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Effects of Salinized Soil Amendments on Diversity of Bacterial Community in Turfgrass

Rhizosphere
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(1 College of Pratacultural Science, Gansu Agricultural University/Key Laboratory of Grassland Ecosystem, Ministry of
Education, Lanzhou 730070, China; 2 Soil Fertilizer and Water-saving Institute, Gansu Academy of Agricultural Sciences,
Lanzhou 730070, China)

Abstract: High soil salinity content seriously affects the survival of nursery-grown plants and lawns in urban green belt in
Lanzhou New Area. In this study the saline soil in the green belt of Lanzhou New Area was taken as the study object, the effects
of no fertilization (CK), six kinds of saline-alkali soil amendments of Hekang (T,), lactobacillus (T,), phosphogypsum (T3),
carbon-based fertilizer (T4), no application for farming (Ts), and urea phosphate (Ts) on the chemical and biological
characteristics of turf rhizosphere soil were studied by a pot experiment. The results show that compared with CK, soil pH is
decreased, while the contents of soil organic matter, available phosphorus, microbial biomass carbon, nitrogen, and phosphorus,
and the activities of alkaline phosphatase and dehydrogenase are increased after the application of the amendments. Soil bacterial
community richness and diversity indices (Chaol and Shannon-wiener) are significantly lower than CK, and Proteobacteria,
Actinobacteria, Bacteroidetes, Acidobacteria, and Gemmatimonadetes are the special bacteria. T4 and Ty significantly increase the
relative abundance of Proteobacteria, T, significantly increases the relative abundance of Actinobacteria, and T, significantly
increases the relative abundance of Gemmatimonadetes and Acidobacteria. Redundancy analysis and Monte Carlo permutation
test show that soil available nitrogen and phosphorus contents are important driving force of bacterial composition.

Key words: Lanzhou New Area; Lawn; Saline-alkali soil amendment; Rhizosphere soil
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AR B - R R AT AR g R A B0 A SR AR
Hoom, MR, BeE A0 AT IR
13 pH KBsALE, T HEANLE, EFRITR G E
Jo A Hens PE A AR A, b+ iR MR
HAR 2R 008, e BEAR BRI A Y ny A K RN B . wF
GERI, WS INER R A 5 R T A A A TR A T 4
Fy, BEVEFEYIE Chaol F1 Shannon ZFEVEFEEL,
BINERE AN OTUSs AR B+ vl WL py Al
PRI , A5 A [ R A - e R 500 %) 40 TR A s 22 RV 52
e, A7 B FEEL RIS R SBE NG

A OC 2L AT IX e Eh Ak B R WY A ST
Mo FE R EORZ RV SR, SRR
R C A AR A Rkt IR ), BRAIK R
3R pH; REz S OIE SR 11 vk S AR E
G X ER B T e T ol ), R I S A R IR A
T ARG XIS R, 2 MHX
R0 it A [ - SRR S P Re s iR A
PERT, TR EEB R, H AT OG22 MR I e ey
ERET R R A D IARGE . IR AE R, A
w0 FE Y A E T RN R
FRITEA P R A, RSB CR . I ER Bk
TR R HAZ % . H R KA RS2, ARk R
FIFEAS [ 2RI ER 510 - 48 1 i i TR AN AL, A,
AL LA 22 M X3 T Ak 5 35 Ak 1 5 i g0t
G, R0 6 FIOAS RIS AL Y e B 550 X6 RSP AR PR - S 4 R
ZAEME SIS A B2, DA 22 MR X Il T e fh iy
- R PR AR

1 #MREFE

1.1 ka4

PR A 22 M X 28 T )IIR ey 14, +
BRI IRES 1, Hi S, pH. 28k, AW,
B A AR B S EBIh 2.11 mS/em,
8.01., 3.45 g/kg. 9.18 g/kg. 96.37 mg/kg. 2.55 mg/kg
1 162.81 mg/kg.

