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Preliminary study on the effect of low pH on
the nodulation of Medicago sativa and
corresponded mechanisms
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Abstract; Effects of low pH on root hair deformation(RHD)and nodulation in Medicago sativa were investigated and
corresponded mechanisms was also discussed in present study. It was showed that primary root elongation, the ODsoo
of Rhizobium meliloti yand symbiotic nodulation of roots were obviously decreased at low pH. At pHS. 0,pH4. 7,
pH4. 5,pH4. 2,the rate of RHD was less 44. 1% ,56. 4% ,60.0% and 69. 0% respectively than that at pH6. 5 in the
presence of R. meliloti. Moreover,in the presence of NF RHD was also less 45. 9% at pH4. 5 than that at pHS. 5.
These results implied that the nodulation signal transduction of Medicago sativa at initial stages of symbiotic nodula-
tion was inhibited at low pH, which might be an important cause resulted in the reduction of nodulation in Medicago

sativa at acidity conditions.
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pHEZLHHERMEW. pHERTF 6.2, 7R
BFELEPRNE. B HEY RTR, L MEA 6
EHBER(Stout,1994); + 3 pH HEK F 5.7, B TE
FRAME pH E M T B MR E T #& (Mahler,
2002), MMM L8 5B R THBERY 40%,
—HEAREREN. WA - LEEEFTHTL
ERENGEIEMERT - RREH. B TFEHE
X+ RMEEESR, LTERERABRHTEEN
% 3 F0 A F B (Don, 2002) , B W RS 7 H X B9 K 1
b,

RUEHBEERELHPHERKRACHHRLHR
RIREGBEES,20060), HERGEHHEM pH &
HHEEESRNEZMNLBERNI SR RLRE. HE
WHTE X R L8 DL R pH RS 458
VLB, A XUUREEE AN AR T pH X BT
REK . EGR RETE REFHEKOER, WE0
TR pH MK BEEEOIH.

1 M¥EF %

L1 it F0 At )

REE ARERIBRSHELRERREE
W#E1T; 2002457 H 2 HIFIRE 2004 4E2 A 10 H
ZR,ICREE 2004 £ 3 A 10 H,

1.2 iRBEHH

(D REETE SR LI R4 (Medicago sativa
cv. Ivynate) ,Jg B I E M FAF . (DORBESE
Bk (Rhizobium meliloti , Strain ASW-1 of R. meliloti) ;
HMARMKFRESEERBFEATRERAE.

L3 RBH*E

L3.1 4% 6AE HRERATSUNG/VIBZERM
0.1% (g/MA R FREWHE 5 min M 15 min,
THKEREE 8~10 WETF 0. 106 (g/v) KK BRHEF
b, 7 25 CIER A P RIEE RIS 36 h,

L3 2 pHUExmARE K Y RGLE WERE
YHHMAZTHENFLEER L, RBATF 0.5
mmol « L' CaCl, W H . EATKBEH PR 1 J
JE EBREK 3 em 2R M 4IH L, B F pH 6.5 f1 pH
4.5 ML PSR 24 h, AHEEFRE, S HNE
GRKE,MRUEZEZARMBEKE, ATKEHER
BSWR:25 CAHIHBE 7040 ~80%, R REREY
54 umol » m? « s, M. B 12 h/#% 12 h,

