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Influence of root growth and bacterial community in the rhizosphere of different

root types of alfalfa under drought stress
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Abstract: To study the effect of drought stress on morphological characteristics of alfalfa root and bacterial community
structure and diversity in alfalfa rhizosphere soil, pot experiment using three root types of alfalfa ( rhizomatous rooted
Medicago sativa cv.Qingshui, tap rooted M. sativa cv.Longdong, creeping rooted M. varia Martin.cv.Gongnong No.4) as the
experimental materials was conducted to set up the drought treatment experiments. The total DNA of the seedling rhizosphere
soil was extracted and deep sequencing of V4 region of 16S rRNA gene was performed to characterize the bacterial
community structure of drought—treated alfalfa. Compared to the normal condition (CK), the richness index of Chaol and
Ace was the highest under moderate stress, whereas the diversity index of Simpson and Shannon Wiener was not significant
under different drought stress. Proteobacteria, Chloroflexi, Bacteroidota, Actinobacteria, and Firmicutes were the special
bacteria. The relative abundance of Proteobacteria and Firmicutes dramatically increased, while that of Chloroflexi evidently

decreased, whereas that of Bacteroidota and Actinobacteria significantly firstly increased then decreased. The plant height,
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aboveground and underground biomass, root activity, root volume, and total root length were significantly decreased with
increasing of drought concentration, while root shoot ratio increased first and then decreased and reached the most under
moderate stress. Under severe stress, the plant height and root activity of M. sativa cv.Qingshui were significantly higher
than those of other varieties, while root shoot ratio and underground biomass were significantly lower than those of other
varieties. The root length and root tip number of M. sativa cv.Longdong were significantly higher than those of other
varieties. There was no significant difference between average root diameter and total root surface area among three root types
of alfalfa. Results from this study would present reference to the resistance of plants to drought stress and the improvement of

water use of three root types of alfalfa under drought stress.

Key Words: root system; alfalfa; drought stress; rhizosphere; bacterial community structure
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77 mL Hoagland 537, B MEPE S 4 U, 3036 46, AH 15 d JE REE TG HIR R PHER RSN ERTVD | H]
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PR MRRFRIARISES . R ARG J R AL = 2R3 D0 & (TTC ) ik ™

+ 45 DNA $EBUR 20 16S rRNA JER Y1 . 5K FH CTAB J7 3 REAS (R 3L R 20 DNA AT 40, A 19 3¢
W EE I L VKR T DNA P 3 i, BBGIE 5 0 RE i T 25048 b i P RDK WG BERE S 22 1 ng/ L, AR REJS A9 2
RIZH DNA SARAR , BRI e DX 38 i) e 86 | {8 FH 71 Barcode BY4E5 5[4, New England Biolabs 2\ F] #%) Phusion®
High-Fidelity PCR Master Mix with GC Buffer, Fl= & P& B 4T PCR, 8 (R Y™ G BOCRFIMER . FIHS9
515F(5'-GTGCCAGCMGCCGCGGTAA-3") 5 806R (5'-GGACTACHVGGGTWTCTAAT-3") #14 H: v4 XL F
Bt BN 3 IREE . PCR Y I N £51F 4 :98 C HIAEPE 1 min, 98 CZEME 10 5,50 CCiB &k 30 5,72 C #Eff
30 s, 3 30 MG, HBSGTE 72 C T 5 ming ST 2% B BEEEE RS B UK A, 33 Hiseq 2500 65
(Ilumina, SanDiego, CA , USA) #F47l J¥ (i REIE AW FE BB ARA A, db5) . FHLEE £ QUME
(v1.8.0) B it g PieE EBECE AN 8RR TR 20 H B U (effective tags) .
1.4 BdEaowr

