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Effects of phosphorus application on soil nutrients and soil microbial community

in rhizosphere of Fargesia under drought stress
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Abstract: To explore the effects of phosphorus application on the soil nutrients and the structure and diversity of soil
microbial community in rhizosphere of Fargesia response to drought stress, Fargesia and its rhizosphere soil were used as
experimental materials, and a completely randomized design with two factors of two watering ( well-watered and water-

stressed) and two P regimes (with and without P fertilization) was arranged. The results showed that; (1) Drought stress
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significantly reduced the contents of soil microbial biomass carbon, soil dissolved organic nitrogen and soil available
phosphorus in rhizosphere of Fargesia, though it had no significant impact on soil microbial community diversity in
rhizosphere of Fargesia, obviously decreased the total PLFA contents ( phospholipid fatty acid contents), the PLFA
contents of fungi, bacteria, Gram-positive bacteria and Gram-negative bacteria and it also decreased the PLFA ratios of
Gram-positive bacteria/Gram-negative bacteria and fungi/bacteria, which significantly changed soil microbial community
structure in thizosphere of Fargesia and resultantly reduced the biomass of Fargesia. (2) Phosphorus application
significantly increased the contents of soil microbial biomass carbon and soil available phosphorus in rhizosphere of
Fargesia, it had no significant effect on soil microbial community diversity in rhizosphere of Fargesia, but significantly
increased the contents of the total PLFA and fungi PLFA in rhizosphere of Fargesia. To a certain extent, it enhanced the
PLFA contents of bacteria, Gram-positive bacteria, Gram-negative bacteria and actinomycetes and it also increased the
PLFA ratios of Gram-positive bacteria/Gram-negative bacteria and fungi/bacteria. To some extent, it improved soil
microbial community structure in the rhizosphere of Fargesia, and then improved the growth of droughty Fargesia. (3) The
principal component analysis showed that drought had a significant impact on soil microbial community structure in
rthizosphere of Fargesia, but phosphorus application had not. (4) Correlation analysis indicated that rhizosphere soil
microbial community structure of Fargesia was significantly and positively correlated with rhizosphere soil microbial biomass
carbon, rhizosphere soil dissolved organic nitrogen and biomass of Fargesia. In summary, drought reduced soil nutrients and
soil microbial biomasses in rhizosphere of Fargesia, changed soil microbial community structure, and thus inhibited the
growth of Fargesia; phosphorus application could enhance soil nutrients and soil microbial biomasses in rhizosphere of
droughty Fargesia, improve soil microbial community structure in rhizosphere of droughty Fargesia, and then improve the

growth of droughty Fargesia.

Key Words: drought stress; rhizosphere; phosphorus application; soil nutrients; soil microbial community; phospholipid

fatty acid; Fargesia
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PRICTEERHEA T LR MR LA R AR I S T 5T

PR AR R E AT SEN KRR ITTRZ — AW BB IR DA R W A X ek
R RSB ™ A LT RSSO X2 AR A VR IR B A 4 AR
S A TG Bl ST SRR 0 AR KR X 2 B AL AR PR EREE 2 R T A 57 B IR R A
K FR MW A i 20, AT e AL 0 T S5 PR A5 3 R BB 2 AR, FIAR AT AR B (o B B £ i 3k
Frwk R L s TR AERLR AR T

Wi (Fargesia) AUZE %KAM EEAT, B2 & IR AE S RS T 2 BB LM RHFRE 7EE
P AR S R GER K SR OKIRIRSE T TR A S TR T R A R ST AR R
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RIS E T E RN B SR A B 58 B AR 253 (103°537 E,31°40" N) |, iZuli o7 T35 9 5 5 AR BB 41 2% 55 Y
I ZE A 2k U b TR 1820 m, AR TR BE 8.6 °C , A F-¥IFE7K 919.5 mm , 4F-FH478 & i 1322 mm, 434 H
18 1139.8 h, 4E TCFE 200 d, 4FETHEFE 1.64—1.74
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BT EREB % B LA S R G S ST A2 (IR K ) A BHA N EAT B R, A AR
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STEGHEVEE 4 LB SR IR BEKAL T | 80%—85% IR X & /K ( Well-watered , -P) ; T 5-pif &b
H 30%—35% 1 3EHIXT & /K im ( Water-stressed , -P ) ; 1E % HE /K +iiti B AL BE ( Well-watered , +P) ; 2 Hpi0 + it i
Qb FE ( Water-stressed , +P) , B0 3 N B EHE 6 4, PR 45 d, B0 15 d w1k, i 3 Ik, &
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al5:0.i16:0.i17:0 55 al7.0) KAEF 2 [RFHPELHTR ( G* bacteria ) ; R 5 — AR AT LA S PR N B4 FTAY PLEAs
(16:1w7c 18:107c . cyl7:0 5 cy19:0) FAE 4 % FCBAPEN R ( G~ bacteria) ;>R 18:2w6, 9¢ fl 18:1m,9¢
HEE B (fungi); SR FH & B 2L 89 8% 20 A B 48 A Y PLFAs ( 10Mel7: 0 5 10Mel8: 0) 3 1 it £ 14
(actinobacteria) ; Fi4x i) PLFAs 4035 14.0.16.0 170 1 18.0 U JH T - HEM A Wy % 40 8000 43 5. 3 PLFAs
ST IOR B B Y BN PLFAs 7 88 8 2% [CBH MR 40 B8 5 4 2 IRBAME 40 18 19 PLFAs % &
Ze
1.4 B

