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Effects of continuous drought on soil bacteria populations and community

diversity in sweet cherry rhizosphere

LIU Fangchun', XING Shangjun"*, MA Hailin', CHEN Bo”, Ding Yanqin®, DU Binghai’

1 Shandong Academy of Forest, Shandong Engineering Research Center for Ecological Restoration of Forest Vegetation, Jinan 250014, China
2 College of Life Science, Shandong Agricultural University, Tai'an 271018, China

Abstract: Drought stress in soil can be crucial to plant yield because it reduces growth rate, stem elongation, leaf
expansion, and stomatal movements. Several microorganisms in the rhizosphere soil are free-living, soil-borne bacteria that
aggressively colonize the rhizosphere or plant roots. The efficiency of rhizosphere microorganisms in promoting plant growth
has been demonstrated in numerous greenhouse and field studies on different plant species. However, studies on the
influences of continuous drought on rhizosphere microbial populations and community diversity are limited. Therefore, a
bacterial strain with known positive effects on plant growth, named YT3, was used in the present study to investigate the
effect of continuous drought on soil bacteria population. The bacterial strain was isolated and screened using the serial
dilution method on the rhizosphere soil of sweet cherry ( Cerasus pseudocerasus) growing fields. YT3-gfp was labeled with
green fluorescent protein into plant growth-promoting rhizobacteria YT3. A pot experiment was conducted to determine
whether continuous drought stress ( continuous drought of 7, 14, 21, 28, 35, and 42 d) could benefit YT3-gfp activities in

sweet cherry rhizosphere soil. In addition, the effect of continuous drought stress on microbial populations, as well as the

EEWA : \IWARA BB KRR BB B3 H (2007662009007, 2010GSF10621)
rfE B H9:2012-11-06; f&iT BHA:2013-03-04
# W IRAER Corresponding author.E-mail ; xingsj- 126@ 126.com
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community diversity in rhizosphere soil was investigated by plate culture method and terminal restriction fragment length
polymorphism ( T-RFLP) analysis. The results showed that the YT3-gfp populations in the rhizosphere soil were 8.75 to
28. 77 times higher than those in the non-thizosphere soil of sweet cherry. The YT3-gfp amount increased simultaneously
with the continuous drought stress in rhizosphere soil or non-rhizosphere soil ; however, a decrease was also observed during
the severe drought stress period. YT3-gfp in the rhizosphere was more easily subjected to drought stress than that in non-
rthizosphere soil. The maximum YT3-gfp amounts in rhizosphere soil and non-rhizosphere soil were observed on day 21 at
166 x 10" CFU/g and on day 28 at 6.7 x 10*CFU/g. Along with continuous drought stress, bacteria and actinomycete
populations , as well as the total microorganism amounts, first increased then decreased; however, fungus populations in the
thizosphere soil of sweet cherry decreased continuously. Continuous drought stress significantly influenced the T-RFLP
profiles in the rhizosphere soils of sweet cherry seedlings. The T-RFLP profiles showed that some special terminal restriction
fragments ( T-RFs) decreased, and some T-RFs disappeared with continuous drought stress. However, some T-RFs
appeared under certain drought stress conditions. The highest Margalef and Shannon indexes and the lowest Simpson’s index
were observed on days 21 or 28 after continuous drought stress. Moreover, the principal component analysis for T-RFs of the
different treatments showed that an independent group of bacterial community structure was formed during continuous
drought stress in 14 days to 35 days, indicative of the diversiform community structure. The other two independent groups
were formed on days 7 and 42 after continuous drought, respectively, indicative of the simplified community structure.
Consequently, soil bacteria community structure was significantly influenced by continuous drought stress. Certain drought
stress can improve the bacteria and actinomycete populations, and increase the microbial community diversity. Therefore,

certain drought stress is beneficial to the sustainable microbial community structure in sweet cherry rhizosphere soil.

