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Characteristics of microbial community structure in rhizosphere soil of different

desert plants

LI Xinmei, ZUO Yiling, XUE Zike, ZHANG Linlin,ZHAO Lili, HE Xueli
College of Life Science, Hebei University, Baoding 071002, China

Abstract: To measure and manage plant growth in arid sandlands, improved understanding of the spatial patterns of desert
soil resources and the role of soil microbes is required. The rhizosphere soils of Ephedra przewalskii, Reaumuria songarica
Sympegma regelii, Nitraria sphaerocarpa, and Salsola passerina in Anxi Extreme—arid Desert National Nature Reserve in
Gansu Province, China were collected in July 2015. Soil microbial community structure in the rhizosphere of the studied five
plants was analyzed by phospholipid fatty acid ( PLFA) combined with Sherlock microbial identification system. The results
showed that soil microbial PLFA species and composition in rhizosphere of five desert plants were significantly different. The
characterizations of gram—positive bacteria 18:0 iso, 16:0 iso and 17:1 iso ®9¢ were unique in rhizosphereof R. songarica
and S. passerina, respectively. 18:1 w7c¢ 10-methyl that indicated actinomycetes only existed in the rhizosphere of S.
passerina. The total PLFA | fungi, actinomycetes and fungi/bacteria were the highest under S. passerina. However, gram-
positive and gram-negative bacteria were significantly higher under E. przewalskii and S. passerina than under the other
plants. AM fungi had the highest value under S. regelii. Structural equation model analysis indicated that compared with
plants, soil factors had more significant effects on microbial community structure. Easily extracted glomalin had a significant
effect on actinomycetes. Soil available nitrogen was the major influencing factor of gram-positive and gram-negative bacteria.

Moreover, soil microbial community structure can be used to monitor soil degradation in rhizosphere soil of different desert
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VG P XU AW TP SR S5 M TR B, IR R ( Ephedra przewalskii) (LAY
( Reaumuria songarica ) . 7 S ¥ ( Sympegma regelii ) . 2 Bk # & =¥ ( Salsola passerina ) |, ¥ i3 H ( Nitraria
sphaerocarpa ) VE 4 VAt P I AR PERE B , 700 S Jm R s B BEMVRL ZERL B ZERL, HFFIE KT o0 A
Xf H IR ER ST A I 2E 5 3 . A R BR s 55 5 AR X B MR R 0k (T 5 PP SRR X B
BB SRR RA EEAE,

TIEWEY 2 5 MO S R A WU TR TR AR AR R G TR IR IR 4l A
o, JUHNS C N FEIR AR B B ) S R R B TR AR (SRR, LA 45 AL R )
ST DU AT T RO, R B A AR AR Y DESE R, R Y S SR R R O R
BEVL A A RAE — 2 25 ) RO A M RIIRBE 0 46 A | B R 25 RN ) | 38 Bl 0 T ek R 45 4
B —E 25, Ushio 55 BFSTIAK , HEY) RENS 8 o AR 3 40 W40 A5 3 422 ) 198 i A AR [i) i o P9 B L, i 72
TSI ST A MR AR . ER A AR BN IR MR TR A A s i I A
Tl AR GRS R Y B ORI BT I YRR S5 A ST

BET e, A MBS A IR B R P A FR T TSR E YIRS S5 B 2 R, P A R
NENE IR (PLFA) V5455 Sherlock /W4 E REE  WFFE IR PR BT5E 5 Rl P55 AR YU AR Br 3 U Wi IR
S5 RAARDT AR A E H  $3 DR X Gl A 0 R s 2 ORI A 285 00 A )52 i, LU O 1 52 XD DX A Ak 2
RSP EEORAP R R

1 #Em7E

1.1 AR

WF5E XA T H 7 22 P A 52 3 1 48 4 11 SR X (94°45'—97°00'E,39°52'—41°53'N) , Hi kb H 7k 45 TR
FLEE N %0 DX SR R A | AR, 7.8—10°C , AR YRR < 52.0mm , ZE 5 43 B AN Y | 3B ZR TR 4
AERETN Y T0% 2247, 78 & i 2754.9—3420mm,, HIERAI L0 AR + M w 3 5 G, 2R b A3k
BB ESE G BRI (R 1) .

