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Effects of rhizosphere effects of Siberian ginseng Acanthopanax senticosus and soil
environmental factors on Collembola community composition in soil
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Abstract: In order to clarify the influence of rhizosphere effect of Siberian ginseng Acanthopanax senti-
cosus and soil environmental factors on soil Collembola, the total number of genera, number of individ-
uals, functional trait parameters and community characteristic parameters of soil Collembola in the rhi-
zosphere and non-rhizosphere of 4. senticosus were investigated in the Liaoheyuan Agricultural Ecolog-
ical Research and Demonstration Base of Chinese Academy of Sciences in June and August of 2019,

and Pearson analytical method and redundancy analysis (RDA) were used to study the effects of root ex-
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udates of 4. senticosus and soil environmental factors on the community structure of soil Collembola.
The results showed that 176 individuals of Protaphorura spp. were captured in the rhizosphere, account-
ing for 34.37%, which was the dominant genera; 26 individuals of Bourletiella spp., 37 individuals of
Mitchellania spp., 32 individuals of Entomobrya spp. and 31 individuals of Desoria spp. were captured,
accounting for 5.08%, 7.23%, 6.25%, 6.05%, respectively, which were the common genera. A total of
91 individuals of Protaphorura spp. were captured in the non-rhizosphere(17.77%), which was the dom-
inant genera; the numbers of Bourletiella spp., Mitchellania spp., Entomobrya spp., Desoria spp. were
28, 33, 19 and 39 individuals, respectively, accounting for 5.47%, 6.45%, 3.71%, 7.62%, which were
the common genera. The total number of genera, number of individuals and Pielou evenness index of
soil Collembola in the rhizosphere were 3.50, 14.92 and 0.72, respectively, in June; the total number of
genera, number of individuals, and Pielou evenness index of soil Collembola in the non-rhizosphere
were 2.83, 8.83, 0.87, respectively. There were significant differences between community parameters
of soil Collembola in the rhizosphere and the non-rhizosphere. The functional trait values (body width,
body length, the radio of tantacle and body length, the habit of rhizosphere soil Collembola) were
0.73 mm, 4.4 mm, 0.19, 0.18, respectively, which were significantly lower than 0.79 mm, 5.58 mm,
0.32, 0.40 in the non-rhizosphere. The soil pH value in the rhizosphere had positive correlation with the
total number of genus and the number of individuals, but had negative correlation with Pielou evenness
index; soil pH in the non-rhizosphere had positive correlation with individuals’ number. Desoria spp.
and Mitchellania spp. had negative correlation with soil syringic acid content, soil salicylic acid content
and soil gallic acid content, and Entomobrya spp. had positive correlation with soil syringic acid con-
tent, soil salicylic acid content and soil gallic acid content, and Protaphorura spp. and Bourletiella spp.
had negative correlation with soil syringic acid content. It indicated that soil environmental factors and
rhizosphere effect of 4. senticosus significantly influenced the community of soil Collembola.

Key words: Collembola; biodiversity; root exudate; soil environmental factor; rhizosphere effect
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F1 T 1ER R I AR IR 4F1E{E (Makkonen et al.,2011)
Table 1 Functional trait values of soil Collembola (Makkonen et al.,2011)

rfg ik 28 A ) ER A R Kk k) k)
Type of functional trait Bourletiella  Mitchellania ~ Entomobrya  Protaphorura Desoria
&K Body length/mm 1.20 7.59 9.50 3.00 7.00
#4%¢ Body width/mm 1.00 0.00 1.00 0.00 0.50
i -5 K (1 FE{H Ratio of tentacle and body length 0.80 0.15 0.63 0.11 0.23
1 )5 P13 Habit 1.00 0.00 1.00 0.00 0.50
124 EIEFRFAE-FeoNE 1.3 HEHW

R VBT 00 2 - i i KR S g A,
AR A m R EN, R I m, K& T
TOCHER UL 24 b, 5 J5 A E TR A R H 2
L B R PR R my, R A 2 (my-my)/
(m,—m)*100% 75 L e Fi i 5K, HUS g L+,
125 mL Z&18/K fil BRI, B837 15 minf5 , 7 1 h,
FHRR FETH E 3% pHo B 50 g 1 584 5 58 o it i
Je i fLA2 R 0.250 mm i, B 1 g i i /5 9 R AR T
ROMr N e Ak & . SRITEE
B0 - U e
1.2.5 | ZAeAR Z 5 ik a6 ) €

BEALIERE 1R R PRI AR AR
KBRS 3R BT, PR 5 7EAR R
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5 g I FIMAR 2 43, N A 1 mol/L NaOH %% 20 mL,
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Vs, WG I 0.45 pm TAALUERR T U8, RIVAR 2R 4306
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Ty A B - B X BT 4% 10 mg i F 10 mL H i
WG A C B R 1 mg/mL BYTA R . 3 A TR A L
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BRI E R B, PR A B0 0.1,0.5.1.10
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T EE 30 °C A ROR BT, WA AR E o T sliAH
A K 2% VKBETR , Tt SAH B b Y 5 AR R 4 A VS TR
FIVE A b MV VR A6 0 R O 0 5 A A TR B R 30°C s
W 4 2 280 nm ; Ji 34 24 0.7 mL/min ; FE 4 & 8
10 uL.