FIRBEY) PLEAs 304, 3154 Shannon-Wiener ZREMETEE(H) " Pielou B4 FEHEE(J) Y Margalf £
FEFEHL(M) V1 Simpson A EEFEEL (A1) 1),

S
H=- P(InP,)
i=0

J =H/InS

M =(S-1)/InN
A= i (Pi)z

K, P =n/N,N Hy PLFAs Jif 4t n, HEFD PLFAs #75,S O PLFAs FIHL,

K PR R J5 2253 B (One-way ANOVA ) K 56 A [] b B[] 4B AR A2 4 5 AR PR - 38 55 73 SR B 3 G2k 9
BET S5 5 A REPENY 22 5 58 5 M (LSD 15, P<0.05 ) 5 SR FIIE T RGIE 5 1 540 4 H7 % (PCA) J% Bray-Curtis
B0 1 " 40 22 IR 3R 7 22 4317 (Adoonis ) XA [ Ah 23D AR B - S0 A W v 20 K 7 S A 7 0BT B 0 3 ARG 36 5 R
FH Person 5 AW - MU WU RE S5 K0 15 DR 95 5 RIACRRAE B0 R OIS M A S 4 P ff
BRIESS, T B b B SR Excel 2016 #ifF \SPSS 24 #{F LA R 2.5.6, T4 IR AT Origin 9.0 #{: AN
R 2.5.6 1 ggplot2 £,

2 ZHREHS

2.1 ST RE T E AT AR PR R R BT A W i

W3 1 PR, TS, T 50 2 8208 T S AR B 58 p R M s i | TS A LA A AR
TR LETHE . MR A0 (P<0.05) MR BIREAIR T 30.62% .28.00% 43.48% 27.37% 1 14.98% , {H X &
PRI 3 b B A LB AT MEA ML S i BB, e TR 57, M4 66 & 18 S5 AR b
e Wi A O e DA AT AR R A i P AR R b A O A e 3
I (P<0.05) , LIE & /K43 A1 T2 W38 F 0 AR B AL BRZE 53 53 N T 97.49% F1 316.14% , (AXTHTATHR PR £
gerh e A HUBR AT TEA HLER AR AE A LAY SR 0 B,
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WE 1 PR, etk 545, T2 2 FEAR T i PTARPR 28 G PLFA | HC TR PLFA 4HT PLFA %
[CFHMER PLFA (95 8 (P<0.05) ;SR , T 5 H & AL 1 i 2T i P AR B+ 2 i PLFA & 5,
Xof A Tt B AL B 14 T G 2 R 5 AR M, T R G S R AR T R B A PR B AT 8 L RGBT PLFA i
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T 2 REATMEER 3P AN A | B 22 P PHME R R 22 FC R B R 1) PLFA &5 & (HIEg N oA 2,
WT RS, i s hn 1 S5 AR b 4 38 fp 22 [ PH M /85 22 G B MR e A EC B/ 40 B 1) PLFA O, HeoR
Tt B A BRAG 43 BT 8.55% F1 18.87%

F1 HEHNTEMETHARRIEFSESHTEMENZIT

Table 1 The effect of phosphorus application on soil nutrients in rhizosphere and biomass of Fargesia under drought stress

