeAb, [Fl—A~ L ARAR RS b Il RE = 5 4 Je At RS A=
Wy AR AR I, RAERE T AR G RV A R B AR ™ ERGR | 1A B RE 1 A e 1 R R 12
B, 2F Bz FE RS AR ) R R A I 2%
2.1.3  RYEFFORRE RIS HEEAL T A8k

PR SA W RE D7 T B 0 AN S8 A R] BT LS A AR AR AR B[] 30 ) A7 A 22 5, — A (BAS ) AR fR 25 7
I Ty 22 SR IR, 2017 AE ST LE I ARE 0y, T AR Ak 2SR B A ) 25 A ML AN SR 3. Wiin LR
PR — 08B rh  HIENE  JC EER WIMG R EE AR AR A2 rp B ) 25 R AN SRR )
U BRFRE T AR 50706 RAREE D 11 A9 AR A2 + e HILT 3 2 52 B 35 22 5 (P<0.05) s T fi
AL H R R BN T 8 35 25 5 W i AR RREE N T AR (R 28 R S0 hs AR FERE Ry T Ay (LS Al £ 3¢
PR ) 2 8 225 5 (P<0.05)

R3 2017 ERE LEXABTLERHERP

Table 3 Differences in soil fertility under different types of upward invasion in 2017

i ity o - - - o i
SOM/ (g/kg) 130.72+8.19a 123.55+5.46a 127.42+16.72a 99.06+7.58b 103.24+16.85b 91.33+11.88b
TN/ (g/kg) 10.97+1.47a 9.73+2.11a 11.07+1.16a 8.93+0.69a 9.04+1.5a 7.61£2.06ab
TP/ (g/kg) 0.97+0.12a 1.06+0.09a 1.07+0.07a 1.15+0.16a 1.11+0.21a 1.03+0.18a
AN/ (mg/kg) 60.63+£9.41b 64.76+11.5b 57.43+4.56b 72.82+8.36ab 79.39+17.87a 85.66+15.48a
AP/ (mg/kg) 6.16+£0.51b 5.89x1.16b 6.63+0.97b 8.32+2.52ab 7.89x1.47b 9.25+1.69a

SOM . +3EAHLT Soil organic matter; TN BA Total nitrogen ; TP ; B Total phosphorus ; AN ; B AL Available nitrogen ; AP ; L Available
phosphorus ; ANl F B 3R R AR FARZEH T 300 ) 25 57 1 % (P<0.05)
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Fig.1 Changes in biomass of V. oxysepalum and Rh. aureum from 2017 to 2019
I — 10 AR R AR BNZRBEAMR AT T — 1 SR i JE AR B o BE AR AT 1 — IV JRBEAE 4 i JE AR B AR
ARAZETY s T — I WAL P i iR P AR B T AR AR s T — IV R4 2 th P AR BT A AR ZE R IV - JRBEZE 5 oy v
MR BVEPEAARBAET AR RS TR ARG T A4 AR A i 22 7 35 (P<0.05) , ARG FRE R R AR AF ) T RPEEE 5 A=
Yy 22 5 13 (P<0.05)

XFEE 2017 4F,2018 48 T —1I, I — VAU ML & i 22 Sk L AR A8 i, B T —IV 2R SRR S skl &
HESEWEEI(F ), 2019 FE IS (£ 5) FHETF 2017 45, 1 —10, I —IVRECEPUR & &2 50
RAEZA T—N  T—IV  MT—IV 2R 4 5 & i 25 5 R AR AR 45 2870 B) Sl 7 i 22 AR s H Ak
R BT EESHRAER, B WG LEBEOAFRSARAE(T—0 . I—0, I—-NV501—1I, 01—
V') SRR A B R B B 3 25 % (P<0.05)

£4 2018 EXFLELEBTLERAHZRD

Table 4 Differences in soil fertility under different types of upward invasion in 2018

ALy

ol fertility [—1I [—1II [—V I—Ir -1 n—1v
SOM/ (g/kg) 109.54+11.82a 98.85+7.26b 96.13+£6.57b 93.38+5.35b 90.75+9.14b 87.47+11.88b
TN/ (g/kg) 9.32+1.58a 9.08+0.91a 9.66+1.63a 8.28+1.34a 8.05+1.1a 6.39+1.97ab
TP/ (g/kg) 0.93+0.07a 1.05+0.35a 1.05+0.17a 1.08+0.11a 1.07+0.05a 0.94+0.07a
AN/ (mg/kg) 63.17+3.26b 76.42+10.49ab 88.5+£6.67a 77.96+11.89ab 91.37+19.83a 93.58+14.37a
AP/ (mg/kg) 6.64+0.14b 7.33+1.65ab 9.92+2.81a 10.32+1.77a 9.67+0.53ab 10.45+2.74a

