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Exploration of the spatial distribution of AM fungi in the rhizospheres of

Ammopiptanthus mongolicus-associated plants

GUO Qinghua, HU Congcong, HE Xueli* , WANG Xiaoqian, CHANG Hui, CHEN Yanyan
College of Life Sciences, Hebei University, Baoding 071002, China

Abstract; Ammopiptanthus mongolicus ( Leguminosae) is the only endangered broadleaf evergreen shrub endemic to the
deserts of northwest China, and plays a number of vital roles. A. mongolicus and its associated plants undergo competition
inhibition and cooperative evolution, and are thought to be the ideal plants for use in the improvement of arid desert areas
and the prevention of desertification. In this study, the symbiotic relationship between these desert plants and AM fungi was
explored, along with their ecological adaptations, in order to establish a basis for vegetative restoration and ecological
improvement projects involving the planting of Ammopiptanthus mongolicus. In order to elucidate the activity and ecological
distribution of arbuscular mycorrhizal ( AM) fungi in the desert ecosystem of northwest China, this study investigated the
ecological distribution of AM fungi, and their symbioses with A. mongolicus —associated plants. We collected soil and root
samples from three different sites in Dengkou, Wuhai, and Alxa, and selected two dominant A. mongolicus —associated

plants from each site in the Inner Mongolian desert, in June 2013. Soil and root samples from under A. mongolicus -
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associated plants were collected at each site, at five depths in the soil profile; 0—10, 10—20, 20—30, 30—40, and
40—50 c¢m, and two dominant species of A. mongolicus—associated plants were collected at each site. The distribution of the
AM fungi was found to be spatially heterogeneous and strongly influenced by soil characteristics. A total of 25 AM fungal
species belonging to 4 genera were isolated from the soil under four A. mongolicus — associated plants: Haloxylon
ammodendron , Artemisia ordosica, Caragana korshinskii, and Amygdalus mongolica. Of these fungi, 14 species belong to
Glomus, 7 to Acaulospora, 3 to Funneliformis, and 1 to Scutellospora. Glomus reticulatum was the dominant fungal species,
and its distribution was found to be spatially heterogeneous. Strong, spatially heterogeneous symbiotic relationships were
formed between the A. mongolicus—associated plants and the AM fungi. The highest density of fungal hyphae and vesicles
was found in the 10—30 cm soil layer, and the highest spore density was found in 10—20 cm soil layer. The number of AM
fungal species decreased as soil depth increased. This might be due to the lower organic content and oxygen availability
found in deeper soil layers, because fungi are sensitive to oxygen deprivation. Hyphal colonization was positively correlated
with organic C (P < 0.01) and negatively correlated with easily extractable glomain (EEG) (P < 0.05). Spore density was
negatively correlated with organic C and alkaline phosphatase (P < 0.01), and positively correlated with available N ( P <
0.01). Principal component analysis showed that available P, acid phosphatase, alkalin phosphatase, and total extractable
glomain (TEG) can be used to determine the nutritional status of the soil of the Inner Mongolian desert. The average TEG
and EEG content of the soil was 4.76 and 1.62 mg/g, and accounted for 61.26% and 20.8% of soil organic carbon,
respectively. This result indicated that glomalin was the main source of soil organic C in the Inner Mongolian desert. By
comparing these results with the results of previous studies, it was determined that the total colonization and spore density of
A. mongolicus is higher than that of its associated plants, which demonstrates that the AM symbiont facilitates the adaptation
of A. mongolicus to this extreme desert environment. This study provides a basis for the effective use of AM fungal resources

to promote the growth of host plants, and thus facilitate the vegetative restoration of desert areas.

Key Words; AM fungi; spatial distribution; Ammopiptanthus mongolicus-associated plants; Inner Mongolian desert zones
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TR A —E 25
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Table 1 Associated plant species and sampling sites in Inner Mongolia desert zone

»r/ = ){Q
P PRI 54 /m stk e
3 L Associated plant . . . :
Sampling sites . Elevation Latitude and longitude oil types
specles

fiqm| ESR. Mt 1041 40°28'N,106°23'E SEH VD L
Deng kou kAL IS 1057 40°23'N,106°44'E
R JEE IR Fracsg L 1141 39°45'N,106°51'E oK s Ve
Wuhai J5i BE IR 1 ST Rk 1160 39°43'N,106°52'E
a4z 32 EiR=N Fr 45838 )L 1544 38°53'N,105°41'E A Ry
Alxa JERE IS 1158 38°59'N,106°51'E