ik 6 A HIESC R AR . ARERE(T)) . LR (T,).
BEATE (Ts) . BRIEN(TS) . SHBE(Ts). BERRIK(Ts).
Horfr, Ty & —Fh L TR T AR b ol R AR AR AL,
AR P AR 4 498 B Eh ARG, elat IR Ak
R, REfEEEY =B MR Ts £K0THEH
TR AR e B E A R ) H B OH 454,
EC VT HIERR AR AT, BERG N 1 AR AT b
Koo S b HERE AR IE R BE L P2 = LA R
i, RFHEYWBOR R RE 1. Te MR R

ik, CO(NHy)H3PO4 Ty, Ts. Te 0] i3 EIGSE
T, NEAWF, SR 8. JRE . B AR
¥, HHR S IUA e A FRA R AL Ts J2 4k T ik
RE G P2, A Al B2 B A RE 51 KA
AL AFFE A4t s T, th LB PR R LA BRA =
Pt

MR ROR R IE R S5 (Festuca arundinacea
Justice) . JRJE ¥ (Festuca rubra Penny), 4%
1 LA A B 3E B (Lolium perenne Emerald), HiH#
Alh KBl 2 e B2 A2, B Fh it 43 514 40.0, 10.0,
20.0 kg/hm®, RFFLLBIH 4212 2,

1.2 REigit

K FH LR 28 58 A REAL T HE AT AR 06, 1% 7
AMbEE, AR 4 %, T 28 &, Hid cK
HARHEAE, T, K FIARRE 75 Lihm®, T, At FHELAR
B 75 L/hm?, Ts At B E 3 600 kg/hm?, Ty Hyjifi
FABHEAE 1800 kg/hm?, T it Fl  Hi 8k 75 L/hm?,
T it B ER IR 900 kg/hm®,

RIS T 2021 AFE7EHN A R IR = 17, 5
M#E ETFRER . #msrilh 333, 23.0. 44.5 cm,
TR T 30.0 kg, FIIt, ol g 5 RHE
AYSEEAG T, InEEAKREE 1R, B 2021 4E
5 H 18 HAAREFIN . 51, oW RER 3 ik
Flr, #ER 1 ~ 2 em, #EEEWIREAK, T 2021 49 H
18 HFATRFE, REERS, PHERRINE L, FHER
BUEMEAR R B 38, b B 4 RERIRA R
VER 1 AARBR A0 IR L5328 3 4, — 13 7E-80 °C
VKA T ORAE T 850 ) 5 DNA $L, — M 7E
4 CNRAE R T 3R Y A Py i S E e , —
0y A SR 3 2 mm 0 5 FH - 32 ol o
1.3 MEEREFE

T HEA AR AR i S il B kAT
HA i & (AN) . A3 (AP) . B (AK) . AL
57 (SOM) & & 43 il >k FH w6l i §7 HL 7% . 0.5 mol/L
NaHCO; R HE—ABAPT L (075 . NH,OAC 22—k Aok
JEE: . EERREA LM E, pH k1K
1 5(m/V)BWBUT pHS-4 B BERREETHINE , 24k
(TDS)R A B F s ki,

BTG MR S e ik A T,
Hh B IR A (UA) R I 6E B 35 b e skl g, mlcbE i i
iff (APA) R FH B R 8 — 4 EL vk I, o SR Ak Ul
(CA)RFH e i TR B s 0 2, B Uil (DHA )R FH A
b =R I U Z M (TTC) b 3 5

T A YRR MBO)M . A (MBN) 19
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BE(MBP) U R A AR E , o MBC

TR ZH DNA (42O PCR 9735 : R
CTAB X FEATE R 4] DNA SEATHREL, FBIE G
JEEHL UK DNA Y 2ERE FIvk B & it DNA T 5
ODEH, HEREKMBFEME 1 ng/ul, JEURMRS
HYHEE 2 DNA AR , i FH 47 Barcode IFER5 147,
New England Biolabs 2\ 7 1Y) Phusion® High-Fidelity
PCR Master Mix with GC Buffer 17 &% i {4 HBEF T
PCR, LR BARCR Fnuirfit: . 514 S15F(5'-GTG
CCAGCMGCCGCGGTAA-3")5 806R(5'-GGACTAC
HVGGGTWTCTAAT-3)XH V4 X H B4
B BARERER 3 RN 2% iR BRI
HLYKAG I . ] NEBNext® Ultra™ IIDNA Library
Prep Kit &t R St 47 SCEA 5 F NovaSeq6000
HEAT LAY (AR BORA Y5 BRHEABR A, b
7). FHEHES FLASH(VI.2.11, http://ccb.jhu.edu/
software/FLASH/)!' S A4 RHREA Y reads HEFTHFE,
33| Raw Tags; J fastp Z 4%} Raw Tags #:47Fii%,
1531 Clean Tags; fH Usearch Zf4¥ Clean Tags ‘544
Y PEIEA T HEt DA o A R 047 5 bR, 158
BB (Effective Tags), #RJ5H QIIME2 iy
DADA2 AT REM T g KRR BN T 5 T
51, 15%] ASVs(Amplicon Sequence Variants, B[l$ 1%
TP AR 5 ) POHIRRE 2R

