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Abstract; The aim of this study was to analyze the effects of the microbial community structure in the rhizosphere soil of
Haloxylon ammodendron on parasitism by Cistanche deserticola. The microbial community structure and arbuscular
mycorrhizae (AM) fungal species were determined in samples collected from May 2013 to August 2013 by chloroform
fumigation-extraction, phospholipid fatty acid (PLFA) analysis, and wet sieving and centrifugation methods. These findings
were then used to reveal the relationships between parasitism by C. deserticola, the microbial community of H. ammodendron
and environmental factors. The results showed that species diversity and the overall quantity of microbial cells were

significantly more abundant than in August, and that the PLFA content and total number of AM fungi were higher in
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samples collected in June. The PLFA concentration data were subjected to principal component analysis (PCA), and the
first two principal components (PC1, PC2) accounted for 90.12% and 9.21% of the total variation, respectively. This
confirmed that the soil microbial community of H. ammodendron changed significantly during growth between May and
August. Specifically identified PLFAs, including fatty acids that represented bacteria and fungi, were distributed on the
right side of the load diagram, while fatty acids that represented actinomycetes were distributed on the left side of the load
diagram. Thus, these results indicate that during H. ammodendron growth, total PLFA, PLFA representing bacteria and
fungi, and PLFA representing actinomycetes all decreased from May to August. Thirty-five species of AM fungi from four
genera were identified using the wet-sieving and centrifugation method. These included 22 species of Glomus, seven species
of Acaulospora, three species of Diversispora, and three species of Gigaspora. The dominant species were Glomus
melanosporum and Acaulospora bireticulata. The number of AM fungal spores, calculated using the counting method, was
highest in June and lowest in May. The Gigaspora genus, which may participate in the parasitic process of C. deserticola,
was found in the rhizosphere of H. ammodendron. We also found that the seed germination rate (65.94% ) and parasitic rate
(59.19%) of C. deserticola were significantly higher in June than in the other months, by seed germination and field
parasitic experiments, respectively. Correlation analysis showed that the variations in the soil microbial community of H.
ammodendron were mainly influenced by soil moisture and temperature characteristics. The quantity of fungi, which may
affect the parasitic process, was significantly positively correlated with the soil temperature, indicating that during H.
ammodendron growth and conditions of temperature increase, the PLFAs representing fungi increased. Furthermore, the
germination rate and parasitism rate of C. deserticola were significantly negatively correlated with the 50 cm soil temperature
and soil nutrients, indicating that during conditions of increased soil temperature and nutrient elements, the parasitism rate
of C. deserticola increased. In conclusion, we speculate that there is a strong correlation between soil microorganisms in the
H. ammodendron rhizosphere and the parasitic rate of C. deserticola. These findings provide deeper insight into the parasitic

relationship between C. deserticola and H. ammodendron.

Key Words: Haloxylon ammodendron; Cistanche deserticola; soil microbial community structure; phospholipid fatty acid;

wet-sieving and centrifugation method ; environmental factors
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T AW NG DR (PLFA) (BIOLOG ¥ A8 MEH BE B HiL Yk 3 ( DGGE ) Z:1°10) . Hirp PLFA 23T JLA4E &
AR IS L S IR 25 A0 (RB O 2%, B RE RS A0 BT S A W B IR (0 AR e AN VE 25 W A8k, 2B T R
HIPIFR B e 25 AR A 451 22 ) 0 S0 DI RE VS A5 R A8 AR OS2I Ramsey 260 BF5E R B PLFA g
5 ZRAE Biolog A1 DGGE J7yA AN 1 Y 1 338 sl A6 Wy B s 45 A0 A2 Ak, 78 A S8 102k A I sl 5 AT — g fL 3
I, AWFFE R PLFA ¥ B ML AM ELB SR Xt 5—8 A AR K 21 ROAR PR L (U Wy i 2t R it
TR AR SEAT 00T | 45 8 BRI I - BT R M AR B 9 Bl W 7 TR A 4 2 A o R v VR R, T 9 4 SR i
BT AR 25 AR LB S F 5 R N TR 4R S 2%

1 HRSE

1.1 HRARARPR 4 B BR - AR A S ab B

IR TE T B % G XK T B AR R PR S 12 S b 67 F 7R 48 106°407  Jb 45 38°157, ifF#k 1125
m,, RREEFPFoHe [ P52y BT 56 B A B A DRSO AR . 4 AR 3 MR H T B R KR Fh i S | M
5 1—2 m, 4788 3 m, ¥k 1 m,