1.2 Wik
1.2.1 AM EFEEEE

AR LRI 20 ¢ KT 4, IR R RERE 2S00 20 B AM LT, 7E R A 0 1B T g
61 F-E5 it R 25 R A B TR AR OK CFLIRSE ) i e i A3 UM ERAF K/h JEA it R AL
Wi FOBEZEN ETRTHZZ NS YRR AE I IR . ARAE Schenck ™ “ VA BEALAE W AIE PR AM 210 551
L>(INVAM) £ http ://invam.caf.wvu.edu b HEHE A F 8 0 2 iid M & 7 AT R E 20
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AM B FEMME% = ([RYMRBAK /R YR B S ) x100%

1.2.3 HEFTIE

FHEAHL C T IR B N IR D BOL AR PRI S - SR AP ek R R
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Table 2 Distribution of AM fungi in different soil layers
+J2 Soil layer/cm

AM FLB AM fungi 0—10 10—20 20—30 30—40 40—50
4 (23) 14 (23) 4 (20) “3(17) 13 (14)

XN TCAERERE A. bireticulata + + % + +

ML TAR R A. excavata + + + % + +

FLEE TCHEHERE A, foveata + + +

BERTAERERE A. gerdemannii + + % + +

FERETCATHERE A. laevis + % + + ¥

B+ TSR A. rehmii + +

I TCHERERE A. scrobiculata + % + % F o % o

BNEREERE G. aggregatum + % + +

FHHER R G. claroideum + % 4% o T "

IR 5 6. clarum + % + % o T "

TARBRFEE G. coremioides + + + "

VI EREEFE G. deserticola + % + % o 4o .

SEERPERE G. fasciculatum + % + + + .

REFRERE G. glomerulatum + % + % o 4% o

WS FRETE G. maculosum +

TANERBERE G. magnicaule + + o + "

HERBEFE G. melanosporum + % + + i +

PURERFERE G. reticulatum + % 4o o . .

BEPEBREEEE G. tenebrosum + + + T

M REREERE G. versiforme + + + + .

KRR G. viscosum + 3 T

HETIFET F. constrictum + +

HAEAREEEE F. geosporum + + +

FEVHENTERS F. mosseae + % + % + +

LW G B PR Scu. calospora +

a J& () B0+ FRHE AM R IZ LR B« JL3Fh

22 RAARIA SR RIS

ST AR RITRERE AM E R R YLIE LR A -7 (Intermediate type ) AR . PR 22 1E T
T B J2 20 M (R BT M B R 22, 22 R ek R 22 A RS EZR (] 1:1.2) , A REROR (B 1:3) A&
MO 1:4) B IWARRRE 22 (B 1:5.6) ; BRI IE i N T 22 08 (18 1:7) o T 22 T 2 KO8 R /A
FILR NS, Z BT (K 1.8) MHEDE (K 1.9) , AL (K 1.10) , A 3L 2 RAE N (B 1.
1) At A NS (8 1:12) . BEORHSETE 4 FheE A AR Z BT o He il ik, (B B R v e TR AR
% AN BETE S I Bk rh 22 | SRAR U ROV S AAE s Th 3 . AN TR 18 AR i e 25 AR AR AN ]
Fy S HAG IL> S > R> Sl kidk.
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Fig.1 AM symbiotic structures of four associated plants
1.2 3. HZIE% H(Hypha) ;4. SH480 %2 H(Hypha) ;5. £ W& ££ H( Hypha) ;6. Jtl 945 % 18 22 /8l H (Hypha) ;7. /i P4 14 22 Bl HC ( Hypha
Coil) ;8. FFAHRAS JLILEE V ( Vesicule) ;9. RIRULPE V( Vesicule) ;10. 2 Bk BE V( Vesicule) ; 11. JHIHE I V( Vesicule) ; 12. {HE V
(Vesicule 55 &)
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F P 2 AT TR — R AN [ 2, 185 10 R A B 7 38 A 2% B R LT 42 28 R B KAE A AE 10—20 em +J2,
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AT IR, e B S T 24 AR A AR — 3