Key Words: drought; rhizosphere ; microorganism; Cerasus pseudocerasus; community diversity; green fluorescent protein ;

terminal restriction fragment length polymorphism
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AR, IR R O (55.7+1.87) om, FH b1z
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R PRBHBE A0 P (], SR A5 2R | 8 R S A0
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YR, X HHE TR A g AR B A A S DA
16S rDNA JF9I B 550 % 8 3BT, 0 0 2 2 0 1 o ffd
)& ( Pseudomonas sp.) , C PR T H G 2B 4 & P
TS 0 (CGMCC No. 5319) . YT3-gfp 42 YT3
(A 2 (0 5 T B AR T2 DA, AR A TR1 R %l B 287 43 31 O v
B b K 25 3R Y S17- 1 (pMP2444 ) F1 MM294

FOUBRIE J

R

B RERIERS

(pRK2013) , i 3 — JE A4 A8 1) J7 ¥ K AN IR L A =
AZARH . YT3-gfp MI9EGEAG B K v T &5 a0
K1 R, ¥ YT3-gfp EAEERE T T UL 1% 3F
HIESHHEE 6 (24 WIR) Ja TR B RN 6% , b
IO BTRLAE 2 AR T rh AT RS 5

E1 YT3-gfp WRABERERFRERERS
Fig.1 Picture of YT3-gfp by fluorescence microscopy and its colony morphology

1.2 5t SR ik

RIETF 2011 4F 5—8 H 7 LR A Mol Bl 2= 58
Bt 1) S8R M v R AT, SR AR 08, B BL X A 15
It. %5 20 em, % 30 em, BE#EEE L 13 kg, 2011-5-
27 HAB AR W T, SR 100 ml YT3-gfp B
KI5 v T PR HRAR 2 Ja B, i A B0 TR 2 30
10° CFU,, 2011-7-12 Bk S — S Pk 2038 i o
TSR, E 6 A KMETE LT d h—
AREFRFE A S TR 7 d 14 d 21 .28 d 35 d
42 d J5, 2 B5C/E D7, D14, D21, D28, D35 Al
D42, F R (2 1) 75 R A) H W HEA T E

UCHEIE 34 8 7K 22 4 B8 H (e 47 7K 3 19 85%, 2011- 8-
23 T ERIHE S5 AR A A B A A X5 K = 53 )
Sk IR REZK 19 76.59% (141 ) .65.78% (353EH.) |
60.68% (& FH ) \51.25% ($2 B T 5) (42.74% (H B
T5) 0 33.19% (HEET5) . SRR 5 821
FE Bl AR e R R R KBRS R+
HECAEMRPR L) | SR 5 H K AR e T B 2 1) L 458 43
BT ok, s ARSI (RBR 1) M ARPR L
FHT YT3-gfp £ AR R 5 & A1 T-RFLP f1Y
E AP+ F T YT3-gfp E g E

®1 FETRAOEKEILIT

Table 1 Continuous drought treatment of experiment

AbPRAS[E] Treat time ( H-H Mounth-day)

AbPE Treatments
07-12 07-19 07-26 08-02 08-09 08-16 08-23
D7 + + + + + + -
D14 + + + + - -
D21 + + + - - -
D28 + + + - - - -
D35 + + - - - - -
D42 + - - - - - -

FIEHBEIK ; —5 1L 587K ; D7 D14 D21 D28 D35 il D42 43 B Fm g T 5 7 .14 .21 28 35 d f1 42 d

1.3 g5k
YT3-gfp H0 A E - FH T TR K 2R 9045 LU AR B 1
HERE S, A 100 wl, B IFBOIE A LB Pk AR,

37 CH53% 24—48 h i, RIEPUH-EAR FAE KA HETE
DG B e T A BN EES (K1) BEHt
TR YT3-gfp A%,
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F E.Z.N.A.Soil DNA Kit(3E[E OMEGA 2~ #]) . KA E
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Scanner Software v1.0 734,
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G b T IR T AR YA o Ap (ER R BEK
FETE 50—500 bp X [H] HL KT 1% 1 T-RF BUEHFHAT
Geitorr., LLEGE b &E—A AT GE ity T-RF M4 —
™~ OTU (operational taxonomic unit) , Lk T-RF f%AH X
WEE TR ARAE S X B OTU 1Y F2 B2, MR [&13E rh OTU
(R I = 5 5 BIO-DAP 5 fE 47 2 B 4y
Bro HRAE T-RFs 16 A [FRE dh &3 b 09 20 A S 2
SR SPSS A X £ i AT B AR e HE L R
Phylogenetic Assignment Tool (http ://secure.limnology.
wisc.edu/trflp/ ) X FEEL ) T-RFs T 3% B9 Fh 2E4 T
FRE