5—8 iR AR P A K ZE A FE b f — M B — 30 RS — 3 2 SRR Z TR e A
T, AR 20 m <20 m,, A IIIRDZAE M Ak 2 AR T8, B9 1 w0 76 U T 44 IR ST R BURE I AR 15 Bk
40—50 cm AR PR £ SRAENEEICER R TR EF 0.5 cm PR E AR BR 58 1.00 kg; {1
BERUb e+ BRI A PRI AR AR AR AT 3 2 mm TG 400 2 B4, —3R o £ R AR T RS R AFAE-80°C , T
F PLFA 5047 5 5 — 343 L RERT FH T AR BAL otk 52 . XFHRRESL R 5 0 0 RAE ARG 50 em 4L
HIAERRARBR 1= 1 17,

1.2 A R R S5 H o B
1.2.1 PLFA /347

PLFA M BGE RS % Frostegrd 5735 BEUTFEAM A 4 A58 . BRI R B F R AL i s oAl g
T RRZE UL B i R 1 % . PLFAs U I 2% Dong %57 11 34T, R 1 25 [ Agilent 6890 “AH (535X .
Agilent 5977 BTigI5 AL . DB-5 MS (A% 4E (30 m X250 wm X 0.25 wm) (LZHERRHA IR A S50 51T
LN
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TR FCRH RCER T 2 TCBH MR T | 22 [ PR 0 B O B I I PR AR IC 2 % Kimura 250535 WEHRIE G
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G35 HT HER R 2R 5 2240 BT (LSD 2% ) K4 22 S5 W 25 vk, I F2 043 43 B ik ( PCA ) SEATREVR 45 1 Lh 3, 46
S BTN FE AR - B e bR i 25
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Wifei &k 6 A>7 H>5 A>8 J, UtAMEE H 3284k, MR AR PR I fAE Y v S R BRI e 7% it S 5 [
THE TR RaE, AR 2L BN B R AT AR 5—7 A9 PLFA S EF 8 Ay, B
WRBE LA R R P BRI PLFA & 8E7EEN 1.70—2.27 nmol/g, LA 7 A & whei ,8 A&
AR AM B S VLB 0.24—0.33 nmol/g, VL 6 A iEd s, 8 A & sk, tbah, xR+ CK +3%
AP PLEA &34 B BT R R A AR b H 48 A= Y1) PLEA B, BRI AN ) T 00 S48 2% 4 1) el 2
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Table 1 Relative abundances of individual PLFAs in soil of Haloxylon ammodendron ( nmol/g)

WA MR EE Microbial population XA CK 5 H May 6 H June 7 H July 8 H August
SRR IVIFR Total PLFA 3.84+0.42¢ 4.90+0.51b 6.00+0.40a 5.15+0.40ab 3.62+0.66¢
MRS IR Normal saturated fatty acids 2.22+0.12b 2.53+1.08a 3.10+0.10a 2.79+0.62a 0.40+0.36b
PRSI R Monounsaturated fatty acids 0.19+0.18b 0.32+0.15a 0.26+0.11a 0.34£0.11a —

#l# Bacterial biomass 3.07+1.53a 4.45+1.23a 4.44+0.55a 4.49+0.13a 4.04+1.53a
B2 RPN Gram® 0.65+0.16¢ 1.15+0.07a 0.74+0.12bc 0.95+0.03ab 0.55+0.16¢
B2 BN Gram™ 0.35+0.12b 0.86+0.31a 0.45+0.32a 0.66+0.04a 0.16+0.02b
#2 P BIMEATE Gram®/ Gram™ 1.23£0.17a 1.73+0.68b 1.35+0.37b 1.43+0.06b 3.58+0.07a
L Fungi 1.61+0.16a 1.78+0.28a 2.07+0.32a 2.27+0.13a 1.70£0.27a
AM EL# AM fungi 0.21=0.04a 0.32+0.15a 0.33+0.11a 0.26+0.06a 0.24+0.08a
H#/ 4 ¥ Fungal/Bacterial biomass 0.39+0.08a 0.49+0.06a 0.54+0.05a 0.49+0.06a 0.58+0.04a
WL H Actinomycetes 0.44+0.06a 0.70+0.07a 0.50+0.29a 0.64+0.04a 0.64+0.05a
T3 %A Aerobic bacteria 1.21+0.04a 1.86+0.47a 1.73+£0.58a 2.20+0.14a 1.51+0.23a
JR4 i Anaerobic bacteria — 0.19+0.06¢ 0.22+0.04a 0.20+0.00b —