VigiEi IEH K53 Well-watered FELPISH Water-stressed
Analysis index -p +P -p +P

TC/ (mg/kg) 35.21+£0.27a 34.99+0.24a 34.43+0.38a 34.34+0.31a
TOC/(mg/kg) 29.70+1.13a 31.28+0.19a 29.14+1.08a 30.48+0.06a
DOC/ (mg/kg) 209.68+6.28a 219.29+6.24a 202.73+9.82a 215.08+1.27a
MBC/ ( mg/kg) 168.76+9.68b 208.97+7.40a 117.08+3.27d 138.84+2.00c
DON/ (mg/kg) 54.66+2.11a 58.85+1.39a 39.35+0.18b 42.98+1.94b
AP/ (mg/kg) 10.74+0.24¢ 21.21+0.34b 6.07+0.43d 25.26+0.80a
AB/ (/) 68.67+5.38ab 76.56+2.86a 49.87+2.41c 63.51+2.58b
UB/ (g/#k) 76.95+3.49b 90.46+1.75a 65.42+3.45¢ 74.50+1.83b

-P. Rt R Without P fertilization ; +P . Jii B Ab ¥ With P fertilization : TC ; Sk Total carbon; TOC ;4 HLA# Total organic carbon; DOC ; A i 14
A B Dissolved organic carbon; MBC LAYk Microbial biomass carbon ; DON ; WA HLAL Dissolved organic nitrogen; AP . %W Available
phosphorus ; AB ; }h1 |- HYE Aboveground biomass; UB R A Underground biomass; AEING AR FE R — R AL A [ Ab 28 a2 5 5 2 ( P<
0.05)

2.3 mE T R ERE T AT PR - S G MR 2 R RS

2% 2 XFFRAE - IERUE Y Z R MRS Shannon-Wiener $5 2% ( Shannon-Wiener index) \#J2) 550 ( index) . F
& JE 5K ( Margalef index) A Simpson £t 3 5 %4 ( Simpson index ) #E47 0 #7 22 B | TS ws 5 15 , T2 Mra X}
i P AR PR 1 8504 M) 9 Shannon-Wiener 48 41 | Pielou #8§ %1 Margalef 45 %%} Simpson )L #F 5 3435 JC i & 52
M) 5 5t At LS AN T TR K 0 R W TR PR - S A T B R, ek T B BE TR T AR B R A X L
A= W) 22 REPERR A T W 2 5

®2 e T REME TE TR LEMEYETE SR

Table 2 Effect of phosphorus application on soil microbial community diversity in rhizosphere of Fargesia under drought stress

HIA Y Alpha ZHEME EH 7K 4 Well-watered T 58 Water-stressed

Alpha diversity of soil microbial community -p +P -p +P
Shannon-Wiener %1 Shannon-Wiener index 3.08+0.00a 3.08+0.01a 2.75+0.23a 2.87+0.22a
Y51 BEHEHL Pielou index 0.85+0.00a 0.8420.00a 0.77+0.06a 0.79+0.06a
=6 B4R 2L Margalef index 10.58+0.17b 11.63+0.26a 10.70+0.36ab 10.810.38ab
Simpson L #EHEEL Simpson index 0.94+0.00a 0.9420.00a 0.95+0.01a 0.95+0.01a

ARG TR ) — SR J AN [ b 380 i) 22 5 2. 25 (P<0.05)

2.4 BT A T BT AR PR - S W TR A R B 5

FH T 2 AR A [ Ak 3 () 35 7 A B - ST A W e T A5 A0 78 ST 7, 58— AT (PCL) iR 1722 S5 11
76.78% , 5 — M4 (PC2) fit B T A8 521 11.98% , PC1 Fl PC2 A [FIfiBe 1 A8 S 1Y 88.76% , i 1 LA 42 1 iz e
AL B S AT PR U E I REVR G5 IR AE . PO JEAS | REFE IF B 7K 20 4b BEAN T 5240 B X 43 0T, 1Ml PC2
ANREFOA R AL PR AN AL F A X 53 FF i — 203l 40 3L T Bray-Curtis P25 09 & ¥ 22 2 )7 225397 (Adonis)
T LIRS A, T RS ATARPR R E MR S5 R A T B MU (F=12.836,R*=0.562,P=
0.004) ; M TCiE T 54 , o il it 57 77T AR Pr - e GLA W VR 2500 kAR 028 (R AR (B R BH I8 (F=3.138 R =
0.239,P=0.098) , HIBt AT UL, 5 AR X 55 11 AR B 380 A= W0 BEVE 45 A0 2 R R AR B (R 52 i, (B 2 e
P kT
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Fig.1 The effect of phosphorus application on soil microbial community structure in rhizosphere of Fargesia under drought stress