1.4 BiESH

J Excel 2016 BEATEHRSET, HI SPSS 20.0 Fift:
X AR HEA T LR R U7 2243 M (One-way ANOVA), H]
Duncan %X 8 #E47 ZE L. R QUIME2 it
1144 observed_otus. Shannon, Simpson . Chaol ., goods
coverage, dominance I Pielouw’e 8%, Jf-2Hil¥Fh
ZRGEIZERY; KA CANOCO 4.0 #pEXT £ EERT 10
LAY T TR 5 PRI dE bR (8] A A ELOC &R
HATTUA 3T (RDA), 3% 1l Monte Carlo ‘B #6156
TR E N, Horh BBy 999 W, B
PeAKTh P<0.057,

2 HERE4SWH

21 WREETENFZEREYFER

FH % 1 AT, AS R ER B 2 R 7000 B AR P 1 4
b2 F 2 PR TR ) I 3 (P<0.05) . Hirp T, Ts
Ab PR 4R A /N T CR AR, HAYEELYE CK
IhBRIE RN Ty Te ALBRAYH AN & i & /N T
CK Ab#fl, JHAabPHyy KT CK Ab#E; T,. T4k
FHLFR) B 78 2R 5 i 5 /N T CKOAb ) A Ab B I 2
KT CK AbH; o ARG pH 2 FEAEE, i
6 U I S KA A s Ty T AL FRAY I AL E S
PERE/NT CK LB, T, Ts Zb 3R KT CK Ab3,
HAA S CK AbBE 22 RN 35 T, Ts AbHE Y IR
TEPERERT CK AR, Toab3 S CK AbFE2E oA i
F, HA AR 28N T CR AR s 4% AL BRAY A LR |
R | A W A e R S R B IR i T 12
T CK AbHE,

F1 EBEWTURFINEITRELIENZ REY 1 RE G
Table 1  Effects of saline alkali soil amendments on chemical and biological properties of turf rhizosphere
Ef=ta CK T, T, T T, Ts Te

TDS (g/kg) 336+0.02a 3.39+0.02a 3.12+0.05¢ 334+0.14a 3.41+0.06a 3.22+0.08b 3.31+0.07a

pH 7.91+0.01 a 7.84+0.03 a 7.89+0.01 a 7.86+0.01 a 7.85+0.04 a 7.89+0.01 a 7.88+0.01 a

SOM (g/kg) 899+0.49¢ 10.58+0.94c 11.58+0.03bc 12.49+0.79b 9.66+0.81d 1596+1.13a 12.18x1.11b
AK (mg/kg) 227.84+1.48d 277.11+£241b 16330+2.66f 279.23+2.63b 554.04+1.78a 249.78£2.57c 185.77+2.18¢

AP (mg/kg) 2.90+0.13f 4.23+0.07d 346+0.09 ¢ 6.40+0.17 ¢ 7.37+0.26b 4.05+0.01d 8.93+0.12a
AN (mg/kg) 77.58+2.56¢c 57.40+453e¢ 81.02+2.76b 64.19+3.50d 90.56+542a 81.87+2.28b 85.16+4.04a

CA (mL/(g-h)) 0.88+£0.02b 0.80 £ 0.04 b 1.14+0.01a 091+£0.02b 0.70 £ 0.04 ¢ 1.02£0.04 a 0.70 £ 0.04 ¢

UA (mg/(g24h)) 0.78+0.06 b 041+0.10¢ 1.01 £0.08 a 1.08 £0.05a 0.30+0.06d 0.15+0.01 e 0.80 £ 0.04 b
DHA (mg/(g-24h)) 0.006+0.00a 0.014+0.00a 0.009+0.00a 0.016£0.0la 0.015+0.00a 0.008+0.00a 0.013+0.0la

