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HE 2009 4 7 AN S BT 20 B A IE T FARSE 3 R B 0 — 10 em 10 —20 ¢m 20 —30cm 30 —
40 cm 140 — 50 cm 5 4 2 REVE (Artemisia sphaerocephala) ML T IEFIRKE  REGHISE T VD& H Bl AM E H F1 DSE ( Dark
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Spatial distribution of arbuscular mycorrhizal fungi and dark septate endophytes

in the rhizosphere of Artemisia sphaerocephala from Inner Mongolia desert

HE Xueli®, WANG Yinyin, ZHAO Lili, QTAN Weihua
College of Life Sciences, Hebei University, Baoding, Hebei 071002, China

Abstract ;. Artemisia sphaerocephala is one of the excellent sand-fixation plants that can not only well stand up to arid desert
environment, but also fix sand and promote desert management, so as to maintain the balance and stability of desert
ecosystem. To elucidate the spatial distribution of AM fungi and dark septate endophytes ( DSE) and the relativity of AM
fungi and DSE with environmental factors associated with the common desert plant A. sphaerocephala, we sampled from
three different sites in Inner Mongolia in July 2009, which are north of Hei Chengzi, east of Duo Lun and Yuan Shangdu,
respectively. Root samples were collected from four robust A. sphaerocephala, and soil samples were taken from the
rhizosphere of A. sphaerocephala in three sites and divided into five depth intervals, 0 —10 ¢m, 10 —20 c¢m, 20 —30 c¢m,
30 —40 cm and 40 —50 cm respectively. The results showed that the roots of A. sphaerocephala could be highly infected by
AM fungi and form a typical type of arbuscular mycorrhizal-Intermediate type (I-type). The distribution and activity of AM
fungi were significantly affected by ecological conditions and soil depth and DSE established well symbiosis with rhizosphere
of host plant as well. There were significant differences in spore density among the three sites. Spores were the densest in
Hei Chengzi site and infecting rate reached the peak at the 0 — 10cm layer, and then gradually decreased with the
increasing of soil depth. The colonization of vesicular in Yuan Shangdu site was higher than that in the other two sites and
infecting rate reached the peak at the 10 —20cm layer. No significant differences were found in the colonization of DSE and

other structures of AM fungi, such as arbuscule, hypha and total colonizations, among different soil layers and different
EETE 1K A RRAIL 4 BT H (30670371,40471075)
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sample sites. There were significant positive correlations between spore density and each soil factors, such as available P,
available N, organic matter, urease, acid phosphatase and alkaline phosphatase activity. Vesicular colonization had
negative correlations with the activity of soil urease, alkaline phosphatase and acid phosphatase. Soil available N and
organic matter had extreme positive correlations with the activity of soil urease, alkaline phosphatase and acid phosphatase
(P<0.01). Soil available P was extremely positively correlated with the activity of alkaline phosphatase (P <0.01) and
significantly positively correlated with soil urease (P < 0.05). However, total colonizations and the colonizations of
hyphae, and DSE had not significantly correlated to the soil factors (P >0.05). The formation of arbuscular mycorrhizal
may be one of the effective countermeasures for A. sphaerocephala adapting barren drought desert environment. The research
results provided basis and references for making full use of AM fungi resources and the foundation for further clarifying the
ecological functions of DSE, and indicated that the ecological distribution and abundance of AM fungi and DSE might be a
useful index to evaluate soil quality and function of desert ecosystem. Further research should concentrate on going into the

dynamics of the relationships among AM fungi, DSE and the roots of the host plant.

Key Words: AM fungi; DSE; spatial distribution; Artemisia sphaerocephala ; desert
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AL C R RREN A ALYS , HHEm R N R HOK , ek PR ERER SN BT Lk
- SRR T 2 (19 Hoffmann 125511 Tabatabai & Bremner 3252, 36 1 DA lg W 4E 1h /1L PNPP 43fif
A TS SR (el Gly) YR (ng) #rm . - 3BENREE FHACUE 9 Hoffmann 1 Tabatabai H @3 % | 3%
PELL 1g T H4E 1Th b IR 250 A2 i NH,-N (TR (pg) 2R .