ANT) /NG T REAR R [F] — SR A YA ) b B 8] 22 5 8.3 (P<0.05)

2.5 FiVTHRER IR MR VR S5 AL S AT AT AR PR A SRR A RN AT AR W 1 A DG S B

18 3 TN FERT TR bR 3 rh, B (TC) 5H 2 IRBAMETE (G*) MANE (B) [ PLFA & & 2 B 3 IE A
5%, AT LK (DOC) 54 2% FBH P B/ 24 IR (G /G ) HUfE 2 B IE ARG sk, S Pt A4
i (AB) HATARBR IR Y Bk (MBC) FIl PR HLA ( DOC) ¥ 58 AT AR BR 8 5 PLFA (TP) | #2% [
PHIE R (G ) PLFA #E *% [CFIM: B (G7) PLFA | ELB (F) PLFA 4l ( B) PLFA FIUELZE B ( A) PLFA #3582
ELRR/ AN (F/B)F1 G /G R B IEAHE , BRETITAR PR 44855 2 [RIAME R (G ) PLFA & LIS, STl ™ 24
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3.1 R NE T ST ARPR LR o S AT AR R i R R
WP - HEFR I (AL RS B AR I7 o i 25

i, 12 BURBRIAEE & PR L Hordy, ek o

BB LR 2 e LR ey | ¢ Kl

AR BRGNS T T RGNS AR 2 | o TR )

HUk BUEIRE TTEHEA NS BRI 8 | £

B SRR TR TR LR SH (g )

T, LR 1 L RUR R B e 2 .

R SR R T A, TR SR E 2 .

WA SR AT AL AT B A "

B G2, S 2 0F 1 500 22 (16 0t Al 0 fo 76 295 B N ’
BRI L R, 6 TR BR - M 4 T 57 9 W 3 78 /) Principal component 1 (76.75%)

2 SAERE Bt AR SRV S LIEAT TOF @y oy 3 mmie Fartrmis - s mass o
I ARG RARAHNE, RIA R — LR IEAREAT moanm

Y AR BRI Y vp S 1w PR B e A 2 Y FE Fig.2  Principal component analysis of the effect of phosphorus
ABFFE R, TS0 B R T S5 AR s - e sk application on soil microbial community structure in rhizosphere
T TV AT LR A RO 5 f ; DR, (e gy ©F Ferevia under drought stress

PrvaAa T8 XA Y AR PR SR 43 5 T 09 i 9 4

BT —EE 5 X T RE S Z i Fh S 1 52 3t i) B 18 RN B2 AR [l A5 56 — e BiF 5 R 0, il A 1Y
FEIE A AR B - 38 T oA BLAR 7 i, (B RE A R I L A R O B, DT AR ) A A R Y AR g R
M, TCie T R5E it e T AR R 3 Sk A PR | PTEEEA LER A PT A PR S 2 T
{HE4 58 S 2 8 N A5 A7 AR s 3 v R A By s R A OB 1) 5 &, XSO AR A S R AT R AR R
AR TUCETREPE FETeER(ELD,

R3 EHMRERTEREMHEENSEHEMRELERS ST EMENEX ES R

Table 3 Correlation analysis of rhizosphere soil microbial community structure with rhizosphere soil nutrients and biomass of Fargesia.

i H Projects TC TOC DOC MBC DON AP AB UB
G+ 0.581* 0.426 0.473 0.932** 0.874** 0.44 0.705 * 0.682*
G~ 0.545 0.207 0.246 0.759 ** 0.765 ** 0.423 0.643* 0.54
G*/G” 0.548 0.499 0.582* 0.900 ** 0.817** 0.43 0.666* 0.657*
TP 0.33 0.48 0.39 0.906 ** 0.814"* 0.57 0.718 ** 0.765**
F 0.38 0.46 0.36 0.897 ** 0.848 ** 0.47 0.777 ** 0.795**
B 0.588* 0.37 0.41 0.906 ** 0.867 ** 0.45 0.708 ** 0.658 *
A 0.26 0.50 0.42 0.724** 0.630* 0.47 0.604* 0.778 **
F/B 0.16 0.454 0.318 0.684 0.654 0.42 0.695 * 0.726 **

