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the material cycle and energy flow of soil. Bacterial diversity and community structure can reflect the
quality of soil. High-throughput sequencing has been widely used in studying soil microorganisms,
and can get the classification information of soil bacteria more conveniently and accurately than
traditional sequencing technology. [Objective] To analyze the bacterial diversity in alfalfa soil of drip
irrigation as well as to study the relationship between the bacterial diversity and environmental factors.
[Methods] High-throughput sequencing on PCR-ampllified 16S rRNA gene V3-V4 fragments was used to
determine the bacterial diversity in rhizosphere and non-rhizosphere soils of afafa under two growth
patterns, and were analyzed and compared. [Results] The richness of bacterial communities calculated by the
Chaol index and the bacterial community diversity calculated by the Shannon index showed the same trend:
drip irrigation afalfa soil>natural rainfall alfafa soil; 879 675 high-quality sequence were derived, 4 431
operational taxonomic units (OTUs) from 4 groups of soil samples, which were classified into 46 categories,
53 classes, 116 orders, 220 families and 469 genera, except some unidentified bacteria. Proteobacteria
(25.27%—34.42%) was the dominant phylum, of which Alphaproteobacteria (11.41%—-18.97%) was the
dominant subgroup and Sphingomonas (1%—4.54%) was the dominant genus. Compared with natural
rainfal, the community structure of 6 phylum and 16 genus of rhizosphere soil bacteria under drip
irrigation changed significantly. In addition, RDA analysis showed that different environmental factors had
different effects on the microbial community. The abundance of 9 bacteria generain the rhizosphere soil of
drip irrigation was positively correlated with total phosphorus, available phosphorus, available nitrogen,
total potassium, organic matter, soild-neutral phosphatase and soild-urease contents. [Conclusion] As a
new water-saving technology, drip irrigation increases the diversity and abundance of bacteria in
rhizosphere soil of plants on the basis of promoting plant growth, increasing yield and saving cost. The
results provide scientific data for the reform of new irrigation systems and the development and utilization
of soil microbial resources.

Keywords: Drip irrigation, High-throughput sequencing, Bacterial diversity, Bacterial community
structure

L4V B (Medicago sativa L.)7EF8 FE P b b X
KGR, SHOWREZ E . HEERNZFAE
PR, BAA 7 am . YRR . PR R
FEah F ISR A, R R RV AL & MOl i)
T I 1 ) N B 1 L8 T AN O N N
HEVE RS R A TR K EEE B AR B 2 i,
WA AR A L, SOk TIHX . BB R
W, VR AR R AR P AR
BRI KR, (R AK, R As 74
M gErh eE R, o I A Y R 2
AP EZERE G S S AN

A P A AR S R G A B AR AR
HHUR A TEERF, ERh L ESED L
L, R AR S RGO S AR A K R
BAEZENZW, EE HIEMAEY PR R E
WO ZERE, S SRS . L5
EFNFRARI Z B W T IR S R SR

E R FE R 3EIE ) % ) i Ar e EEAE A, FLAN
T Vi 20 M N 2 PR AE — RE RS i e e - S
AR AL R A BIF S A TR R VK R 2 R
P, XA A AR A R R LY hEE, L
JSLEAR H AR R G R A 2k kB S A0 ™
fEEHAHEER X,

B H AR AR, BAmE . &
JE R B AL B 0 28 AR il s P B R e Tz
BT RS MUE WIS 45 7T, S EGF
FEARA Y, o 0 A R T B S 4 T b S
A BRSSO Z e . BTG T B SRR
AN RE VR RO BF S A B, S T S A
TR R W REVR R AE AR AL, ARBFSE T
lonS5™XL 5 -4, I B Y (Single-end) 7
PR/ B SCE HEA T BRI Y, RHIRE VA AR
W T 7 R A W B VR 4 R R B R A T oy
Mr, B TEE 7S T A TR 4 A0 T SR

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



FXAE A TR T A AR - AN R 22 RV RV 254 1) S )