>R F Excel 2010 A1 SPSS 22.0 #E47 %4 48 114
B, X MR A TEZS 531 85l SR B R 2R T 22930
(one-way ANOVA) Fll iz /s i 2% 22 %4 (LSD) ¥ i 47
25 5 1 2R 3T 5 6 TS IR IE 2 43 A R s, 64 7
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Table 2 Composition and percentages of Collembola in rhizosphere and non-rhizosphere soils of Acanthopanax senticosus
X $CiE Number ‘ i o L4
J& Genera 411 Total
Area 6 H June 7 7 July 8 A August ait Percentage/%
ARPR Rhizosphere E AWk Bourletiella 14 5 7 26 5.08
Bk ff k)& Mitchellania 22 7 8 37 7.23
K W& Entomobrya 20 5 7 32 6.25
kR Protaphorura 106 45 25 176 34.37
1wk J& Desoria 17 8 31 6.05
FEARBR )[Rk JE Bourletiella 14 28 5.47
Non-rhizosphere BRI KIS Mitchellania 18 33 6.45
Kb JE Entomobrya 2 10 7 19 3.71
Pk )E Protaphorura 50 18 23 91 17.77
k)& Desoria 22 11 6 39 7.62
4T Total 285 119 108 512 100.00
g 4952 . ZO-Ba ﬁg 82:C a
2 b E 164 gm= a a 3
s 3 a a = o 0.7 1 a
% a g, B ®o 06, 3
E HE 127, RE 05
e 2 & = ﬁé 0.4 4
L= 8- g V-
Ll <3 a 22 03
BE E s ¢z g' g ().2 4
k= £ -
O T T O T T wn 0.0 T T
6H June 7H July 8H August 6H June 7H July 8H August 6H June 78 July 8 A August
s 1.6 1 1.2
e& D a a a y E a a
g 35121 ad 7 §§ a  a H O s .
® é g By 081 b Rhizosphere soil
82§ 59 Non-rhizosphere soil
Ry 2204
£ .z.= 044 T 2
% 0.0 0.0 T r

T T
6H June 7H July 8H August

6H June 7H July 8 August
B 18] Time

Bl 1 % F AR BRI AR BR 3R + 2Bk R B R RHE S 4
Fig. 1 Community characteristic parameters of Collembola in the rhizosphere and non-rhizosphere soils of Acanthopanax senticosus
Pl Hp B s A S B bR HE 22 . [R) B [B) R [R] /NS R 3R OR 28 LSD v K6 56 7F P<0.05 /K22 57 ik 2% . Data in the figure are

mean+SE. Different lowercase letters at the same time indicate significant difference at P<0.05 level by using LSD test.

2.3 HRERAXT £ ek REHE ThAE MR RO B0

6 H M Pr - HEy + Bk dpk s K il S
R B F A AR 4351028 0.73 mm (4.4 mm ,0.19
F10.18, B PR 1 8 1) - ek AR T8 RIS ki
R Ay LA A S B 43 5310 0.79 mm . 5.58 mm,
0.32 F110.40, 34t 2 = TAR PR 1814 (P<0.05) ;7 J
8 A HRPr Y Bk Rk TE MR K il A
K R VT S AEAR B 0 - ek R e R
il SR LU WS EFR 22 AN 3 (E2) o

24 TERNBERERTFIEL
2401 XIERHRHET

6 1, M PR AR ML PR 4 198 19 4= Bk 5 £ 43 5 A
4.19 g/kg F13.79 g/kg, & 2 [A] 22 53 i 2 (P<0.05) ,
HRBRANAEAR PR A 3 Y 2 0 i AW 5 /= . pH
Jrit KR Z AT 25 5557 A AR bR 4 B8Ry pH A1
bR E RN 6.04 F12.44 g/kg, AERPR 130G pH Al
Sl E R R 5.76 F12.97 g/kg, S HBR TR 2
2 (P<0.05) , iRPR 5 AR PR 4 5810 B 5 /KR 42
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RO EMEMBE S 2 B E S A RE ;8 A R LE MAERER L1505 4 3.59 g/kg .0.29 g/kg 30.45%
e s AT E R SCRAEABE SR 1 5.05 mg/ke, SHPR 225 B3 (P<0.05) 1)
I3 4 4.95 g/kg.0.43 g/kg.24.02% F12.99 mg/kg, Pr5AEMRER -3 pH Z M 22 7 A B 3E (K 3),