FH Excel 2003 #4754 48 11, H SPSS 20.0 44 % B0 48 17 B K K J7 25 53 B ( One-way ANOVA) , H]
Duncan X8R 1T 2 B 0, FIH Uparse FE X i 1A 2807 513847 OTUs 22 ( Operational Taxonomic
Units, MIUEE 97% LA E) ,H Mothur 73" 5 Silva S0P SSURNA %08 ) dE 47 40 R i B (1585 B0 R
0.8—1.0) ;K] MUSCLE(3.8.31) 8 f4F 2 b A 7P 2 77 41 L X, SR Qiime (1.9.1) #4115 Alpha Z4E VS
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76.63% .58.49% F1 75.70% , HRIAFHH CK R T 38.15% .35.20% F1 49.38% , M3 K4 CK Wi/ T 7.49% 4.47%
M 14.57% , H 1 fokkes WA BERT DA (P<0.05), T ARK B2 KT T A (P<0.05), I A1y
MATEBZERT [ (P<0.05) s AN MR ETE 1A 7 H BE M R B 52 SN J5 T Bt 34, 76 b B2 i aa st
REEARAE, T I I AARIE 4 CK 20 I8 0 T 30.05% .32.94% 1 18.51% (P<0.05) , H. [ RYMRE L 2 /)
F AN (P<0.05) MR RV EAR AR R SR MRS AR AL 45 ) 22 S R S 385 1 A AR QB0 Jolp 2t A 38 o J) 22
S L AE NI (P<0.05) 10 1T AT I AR R4, 2t 10 2 T R 35 (P<0.05) , EEEEM A ™, T (11 AR 204K
5 CK IR T 16.34% 24.24%F1 51.82% , H. I MR AR E # 1 T 1 AT ( P<0.05) ,
2.2 MRPR SN S Alpha Z2HEE 04T

P 2 AT i e A I, Ao IR & Y P A1 S, QS.CKLQS.M . QS.S LD.CK \LD.M LD.S .GN.CK ,
GN.M GN.S W 5T HITE 55943—67703 il A2 3, OTU %4351 711,785,701 645,752,707 662 658 .
762, I 1 AT, SR SRR B R AR 98% LA I, R4 A RE W Bl XA T8, U B AT 5 I 3 5K
PG 3, R ERA S e il I AN PR VR Y LS AE B . 4540 FE Chaol $840F1 ACE F8EUATE P A T &k, B
Ab 3R] 22 548 i 35 ; Simpson Fl Shannon—wiener 6804 A0 B A] 22 AN B3, H & 2 w00, A AR 2544 OTUs
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Table 1 Effect of root growth of different root types of alfalfa under drought stress

M T y
N by RETE Wy TRTHER \ )
iR L Wit Average BIAR BREFER REALK HRAREL
fbFE weight of Root dry Root .
Plant . Root . root Root Total root Total root Root tip
Treatment . aboveground weight/ . activity/ . 3 A
height/cm . shoot ratio . diameter/  volume/cm®  surface/cm? length/cm number
biomass/ glokk (pgg h™)
mm
810tk
QS.CK 40.7£2.92a  2.08£0.10ab  04320.04c  0.20£0.0lc  1023.02+1.67a 0.34+0.04a  021:0.09b  9.08£0.29a  112.9+1.22a 465+1.59f
QS.M 36.8+3.84h  149+0.21b 0.38+£0.08d  025+£0.02b  712.12+1.86b 0.3120.02a  0.14£0.06c  8.87+0.26a  108.8+3.22h 634+1.9a
QS.S 32.1+£3.28¢  1.43+0.07h 033+0.03d  023+0.0lc  239.07+1.10g 026 £0.02a  0.1320.06c  8.81+0.39a  104.4+3.58¢ 41+1.77c
LD.CK 39.9+2.70a  2.27+£0.56ab  0.57+£0.08b  0.26£0.04b  383.69+347¢ 0.35+0.08a  0.25:0.06a  9.18+0.14a  113.2+2.36a 495£1.52¢
LD.M 36.9+3.43h  1.64+0.04b 047£0.15¢c  0.29+0.08b  267.54+1.84f 0.3420.03a  020£0.09b  9.14+02la  111.5+£2.62a 524+2.78d
LD.S 292+2.9d  1.60£0.25h 044+007c ~ 028¢0.04b  159.26£1.32h 03120.02a  0.1620.0lc ~ 9.01£0.13a  108.1+2.38h 615+1.64b
GN.CK 40.5£340a  2.80+0.61a 0.80£0.21a  028+0.4b  667.16£1.78c 0.34£0.07a  027x0.06a  9.13+0.12a  113.2+1.17a 371+1.10g
GN.M 3224297c  2.16£0.35ab  0.73£0.15a  0.34£0.03a  526.94+334d 0.32+00la  0.1620.06c  9.08+043a  103.1+2.23¢ 500+1.95¢
GN.S 294+347d  191+044ab  046£0.17¢c  0242£0.04c  162.1120.92h  0.30£0.0la  0.14+0.04c  8.76:0.21a 96.7+2.09d 563+1.78¢

QS KT Medicago sativa cv.Qingshui; LD “ M7 246 E 5 LD. M. sativa cv.Longdong; GN; N 45 ZAEE TS M.varia Martin. cv. Gongnong No.4;
CK: X8 CK. Control; M " EEHIE Medium stress;S: EEIME Severe stress; BB AT b ER (n=3) ; FIFIARR/NG FHFIRTE 0.05 /K- 245 .3 (P<0.05)