AM ECRE AN [R5 M) (A I B 22 ) I DSE €58 4% Phillips Hl Hayman J5 200 " AR 4% o
PR 20g KT 4, FHTROH BMT-RERE B0k T 208 AM TR, 7R R0 B 3BE T ic S A T80 K4 100g X
TR SR AR TS,

B 28 Excel H5 R SPSS 16. 0 Gt 41T 51K 75 22 (One-Way ANOVA) 4347 Fl Pearson ¥
PIAE AT
2 BRESW
2.1 EARSE R

SR ZE LRI VD E AR AR BB AM BT 5 B AR e T AR () 1-780 (intermediate type ) MR , 7T & B B
BIBE R S5, B 22 JCRR A, ml e SRR B )2 Al e A 1 B B K R MR s 22 (& 1. 1), [l 7
BN NAT KRR T 22 (18] 1:2) o 7 2 J2 40 A 8] Bt sS4 R D o B8 22 TOUS B RO IR NN B TR S 2
e 2 R ETE A RTE (8 1.3) , SAFER (B 1.42) FIARENIE (8 1.4b) 76708 B T IR g W 22 5)
H A 22— U0 S AR T 1) S BB RR (T 12 5a) SRR SRR (1 1.5b) K454

FERE AM BB R Y [RI, Vs iR R R a— 28l BAR P A B —— IR (6 B P A BB ( DSE ) 3k =2 4L
XS ELTRARFAE BH 5 TR 2245 IR, (PR RS =2 10 ) B2 S — s AR B R il o - PR S AT (8 )5, TR 22 2 AR (6 2 R
Mo B 22 A AR 2 0 A, B ER AR Y (1 1:6)

i i —

1 EBER DSE FAEEH( x400)
Fig.1 The mycorrhizal and DSE structures of Artemisia sphaerocephala( x400)
1AM B ESMER 22 ;2. N BARE 22 ;3. BIR IS 4a. FRRILEE ;4b. ARNEE 50, RERAEL;Sh. EHBSEAR AR ;6. DSE 24

2.2 AM ELF S B 4340

H 2 1 A0, VAR ] AML L B 179 40 A5 L -5 A S PR FIR A DR B B DI AROG 3 M FE RT3 A1
XS RE BT > 5o LE > 240, (AT EL oA VA [R], B MR AE 0—10 em R)Z 4, HiELF
305 S it - 8 ) I R I T R
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M KAEY R AETE 10—20em +2, WS FEHRTE 3 SRR R JC .35 25 5 (AR 7T 1 # > 248 > BT
M, BRot BAB 30—40em + 2K E G I T HAR H R4, ot e 4 R ¥ o R E 2R, WL
BERAE 3 FEHLIAIJC B 25 57 A5 AR+ 2 AR AU AU BE PR AE A AR M i (H R 2 R 22 R 3

DSE SEFH RAERE A 22 SR 3 R TT 148 20—30em 1+ 2 B 5 T 40—50em 1240, HABREHL & 1 )2
[EESHRTE S8

®1 WEIRE AM EH,DSE fl  ERFZ @56
Table 1  The spatial distribution of AM fungi, DSE and soil factors in the rhizosphere of Artemisia sphaerocephala

