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Abstract: The effect of salt stress (10 =50 g - L™' NaCl) on growth and physiological and biochemical
characteristics of 11 Frankia strains from root nodules of Myrica rubra ( Lour. ) Sieb. et Zucc.,
Casuarina spp. , Alnus spp. and Elaeagnus oldhami Maxim. was studied in the BAP medium. The
results showed that the salt tolerance of Frankia strains from Casuarina spp. and Alnus spp. was the
strongest, the second from E. oldhami, while the least from M. rubra. The morphological , physiological
and biochemical characteristics of the tested strains were also changed under the salt stress, such as the
numbers of sporangium and vesicle increasing, the hyphae getting thiner or thicker, the nitrogenase
activity enhancing and the rate of nutrient source utilization decreasing.
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FHorE B R BRI R RN AR B A AR
(F1),
1.2 Frankia 58 51E3%

BB S SR B SRR kT, S TR R, T
HTAES P EIRE T 95% B EH 1 min, T
Bk, BEA 0. 1% fE HeClL, F & 5 ~ 8
min, B, TR K i gEEGE , 254, /b8 6 E 7K A
PRSI HASUTE , I —E R T%H 5 mL
B KL BAP BRI AR o, B 28 CIE IRAA S
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W R AR K B RARIE R B R 74,
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fitik Frankia BRRE% 2] BAP RE3R70 0 [R) 25 T 5%
3t 2 ~4 JE, o3 ISR A K B XT OB M B IR, Rk
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BAP S5 3R A 1,28 C B B K 9% . NaCl K
0.10.20.30 40 f150 g - L™ 520 E 3 K,
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1.4.1 AT WERFWE NaCl ok
3 d Bk AR, B0, T E

1.4.2 BEAFLEALE Mk Frankia HRAEEE M
BEMEFIEFR 30 d )5, BB B 2 R 61 Bk A0 H i
i, B FREERES,

1.4.3 BEREFFREEMNT EBN50g- L7
NaCl HH R B, K, FRBEAE50 g - L'
NaCl FTCEIRH) BAP 3530 b , 28 CiE R I 5%
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ETF28CakLLHEFR 24 b 5, F S EBEM AN E
BEAS ) AR A i P 0 B RO, S R
3 K, AAE NaCl BiF 33 35 0005 37 I B ARAE o ¢
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SR (B UR . 8 WLBR ER 05 i &3k BE 4 9 R

1.0% 0.2% F1 1. 0%) , 433 FiXEd, 855
mL, BOSEA K E SR, @ B8 TiAE
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YRR EMEIER, SR W2k TETR, A
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BikR,7E20 g - L' NaCl AT 2K TE TN
PR AY33. 3% , M 2 NaCl ¥k B2 A BRI SR8 1230
g LWEEKAHERK, 2B ABEREN
Frankia T ¥k 3% NaCl B9 5% W 3% K. B Ak FMd3 78
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FCg08 1 224K T & T [ 8 FE & K, B ¥k FAO3,
FCg77 .FCc64 FART F1 FCel9 K2, T H ¥k FCc92
R 220K T 58 N R IR B /D
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W Frankia fTESRHE. BHMEEL, A NaCl 4
FRI) 11 #k Frankia RTE S FRAE 5 3T B4 S 4 —
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Table 1 Influence of salt stress on the biomass (DW) of Frankia strains'!

FRIFREE NaCl(g « L™ b HUS 4R 4 8/ mg » mL ™!

BB Y P Biomass of strain treated by different concentrations of NaCl
Strain Host species Location

0 10- 20 30 40 50
FCct4 MEEARRE e RS Fuding, Fujian 0.42 0.36 0.30 0.20 0.16 0.06
FCc92 R AR 1E#EE ] Xiamen, Fujian 0.50 0.36 0.26 0.24 0.20 0.14
FCel9 ERKBRER fEa % 1] Dongshan, Fujian 0.44 0.30 0.28 0.20 0.18 0.10
FCg08 BIAE AR FfE# 4 1) Dongshan, Fujian 0.78 0.32 0.38 0.20 0.18 0.04
FCg77 HAA RS EEMRE Fuqing, Fujian 0.64 0.42 0.28 0.20 0.16 0.08
FMm3 L5 AR HE I Wuyishan, Fujian 0.48 .0.14 - - - -
FMr72 by EEAE S Fuding, Fujian 0.48 - - - - I
FAc03 puIFEAR fEE M Fuzhou, Fujian 0.68 0.44 0.32 0.18 0.10 0.06
FAL07 BIEREA FEEE ST Laizhou, Fujian 0.56 0.30 0.28 0.16 0.10 0.08
FEo01 REWFT A E % Hui'an, Fujian 0.48 0.24 0.16 - - -
2215 b ZF§ Yunnan 0.38 - - - - -

D ki AR FR S Casuarina cunninghamiana Miq. ; SABUKFRE C. equisetifolia L. ; AL AR C glauca Sieb. ex Spreng. ; ##l§ Myrica rubra
(Lour. ) Sieb. et Zuce. ; PAJIFEAR Alnus cremastogyne Burkill; L¥BFAK A. formosana Makino; BB T Elaeagnus oldhami Maxim.