R1 SHENMHEELRRER

Table 1 The basic information of five plant communities

%) A I 1 ats 23] R/ m GLLE
Plant Plant property Soil type Elevation Latitude and longitude
£1%) Reaumuria songarica MR, /INEEAR AR BT i v+ 1680 40°04'58.76'N  96°11'35.57"E
& 3K Sympegma regelii R A BRI+ 1790 40°03'57.03"N  96°20'3.25"F,
BB Salsola passerina R} AR BRI L+ 1790 40°03'57.03"N  96°20'3.25"E
WAL 3 Nitraria sphaerocarpa PERIRL HEAR FRAFTEEE + 1680 40°04'58.76"N  96°11'35.57"E
JEESBREE Ephedra praewalskii FRER} AR BRI E 4 1726 40°04’ 13.3"N  96°14'32.6"E
1.2 FEACREE

T 2015 4F 7 AAEQRIP X REHC L3R 5 Fp SRRV | 20 50 78 5 R RV 14 TSR AR L T B 5 BRAT R
200m ZeAy KM AR, 25k R m A A7 = R AR 21 0—30em )2 W FI AR, AR
PIE AR PR L8 TR 2R 2 AR BV BB R4 A B4 [ S0 g0 % . E ke 2mm 5, &80 PR A7 15 -
20°C URA T LS Y PLEA I , R T R e B M S o
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13 pH AR R EE 1T PHS-3C Wl ; T3 W IR S R4 - s BT LL (0 s 2R 2R 2 2
I 8 Ak2E 5T 4% Smartchem200 0 5 5 Bk fifk 20 FH B8 97 1800 5 480 AL FH 5 o b T 055 4% Wirighe!™ 0
Janos" ' 5T PN 2 L BRE FE R AN  HR IR 5 K HIGIE AY Brimner F1 Tabatabai' ' 77 350 52 4 398 R 1 B 1R
it AR BRI, R PR LA 1g ARG Th o Tl 2 0 R0 1 ol P T P X i SR W e — 8 ( PNPP) ) i
TR,
1.4 e miE s 07 i

R YT SR AR Bossio 45 T A TN AE L - HERLEOR (S5 B B RR E 0IR = 1:2:0.8,
v/v/v) A B VR T - S b SR U S A TR IS AT: ( SPE-Si, 500mg/6mL) #4740 B 4lifk. , sl J= 14 i 107 e
KOH-H B R AL, A B R AL €190 128 AR, HISEIE Agilent 6890N #! GC-MS 73 #T{X 45 & Sherlock
MIS4.5 Z %5 (Sherlock Microbial Identification System ) 5 B IN 347, H.4~ PLFA 51 H nmol/g 7, Rl
NENRIWIR 732 W36 2.,

<2 HHEBERERERAER (PLFA) 532
Table 2 Classifications of phospholipids fatty acid (PLFA) signatures

WEREAR V2 4326 LERNRoAIS T

Classification of PLFAs PLFAs signature

2 IR R Gram-negative bacteria 16:1 w7¢,17:1 08¢ ,17:0 cyclo w7¢,16:0 20H 18:1 w7¢.,19:1 w6c 190 cyclo w7c
2 I PH A Gram-positive bacteria 15:0 is0.15:0 anteiso ,16:0 is0,17:1 iso @9¢ ,17:0 iso.17:0 anteiso,18:0 iso.22:0 iso
40T Bacteria G*.G”