- T2 IR 22 H{uE:3 N3 JEVIEL -3 DSE 125 i
Site Soil layer Hypha Vesicule Arbuscule Total /% Spore density
/cm /% /% /% /% /(~/100g)
JC_E#F Yuan Shangdu 0—10 100. 00b 55.32a 66.77b 100.00b 54.28ab 1690. 0b
10—20 100. 00b 85.36a 69.34b 100.00b 77.46ab 1686.3b
20—30 100.00b 68.90a 72.57b 94.45h 84.15b 1161.3ab
30—40 94.41a 76.28a 26.54a 94. 84b 62.30ab 691.3a
40—50 100.00b 72.27a 68.99b 82.55a 36.82a 513.3a
YIH Average 98. 88A 71.63B 60. 84A 94.37A 63.00A 1168.9B
YT Hei Chengzi 0—10 97. 62ab 63.77he 47.23a 90. 28ab 89.83a 2218.8a
10—20 100.00b 77.31c 57.05a 100.00b 75.94a 1953.8a
20—30 94.45ab 46.67ab 57.22a 81.44a 72.22a 1551.7a
30—40 90. 68ab 58.34abc 41.14a 100.00b 52.25a 1557.5a
40—50 83.68a 37.91a 29.57a 100. 00b 59.24a 1183.8a
YIH Average 93.28A 56.79A 46.44A 94.34A 69.90A 1711.7C
ZA% Duo Lun 0—10 90. 28ab 36.94a 32.50a 100. 00a 45.28a 1088.8b
10—20 100. 00b 82. 14b 54.84a 97.44a 80.24a 708.8a
20—30 81.44a 50.77ab 54.93a 100. 00a 64.39a 500.0a
30—40 94. 44.ab 78.89b 58.89a 100. 00a 77.78a 521.3a
40—50 94.19ab 65. 60ab 60.92a 100. 00a 61.30a 405.0a
YIH Average 92.07A 62.86AB 52.42A 99.49A 65.80A 644.8A
- 2 B N P it C Wi N i
Site Soil layer Available N Available P Organic matter Ureflfe | phosphatase phosphatase
/em /(pg/g) /(peg/g) /(mg/g) /(pgg™*h™") S(pgegh ) /(pgeg~h)
JC_E#F Yuan Shangdu 0—10 30.52a 4,420 1.99b 44.90b 37.70¢ 76.92b
10—20 23.24a 1.29a 1.06a 16.48a 27.27b 40.00a
20—30 23.24a 1.38a 0.86a 8.83a 18.94a 24.43a
30—40 23.52a 1.71a 0.91a 9.92a 16.07a 21.70a
40—50 19.32a 1.84a 0.62a 4.73a 13.34a 18.70a
YIH Average 23.97A 2.13A 1.09B 17.56A 22.66A 36.35A
YL T Hei Chengzi 0—10 40. 04a 2.58b 1.40ab 82.89b 36.80a 106. 04a
10—20 31.92a 1.26a 1.74b 60.75ab 39.76a 83.68a
20—30 38.92a 0.92a 1.97b 58.56a 35.53a 86.65a
30—40 30.24a 1.12a 1.49ab 38.61a 29.97a 60.59a
40—50 31.08a 0.76a 0.89a 40.53a 28.30a 70.52a
YIH Average 34.44B 1.34A 1.50C 56.27B 34.07B 81.50B
ZA% Duo Lun 0—10 24.36a 4.50b 1.30b 53.92b 26.17h 81.22b
10—20 20.72a 1.16a 0.80a 23.68a 21.17b 36.33a
20—30 17.92a 0.94a 0.58a 27.32ab 14.14a 29.33a
30—40 18.48a 1.00a 0.59a 9.46a 13.37a 20. 64a
40—50 18.76a 1.24a 0.72a 9.10a 13.24a 21.90a
Il Average 20.05A 1.77A 0.80A 24.70A 17.62A 37.88A

[ B Bl J5 AN /NG F B oR 4 LR ITE P <0. 05 KF-2252 53 ; FFIEJG A RS FRSoR S AEHITE P <0.05 KF225% 3

2.3 HIENTRYZE R A
HIZE 1 A, 3L C FEAR N 22 5 2 BRI 7 e, 2B A Horb e AR A Z AR AL ML 0—10cm

http ://www. ecologica. cn



816 tOE % IR 31 4%

+EAPLCFEEERET 10—50em 2, BI TR 10—30em HEAHL C FH B E 5 T 40—50em +)2,
T HEHAL P AR AEAT MR 25 SN B (A AR B R Y BRAE 0—10em 2, A& & B & T HAM L )Z,
Il 10—50cm £ 1R 2R AR E, HEmE N &5 BT 025 Too ESMZ e, ot B2z 25 A
B3 TR — AR b R[] 4 J2 8] B 55 25 59 (H A4S R b i KA 2 HEBAE 0—10em )2,

S AR R MR TR T T ol T AT e e ot 15 A A A S5 R SRR R B VA G 3 /A b JOR Tt
M R E MK YR BIRT > 248 > 70 L#, JE 0 TRE HDR G-I P 25 5 100 AR AN 2248 5 25 FF M R 1l 0% 1 d5e K
EHYHBE 0—10em )2, KA 2225 R R E . TRl 1 B Ao 5 8 B M 25 2 SRR T By, o %
1o T HAAE M A 0—20em )2 FRPEBE IR BTG 4 K T 20—50em )2 ; Bl B R i 1 1 4 0—10em )2
Bk, B - JZ TR I A,
2.4 AM HEH DSE K AR ¥ [8] i AH S

e 2 mI, HHERR N AL C IR  BRE SRR B AR B R B 2 5 AM IR 7R T AR IR A G
Y0208 R B R 5 R T T 0 T T M, S 7R O, 5 T P O R S 5 67 A O 5 AR B R S5 Rl k5 R A G 5
S N RG AL C 5 DKM | TR o 1 G R 6l 0 T g S S LR OG5 M AN P i e R T AR 2 A
K, R 3 IE ARG ; AM LR A 2208 % | B FE 2 M DSE 8 FA 38 5 4% 1 K 735 T b 2 AR Gk