R2 HEFIHSRT.FEESSHEREY

Table 2 Sample sequence numbers statistics, richness and diversity index

i sl Observed SRR *ﬁjfw Chaol $53¢ ACE #44 W

Treatment sequence 0TUs index index Chaol index ACE index Coverage /%
QS.CK 55943+367 711£18.15 6.38+0.05a 0.96+0.00a 774.12+30.14b 784.11+23.12b 0.997+0.00
QS.M 57971124 785+22.06 6.47+0.44a 0.96+0.01a 820.33£19.58a 836.07£16.22a 0.997+0.00
QS.S 61580£153 701£13.08 6.29+0.18a 0.96+0.01a 764.97+20.10b 770.39+16.68b 0.997+0.00
LD.CK 63992+139 645+8.00 5.91+£0.84a 0.92+0.07a 707.31+8.44¢c 712.62+16.19¢ 0.997+0.00
LD.M 64716£155 752£17.35 6.56+0.26a 0.96+0.01a 821.70+18.61a 834.59+21.67a 0.997+0.00
LD.S 61368+192 707+6.88 6.61+0.13a 0.97+0.00a 759.31+14.31b 771.75+15.93b 0.997+0.00
GN.CK 64070165 662£17.21 5.99+0.48a 0.94+0.04a 751.61+19.04b 761.49+5.81b 0.997+0.00
GN.M 67703+340 658+6.88 5.77+0.56a 0.93+0.03a 818.14+26.71a 817.90+11.84a 0.997+0.00
GN.S 60992+436 762£17.21 6.37+£0.45a 0.95+0.03a 737.56+5.46h 749.30+13.05b 0.997+0.00

BN TIE AR (n=3) ; FFIAR/NG FRLIRTE 0.05 KV £ 5 8.3 (P<0.05)

2.3 ARER LSRN REVE > A

H P 3 AT, 4% A 20 TR RE 95 AH O 5 B AT B9 40 T T 53 00 28 JE B 1T ( Proteobacteria ) (54, 44%—
77.59%) AR W 1T ( Chloroflexi ) (1.60%—24.43% ) \JHF W ['] ( Bacteroidota ) (4.71%—13.08%) AL 1A ']
( Actinobacteria) (2.66%—3.38% ) . J& B2 4 '] ( Firmicutes ) ( 1.97%—4.19% ) . unidentified _Bacteria ( 1.47%—
3.75%) Kapabacteria(0.21%—3.53% ) JEfL# ] ( Verrucomicrobia) (0.34%—1.93% ) M%K% [ ] ( Bdellovibrio )
(0.38%—1.04% ) Candidatus_Kaiserbacteria( 0.02%—0.58% ) , 3t 1 40 /& B 4L 1 92.97%—96.90% , H. 7K
PRI BRATR T ] RATRRT ] BRI T IR EE 1] oy R BRSO 85.09%—92.40% , EIAIX 5 AN TR 20 i A (L5
WA, AREIRA LR 72K b AR F A — e 225, FEbaRE g m, 5 CK M, ZBIE ] 82
BEPE 1] unidentified_Bacteria fll Kapabacteria i /1 ( P<0.05) , ZSFF 5 ) R B 1T PEROE 1] A2 NG 1]l
Candidatus_Kaiserbacteria 35G35 FRAK ( P<0.05) |, 4R 25 B | ] i 2 P& ( P<0.05)

H 1] 4 TR 2% Ak B2 TR T AR O A5 BE T T 0% 40 T 43 0 R < @S TE IR ( Herpetosiphon ) 1 B 61 B )
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R’ BR O
( Paracoccus) L4 J& ( Cellvibrio) Shinella J& B %
Y2 J& (Azospirillum ) | Devosia J& .SWB02 J& . H 18 iR
R J& ( Mesorhizobium ) , 3 5 40 18 &L J& 1) 43.05%—
61.86% , HABSEREHIAINS 325 1l 38.14%—56.95% , 4
WTER 32K b AR SR —E 2= 5. B
B EER N, 5 CK AR EE, TEAE R | AR SR 760 1 s 11 i)
PR B W FHFRAL (P <0.05), Pseudoxanthomonas .
Devosia .SWB02 F1 Hh 18 A= K3 988 T/ Jg 3 B 3 8 I (P <
0.05) , £F 4R B & | Shinella FE U 0 S 8 0 )
fK(P<0.05) ,

( Pseudomonas ) . Pseudoxanthomonas J& .