2581

BEVE A A RRIE A RE MR, 50T 20 D R E S 4R A B
HFZ B R, Rk A A KA At A
Yy s T R EARE
1 ARSI
11 EEAFIFNEE
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Gel Extraction Kit, Thermo Scientific 23] ; lon Plus
Fragment Library Kit 48 rxns, Thermofisher 3] ;
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{11 SPSS 19.0 % +3e Pk B4 75 K 5y 2243
B, R - S0E T 5 A B 2 AV T Pearson AHOG:
A3H; FIFH Canoco 4.5 X R Hh B AR [ A TR
EFNF I 43 (Detrended correspondence analysis,
DCA), kMEmKMERKE/NT 3, KRHIURT
(Redundancy analysis, RDA)Fi+ 38 v 41 1 e 74
SERFIFREE I Z ] R

2 HR54MH
21 HIRIBICM BRANBEIEY

- SR T PR S RAERS P 0 E  RAn 1
Fios, TEHERN AR R A AR PR 1 5 b 4 A (Total
nitrogen, TN). flf#%& (Alkdine nitrogen, AN), 4
i (Total potassium, TK). +3EfikfE(Soild urease,
SUE) 1+ 35 s 4 iR 6 (Soild neutral phosphatase,
SNP) & 2 THRR S L1 B e bR
+4% 57Kk (Moisture content, SM). A HLJF (Organic
matter, OM), 4:f#%(Total phosphorus, TP). TK,
AN . £ % (Available phosphorus, AP). S-UE #ii
x1 HATIBEFBEECET

Tablel Theenvironmental parameters of the soil samples

SNP Fat¥ i & T A SARERARPR 3%, 1 pH 1
TN SR T ARS8, Hh SUE
Ml SNP IEHERIHN DA SR H
SR EERER, SSACRITTREE R B e B e A
KT g5y, H BRI b 1A —
E M IREEMLIARAN., AR T IREEIE T A S TiRE.
22 MEFEREFIIRERIE

X4 21 (12 M) R T T 16S rRNA [
Rl Y, PSR LB A AT, R
R TIEEr BT 8 3E 879 675 7%, ~FiK
JESTANTE 417-418 nt. 1E 97%fHIE T #7411 2R 2k
JHAFPIRIEH OTU, SEit&rtihEARR OTU
I F RSB (R 2). 44 IR AR 5 5
98.7%-98.9%, UiHMFESTE, FTINSS RAEAS AL
LS P e T3 AR TR R T o MR R S TR
AP UREE AT AR I B A B
PE. M LFR, dhZtam P, sl r4ds =
AHL, JFEARRNS IR AR AL, HE
AG/ T TS 2 CegRals Ui [HINE L IS

samples  pH SM OM ™ TP TK AN AP SUE SNP
(%) (gkg) (kg (gkg) (gkg)  (mgkg) (mgkg)  (U/g) (nmol/g)
MR 7.54+0.01c 12.90+0.78a 12.95+0.38a 0.70+0.01b 0.26+0.01a 33.96+0.54a 81.67+9.33a 36.22+7.19a 0.44+0.06a 12 915.31+330a

MB
NR
NB

7.63+0.01b 14.25+0.33a 8.89+0.54b 0.52+0.03c 0.23+0.00b 32.31+0.13b 50.17+2.33b 24.41+2.51b 0.12+0.02b 10 736.43+347b
7.71+0.04a 11.11+1.78b 7.82+0.46b 0.81+0.03a 0.21+0.00c 32.49+0.24b 60.67+2.33b 20.95+1.67b 0.12+0.02b 9 194.99+456¢
7.73+0.03a 13.22+0.43a 7.90+0.15b 0.55+0.02c 0.23+0.00b 31.29+0.19c 33.83+4.67c 24.29+1.55b 0.08+0.00b 7 833.83+26d

M SM: FKFE; OM: HHLUE; TN: 2% TP: 48f; TK: &47; AN: TfFA; AP: HiWE; SUE: LIENREE; SNP: 11
HVERERRTE. [R5 [R]/NG SRR R R i 2020 =2 17 22 5 1 2 (P<0.05).

Note: SM: Moisture content; OM: Organic matter; TN: Total nitrogen; TP: Total phosphorus; TK: Tota potassium; AN: Alkaline nitrogen;
AP: Available phosphorus; S-UE: Soild urease; S-NP: Soild neutral phosphatase. Different lowercase letters in the same column indicated
that there was a significant difference among the groups of different samples (P<0.05).