FLI Fungi 18:2 wbe

HAZEY) Eukaryote 16:3 w6c,18:3 w6c.20:4 wbc.23:1 wie

TR Actinomycetes 16:0 10-methyl ,18:0 10-methyl 18:1 w7¢ 10-methyl

AM E. Arbuscular mycorrhizal fungi 16:1 w5c

1.5 4o

A BRI 3 A E R A, H Excel 2010 #E474H A SPSS 19.0 =¥ Ge i, 6 -3 A 7+
HER A IR A T B R 2 7 2200, 6 RS Y PLFA 547 05538 s H Amos Graphics 22.0 MR S5 R
FRAEAL(SEM ) #5213 K 75 U E YRR AR SeE , LA FRUEIN T 2 °/df<2,P>0.05, RMSEA<0.05,

2 HEREHWH

2.1 HIERf T

5 AR PR 38 pH B mbE  EERBE R ARV b B3 R TR | A Sk FORES B R R
BERR R AE 2100 v 35 3 T A 5 B B IR 7 20 0 R0 3 e ) P oA e KA A WL TE & Sk P iy, ¥
LR A, e A (B T 3 22 5 s AT AR R 0] 22 57 0 3 5 30 il o 0 i 20 2 S Bk
REREAFMEYY TR EES (F3),
2.2 HHERUEYIBERR AR IR A

AR LR T 0.01nmol/ g 119 24 Ff PLFA #EAT43H7, FERUT TR (B 1) , 5 H 360 Y PLRA AHG
1 3 A FE U A 7 R TTRR R IE 96.838% , 43 | A i B AL 5 5 22 1Y 77.140% \12.617% 1 7.081% , A[IFEY)
1€ PC1,PC2 Fl PC3 LA, v R RIS 38 E W PLFA A nk 25 5 W3, ik 4 v SRR, 2T
WHB M ERAE 3 D ENT B S TR EES & K5 il s 517 PC3 Al PC2 Y155 M .
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Table 3 Soil factors in the rhizosphere of different plants

At SRR BT AR ek E MR BHIHER
Variable E. przewalski R. songarica S. regelii N. sphaerocarpa S. passerina
13 pH Soil pH 7.50+0.15b 7.55+0.29ab 7.83+0.16a 7.43+£0.07b 7.33+0.03b
F %W Available phosphorus/ (pug/g) 0.05+3.80a 0.03+0.80a 0.08+2.86a 0.04+3.62a 0.03+£1.27a
4T Total phosphorus/ (mg/g) 0.07+0.26a 0.08+0.08a 0.09+0.08a 0.08+0.02a 0.09+0.03a
4% Total nitrogen/ (mg/g) 0.13+0.29a 0.14+0.17a 0.19+0.44a 0.14+0.54a 0.17+0.34a

0.028+0.007a
0.020+0.004b

Bl f# A Available nitrogen/ (mg/g)
Z % Ammonia nitrogen/ (mg/g)

0.035+0.000a
0.010+0.001¢

0.037+0.008a
0.007+0.001d

0.037+0.004a
0.002+0.001e

0.030+0.011a
0.024+0.002a

+ A PR Soil organic carbon/ (mg/g) 14.45+11.08ab 7.05+2.02ab 15.31£3.67a 4.07+2.04b 5.42+3.57ab
PR MR RR I Acid phosphatase/ ( pg/g) 15.62+6.87h 35.84+3.09a 22.47+3.23b 21.67%9.13b 19.04+7.34b
BB ER B Alkaline phosphatase/ ( ng/g) 17.80+23.41b 71.22+20.34a 10.96+6.72b 50.07+18.71a 2.42+0.95b

H, N
%%Eﬂiﬁ%&ﬁ% . 4.54+3.39a 2.78+1.98a 1.42+1.32a 2.21%0.72a 5.69+2.76a
Easily extracted glomalin/(mg/g)
MEREER

ke ) 8.23+3.86h 10.97+1.97ab 7.82+1.55b 12.73£0.92a 7.10+1.21b
Total extracted glomalin/( mg/g)

AR F R AN RRE Y RETE 7] 26 5 0 3% (P<0.05)

x4 T EEWE PC1.PC2 1 PC3 LB
Table 4 Scores of different plants in PC1, PC2 and PC3