APA (mg/(g-24h)) 0.72+0.35¢ 0.96 £0.26 a 0.92+0.28a 0.97 £0.06 a 1.00+0.39 a 0.81+0.09b 0.87+0.15b
MBC (mg/kg) 46.74£231f 237.69+136b 10298+284d 14890+3.65¢c 141.60+427¢c 72.12+3.18¢ 253.06+2.04a

MBN (mg/kg) 3.64+0.16 ¢ 5.89+0.13d 841+0.19¢ 5.02+0.11d 20.10£0.22a 16.59+0.87b 8.02+0.72¢
MBP (mg/kg) 49.45+295d 67.19+4.69b 5589+1.04c 77.26+3.53a 7445+385a 66.46+4.88b 63.92+1.57b

W BRI £ E2E0=3), FATARR/NG FHRRABE 2257 P<0.05 /K% ; TDS. SOM. AN, AP, AK. CA,
UA. DHA. APA. MBC. MBN. MBP 75 ma4h . AU, BffA . AR . s . oS eams . IREE . WEEs . st i i |

TRE YA Wik |

A W TR,
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2.2 RFRLTIEMAE Alpha S

2% 2 AN, 28l e O Y I F e g R PR AR R
FlJG, CK. Ty, Ty, Ts. Ty, Ts. Te AbBASH BT
FITE 53 856 ~ 61 240 JEHINZEZ; £ 0 R AL PR
OTUs %t H . Chaol #§%{. Shannon-wiener 844 &
Z/NT CK AbBE, Pielou’e Al Simpson F550 22 %A ik

F AAHESCERE S ETE 99% VL b, S5 AR
FOEE(E DRTs, W BdEteAR s 755y . YR
R, RERSUERG S AN AR EE R . A 2
A, A AR SR OTUs $0H &y 931 4>, Hirb CK,
Ti. To. T3, Ty. Ts. T AOEFTFRA R OTUs £ H 5>
B 912, 618, 629, 687, 512, 596 Fl 659 4>,

*2 HEFIHSZIT. FEESSHEMELY

Table 2 Sample sequence numbers statistics, richness and diversity indices

Eizg 0 CK T, T, Ts T, Ts Te
HRUFH] 56059 +510.63 56661 +£270.91 61 240 +260.89 58 033 £210.03 56 252+ 302.16 53 856 + 197.86 60 748 + 258.57
OUTHH  2020+£7.77a 1893+893c 1925+9.70b 1930+£501b 1839+7.35c 1885+8.57¢c 1744+290d

Chaol #8% 203542+7.31a 1898.09 +8.38¢c 1938.66+4.75b 1937.80+4.28 b 1 847.68 + 7.82 ¢ 1 890.41 = 5.13 ¢ 1 754.91 +3.38d
Piclow'e 8% 091+0.00a  090+£0.0la  088+00la  089+0.02a 088+00la 091+000a 0.85+0.06a

BEEE (%) 99.90+£0.00a 99.90+0.0la 99.87+0.00a 99.90+0.00a 99.90+0.00a 99.93+0.00a 99.87+0.00a
Simpson 840 0.998+0.00a  0.997+0.00a 0.992+0.00a 0994+0.00a 0995+0.00a 0.997+0.00a 0.982+0.02a
Shannon-wiener 10.01+0.12a  9.81 £0.08b  957+023b  9.68+0.18b  955+0.18b  9.84+0.13b  9.16+0.09¢

Eig i

10000 o 23 RELRAEHENT
L L 3 TR, A4 AN RATRETA A M
8000 & {357 10 BT 150 - AT ] (Proteobacteria,
= =t 26.9% ~ 38.2%). AT (Bacteroidetes, 14.5% ~
% 6 0001 ] E%E ) 17.4%). L1 ] (Actinobacteria, 10.0% ~ 16.0%).
%}; ;E * ZEF T ] (Gemmatimonadetes, 5.2% ~ 9.6%) . FRFT
40001 TéL H [ J(Acidobacteria, 3.9% ~ 9.0%). JEEERE ]
LT (Firmicutes, 3.1% ~ 6.8%). £t 5[ ](Chloroflexi,
000l E1-i| 3.5% ~ 5.2%). PetliE ] (Verrucomicrobia, 1.6% ~
S 4.2%) . Wi#E ] (Deinococcota, 0.9% ~4.1%)., HEH
123456780910 12 14 16 18 20