BRI BN AN R B 2R 28 5 MK NE TR 5% 28 57 2K

2.2 A[FA GRBARPR T EE MRS S50 8o B
XA [ H A BAR MR B - S 55 A= 0 W) Wl i i 7 PR 26 4T 2 10 20 A (1 1) o &5 2R, 235 — 2 e X A
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PLFA (4875 5 1 ST 2 90.12% , 55 — F 34 B PLEA S04 728 S sTik 302 9.21% , BT 5THk R k5] 99.
33%., P, WA 3 43 P DA 4 T S AT 5 DX Sk pl 2 R IE 1 0L . MAIET 1a AT 1, CK B2 5—8 A it
FRBR - et b My ¥ 55— F o BE IR AR G Ko 5 A 43,7 A0y S 8 AR IR BAR B + it A 9 556 —
FR B IE ARG R 6 H kRS PC2 RHMIE, Bk 8 H M RBRER e w ok, 5—7 A iR
MRESAHIE G, X RRALEE CK 5 6 H 00 YRR i E B 000, B B 25 BN ML, B2, SREE I 7 XA )
H 000 - e A YRR I S5 A AR AL B ma i oA W B, 5—7 A ISR AR BR E e A a5 i AI L, =& 35 8 H I kE
A

AT A A WA A LB T R T (L Ib) AR T R SR A 22 [ A A R
LR OBENR AR W R YE 2150 — (65.75% ) L AYZR (AR, F R — e TR 7, it B &7 A
(R i 107 R AE 2 1 — B A AR M R AT (B, U AR AR AR B - S AN B L PR S L % EBA P 40 7 i
LB L T E T BT A B A A AR 2 IR PR PR AR B2 AM TR 1 W AR R 1D R 7 3 43
T(25.43% ) A B B A AL AR B I W AR A 1D R AE 2 AR b R i AR, A A 2 TR A
JAM E B L MTE RN S EBAL ., 28A 0S5 A 0y B, 85 i gn s Mo sk w24
o RWiE 2 i AR YR R D

1.0 1.0
a b Gram positive bacteri
August3 A Actinomycetes
N A A
L May2 -0.5 + :
0.5 A - AM Fungi Gram negative bacteri
August2 A JulyR $ A
& o 2 . .
= May3 - Aerobic Bacteria Bacteria
PRI Mayl £ ST
5 Junel CK3% § Anaerobacteria
A~ CK2 A
Funei
-05 |- -0s
-1.0 + -1.0
| | | | I L I I
-1.0 -0.5 0 0.5 1.0 -1.0 -0.5 0 0.5 1.5
PC1(90.12%) PC1(65.75%)

1 (a) RBINRTIEMENEE PLFA £ 2547 ; (b) RRIRER LIERAE WA PLFA 270 & F 53K
Fig.1 (a) PCA of PLFA profiles from soil microbial communities of Haloxylon ammodendron; (b) Eigenvector loading of PLFA

contributing to soil microbial communities ordination pattern of Haloxylon ammodendron

2.3 R[FEIAGRRARER AM B PRI R0 b

L2 1950, IR IRAR b L e B S i ) 4 J& 35 F AM ELRR . HHP ERERE R ( Glomus ) 22 Ff oA 455 &
(Acaulospora) 7 i . Z #1255 )& ( Diversispora) 3 F | B {225 J& ( Gigaspora) 3 Fh . BABRPEFE (G. melanosporum)
FRUA TAERERT (A. bireticulata ) Ry HH FER AT, HAEA HIEAE S h YA 04, 8 50 0 s
5—8 H I RRARPR 13 AM ELTR 8 7 8o B AR T = 2 3 T 5 T Oy RIEAE b AT B (17.5
A/g) Jfik,6 A3 (31.0 1~/g) F18 H A3 (35.5 4~/g) AM EL & il 1% B e e o
2.4 DURFE A HE A SRR PR T 0 A W 5 PR DA AR OC A B

PR AR A1 1 o M A 2 A 1 3R B AN ) 9 1) PR AR FH TR a7 A A8 28 S R (R 2) o X AR L
Wi 6 A 4y AR IR AR BR T HEHE BORAT 3 1Y IR 11 & R s, T 5 A 0y iR 7 & R il 0 A A
M TR0 25 A e dme ey, 100 8 493 PR P H T2 27 2E S e 1R
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2 BRIRERLE AM EEMFLER A (x400)
Fig.2 AM fungal species under the optical microscope (x400)