®2 EWRE AM EHE.DSE 5 HIERTHEXES
Table 2 Relativity analysis among AM fungi, DSE and soil factors of Artemisia sphaerocephala
TR N B P AHLC FRPEWRTRRE AP DRRR RS

i H Ttem Availale Available Organic Uﬁi ﬁi Acid Alkaline gﬁjﬁfi}
N P matter phosphatase phosphatase

JIR B Urease 0.628** 0.277* 0.587**

FRVEWE RS Acid phosphatase 0.862** 0.234 0.745**

WP RREE Alkaline phosphatase 0.752** 0.365** 0.648 **

T2 B Spore density 0.634 " 0.206 0.593 ** 0.548 ** 0.706 ** 0.676**

#22 Hypha -0.088 0.121 0. 084 -0.146 -0.107 -0.109 0.032

13 Vesicule -0.248 -0.233 -0.159 ~0.449** -0.295" -0.429 " -0.125

M Arbuscule -0.217 0.067 -0.111 -0.322" -0.236 -0.218 -0.231

JLAEFE 2R Total -0.108 -0.010 -0.069 0.015 -0.022 -0.050 -0.113

DSE EE% DSE colonization -0.076 -0.146 -0.056 -0.129 -0.108 -0.070 -0.036

# FORPIE ZAAE P <0.05 K- EA BRI, « « FRPIE ZELE P <0. 01 7KV AT 5 3 AH G 1

3 itig

IR ZE SRR, NS T B AR b A A VD AR TRl AML EC TR T34 BB FE R R 96. 07 % , 17V 324 %
1175.1 /(100 g) £, BEHITREIREE PV 6E S AM H PR A9 AE SC R | TR AR ATE i m] e 2 v
G N TR A RO R Z —

AR I A AM LT A 25 B2 SRR IAE 0—10em 2, T 22 16 48 12 Bl 3 Jme KM HE BLAE 10—
20em A3, SOE A TR TE ARG X S AT AR SEA R O WA IR, AM R R Y
SE R PR B AL RN 22 ST AR P T AML BL A E B 32 1 R AR R AR i A A
AU = HReE | RO B AR DL R AR R 3R AR R i 45 5 A 7E ARG R A AR A4
AR 2R 280 SR LA, DRI A AR L P 61t TR B LAy, AT 5 B30t 14 5 AMD I R BRI LA
XERE . AT, 3 SRR AM U E SR AR L 353 90% L b (U B AR A0 AN [ AE 2% 2 ) A2 A
— X AT RE S 1 TR SR B AR E 2N AR BE AR B B, 70060 e i 7 B B 98] 2 v e B, BV T] — A Ao HG
HLI A BE L AR B R BRSO A IR R, e — A Ao 1, AR R R B e, &
FER AT A I AFER Y AR SN AEAE , RINEIE G 46 | ZE AR AR S B A v ) AML L7 14 22
ARG AL E R AN AR, VAN AR B TR AR AR it BOE IR BOfL e A A . I, TE LU ROBIESE
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N FEEAYIR RN R B,

AM FLHAE A AP R 5 3R 2 (B 70 30 (A G | e B 3 i) v AR B e s i 30 i Al A A B
HREFE - HER s 18k, AT, AM ECE R PR F 25 BEAE 0—20 om ¥ 1 J2 38 SHRE I, 3% v] g Sl T - 4
FZBET MR RUE R T, SR R ACIRBLAT, 1AM B COA IR B A2 s, v
T AR R 3w N R P FIE L C & B R RZ L8R, IS AM BB 1T 25 B 2 3 AE A G, i iR I ¢
AR AM HEMAERKER S HRSE VI, XaTREE R TAHT R AM E 3 1Y Zh i, ey AM B
SELF IR IR E AR B LA AT & AR T N 3 e 55 00 i, XS8R AE— B T P 3
R R TR E WL, (R E AR R 2 E SR T, T A R AT AR LSRR, DT B R D
HR AM EEEHE,

R A o h B BRI A WL 2 — 5 R ) — e 3 L A R, R R T
e rh A YA 2 R DT [ SR EE ) AM EDEE T 40K A AR e 2 5 M A AR AR IS B, A 1 A B AR
Gy SRR | ol AR AN 2200 SR R R A O e R PR TR R K R O, K AT AL
R G K i R JC ML R ), DN A A W SR P, R T S - 438 il v o — S JR 38 4 5 % AL AN L AT TR
SO B, S AT PR — SRR B YeE TR IR R R AR ARG 4SS R T S R
TR P Tl T I R Tl 2 il A i 2 TE AL G Y0 8 R MBS B 3, 553K 3 b - S g LA I 5 sl et 8 A G 42 | 3
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