O #RBrL3E Rhizosphere soil W IEHRFRL3E Non-rhizosphere soil

£ % Body width/mm
S
=
1

0.0 T

6.8 June
0457 C

full iy 5 A HUAE

Ratio oftantacle and body length
<
154
1
o

6H June I

a a 71 B
a a g 6 a a a
£ 54 b a
)
5 47
=~
z 7]
% 27
& 14
T 0 T T
7BIuly  8HAugust 64 June 7HJuly  8HAugust
0.6 7 D
a a
a 0.5 a 3
a ] 3
'Q -
. =z 04
203
30.2
B’
0.1 A
T 00 T T
7HIuly  8HAugust 6 June 7RJuly 88 August
B8] Time

2 RIFENNAR BRI FNAEAR PR L 1 rh Bk R0 ThRE MR 1E
Fig. 2 Functional trait values of Collembola in the rhizosphere and non-rhizosphere soils of Acanthopanax senticosus
B R A B bm i 22 o RIS [RDAS [A] 7 B 3R 7R 28 LSD YK I 7F P<0.05 7K P22 5+ .38 . Data in the figure are meant
SE. Different letters at the same time indicate significant difference at £<0.05 level by using LSD test.
3 RIEMIRBR T EFIAEIRBR LR BB 1R

Table 3 Soil physical and chemical properties between rhizosphere and non-rhizosphere soils of Acanthopanax senticosus

- P TR 6 J1 June 71 July 8 J1 August
Physical and chemical B A48 AR PR -1 HPR I8 MR 1158 MR+ 8 AR PR -1
properties of soil Rhizosphere Non-rhizosphere Rhizosphere Non-rhizosphere Rhizosphere Non-rhizosphere
soil soil soil soil soil soil
435 pH Soil pH 6.67+0.04 a 6.77+0.05 a 6.04+0.04 a 5.76£0.02 b 5.95+0.06 a 5.85+0.05 a
TR T KA % 16.32£0.01a  16.11£0.01a  10.4240.01a  10.06£0.01a  24.02£0.01 b 30.45£0.02 a
Soil mass moisture content
TR R/ (g/kg) 419+0.17a  3.79£025b  2.44x023b  2.97+0.16a  4.95+0.30a 3.59£0.31 b
Soil total carbon content
TR (g/ke) 0.36+0.01a  0.33£0.02a  0.22+0.01 a 0.26+0.01 a 0.43+0.03 a 0.29+0.02 b

Soil total nitrogen content

R R/ (mg/kg)  13.52+1.15a

Soil available phosphorus
content

11.83£1.28a  14.08+1.20 a 15.73+2.07 a 2.99+0.31b 5.05+0.67 a

LB R IR iR . AT AR NG TR RN 2 LSD BRI 1F P<0.05 /K F-2% 5 i 2 . Data are mean+SE. Differ-

ent lowercase letters on the same row indicate significant difference at P<0.05 level by using LSD test.

242 HREHuhIHERAA

T 6 H(P<0.05), B TR EMT HFREEAIN

I FOIAR 2R L IR & 7R T R A ZIA o 2 5(K4)
IKAG TR 3 AR ZR 43 WAy, L5t X B FsF [) 22 1 A 25 TEMEETFELIERRBEENXRES T
7 A8 H H3Ed KR & 54518 1.94 mg/mL 2.5.1 Pearsontf * 5
F12.20 mg/mL, PI# Z W] 22 5 AN b 35 (H 1 8 2 5 TERR PR b | 438 pH 55 Bk RS B0 A%
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B B IEA G (P<0.01) , +3 pH 55 Pielou Y57 &
FEBUE B A E(P<0.05,%25) . AEMRPR 1,

gk AN AR RS 4 pH R B E AR G (P<
0.01,%5),

F4 FEAETERIFHRBEMRRS DI EE

Table 4 Contents of three soil root exudates of Acanthopanax senticosus at different time points

S WIS Type of exudate 6 H June 7 H July 8 H August
BB FIR & 1t Gallic acid content/(mg/mL) 0.47+0.01 a 0.48+0.02 a 0.49+0.02 a
T &R 7 & Syringic acid content/(mg/mL) 5.90+0.28 a 6.46+£0.23 a 6.68+0.24 a
JKHMR & & Salicylic acid content/(mg/mL) 1.2120.05 b 1.94+0.06 a 2.20+0.15a