1.3.3 AR pH TREBE A KE ARG AE R me-

Liloti fEA 1 d B, £ 1 mL /4T YM BE
B (BRI 50 mL, pH {H2 5124 7.0.6. 5,
5.0.4.7 #14.5),28 °C.150 r/min {E %1535, FR 6
hak 12 h J§, fl] H ODgy {H (A =600 nm, f§ UV-
MINI-1240 220 VE £ & #3543 06 B IRE) .
1.3.4 A H Ak LAY FhNA BIHEETH
HEMGE THREHBNBIRE BIEFH P, E5HF
HHRFBEASB 1/5 F & & Fahraeus TR EF T
(pH6. SYFEEF BN R ERBEFREER 2/3
(Fahraeus TR & FE ¥ & Na, HPO, 150 mg - L,
MgSO, » 7TH,0 120 mg - L* \KH, PO, 100 mg » !,
CaCl,100 mg « L' 7R 4k 5 mg - L +HyBO; 2. 86
mg * L' \MnSO, + H;O 2. 08 mg L .ZnSO, + 7H; 0
0.22 mg + L', CuSO, - 5H,0 0. 08 mg » L,
Na,MnO, 0. 11 mg - L), @& #3538 8 d B, BA
pH6. 5 i} Fahraeus JG & B 3E W v Xt 8, pH4. 5 1E2H
M, R EREE . EEBRPREERES
B 2X10" INE - mL?, ALH 3 d EEFALCEEE,IF
BREMN, EEAEMKEREZHEZE.PHN6.58
Fahraeus BREFWIEF ERBRREHR., 43 50
d J&, A AR R ARl I EE.
1.3.5 4% B F (Nod factors, vA T # # NF) # 4] &

2 A% B V-4 (1996) Ry 38 77 34 I B ek 3 . 4
KHENF RV ERKEZLXSNBERTEHN
pH4. 5 KB Milli-Q BAIK#E#,1X10° Pa T X
& 10 min, B-20 CHKHEHRFEH.
L3.6 REXHRehnal WAEBEH pH 451
FE6.5.5.0.4.7.4.5 1 4.2, LFELL Fahraeus
EREFBERBEREFRE, FEMRBEECX 10
ANE emlY), AHE2dEERBMETRMRERE
2

WEESRB AR pH4. 5 71 pHE. 5 8 0.5

mmol « L CaCl, % H,3 d FMMRELEEEK,
B RELENERE L, A EMRER B
A 1.3.5 HEEIFH NF, 4B ER S NF & mA
BHR, AARIA NF AL HE AT,
L3.7 %tk LERXREERNRUL,&4H
BERINULERE REFEREZEHTEERE,

2 HRELM

2.1 R pH METEMERMICHITM
BREANR 3 cm HERBA pHA.5 85 1/5
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&) Fahraeus TEE FW F,pH6. 5 HXTR. 4
W24 hERNSLEMERMKE. £ pH4. 5 4
H24hj5 MIAERMMRKENH T 28.6%. ZEWK
BERER,pH6.5 5 pH4. 5 K4 T HREMERDY
HEEAHBREELER. TR, EEWEREKE
FHEHB MR, K pH MBI EEWERM
KE&ED.,
£1 EpHAEEVERMKHOEMN

Table 1 Primary root elongation of
alfalfa at different pH value

pH {8 pH value 18 1§14 & Root elongation (cm)
6.5 16.92+1.18 A
4,5 12.08+0.90 B

W, BPPEIFHELEEEZ 3ANMEL. SMEES 540N
. A\B.C.DEFREE INWBRBEKE, HAFHRERERAD
%, TR,

Note: Data indicates means=+SE, 3 repetitions, 15 data per repeti-
tion. A,B,C,D means significant at 1% levels,same letter means no
significance, The same below.

22AB pH G THERBENEK

SRy IEBRARNRZ —REEEYNE
KAEPRBMERESER  RBEBLB —-ENE
BAREXNEEHYERBRRNELRS ., EHMTEK
B R AR KRB L EF S, TRHEY
WEERAERERRKEBE KRBT LRI RBEER
KRG RN LD (Elkins %,1976), REHE
MEERNSBESH FENEMN METREF
SAFHEE. AN REENEYES S TEF
B . amOER FEFEREYRBEENYR
(Rao %,1995), H B X} nod 3 H T xHRMFI1EH
(Cooper %,1995), HEBBEHEEN pHAE 6.5
~7.52ZH, REMNEK pH 5 6.8~7.2, B 1 £
AR pH 8 YM iR IE 5 2 B 5% R. meliloti 24 h
J& sR. meliloti BRI ODsoofH .