*2 BHBARFFOSHEMSTEROESR 97%)

Table2 Diversity analysisof bacterial community in different plots (similarity is 97%)

Samples Reads OTUs S:]:gg(()n S'i:g:;n CI:::;(l ”Aqgel)z( Coverage
MR 70 981+9199a 2 423+120a 9.478+0.023a 0.995+0.001a 2673+247a  2695+224a 0.989+0.003a
MB 68 591+16372a 2 312+104a 9.275+0.044b 0.996+0.001a 2701+210a 2679+185a 0.987+0.005a
NR 78 948+1552a 2 331+107a 9.315+0.039%b 0.996+0.001a 2654+214a  2649+149a 0.988+0.002a
NB 74 705+9681a 2 402+52a 9.118+0.006¢ 0.994+0.002a 2685+240a 2 696+176a 0.988+0.002a

T SN ING FREROR AR b 3240 2 9] 22 57 2 (P<0.05).

Note: Different lowercase letters in the same column indicated that there was a significant difference among the groups of different samples

(P<0.05).
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Figurel Rarefaction curvesof the 97% similarity level
T MR: AR L5 MB: HHEEEAERPR L3, NR: AR
MIARPR 35 NB: HIRFEHAERPR 5.

Note: MR: Drip irrigation rhizosphere soil; MB: Drip irrigation
non-rhizosphere soil; NR: Natural rainfall rhizosphere soil; NB:
Natural rainfall non-rhizosphere soil.
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AIOLET T, BRI AT T RS BE R ] 2 4 2% [QFH
PEANEE AN, FLARTE TR 24 RN R . B TE
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PR W e FLEMBIEET TP mEa, HEE
£ p T B S B O B H (Sphingomonadales ,
6.87%—22.68%) LA} a7 T 18] 40 N 43 2 A BH 1 7
PERE(E 2A) . MRHJVETZ BT 5 117K 1 240 7 s 4K
1) 34.42%, o-ZIRHMN . -LILHN . y-EIRE
9453530 o5 49K - 40 T R EE) 18.97% ., 3.98% 1
11.38%, NR 722 B @i 1] & 717K - 40 1 S %L
25.27%, o- BN . S-ZIL WM . y-LIE W
43 55 K- 20 R 12.84% . 2.89%
1 9.50%.

FEJE Kb, ARG S 3N TR 469 4
J&, HA RS . F BT A RN
wEZEERE, 2504 80.00%, 85.29%, 82.28%,
85.43%, VLW I RS KB A R A4 i AR
AP, BRI R 6 MEMKIK
g A P B 1 e (Sphingomonas,  1.00%—4.54%)
A5 J& (Arthrobacter, 0.62%—4.09%) . Z5ifRIK
& (Nocardioides, 0.77%—-3.03%) . I#1T &
(Lysobacter, 0.27%-2.24%). %% & (Massilia,
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Figure2 Phylum-level (A) and genus-level (B) distribution of bacterial in soil samples
TE: Unclassified: 4328 REIHAIANERZERE; Others: Fiy 4l IR ZSHE.
Note: Unclassified: Bacterial sequences that were not identified into anyone in databases; Others: Rare groups.
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Figure3 Difference analysis of bacterial community structure at phylum level in soil samples
e A THHEETEAREE vsAEARPR 1385 B I B ARPR LI vs B SARERR B 7 AR PR 3%,
Note: A: Drip irrigation rhizosphere vs Drip irrigation non-rhizosphere; B: Drip irrigation rhizosphere vs Natural irrigation rhizosphere.
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Phylum MR MB

B4 TIRMEREAREZRE
Figure4 Clustering of bacterial coloniesin soil samples
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Table3 Pearson correlation coefficient between soil bacterial diversity indexesand soil environmental factors

Diversity index TN P TK AN AP oM pH SM SNP SUE
Shanmonindex 0342 0517 0163 0676 0520  0.604* -0467 0.026 0.747 0.667*
Simpsonindex 0303 -0.118 -0.05 0424 0038 0091 -0178 -0.028 0.494 0.138
ACE index -0103 0022 -0147 -0134  -0175 0007 0036 0.641* 0.077 -0.029
Chaol index -0133 0012 -0254 0145 0256 -0049 0012 0.632* 0.062 -0.077

HE: *: MHRIBEFKF(P<0.05); **: HIKIBM R /KF-(P<0.01).

Note: *: Significant correlation (P<0.05); **: Extremely significant correlation (P<0.01).
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Figure5 RDA ordination graph for the bacterial community
and environmental factors
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