TR R IR iR . AT AR NG TR R 2 LSD A6 I 1E P<0.05 /K F-2% 5 . # . Data are mean+SE. Differ-

ent lowercase letters on the same row indicate significant difference at P<0.05 level by using LSD test.
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Table 5 Pearson correlation analysis of soil environmental factors and soil Collembola community parameters

N B BIRE MK ‘Simpson” Sham}on-Wi‘e':ner Pielou .
R U T BT REEH BEERERR SSERH
Soil Environmental factor otalno. o 00 Simpson Shannon-Wiener Pielou evenness
genera  individual . . . - .
dominance index  diversity index index

HRPrR 44 + 34 pH Soil pH 0.47" 0.55" -0.18 0.25 -0.35"
Rhizosphere soil -+ i it £ 7k % 0.14 -0.05 0.28 0.22 0.36

Soil mass moisture content

TR -0.06 -0.21 0.24 0.01 0.15

Soil total carbon content

TR AR -0.02 -0.20 0.29 0.08 0.20

Soil total nitrogen content

IO 0.07 0.26 -0.20 0.01 -0.13

Soil available phosphorus content
AEAR PR -5 4 pH Soil pH 0.31 0.74" -0.27 0.19 -0.26
Non-rhizosphere 1. ygg - 5k % 028  -0.05 0.28 0.27 0.04
soil Soil mass moisture content

TR 0.26 0.14 0.17 0.23 -0.08

Soil total carbon content

TR AR 0.21 0.25 0.04 0.16 -0.14

Soil total nitrogen content

A IO -0.18 -0.04 -0.22 -0.20 —0.14

Soil available phosphorus content

* xR GIERIRNTE P<0.05 5% P<0.01 /KF- R A0, *, ** indicates significant correlation at P<0.05 or P<0.01 level, respec-

tively.
252 THEHHT

Ak e 0 630 e i L - pHL SAURKB 1
BIEAC, 5 R KR T HR G &2
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W FIR & i 2 UM DOC; Tk JE Bk i 5 123 pH 52 1F
G, 5 HIETHFR & KR & e TS
R DG Kk E Bkt 5 3 pH U S T
TR G i KR S A E PR & R IEAC, 5
TR S KRR A (A 3),

3 i
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B, A SRE RS 17] 3 PR 200 i), W 5 |
T YITEAR R R AR (G 3C4E,2020) , Bk du it &
Py 95 (Sabais , 2012) , [ E X 48k shURE 7% 7T g

AFFEMRIBEE TR T AR KR 3 Rl 2R 733
Yy A, LA R A AL T R o
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AR R AIAEAR B - 3 Bk S R B A AR B b, i)
REZ A Oy 3 vp &% IR E N Ak TR, 3
Fror o AR, [R) Xk ek He e v n] BE )™ AR AN A
MR TR TR T IR KR 3 PR AR 2
YT, SRR B R EOR D . Cole et al.
(2004) BF5E A B A HEFR M PR 23 6 - e st vk 2
WA Z BN D AR A R —2. 8 7 AR
PRANARAR s 1 ek AU R IE SRR D) REMEAR(HZ

6] G 0 3 25 57 MR sl AN 2, 324 2 4 T R
,— 7 T T BE S5 )+ Rk AR VR Y 3 FPAR R 4
WY E R T, 5 — 7 T T RE SR IRE (29°C) R B
(22%) 551k, BRZEFE 2 40 (2004) R0 5% 1 438 I
T T Bk R S P i B R B, ARk AR K A
T VR 3500 R 24°C N 16% , 3 25 Al R HR 23 A
Bk HUHE IS S50 Z R AN D) RE IR A

0.6
TEMSR AWRSE
Syringic acid contept ~ Salicylic acid content
WETHAR
0.4 - Gallic acid content
Kok 8 gk
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0.2
- AREE
™ Total nitrogen conten WA B
g ERRE Available phosphorus content
ﬁ 0.0 Total carbon
= content kg 8 1k ot
Protaphorura
ey 443 1 g 8
: Bourletiella pH
FREEKE
Mass water content
ik 8 ik
-0.4 Desoria
BR A gk 8 18k e
Mitchellania
-0.6 T T T T T |
-0.4 -0.2 0.0 0.4 0.6 0.8 1.0
#h1 Axis 1

Yy 5 SRR R 22 (B S A R B A Bl A AR B, A3 3R TEARE DG AR DG RIANAE G o i Sk A
REZFF I & Ee ], 5 kB2 K . The relationships between species and environmental fac-

tors are represented by the angle, acute, obtuse and right angles show positive correlation, negative cor-

relation and irrelevance. The length of the arrow represents the proportion of the factor, and the longer

the arrow, the greater the impact.

B3 tERERFS T ERREEN TR THEEE

Fig. 3 Sorting diagram of soil Collembola communities and soil environmental factors based on redundancy analysis
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