Hi#) Plant FH4r 1 PCL F 5 2 PC2 F A4 3 PC3
WS BREE E. przewalskii 0+2.541a 0+0.294a 0+0.289a

1.212+2.412a 0.318+0.238a
-1.675+0.639b
0.702+0.546a

-0.238+0.807a

—1.685+0.292a
-1.942+0.265b

ZIHP R. songarica
B KHES. regelii
ML N. sphaerocarpa -1.204+0.260b
B ESE S. passerina 4.831+7.078a

AR T R [ — AP AE AN TR] 2 0oy L4500 25 5 . 2% (P<0.05)

0.332+0.338a
-0.855+£0.070b
0.204+1.967a

# PLFA B4K 5 PC1 . PC2 Ml PC3 #EAT M E 10T

\
T2 5),15:0 is0.15:0 anteiso .17 :0 anteiso( 57~ 10 /
2LECBHMER) ;161 07¢ 17:1 08¢ 18:1 wTc(F5/RH 22 o5
FEHITETA) 1650 10-methyl | 18:0 10-methyl (4578502 0
) IR RR AR PR 13 % PLFAs, 180 iso($57334 § o b Ep_oSe
EIRPHMET ) 52301 0de.20:4 wbe (TR EBAEY) ;s g s L OIEN
16:1 w5c (578 AM E ) & 4060 £ % PLFAs, Hrh =
18:0 is0 231 who (UELLAO A fE, A3k ERBREIE 1o Q
PLFAs L 18:1 w7c ,19:0 cyclo w7c (577555 2% [C P 1k s T T e 0 %\‘,/;'0
) 516:0 10-methyl (F5/RZETH ) 516:3 wb6e,18:3 wbe PCL(77.14005) pc3 09
(FERERAY) BE, 18:2 wbe (578 ELTH ) 1E I I H] B1 LAt PLEA £R55

bk AL, B EREELA 15:0 iso, 15:0
anteiso ,17:0 is0.16:0 iso .17:1 iso w9¢(F{ARH 2 K FH
PEE) 516:1 07¢,17:1 08¢ 18:1 w7¢ . 19:0 cyclo w7c
(8RR RBAMERT ) 516:0 10-methyl | 18:0 10-methyl |
18:1 w7c¢ 10-methyl (878 Z ) 520:4 w6e (F58 FHAZ
W) 516:1 0Sc(F578 AM EHH) ;18:2 wbc(FE/REF) , Hif1 16:0 is0.17:1 iso ®9¢ 1 18:1 w7c 10-methyl
BRI BIEA, T RREIRPAR bR e ) 5 PLFA ISR 25 5 W35 B DL SR AE 4 22 [C A PR
22 [ BH P RN B A R A 1D R 3

Fig.1 Principal component analysis of soil microbial PLFA
E:BERBREE Ephedra przewalskii; R : 2L} Reaumuria songarica;S: &
SKEL Sympegma regelii; N 30 H Nitraria sphaerocarpa ; Sa: 2 ¥4

= =23 .
FEK Salsola passerina
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2.3 HIEBCEYIREIS A T

5 B ARPR T S IS S 22 57 28 (R 6)  IERURR B 0L 1R AN IS TR B 3k v A 22 R B R T
Fos 2 R PVE R R M A YR 2 AM LR B 200 v o 2 IR s T E R &
SRHCH AM FLE B, LR AR, AR, S PLFA CER T L T 26 I 22 A 6 358 > IR R JRR B0 > 9 9 4 >
CLAD > Sk, 2 QB B R0 22 QB PR T8 DR/ NI S 58 SR R 5 > B2 BB B 2 > T I R > 2010 > 5 3k 75, AM
HFES P R E e, AR/ MREZHBERTEER T ey, TemyR iR EEs,

*6 ATREYTEMEY PLFAs 2

Table 6 Soil microbial PLFAs concentration of different plants

TP ISR R B AR Ak I 2878/ BEE
Microbial community E. przewalskit R. songarica S. regelii N. sphaerocarpa S. passerina
HEICH] E[ﬁ . 4.658+0.262Aa 2.376+0.311Ab 0.476+0.030Bc 2.818+0.312Ab 4.444+0.357Aa
Gram-negative bacteria