FEA KL
1 o-ZHFERIFHRRERE

Fig.l Species accumulation boxplot of a-diversity

Ts

CK T,

912 596

core
Y931 T,
618 512 T,

629 687

T, Ty

E2 ARAAEDR OTUs 2% 1 ik E

Fig.2 Petal map of OTUs distribution in different treatments

401 ] (Patescibacteria, 1.9% ~ 3.0%), 3t 5405 B4
1) 89.7% ~ 91.7%, HAZEWIT. AT, &R
T 2RSSR T TRIRAT A 1] 7 4l P S 70.5% ~
76.1%, VWX 5 AT T RARRICH e, Hrb, 2
BETIFE Ty To AF AP RAXT F B B35 T CK b2
(P<0.05), HAbAbHLS CK AbBHICH W22 5% ; A
IT7E T, AbBR P A F2 5 35 = T CK AbHE, 7% T,
Ab PR AR R B T CK ARF(P<0.05), HiAth
WPEE CK b2z R AN, ZREER T ]4E T, kb3
PR B R T CK AR, 7E T, Ab 3 A
X FERE B FE/NT CK(P<0.05), HAlhbRES CK AbRE
ERARRE; BFTHETIE T AP A AR B
T CK AbFE(P<0.05), 7F Ts A XS S
CK APz A2, HARL I W E LT CK 4b3H
(P<0.05).

TEA ISR B (B 4), 2 b BRAN G AR X
JEE MK E M TR 10 57 (A0 N5 51 R« IALARTE
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&3
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@ 2R ) Gemmatimonadota B FRFT T
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Fig. 3 Relative abundance of bacterial community at phylum level

100
80 -
& .Il-.i:ll"- Egmgm A,
a2 60 RRARAH
M BEEEE
#
B 40}
z
20 F g
CK T, T, T, T, T, T,
A3

O NIARIE R 40 Gammaproteobacteria & LT 44 Bacteroidia
& ZEHE 4] Gemmatimonadetes 8 FRTH R X Acidimicrobiia
@ R4 Clostridia
@ HAh others

MY LEKFTHAERFEETERE

® 2B 2 Actinobacteria
@ PEik B 49 Verrucomicrobiae
m & A B 24X Rhodothermia

4

8 A H 40 Alphaproteobacteria

O ZHEATF A 2 Bacilli

Fig. 4 Relative abundance of bacterial community at class level

P& 49(Gammaproteobacteria) . fUFT 44 (Bacteroidia) |
A2 £ B 49 (Alphaproteobacteria), i 2k T 4
(Actinobacteria) . ZF g & 49 (Gemmatimonadetes)
g 4 (Verrucomicrobiae), ™ i W X
(Acidimicrobiia) . 2 F# 4 (Clostridia) . 2 i ¥T 18 49
(Bacilli), C FH B 49 (Rhodothermia), J&@ T-1# &
UIANR, 35 AR R 64.8% ~ 73.9%, HINALAE
A NE YR RN A E TR €S A L s
) 44.8% ~ 58.0%, TERAIX 4 40 A TR LR 49 o
Hrp, WAL R NTE Ty To A AR 322

T CK 4b#(P<0.05), HAhAFEY CK AbsiZE R
ANEFE; R NTE T, A b B A 2 T
CK 4hbB(P<0.05), HAbALHES CK AbBEIE FAS 2% 5
JOUFT T 40 RN R T B 40 45 A BRI A 0 = 3 2 R i 25
24 HEBEEMETEMERMNXR

INAH TR T 17K P X6 240 R v 45 4 5 - A 855 A 7
AT TUAR T (E 5), 255K ], RDAL. RDA2 43l
B AR S 42.88% F1 12.51%. Monte Carlo #
I I aE A R (R 3), AAEE . TR AU 3 A
RIS AL EE T
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0.8f Bacteroidota