YT3-gfp K = K IJRE AL Wy £t 1) 2 35 R A 6
K Excel 2007 F1 SPSS # A BEATAHSC 0T, 45 2R
3 YCE SRS A XM, A2 S R BT A O
S RE = (b2 FIMH) x1009% 1

2 ERES

2.1 YT3-gfp ¥t

FREL T 26 ARk 1 Y YT3-ofp 208 5%
(B 2) AT LVE I FEAR A T B A T, iR By 35
o YT3-gfp B 52 IR bR £ P 1Y 8.75—28.77

. PO, YT3 B2 G T A BEAR b 3 v i R
HRPR A 458 o B A AR > RREE T BT YT3-¢fp
(R S ) 2, R ) A B ) 2 Sk B KO-,
WRAARPR + HEE AR AR by e | Bl 2 50 B 1
BN, YT3-gfp AY%CE B W14 I, 35 25— T 5 0m B
Ja MOOF R 2 B FEAK . AR B RN AR b -3 b i
YT3-gfp £ 43 I 7E T R RFLEE 21 KA 28 KATIA
KA, 23590 166x10* CFU/g 1 6.7x10* CFU/g
+ . BeH HRPR A HE N ] T 55 B X YT3-¢fp %k
FER I A 75 S 2R 80N 50.89% , T % HE R B 4 38 5 g
AR S R BN 11.32%, L AT 0L, AR PR 4 4
YT3-gfp BUEZ R4 T 5 0952 0 B4R K FHER e +
e Z B EZm
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Tt q) . 75 4
g - 160 | p: N a 7.0 EE
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\>§ 8 80 55 ig
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®E 60} 5.0 %E
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a
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D7 D14 D21 D28 D35 D42
T 540 B Drought treatments

E2 FETFREETEMITERTEDE YT3-ofp HE(MSD)
Fig.2 Effect of continuous drought on YT3-gfp populations in
the soils of sweet cherry seedlings (M+SD)

2.2 MRPREGUE Y R
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REE DR S e W R B s e, o] LU ARk
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2.3 BT T-RFLP ElE A 2% 0

2.3.1 FESh T-RFLP BS540 M =2 7 BOwE o #r
ST S 56 Ak AR PR+ HE A T-RFLP &3 an /& 3

7R, B R A B B AR Y T — A T 06 2 ) 44

WP L WeE AR A A R & i, WL,

6 FhA TR T AL BRI FE 66 bp 91 bp £ 136 bp 257

THA MRS T-RFs, A7 5500 BE G R T Fom

ey sl s FAR K, — L Jk i A 06 T AR R

KEFARK(66 bp) ,— Lo 5% HH X e 1T B 2 /D s
#(91 bp) , M—LL A FERFE T R 2 K — BRIk
FEKAH (136 bp) ., fE—LLREA 4 b 34 4
Wit Pl 0 R 5 1 38 o S AR A R A, A T 4y
2342 (91 bp 127 bp 138 bp. 148 bp Al 150
bp) ; FFE TR B SR EENE 2 i B — S A Al
TR FE RN, R AR U 2375 2% (57 bp .88 bp
1262 bp) .

R2 FHETEXNERTESRERLEPHBENBENNM(MSD)

Table 2 Effect of continuous drought on microbial populations in the rhizosphere soils of sweet cherry seedlings (M=SD)