1 ERE, ERFRERN YM B FFE &R
R.meliloti 24 h J5 ,RBHMEK KA BB EEFNE
F. LA pHT7. 0 R %t B, 7E pH6. 5.pH5. 0.pH4. 7
pHA. 5 X T, R B E KM ODwo H 4 3 TR T
23.6%.95.2%.96. 8% F1 97. 0% . X FBAME pH(pH
<5.0)X} R. meliloti FA4= KA RIRMHIVERA.

23 M pHEE AL BN N

AERBHEE S L 9HKEE-—XEME, U
pHE. 5 B AN B, K HFERB /S RNEN
Fahraeus TEEFBON pH A ZE 4.5, R aTEF
R.meliloti, FEELAHE2%kIE6dF . BN 1ANE

aA
0.6 bB

cC dC dC
0 "

7.0 6.5 5.0 4.7 4.5
pH

Bl ##24hREpHAGTHEREENEK
Fig.1 Growth of R. meliloti at different
pH value inoculated 24 h

9 Fahraeus BREF B KL T, 50 d FHKS
BRBERB EREYTRERE 2, R 2EH K pH
MEEESBEMEkRER. SxHRAE(pHS6. 5 H
B,pH4. 5 LG, EREHABBWLT 16.9%.,
¥t Fahraeus TR E FRWEFRMT ik L35
S E AN LT 15.3%.

£2 RpHWNEESEREEREM (50D

Table 2 Effect of low pH on the nodulation and
growth of alfalfa after inoculated 50 d

pH {& pH value 6.5 4,5
BEEC - %D 9.3+0.2 A 7.74+0.2B

Total nodules(nodules « plant!)

o8 W (mg - D)
FW of aerial parts (mg * plant1)

118.34+2.3 A98.5+1.1 B

2.4 {§ pH X RELERHKI R

B RERBBHNPILTESRELE NN
#IAH— 3, A B — 2 (Djordjevic %,1987), HIE
HESEREYEREERBRE-TMERNOLRE, &
EAZLBEHRYNREEARRENRMERS
Mg, Kb, o EY SREEEETESRS
M5 SRR —FXUE K F S0 F BB (FK
%,1983), HEMRBEEAHT MRRBEESHS
FHYBENERM ,BEERERENE 2:2),M
PREEERRNEEREHLIASHE 2:b. A 2.
O AE(E 2. DETHERAR(E 2),

# Fahraeus TR EFBBRESHN AT A
pH6. 5.pH5.0,pH4. 7.pH4. 5 f1 pH4. 2, A EHTE
S, BT AP R, meliloti, 4038 24 h TWMEE B
REEHHGEE I,

B3 3 A A, 38R R meliloti 54T ,pHb5. 0,
pH4.7,pH4.5.pH4. 2 b3 24 h [/, EERELR
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Bk B E M MH AR EAIE R4 5 Xt R (pHS. 5)
WA T 44.1%.56.4%.60. 0% 1 69. 0%, XFH
R. meliloti RYH Rt , REHES B EEY#®
FTHEE RS A AR B E b BE pH H .

B2 ARAETEHERENELHEL (X160)
Fig. 2 Root hair deformation in different

treatment on alfalfa (X 160)
a Xt B bye METH; d BREHH.

a. CK; b,c. Root hair contorted; d. Root hair branched.