] —RE A ] 2 18 AR MR I 98 8 R B RABLAE 10—20 om 2 I W E BRI THE I, e RAETE
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BRAGHAETE 20—30 em )2 ; BT 3547 258 4G LA 5 760 38 2 S5 0 s B 0 A 40 00 ) L 9 88 T SR 0 K (L
£ 10—20 em )2, H 10—50 em /2 8 F 5 T 0—10 em )2, 5 4 2 FH R 5 KAEFE 10—20 em +)2,3F
B - JZ R SE TG % (5% 30—40 em +J2) . ANRIFEHLE — 12, i 2 FhefAE b 4 e i R 5K T b
BEH,

[] — R A [R) 4 2 AR AR A (B SR JE T, S AR 0—10 em )2, I T 85 A2 (A3 B8 40 0 I ok (o
40—50 cm 1 J2) S RK{HTE 20—30 em + )2 SIGEFF A HE XS LRI S i Bk 78 9 FE e RABAE 20—30 em 12
(IR VA= 5 D I S == = Yo A N Y N T A i R w0 9 [ 1145 0 i S 120 58

] —FE AN R )2, 62 B AR AL R A Y e TS B, e KE I TE 10—20 em +J2, ANFIFEHL R — £ )2, BT
P4 B 0 1 TR AR
2.4 LEEHFE S

3 FEHL - IEA L C B RAEIITE 0—10 em )2, B IR A L C B8 FRE(FR 30—40 cm +)2) ,MEA
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Fig.2 The spatial distribution of AM fungi from associated plants
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Fr 2% 80X J LB N d5cm , S5 WA N Ik,

3 AR A AL P R KMEIITE 0—10 em )2 FETRRIR | 249 52 1y i Ak R BT 1 36 R AR A 30 P 1
BWREAL, A A A AL P A TCRA: . HHEA R P E R R R TC B 3 22 5

[ —FE AN ] £ 2, B TR R P W R TR I )22 IR 2 7 R A , e KABLAE 0—10 em 2, T i1 85 R P
PR e T 5 1, B RABAE 20—30 em )2 5 LU R h7 35 4 A 1 40 I P Wl 1 1l Joe RAE X 7E 0—10 em 12, H
YR IE Tt . AFEFEHLE — 12, 5 1 0—10 em T2 RRRRTERE IR B 208 T HALRE

3 AN b B P B PR Tl e K AE I 7E 0—10 em £ )2 I0BE 2 RN i 52 T R By )2, Balhi a4y
ZRERXG LA B B FR B E 0—10 em )2 B E T 10—50 em 12, ANFEEEHE— 1 )2, FIHi3% 0—10
em - JE 0L R & v AR

[l —FEHAF 2, SR RERELZR R EES . RNRFEHFE— 2, 5650 Ak R H 647 5%
HS LSRR B T H A PR A

] —FE bR R) 2 R AR PR R 15 VT 5 ) 412 IOBR 9  22 C MRA A, 12 Vi R BT 7 3 47 2% B X L ) 4 B ek
PFHR IR T AHRRAETE 0—10 em )2, MRS 119 5 1R BUK 48 55 R & KRMEAE 20—30 em )2, BilE
NS Sy PR B I RAETE 10—20 em £)2 . AR — £ 2 BT sy 2580 LY S IOk e 8 R 3
1o T LA b,
2.5 AM HF 5 KN FAE T

S MT N 3 I, 225 AL C B IEAG 5 EEG W MG, R S5AHL C R N,
RPN TEG M 3 U OC , S B R I 0 2 TR ¢, 59072 B i E A G, BUE R 5L C i
HIEMIE, 5 EEG BE RS, R S5A VL C Bt N TEG i 3 FuAH ¢, 5 101 25 B il i 35 IEAH G
0725 B S ML C P R WA 0 S A OGS N B B A G

3 AMEHSTERFHEXESH

Table 3 Relativity analysis between AM fungi and soil factors

TiH [ g4 ok SUEMER S 5 2 745 5
Item Hypha Vesicule Total Intensity Spore density
A HL C Organic carbon 0.294 ** -0.411"" 0.307 ** -0.375*" -0.328 "
B N Available N -0.102 -0.312"" -0.115 -0.448 " 0477
FZL P Available P 0.067 -0.329*" 0.076 -0.142 -0.186
@xfﬁ@?ﬁ&@ﬁ 0.115 -0.082 0.120 -0.090 0.039
Acid phosphatase
T T . it .
-0.1 -0. * -0.1 207 -0. o

Alkalin phosphatase 0.136 0.250 0.138 0.20 0.353
MIRERE TEG .