JEFH Treatments 40T Bacteria /x10°

TR Actinomycetes /X107

HE Fungus /x 104

D7 11.40£1.01 cd 40.67+5.01 d 4.11x0.28 a
D14 31.03+2.54 b 53.01:4.29 ¢ 4.17£0.31 a
D21 48.33£5.17 a 62.33+4.65 b 3.20£0.21 b
D28 18.87+2.34 ¢ 83.33+5.54 a 2.93:0.22 b
D35 8.73+1.31 d 49.33£3.29 ¢ 2.97+0.26 b
D42 8.30+1.24 d 35.03+1.98 d 2.19+0.19 ¢
cv®/% 75.08 a 32.01 b 17.13 ¢
INEFEE R 1SD W R R  HFE TR R EF A LE AR TFRRREFEE (P <0.05); QR 25
50 100 150 200 250 300 350 400 450 50050 100 150 200 250 300 350 400 450 500
T T T T T T T T D7 T T T T T T T T D14
L 138
6000 RNET —{ 8000
1000 [ \ 50 i 148 231
2000 {21 91136 \ 130 223 % | 4000
0 " Ak A A A 1Y, A M A A A 0
D21 D28
6000 w6 148 —1 6000
66
4000 |- 127'\1,33/{ s o 1 {4000
2000 | 88911}/ /7 2T2 766 o1, 1/3§4815° 437 2000
0 “ l.l. N h.ﬁu( n L A A Al ].J. A \J\ .1‘. 0
3000 |- D33 D42 1000
2000 66
d —1000
1000/ o1 13\6 1/48 L o1 136
| | |1
0 4, A A U A Y A 0

B3 FEHXIAEZ FEHSC £ % 1 580 T-RFLP EiZ
Fig.3 T-RFLP profiles of drought treatments in the rhizosphere soils of sweet cherry seedlings

# T-RFs £l %0 A Phylogenetic Assignment Tool
Bt PEFEAT HEXS X 1 i v I # e mT RE AR A 4 b
PEAT T HE , A52RERWTBR T 57 bp RUOCHIE IO
AL, P3G rp — 26 g #ewd ] gE AR R W R
Actinobacteria (66 bp), B-Proteobacteria/y-Proteobacteria/
Bacteroidetes (88 bp) , y-Proteobacteria/ Bacteroidetes/
Actinobacteria(91 bp) , a-Proteobacteria/B-Proteobacteria/

v-Proteobacteria/  8-Proteobacteria ( 127 bp ), B-

Proteobacteria/y-Proteobacteria / Firmicutes/ Actinobacteria
(136 bp) , y-Proteobacteria/ Firmicutes (138 bp), a-
Proteobacteria/ B-Proteobacteria / Actinobacteria/ Firmicutes
(148 bp), a-Proteobacteria/ Firmicutes/Actinobacteria
(150bp ), Firmicutes (262 bp) Fll a-Proteobacteria/
Firmicutes (437 bp) .
232 ZFEREUMT

AR T-RFLP [&13¥% (18 3) Hty OUT %t | Fi
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AP 3T 6 A SR L A A T 2 RE SR
B(FK3), nTRIE R T 50 MR 52 AR v AR P
LIRS A AR R BRI, BEE
St R0 B A I, BBk AR AR PR - Margalef
FEH (& BEFEE0) M1 Shannon T8 ( ZAE MRS &
Wit 7R TR 25 21 K JEAGE B = i

Ifil Simpson's #5540 (R HEFEEL) B Wi AR, 76 T 5 W
10 EH 28 K e flk, FFEt 5 35 KEIH 42
KIF, MR 13 19 Margalef $8%0F1 Shannon $5 EH
REAR, T Simpson’s F5 400 ETF U B B8 &
it 35 d, T IEAN R T K S5 40 2 R 52 BB T EL )

B
5 I]ﬁ o

F3 FETENERSESRRTEAE S HEZM(MSD)

Table 3 Effect of continuous drought on species diversity in the rhizosphere soils of sweet cherry seedlings (M+SD)

AbPE Treatments T8 51 JHE 2L Margalef index

A AR %L Shannon index

S ZRFEHL Simpson’s index

D7 2.704+0.196 b
D14 2.964£0.121 b
D21 3.419+0.139 a
D28 2.981+0.112 b
D35 2.721£0.176 b
D42 0.946+0.062 ¢

2.154+0.134 ¢ 0.122+0.008 be
0.096+0.004 ¢
0.081+0.004 d
0.075+0.006 d

0.102+0.008 ¢

2.231+0.135 be
2.699+0.109 a
2.311+0.124 b
2.040+0.098 ¢

0.889+0.052 d 0.421+0.024 a

Margalef index ( 3= & FEFE%U) ;Shannon index( ZFEPEFEEL) ;Simpson’s Index (LHEFE %)

2.3.3 LT T-RFLP ) E R0
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