I3 EMREEABE pH O HERETHARW
Table 3 The effect of different pH at root hair
deformation inoculated R, meliloti

pH {g pH value # £ & Root hair deformation (%)
6.5 36.2442.71 A
5.0 20.264+1.59 B
4.7 15,80+1.19 C
4.5 14, 484+1.23 CD
4.2 11,224+1.22D

R4 RpHNEERELTRAORW

Table 4 Root hair deformation at low pH

pH 1 BT R Rate of RHD (%)
pH value NF(+) NF(—)
6.5 41.88£3. 13A 3. 7820, 56a
4.5 22.65+ 1. 88B 3.4340.24a

MHEYRER 430 K WE L2, IR E
HEBERMRE, GRTE—F U NF ®i5E
BEE) A B A0 4 3 (Truchet 4,1991). 7E & A B H
WHAENEL T, NF T X35 8058 LAY MR
EORSHMEAEKEEEAR, WRETERR
(root hair deformation assay, f& #f Had i£ %) (Pe-
ters 4,1986) . Z{L A H 7E M B NF ZERMGEE
AT 68 E 78 H B Had R & (Dénari¢ %, 1993;
Schultze %, 1994; Long, 1996 ; Downie %,1999),

BEEEHRLA,NF AESREEM4 D ESR,
B SRERE (HEF%,1996). NF 2R7E
B EFIREBEHEHNERES  SRER NF &
EWE S F ER R H S B MR E (Stokkermans
,1994), AMAER.EHEHFLRDERT
REESRASWE NFATUBSEEREELES
B(E2)., RIGRER,ZEMANFHERT K
pHU DM HEREHTHERARBENMFE
A.RETHREBAT 45. 9% MEAT M NF
REM R. meliloti WER T . MBERRMM(E
4, KpHU M EERETE LT BELW, VLA
BEEBEESHEIFEAGTH o H ASHAMEERE
REBHEE .

3 WREER

SRR SRR SHERNERER
%,2005), AREM, K pH MG FHERANEGH
(% 2),iX 5 Vargas 1 Graham fE¥ &4 T pH 5t
ROBRBHEEFEMEIEMHARLE R —B(Var-
gas %,1989), {k pH MFIREBRALHESHR S
FERR—RIIEARRR . RAN—RIIRANER
ML % LK B RN (4 E ¥ %, 1996 ; Spaink 45,
19D, EHERAAEAREEFENELT. R
BHMHERERRLEY, FRREESRERRNR
ik, 74 NF, NF BB HSIEF R ETHHER
BE . ENFRIERAT,.REFERLEERR, 388
BRELE — 4NN ERN. TR.RRE
FHERLE ERERAESEERRAMEIEA
MEEESHES EIRNERNIRE. EREHS
BEBRRAMEEAIE D, TRH—-FHZ3W
i, A TSR EERREHE.

AR pH XU TEMERLEEELENRER. &
FBEEKZHGE DIFTEHENSREE 2,
HIERREKZHEEERBOK S R4 MEES TR,
oA VERRRAL, B T 455853 72 B A AR v R 4t
WEAF ATP RER, AT S TR RN GEHERES. 8
CTOREEAREZE, S REEGES A THENED
FOTE M RS s BR(E 5 40 F 1B 0 88, BRIR =
A YIS B BT (Rao 45, 1995) B9 RE N, IR B 12
RABRBEAEE nod ZEEMREZTIHMHE
(Cooper %,1995) , N\ T B B 78 945 . Hohenberg
£ (1984)F1 Munns(1970) 4R 38 + J A BR M S F 30
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45 VB % pH SRR SRAEE 78 208 19 B R AL I 048 637

HRBEZE LR FER, AT YR 4R,
= RERSRAZENHELERALERRZM, 4%
HRFEMYR _EE R ERY ISR
HRZHE. REXERREXNREEHARM NF 5
SAEY A G5 B ) LR OB, IR B AT BB,
DRWMEENER. & oH £4T, BN REERE
i NFHERYHELT . EEREBEHEHZBE pH &
MR BEEESRERME. MEREMRE
HHT NFFENHELT G pH WEERELEL
BERWMGE O XUARZLEHESHILF TR
PHAESHAMHEERENEE., TR K pHW
# T HRBEX G E 5w RN, M8 pH Mha T, 458
FEEEZERETVZAMBARKNHTEE
W%

HRLAMANME TR oH WEEFES %
RATEHTULHET, BEEGREOERIHES
REESFHHARFHE—BTA.
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