G 2 G PHME B Gram-positive bacteria; G~ ; # >% JAPEPE B Gram-negative bacteria; G*/G™; ¥ 2% [ PH M B/ % [RBHE B Gram-positive
bacteria/ Gram-negative bacteria; TP ;i PLFA Total PLFA;F; FUI& Fungi; B: 2B Bacteria; A iUZR B Actinomycete; F/B: ELE/ 4 Fungal/bacteria;
# F7R P<0.05; # % F7R P<0.01

3.2 JEREN A T E AR PR SR P A

MRPr IR Yy e E A S R G R ST BRI, EAE RIEIR MG IA th I 3 2 0, W R
ARG AU O Y R A T R AR PR A RV SR A R R T A R A U XK
P U AR BRI AR 7 ARBIF S R B, T R 38 B AT AR B b S A MR 2 R T
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W FL E RS T ETARBR R PLFA S AN o 22 GBI PR T A5 22 [RBIPE R A PLFA (985 4
J 22 R P T/ 22 ERBAPE A PLEA FUAE, W S0 R A T /5 AT AR PR L SR E Wi A Yy, W1
T HEAT AR BR E CE RIS A5 B B 2 N R 5 28 B T it — S T S X AT AR
P - e A Wy A AR R 2 IR RS R« (1) TR 5 D T AR PR LA Y R A B E e, R
BEY AN RR R IE T, (2) T W8 BEAR T ALY OGS VR, (A4 1T 4 Bl A 0 R P s 2 A B
ARIOT RS E BB RARML Y oA AT — 2B A G T R AT AR B b B AN
PR 2 LU IR Y PLFA &5 G PLFA 548 DR A 2 TG FH P /4 22 T P R B T/ 40 1 Y PLFA LB
(ES R EAE Y AT AR PR R M e M ] A ML & i b 2 B 2 IE ARG AT RE D O« (1) #iE
PRAK R, Tl st N Ak A DL 2 | AR B S G A 6 sh AR RN T 5 (2) A W i B A
PRICRZ — WA BRSO, A Wy i B AR (3) T A AL AN A Bl A % oy ) P ) e A A L
B AR BECE I A SR T IR TR A

T BEAS U 25 300 A U % 14 A 0 ik B 5 ) A P 488 iy 3 ARl A %ok PR 0 A i 52 10 AR
W B, Toie T 55 1 B0 O 5 AT AR B L S A My 2 R A L JE R (L N T A2 A
PIARPR e 8 PLRA FIECR PLEA B, HAE— @ R B s 7 32 ST FrAR e e v 4 3 4 22 IR
PR 522 FR PR MR R 9 PLEA 548 X SRS I 1 32 565 1T AR B - S (R AR Wy i i 1) 55 B DDA 56
(£ 1) AHRME VB UESEHT PR PR 3 X SE R E YR PLEA 538 5 AT AR B - SR i i A &5 12 84k
LA TEA G ORI, AT AR B b SRR 0 X SR A AR B b S AR 00 55 R JE AR D X AT RE R
i T S0 Ao 3 SRR A PR R 22 PR () R 50 - S Gl A ) (8 TR, AR A T 5 3 T S Bl A W o A B )
AR RS T X IR F5 R W AEBE R ALY 07 SRy 3R], 522 (R AR L, 2% [P M B o L
A 54 )y AT RRE R T A A BT R I T AT, A R e M 22 | T LT RV MR BRI VK
GRUEEh T ARBIRGE A B, M P RN K 43 S T R PTAR R e 2 [ 2 T e A B T A T
(9 PLEA FCAELSSA BT, XA M TR A%+ 5 008 0, phy st nl DL, Bl vl £ — i AR 3 b 22 gk 5 X i 7 AR
P SRR W aE v B0 AN AN (AR T SR RS 65 7T AR B L e R A MR v S R s e AN B
| A TR N AT I

4 Zig

(1) 150 0 2E B T HEATAR PR L b AR W e |l VA WL SURIAR RO (9 &5 6, OGS /5 AT AR B 1
SErP RS 2R B R (HL S R TR A A i, R UR T R E R R AR, B R T
TR AP

(2) Wi W E N T 52 S AT RR B S rp Rl AR Wy e R i 1) 5 i, B ORI X 32 B AT AR B ok
FEWIRE T 2R B R (R AT e — e AR B L G R W LR B SRR A A R G S BRI AR IR

(3) TS AT ARPR LS PRI 25 M) B 0 A 25, Tt i o LR MR AR X 5N

(4) WA AR - HEACAE Wy R 45 F 5 T 2R o B P AR B 338 Bl A B ] A HL AU D
M
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