AR F R AR AR IR LA Ty 22 57 % (P<0.05)

2017 AR [R]—Hnth LARFREEARMEIE (Fn T —10 T —M0 T —IV) £ T 22 596 A 3%, 2019 4F
(REEFEARR AR E (B T —IV T —IV  T—IV) H308 T 22 50 R 3, ol I HE T, 2B 5 2 AN
[ (HAR L LARFEBEAIRINT , L AE Jy 2 AN, Mg LR B i AR B AR Y +
SEAE ) 22 5k (BRBWESE ) I EANRIZR B AL . ARBEE S AR e LR AR A I | S8 IE 1y Y 22 S AR Al fe
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B, 0140 2019 4F T — 10 T —1I0, T —IVAZ R Ta]  sAk 25 0wl & 14 52 W 3% 22 57 1k ( P<0.05)

£5 2019 ERAFLELEBTLERHERD

Table 5 Differences in soil fertility under different types of upward invasion in 2019

TN S

<ol fertility [—1I [—1II [—V I—Ir -1 mn—1v
SOM/ (g/kg) 107.79+11.79a 94.85+5.11b 89.91+13.20b 92.40£10.52b 86.75+15.19b 85.91+11.88b
TN/ (g/kg) 8.38+1.46a 7.08+0.48ab 5.61+0.37b 7.45£1.51ab 5.38+1.74b 5.95+0.51b
TP/ (g/kg) 0.91+0.09a 1.01+0.15a 0.96+0.04a 1.04+0.24a 1.07+0.03a 1.00+0.07a
AN/ (mg/kg) 70.09+7.49¢ 87.14+12.93b 111.46+9.97a 81.33+6.42b 103.39+13.44a 106.51+9.46a
AP/ (mg/kg) 7.59+2.11c¢ 10.41£1.75b 14.51+2.17a 9.68+1.62b 13.75+1.25a 12.54+0.63a

AN TR R AR AR AT LA Ty 22 55 .2 (P<0.05)

B 2017—2019 ARGy BIARBEEE P AR AR A + 3 A0 J1 3547 Ho g, 2 B —4F (R [R)_ AR 2 3 e
TIEAIEOL, B R AT (B 2) . 2017—2019 4EAR[A] |4z AR 4k 2 Y ) + e IE ) A2 f e A ORBOom [R], R . +
AT B RS D USROS RO B S AR IR B R AR AT AR AR
A BE I AN ], AR A s FE K T IEAE A il . T —IV F R A =4[ ARG UL 5 B A &
HHE B EW/D (P<0.05) |, sk A S SR B N (P<0.05) , FESEGUES AR R 1Y _FAR 2SI rp | AR T b
PR, IR S AR AR R B RN T—1V AR 287 4 SN0 g A8 Ab i B i/ D, B /07 1 7 — 4 ) i 308> ( P<
0.05) , HAHE R &2 1k,

200 b e el b[bTa] 209" c T"eTe] ¢ bl b]
208 a T b T b [T al] 208 b "B [ T b [Fab[b]
2017 a_ [ a [ a | a | a ] a| 2017 a [ a [ a [ a [ a | a|
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1AM Soil organic matter/(g/kg) 4 Total nitrogen/(g/kg)
2019 a | a | a | a [ a | a ] 2019 a [ a [ a | a [ a | a |
g
%, 2018 A A s pmae]a) 2018 [[a[ma [p] a [mabi] a |
&
2017 a [ a [ a [ a [ a [ a | 2017 a bl c] a b ] a |
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JE% Total phosphorus/(g/kg) R & Available nitrogen/(mg/kg)
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2018a[Ta T [ a [TH T a | [P BAY%
] II-1I
O I-1v

0 10 20 30 40 50 60 70
JH R Available phosphorus/(mg/kg)

B2 2017—2019 £ARELEXBTHERHEWL
Fig.2 Annual variation of soil fertility under different types of upward invasion from 2017 to 2019
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Fig.4 Changes in soil fertility under different degrees of upward invasion of V. oxysepalum
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