ERPETEIR (Glomus) (1~22) ;1. HIEIRER (G. etunicatum) 2. ZA FAPRET (G. eburneum) 3. HINIRFET (6. microaggregatum) 4. WARBK
R (6. reticulatum) 5. RH 1.6, GERETE (G. constrictum) 1. IWFEIREETE (G. deserticol) ;8. MEMKIRHET (G. pansihalos) 9. HIEREH (6.
clarum) 10, B HHERBERE (G. comvolutum) 11. BRIEREERE (G. aggregatum) 12. TAEREERE (G. claroideum) (13. BERPEFE (G. melanosporum) |
14, ZHEERBERE (G. multicaule) ;15. WBERBERS (G. geosporum) (16. JZARERFEFE (G. lamellosum) 17. FETHEREERE (G. clavisporum) 18, Wi EREE
(G multiforum) 19, BIRERHETE (G. pansihalos) \20. Glomus caledonius 21. Claroideoglomus luteum 22. 21T HEERE ( C. etunicatum) , JoFE
AR (Acaulospora) (23~29) :23. KHN 1.24. W TCHELERE (A. bireticulata) 25. it TCHERERE (A, rehmii) (26, % (OO 2T (A. mellea) |
27. FLESCAEHET (A, mellea) \28. KK 2.29. K1 3, ZHRE R (Diversispora) (30~32) :31. KHI 4,32, KM 5.33. KK 6, HAREER
(Gigaspora) (33~35) :33. BAREHEFE (G. albida) 34. FAFETE (6. rosea) 35. B KRE 2T (G. gigantean)

R2 ANEMTFHEAERREMFER

Table 2 Germination rate and parasitism rate of Cistanche deserticola

R AEE Cistanche deserticola X HE CK 5 H May 6 1 June 7 H July 8 J August
T8 & % Germination rate of seed 21.65+1.54d 37.83+8.86¢ 65.94+2.77a 49.61+6.76b 48.15+7.88b
el 77 42 K Parasitism rate — — 59.19+27.04a 46.75+27.03b 45.56+24.08b

AR 0 35 Ak T YA A i e A X, S TR H O S R 7 25 S A K, ELIE S R 7 18 Ak AR IR AR
BRI IEA TR R AE T AR (36 ST .38 S2) . HHEFRIY RS T2 0] US| AR PR ek oy a2
M AR, S HT R (36 3) , R B 5 TR 1 A S P 8 31 7 1 3 /K 7 (P<0.05) , T S 5 50
em 300 B[R] A AH DGR TR B 0E 2 KT (P<0.05) |, FLIR 5 38 B 22 18] (4 AH DG P 8 1 0 5 2 MK (P<
0.05) , FHICUEIH , MM AR B - HERUAE My Fh e K A e o5 B A2 3R B AR B R, WRARAR PR B 5 e R 40 1A
(IAH DG AT BT 36 B, 22 ERBH MR 20 B 5 45 435 00 I AH DG PR 135 3 4 8 3 /K7 (P<0.05 ) , HLBR 5 -
BRI LT SR AR, Fe e R Y S R A OG 3K T B AR 2 G S P 400 T ) i B 43R 0 11
TR BT, BB IR AT LTt PR AT A R S IREE I A S M R I A R T R
] B AR 50 em 8RB 2 I 0 2 UG (P<0.01) , 5 RIS A B E A (P<0.05) , 5
AR AR A LT B R U OC (P<0.01) o X BEHIBER 50 em 38 BE A1 O, PY AR Y 27 AR 30
B RRAR s B T3S0 (0 TH 7, TR I 27 A 0B T T %
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*3 HERFERBIRRTIEREYBERHBRRAKESTERN Person tHX 5
Table 3 Pearson’s correlation analysis among environment factor, parasitism rate of Cistanche deserticola and soil microbial PLFAs of