3 e

R IE SR IRAE YR 2 PR A5 1 24845
TP R, TR AR R R R R AR
PRFREE KA F A TG FIR A K 7 32505 5 T
WESE2VHD Pirajmedin 252 50y, M T8 ARIAH
MR A S b P S A 2 W IR A O R S Y
SR F B, T 5 a0 W BN TR AL S AR R R A
SR o, TR0 PRt R EE MR R
S BRI R T o, R R SR A AN
FEiEPREEENRRSRmAEE N, AR
7,5 CK AR LG, B0 2B IR, 25 AR 2 7 1 20 ik
f L BT E ORATE RAEN WA Y EE R

R R BRI MR R SRS SRR XA — E T 1
’),%‘z@%?ﬂﬂﬁi@ﬁﬁﬂTHﬁﬁ@%%ﬂﬂﬁLﬁBE’Jiﬁ I
8T R TR X SRR TS5 e —80
HE 7J<§J‘ﬂj}n_ﬁ%7fﬁiﬂﬁ?Eﬁ*ﬁﬁ‘tti‘ﬁu X5 HAt o
FXF /AT TR R Y A R — B MR

RECO AW T L R S, A T B0 ), AR 2K A i K 5%
FETFE BOMR s AR AR TG 7 SRR BRI v, AR 2B
REAEE IR MRA T AR R ARAR AR
BURDRH R e ARBERL 0 4 S 20 6 E A6 1 b T3 AR
FA T MOE ARG, X T AE S i A FIAR Y AR AR
FR T IO s M SR I S 25 S L IR R A ROAE
523 Bt 5 PR ISP EE (1 2L (5] 52 0

W FE W], AR BRAH T A S 5 IR A A 10 BRI i oy 2
FFEMA 1 %Llﬂ?*ﬁ%kﬁﬂfﬁﬂj]LE’JFjJIE#ﬁE‘ZZIK)&ﬁJ.KI_JE’Jl_ﬁio i%%tfﬂ@jtﬁﬁwﬁi%mfﬁ
ABIFFE R, B A AR PR 1 A T £ A R
KR

BEFRAY vy 1 I P RE

LT SRR AR L AN T A TR 2 A (R

B S MR R E I R
VETT SRS BT EFFIT R TA TR RE T ] 5 AR TE ], X S AOG 2 K AR

BRI, BEM IO FEEE AR, A T AR RE T A AR X R

TKREET  BEREEN ARISHEEH

—o— X X X
—A— HREE —o- HUENE A pENE
—— EENE HE A A
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Fig.1 Rarefaction curves for samples
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Fig.3 Relative abundance of bacterial community at phylum level
e HiJE| Herpetosiphon B REHEE Pseudomonas Pseudoxanthomonas
B RIEKEE Paracoccus O “4NE)E Cellvibrio B Shinella
B EARE 8 Azospirillum B Devosia SWB02
m w8 AR B Mesorhizobium [m I
TR EWE R B AL EAE WRAGIIEE T
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Sib ¥ Treatment
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Fig.4 Relative abundance of bacterial community at genus level
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[T 2R PR L8 T A 1 A% P AL A AR B i R RE AR DI, 2 25 AL AR o 240 7 e A AR 3A TR ) 8T B LA 5

R R FA T ) 0 i B S REAIR UK M > AT LA R A T R0 S T R AR A S TR

BEH T AT A2 1 5 MRS A A, T S ae o A AR R L b R 3 T R T ) AR R A
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A D IR AL AR PR AR TR REAC T C N S A Y BRAL AR R B, P L, T 5 e B S
S RZE A | X A AR R A R TR R A 45 A8 FLA I Y R X 8 S R B U A R T REAE T
ST R R AT AN B0 T 32 B ) O T A4 AR

4 #Hit

TR EAR Y R AR AR EERYE AE B AR R A K SR B S A TR A R A WE S, 5 CKOA
Lb, B0 A B3 IS AR AL E A bk e M B A i MR AR ARRTE ) AR R SIS R AR
ok L SRS ANE T B ELAE b BE 38 s B e R (B, T R e X RE RN TSR R ] R EE T T | unidentified _
Bacteria fll Kapabacteria FJAHXT 2B | B B BRI T 2 B8 1T B AR XS =5 B8 (H AT o 1] iR v 1] el v 1] L g
YR [ 1H1 Candidatus_Kaiserbacteria 373815 FEARK .
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