B A% EY) Eucaryon 1.162+0.121Db 0.573+0.369Bc¢ 0.496+0.226Bc 0.560+0.283Cc 2.707+0.13B9%a
22 R T

. .. . 2.771+0.093Ba
Gram-positive bacteria

TR Actinomycetes 1.775+0.050Ch

HLIA Fungi 0.407+0.150Eb
AM HH

.123+0.021F
Arbuscular mycorrhizal fungi 0.123+0.021Fd
HE /41 Fungi/Bacteria 0.055+0.022b

1 PLFAs Total PLFAs 10.897+0.292b

0.440+0.288Bc

0.270+0.166Bd
0.170+0.081Bc

0.594+0.070Bc

0.060 +0.025b
4.424+0.748¢

0.444+0.343Bc¢

0.170+0.109BCd
0.055+0.038Cc

1.563+0.036Aa

0.056 +0.018b
3.205+0.687d

1.253+0.123Bb

0.449+0.170CDe¢
0.203+0.101CDe

0.130+0.039Ed

0.050+0.025b
5.413+0.878¢

2.529+0.169Ba

2.105+0.096Ca
1.569+0.05D8a

1.009+0.142Eb

0.226+0.014a
14.361+0.672a

ARG FBE 7R [F] — Y 25 A W 2SR IR) 25 5 35 (P<0.05) AN/ NG FBE 7R [F] — AR W AE AN R Y R ] 25 5 W

2.4 FIEGCEYIRES S RN TR B

FASCAEI AT Al (2 7) , 58 pH 55 22 [REAPE B 0 25 MG 25 AM B B 3 IEH G AR 59
FRIFAPETAT | % FRPHE T IO IR R T A 8 AL G 5 B 205 4 2 R B o 4 2% G P T AR 2 o = 1
AR s PR AR TR -5 =2 G PP BT R I A 38 B OG5 B R R 9 i 3K 5 o 22 PRSP Ry o 22 G PR T R
2R I IR A Bk R R S A B UG

F7 TEGEMBEELEHNSLERTFEXE
Table 7 The correlation between soil microbial communities and soil factors

5 E*EéEEFH'tiTiT EEEEEIKH‘&ET e i AM ECTH
Variable Gram—neg.allve Gram—poiltlve Actinomycetes Fungi Arbujscular .

bacteria bacteria mycorrhizal fungi
43 pH Soil pH -0.491 -0.411 -0.381 -0.403 0.130
F 3k Available phosphorus -0.217 -0.152 -0.135 -0.234 -0.081
4= Total phosphorus 0.094 0.041 0.158 0.037 0.352
4%, Total nitrogen 0.101 0.093 0.165 0.249 0.587 "
Z A Ammonia nitrogen 0.509 * 0.649 ** 0.642* 0.568 * -0.025
R % Available nitrogen -0.709 ** -0.723** -0.764 " -0.416 0.305
LK Soil organic carbon 0.120 0.129 0.139 -0.174 0.306
BRI Alkaline phosphatase -0.053 -0.349 -0.322 -0.410 -0.253
B 1 W R T Acid phosphatase -0.391 -0.580 " -0.483* -0.116 0.236
G IR#EE E Fasily extracted glomalin 0.506 * 0.466 * 0.665 ** 0.320 -0.266
JSER#EFE R Total extracted glomalin -0.116 -0.322 -0.295 -0.496 " -0.235

* P<0.05, ** P<0.01

2.5 FIFPAN D X SR MR R
HRIGAH S R MG AR AT T R (18] 2) , X | o $R HORR B 3% | 11 pH el Ak 25 4 22 TR PR o L o
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PEIRFAE R R AM B I ACSC R AT RAL (" =8.018,df=16,P=0.948 ,RMSEA =0, GFI=0.883) .
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Fig.2 Structural equation model about soil microbial communities, plants and soil factors
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