Haloxylon ammodendron

WA YR RE Microbial population TA RH PAR  SM50  ST50 PT TN AP AK oM pH
4N Total bacteria -0.75 058 -0.59 -0.52 -0.68 0.6 -072 -0.68 -0.66 -0.69 -0.65
B2 [CPHPE A Gram® -0.67  0.54 0.03 -053 -0.69 -023 -0.88° -0.85" -0.84" -0.86" -0.83*
#2 CPHPEANE Gram™ 0.40 -0.36 0.80 -0.10 031 -0.63 -023 -028 -0.30 -0.27 -0.31
T8 Aerobic bacteria 0.62 -0.41 0.33 0.85* 0.60 -0.16 0.52  0.47 0.45 0.48 0.44
JR4H Anaerobic bacteria -0.81* 0.64 -0.51 -0.66 -0.78 026 -0.59 -0.54 -0.52 -0.55 -0.51
BB Total fungi 0.80 -0.70 0.17 0.61 0.83* -0.10 0.83* 0.80* 0.79 0.81* 0.78
AM ELF AM fungi -0.12 034 0.33 0.64 -0.17 -042 -040 -035 -032 -0.36 -0.31
LR Actinomycetes -0.04  0.07 050 -0.68 -0.18 =037 -0.27 -0.32 -0.34 -0.31 -0.35
PRI FP T K % Germination -0.33  0.49 0.29 0.75 -0.98** 0.41  -0.85* -0.92"* -0.99*" -0.98*" 0.46
PRI AR 27 A % Parasitism rate -0.28  0.54 0.37 0.75 -0.99** 0.39  -0.85* -0.93"" -0.99"* -0.99** 0.48

* Frn P<0.05 KF-TEMIE, + + FIR P<0.01 KA E S TA S air temperature ; RH ; KSAXNEE relative humidity ; PAR : YEHRA
WUE AT effective radiation of light; SM50:50 cm 3 soil moisture; ST50:50 cm -3 soil temperature ; PT: FEF I precipitation ; TN ; 2% total
nitmgen;AP:ﬁé‘iﬁ@% available phosphorus;AK;,‘Lﬁi_“ié‘ijl"f“?3 available potassium;OM;ﬁmfﬁ organic matter

3 iTFig

31 RRIRPR R DI RR R R A 4544 70 A

TIERUEY) T B S P R L R SRS, ARTST R BRI CK B 8 A BURE AL BOA K
INEPRAE B AT, A ) A3 AR AR AR B L S b A DU ) 1 0 7 | LT AML BCR SR i . b LASRAE A 74
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xS1 RBRRESIMERTF
Table S1 The climate data of collection sites of Haloxylon ammodendron
A S kﬁ*ﬁﬁfﬁ%ﬁ? %Hﬁﬁiﬁl’ﬁﬂff 50 em i%?ﬁ'alfz‘ 50 om I WeR it
Months Temperature/C Relative humidity Effect.lw.ﬂy of light Soil moisture Soil temperature Precipitation/mm
of atmosphere /% radiation /Lex of 50 em /% of 50 em /°C
5 J1 May 18.86x1.57b 29.07+0.96a 322.50+34.50a 8.27+8.60ab 17.20+1.42a 0.04+0.04a
6 1 June 22.35+1.47a 27.12+1.56a 321.42+41.12a 17.66+0.96a 20.65+0.12b 0.03+0.05a
7 H July 23.87+0.36a 21.87+0.21b 320.85+19.43a 9.67+1.80ab 23.50+0.35¢ 0.02+0.02a
8 H August 24.16+2.14a 29.05+3.17a 320.75+23.42a 5.97+8.30b 24.48+0.55¢ 0.01+0.01a
n =30, B FIFIHA R FRRR 22 7 B E MK /NG PR 5% 2 5 B KF
*®S2 BRRRFELEFSBEREBLISR
Table S2 Basic physical and chemical characteristics of rhizosphere soil of Haloxylon ammodendron
A 2R AR bupyeal AL
Months Total N/ Available P/ Readily available K/ Organic matter/ pH
(g/'kg) (mg/kg) (mg/kg) (g/kg)
5 H May 0.37+0.02¢ 7.90+0.54¢ 36.10+2.12¢ 3.91+0.23¢ 8.76+0.79d
6 H June 0.35+0.07d 7.10+0.63d 35.30£1.27d 3.24+0.26d 9.26+0.83b
7 H July 0.40+0.04b 9.70+0.82a 64.40+4.37b 4.05+0.28a 9.13+0.61c¢
8 J1 August 0.46+0.05a 8.60+0.73b 66.20+4.72a 3.95+0.31b 9.32+0.52a

BAFSAA R PR IR 22 7 B E MK /NG PR 5% 22 5 B K
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