AP

Patescibacteria

APA
Firmicutes

Gemmatimonadota

Proteobacteria

RDA2 12.51%

AN

. Verrucomicrobiota
Acidobac{erion

CA
Chloroflexi

0.8t Actinobacteriota |

-1.0 RDALI 42.88% 1.0

(Proteobacteria: ZZJE [ ]; Bacteroidota: fUFFIAIT;
Actinobacteriota: J{ZZH[]; Gemmatimonadota: ZfFUEIT;
Acidobacteriota: FRFFIE[]; Firmicutes: JEBERI[]; Chloroflexi:

£ H1]; Verrucomicrobiota: PERLE )
5 WEMHESTIENERFAKAN
Fig. 5 Redundancy analysis for bacterial community and soil
environmental factors

% 3 Monte Carlo FIREEER

Table 3 Results of Monte Carlo permutation test
¥ iR (%) TR (%) Vs P
AN 25.5 35.0 6.5 0.004
AP 15.1 20.8 4.6 0.002
UA 5.5 7.5 1.7 0.138
AK 5.7 7.8 1.9 0.148
CA 4.1 5.6 1.4 0.192
APA 3.8 5.2 1.3 0.240
MBC 1.1 1.6 0.4 0.792
TDS 2.6 3.5 0.9 0.420
DHA 0.8 1.1 0.2 0.880
pH 4.8 6.6 1.7 0.152
SOM 1.6 2.2 0.5 0.674
MBP 1.6 2.2 0.6 0.648
MBN 0.7 0.9 0.2 0.956
3 g
31 HBEIHRFAMNEITRETEUFRENF
I EA )
s A dh R R AR LR TR S A AR A
ARG R BT, i LR TR A R R (To) R e 4k 5 i

A, RYIFLIR R B R o AL (T)
Ak SR B S S R e T A AR B 55
SNEAS B 5 A — i B R BE R A G .
HLTUR FRAE TSRS JKF A 28R, B0 6 Ffk
R e A AL A RO S R TR, o

BE(Ts) A BA LT i 42 = e b 35, WRTR IR (To) Ak
A R0 B I N B I 0, X S BEIR IR % B (P)
(=45%) A K.

- S PR AT LA A [ - B AR W 2 IO Y
AFIXT 3 B2 R0 3R 4R, SR b A 7R+ 8 T f A8
b, IVEN B3R IE I | 3 i e A ) AR
BBl ARG, BN 6 Fhek RS L SR p R
Filg v MR e, SRS A B, LR
(To)\ BATER(To) R PR BT PE A i, FLIRTR(T,) . %
HIB(Ts) b Bt AL UG PR i, 3X 5 Wang %602
X I R SR 4 e — 30, U FLRR R AL S RE A
BT MR A W R R A, 4 e - e S . 1
A Y Ak . A BRI BUR H I M S ek
PR AR ABFSERIT, & A AR Y R
Wi i R B i A CK O ARFRER &7, BRI N 6 ik
7 FEXT R i . R BT RABE IR, hiE
YRt TR . AR, R TR R AR
KM+ AN EESKE
32 HETHRFNEILRER L EMAEBFTEHERK

b

ER B RIR R 2 5 ) ER 0 L U E RIS S5 A i
BIHER . ABPREY, BIEET] . WFFETT . R
T ZERBE T TRIRAT R T T RSB TT, X 23y g
P ASTE T A AR T B AN S A A 32
FPECO, BB T TR RBER . SRR MR
T IIMSE, St B BompdirER", 2Fm
TR T2 SR ORUM A0 T A 35 AR Wy sk Ak 2y e Ak iy
Z5HPY RS ) B LA  J E R
Mg YE, JEREfRUERN 7B & MR R AR KT, R
(] ER A - 25 R Rl 8 pH T B, A F T RRAT R AE A7 -

TIEHAEY S 50 A &R 2 A AR
N R, AR R, AR RAE, TR
Y% Shannon-wiener il Chaol F85IH{K T CK Ab3H,
T BH B R ) A it A 252 i) = SR AT TR Y 3 B B RN 2
PE, X HE S A BRI RS T -8R S R pH,
il 7 ER W R AH R I A KA DG, T4 PR ER T R
BRRAIERN AE S, X5 Wang ZEPOA A 41w ) A
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