RRER . 0.165 -0.336"" 0.165 -0.470"" 0.137
Total extractable glomain

IR R R EEG
PRI -0.210 = -0.058 -0.210 = -0.156 0.206

Easily extractable glomain
TR Spore density -0.025 0.386 "% -0.040 0.290 ** 1
* FRPIBAE P<0.05 K- A BFEAIENE; « » FORPHAE P<0.01 KV A1 W AR

2.6 +HEHTFERS T

IR T F R4 BT R B — R B 4 D i, SR A e 22 ) ER AR DG B LA 28 A IR alE A T i AR A
S SRR AT RER R ORI A5 B . Axt 7 4~ 8 74T RS 00T ARG A DS 4R AE K T
1,97 2R B TTHRR T 75% 1Y )50, et 3 A FE sk, /s R ANk 4, NGk 3 A E 80T 22 Rt ormioR
H 76.063% , REFEA S W23 - 3R T dEbn (5 B . 5 — F R A3 P O ERE R B PE R i A TEG
38R (BEAE 0.623—0.769) , 2 — F s, Blifit N Al TEG 2 5 K (FUEFE 0.613—0.767) , 55 = F 1
i AL C BT RK (BER 0.762) o 55— E W4T i 5 Biik 39.414% , It AL P RRVERE IR G | Bl i
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Fig.3 The spatial distribution of soil factors in the rhizosphere of associated plants
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RIS BR R R (TEG) RELR & S M N SEH il B2 LR 1

R4 ERSHTER SFEEMRRE

Table 4 Principle component loading matrix, eigenvalue and contribution rate

e ¥ R S EMS EOEE
Soil factors PCl1 PC2 PC3
AHL C Organic carbon 0.468 0.026 0.762
BBf# N Available N 0.499 0.767 -0.248
H L P Available P 0.623 -0.404 0.383
IR MRS Acid phosphatase 0.752 -0.386 -0.129
B ER A Alkalin phosphatase 0.769 -0.201 -0.260
BERBEE K TEG Total extractable glomain 0.700 0.613 0.140
ShIRBORFEFF R EEG Fasily extractable glomain 0.505 -0.254 -0.539
FFE(E (\) Eigenvalue 2.759 1.382 1.183
TiHkE Contribution rate/% 39.414 19.743 16.906
3 itig

3.1 AM E R FIEAE AR A5G R B s [B) = B

ARG AL IT B UE 4 S8 25 A AM FUEE A PRRER R 3 AL R O S RD  RIER IR R TR AT |
RERRERT SCRE ORI A FE A B LRI B AM ECR FP ST PR B BRI 50, 55
I G 85 HH A S I Ry ke Sk G BRI ST A5 AR R] DA SRRl AM B B AR S R 3
PEARTE, AM ECEFRE 0 A HA A s . AREG b, AM BB AP EIORE 1 2 DR B 38 i R, — SE
FEEWN, X AT RESRE H TIRZ e U8/ Fal v 22 | a9 R IR S Ak R R ki

PEAAE YRR LA 250 BB EHEOIRE MR 22, O M N 2218, LSRN S B 45 e i s
[l S 2 AR 22 IR o Smith SERFFE AN AP BHIE 4310 25 57 02 52 0 P AR 25 1) 2 70 1) = 22 SR PR AN )
TS 5370 (1 25 555 SOH 20 ML 25 45 1) LA 2 At B 18] B K/INAS TR), P BB AML LR R e A7 Ry 7= AR 22 S5 1
FERET

STV AT 4 FhAEAEAEY AM B R GE T RIA 89% , i T3 1 5 1N/20 o, U 5 i VA7 A A
Y15 AM EIEBEREIE B R A A 56 R | T ML R AR BT B AT RE 2 A A A 38 0 25 BRBE I A RO 3, AM L
PR B R N T2 BE AR 4 FhAEAE AR AR b AR AL I R BO [R] , By 98 15 18 22 58 5 R e RAE I 4R P e 10—
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