—: AA& £ No growth.

a. ELPMBATEME FCe08 BB 22 MfFE Hyphae and sporangia of FCg08 before salt stress; b. #h i 5 B Kk FCg08 ) B 22 f1 71 %% Hyphae and
sporangia of FCg08 after salt stress; c. :ME 5 Bk FMr3 Yy S BR B 22 Reproductive torulose hyphae of FMr43 after salt stress.

1 #EWEEIE Frankia 824 ABEMNLER( x1500)
Fig. 1 Comparison of morphologic characteristics of Frankia before and after salt stress{ x1500)

2.3 #hBMET Frankia Bk E %8¢ 109 R 00

JH 50 g - L™" NaCl Zb3EFF7E RSN T HFRH
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F,H 50 g - L7' NaCl 4L 35, f 9 KRR E I

Frankia T8 ¥ 15 ZUB6 15 YE 28 (b AR B B, O K &N
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FCel9 ; Tiii M F8 A 1 48 7 81 A 1 AR b 20 &1t A9
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Frankia Wk B BB E TR A B, HhEk
FAf07 F1 FEoO1 WY [ & B V& ¥E 4 HI3E I T 19. 85%
21.15% , BRE % B, Frankia 245 38 3
BREFERERENB S T RA, LA LEEE
R EBREARKE M FADT ;75 £ A AKRRE K Frankia
BB E MR AN, SRERER, #iR
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Table 2 Effect of salt stress on nitrogen-fixation enzyme activity in
Frankia'!

BEE P/ wmol « mg~! «+ h~! R E
" Enzyme activity i%ﬁ&ig/% ?‘ﬂgﬁﬁ
Strain 5 SR BB S Increasing rate  Vesicle
Before After of enzyme number
stress stress activity
FCc64 3.85 4.11 6.75 + + +
FCc92 0.53 0.56 5.67
FCel9 1.04 1.06 1.92
FCg08 0.55 0.59 7.27
FCg77 1.33 1.42 6.77 ++ +
FAf07 1.31 1.57 19.85 ++ +
FE001 0.52 0.63 21.15 + + +

Dyt 4 B L Many; + +; EHE Middle.

2.4 #hppiBX} Frankia EEE 75 BT B0
WA TR R R Frankia &K K FHEEKIG
Z— H5EENEBEFRBWAHEGETNNXE, &

BHaF, WA KIS, BB R X E R

FIAME, %3 45RFH, AR E KM H R E 4R
B VSRR BEARR TR,
BT ,7 RN Frankia BREXT 7 R ESFHEA AN E
A KM FREIRE NaCl YR B B3R B 2 BT S, i3
AR PL I R R X 3 U P ) T S e P 20 2 B A 3R
T T M. Hrb, LLEbE FC208 X 74 BR 44 F) B B i ik
A KA R IR B K, 35 59.0% ~94.9% ;T B
Bk FCc64 Xt iR — 80 Fil FH #9314 30 ) 2R A8 4k,
EEH/N, H10.3% ~75.8% , FOEkk FCg08 X175
FRENAAI F 52 NaCl ¥ 5 28 1k i 8 i 485 K, T Bk
FCc64 Xt — 80 ) F| FI3Z NaCl ¥R & A5 fL B9 B
BN ANRIZETEH, X NaCl ¥ E K F20
g - L7'B, & 2 bk o ik iR - 80, Z B4 . N B
PR FABRBEA 6 MEFREMNANEE
AR AR B, SR R B E IR A B

SRR 1 %) 8 SR UR A A T 24 NaCl Wk & T 30
g Lo R ARKMHB R R, %
50.3% ~94.9% , 3 BA M B 1 B SR IR B R %
3| NaCl i B9 80 B R

%3 IhEE Frankia BHEFEFR ARKR"

Table 3  Effect of salt- stress on nutrient source utilization of
Frankia®!
NaCl ¥ BEEERNH R %
Btk pr/g-L7! Growth inhibition rate of Frankia

Strain  Conc. of
NaCl 1 I I v \ Vi v

FCc64 10 10.3 12.1 14.3 13.2 11.6 13.8 12.0
20 33.4 23.3 28.6 23.7 22.5 23.2 24.5
30 57.8 56.1 52.4 56.7 50.3 54.6 55.9
40 65.4 68.3 61.9 67.0 68.0 60.5 63.3
50 75.8 90.8 85.7 87.4 8.6 82.9 84.1

FCc92 10 12.7 17.6 28.0 23.1 15.6 17.2 14.7

20 31.2 33.4 48.0 28.5 30.4 27.9 31.0
30 55.9 57.8 52.0 53.8 58.1 51.6 57.2
40 72.3 66.5 60.0 67.1 69.4 66.0 68.9
50  92.5 81.6 72.0 80.9 84.3 85.1 90.7
FCel9 10 12.6 20.5 31.8 226 .- - 15.0
20 30.4 34.7 36.4 33.0 - - 315
30 57.8 58.9 54.5 S8.8 - - 56.8
40 661 69.4 59.1 69.7 - - 61.9
50 827 90.6 77.3 83.6 - - 80.6
FCg08 10 22.0 12.6 59.0 20.3 18.3 25.1 14.1
20 30.9 28.2 51.3 29.6 29.0 33.2 31.6
30 54.7 65.9 74.4 55.9 58.7 59.9 54.3
40 69.3 78.1 76.9 68.5 70.0 72.3 66.9
50 88.0 81.0 94.9 84.0 81.0 91.0 79.5
FCg77 10 16.4 15.6 34.4 17.3 19.0 18.1 -
20 30.0 23.2 56.3 29.7 31.1 23.2 -
30 58.3 54.9 68.8 56.8 63.5 45.9 -
40 67.8 68.3 75.0 70.5 74.6 68.0 -
50 86.0 89.0 87.5 83.4 91.0 84.7 -
FAO3 10 21.6 32.6 35.3 18.0 17.3 16.4 14.9
20 33.2 49.2 52.9 24.6 28.2 26.8 35.2
30 59.0 67.9 73.5 65.2 49.5 54.3 60.7
40 773 78.7 85.3 77.5 70.1 68.8 78.0

50 89.0 85.8 91.2 86.0 90.1 89.7 90.7

FAfO7 10 11.9 26.5 46.2 23.0 - 17.5 19.7

20 26.1 49.2 50.0 48.7 - 36.4 37.2

30 58.9 70.0 71.4 68.9 - 67.8 70.1

40 70.4 78.3 82.1 78.5 - 76.1 80.5

50 83.5 91.0 8.7 83.0 - 89.5 91.4
D1:1.0% Tween80; I[: 0.2% Sodium acetate; Il: 0. 2%
Sodium propionate; IV: 0.2% Sodium pyruvate; V. 1. 0%
(NH,),S0,; VI: 1.0% Beef extract; VI; 1.0% Casein. -—; &~

F1F No utilization.
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Sof A [ e B R a8 O R REAR— o 18 R R EE FIAE
K Frankia BEHRFRI L X £ MME B BR324,
ifE £ %1 REEB T Frankia WHJLFRZIE
EhA9( 24 NaCl ¥ 20 g - L' DL R EMRARAEK),
XFR AT RE S Frankia T8 EMERFER X, K
HEAKAER M BEWEEYH, SHIEEWN
Frankia 7K $A#E L2 B2 Xt NaCl 5 5% A 38 K7 BB
71, Wik £ BA KRR 1 3E b, AR Al
AR 2 AR K. EREENE EAZ
AR+, SHIA M 2 R Frankie B
PREVRET 28R W 9 NaCl(50 g - L™') ; ] FEoO1
BERME FTRERFETFAK TEEYH L, %Ak
HILERIEERA . dILo] W, Frankia BT 36813
R EEERERFEA R, BT REEELRMET,
Frankia J& 3 T FF3E R HLE] , 53X 0 W 84T A frit
—H %A

Frankic B EER T BE A A RB P, HiEL
1HEEI% S Frankio fEROEE TP & BAM ",
7E 50 g - L™" NaCl B8 T, 58 Frankia B84k & 5
SRR E Y B R T RA, REERR
T Frankia BERBTEEDRA SHEROBESR L,
WA (F Frankia YBECEIE M , T 60 2 B0 600388
ARERSERAMEHRERENEERFZ —, 4R
REEFIEHMBRPLE , AP LREUE

LA AU Frankia B4 4 F0 B BB TE 4,

i B Frankia MIESFHE. SXTRAML, &
NI NaCl JipE T, 4385 B AR B 25 AR 98 09 it ik
Frankia TARRTH 22 (K704, T 2 8008 £ BB REA
FREAM TR 2240, et &
i, P ROER/EH, XFhEREREEM
AFEE EEREIHFE, BHRE LR, B

ALK Frankia B BRBRIRE L BEH .,

L8 XL Frankia AR X BRBERFHE
—EME W, LRERRERY, ELME T, Frankia
B A i R A AR BB R A e
BEAFM R, F NaCl ¥ 33, i Frankia 3§
BRXt iR - 80, ZBREN TR BR 4N . PN IR BR A B BR 4%
S WEREEA T HEFEA RO E &AL KRR
BE AR, REAEE R E R B3R
8 AR B N 38 i T [, B 2§ NaCl¥k BF 1K 720
g - L' AF, Bk E IR AR A 2 2 i R R
BEARNTEE /N T 24 NaCl 3RBER T 30 g - L' B, B 4k
o} 8 SRR B F FH 2 B B B .
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