A
1 oor@o’c the plant itself, that
p S caused the biologic 1 fixationm(BNE ) which was detected in
leguminous plant; lecade of a century. It
-took approximately . established fact, if
counting after an d'te assay the BNT in 1.81+1._
For that léng dura ol relyind -~~ropr1ate method being
knan fo cultivate t ”f'”" >ut from root nodule,
Furthermore no one ha Tsugte t the BNF of tl-:xe‘. bacterium
aftér being isolated a ;,;g%-g&?% .'idg the root plant,
At presebfs - s been established - BNF occurs exclusively
in prokabyétes. 1& only bae 180 ated&rom plant, but those that
( it are isolated from arfimals ,' soil orggea could also fix nitrogen. There :
has been anﬂ ugEJag m&tmiw&’}ngN composition presented
in organic -contamtmg compounds was glglnated fyom BNF. (Burns and :
%’l QNI RIS NATINEAY
Development in the basic knowledge of BNF has been enormously
extended since 1973, being remembered asvthe energy crisis year.
Two main reasons were used to recall for an admittance in BNF as the
> "~ utmost significant biologiqal process of the highest pofential to

alliviate the energy crisis. First, to its direct contribution of

N-source to various kinds of economical crops, either in the form of




obligatory or associative symbiosis with those plants. Second, to its
indirect contribution to the N~protein in legumes especially soy bean
protein which has been accepted as the cheapest source of the best

protein known to human being.

Rhizobium has been adapted as the group of bacteria which live

obligatory symbiosis with 1 ”f‘ lants. This genus of N, fixing

bacterium plays the top,most ¢ in N-protein contribution to

-~ Gram ne ~-3.0 um)

- General , polar or subpolar
flagella.

- Contained of poly B-hydroxybutyrate.

- Aerobic chem@rganerrophss 1, best growth at 25° - 30%¢.

to be studied in Qt i 1 - : %per-ties including phys:.o-—

4 ‘ logical, biochemicall,sgenetical orgeven ecological natures have been

used for cl@ucg Q maﬂdmﬁiw%r] ﬂn@popular classifications

includin iﬁ{he defined properfies are summarized as fiollows,

A AN AN EN a8

According to Ailen and Allen (1950), the genus Rhizobium

has traditionally been divided into two groups.

i) Fast-growing rhizobia, likely to have a mean genera-

. tion time of 2-4 hrs, give little detectable growth on agar media in

24 hrs, but generally form relatively large (2-% mm in diameter),

gummy, colorless or white colony in 3-5 days.




ii) Slow-growing rhizobia, likely to have a mean genera-

tion time of 6-8 hrs, yielding small colonies (£ 1 mm) after 7-10 days;

generally colorless, white, gum less abundant than the fast grower,

dense and sticky.

2.2 Based on Cross-inoculation.

In Bergey's (Buchanan and Gibbons, 1974)

concluded a classific ed on the cross-inoculation
——

(or plant affinity) pa

i)

clover groups or

Trifolium spp.

ii) with Pisum, Lens, °

Lathyrus and Vicia.

Trigonella

Glycine max

vi} X lupmi 3 nodulate with Lupinus and Omithopus

ﬁuw GRHBINHLAG - maicca i

Cowpea group Vigna, Desmodag » Arach ii’ Centrosemb Stylosanthes etc.

According to Graham's review in 1969, there are 3 broad

seroiogical groups as follows,

) R. tfifolii,_g. leguminosarum and R. phaseoli
ii) R. meliloti

iii) R. japonicum and R. lupini

IIIII.I....lllIIIIIIIIII---_______,




Other alternative methods being used to classify Rhizobium
species are the ability to use various carbon sources, the % GC coritent ,
the DNA hybridization and lately the analysis of protein fingerprints

of crude extract of Rhizobium.

3. Techniques for Estimation of BNF in Rhizobia.

As research in N

5 *’ analytical technique advanced,

a variety of assay met ere developed, The observa-

2

tion of growth and mor o Len. oot nodule development is one
of the most simple i }%;:Eu:\;; ion, analysis of increasing
N-content refering N by the test-legume is also commonly used.

However, to acheive

sitdyity other two techniques are
: | NE W\
availabel to use. . ; ey

for assaying N, fixation with

2
popular one involved
f.udy to N, in a

i 2
{
The seeond technlque, generally referred to as

 isotope dlltﬂou Hﬂﬂﬂ%‘?ﬁ ﬁﬁlxﬂ? 15N the degree of

N flxatlon w‘b analysed by measurlng the total N and + < In the

e e

dlscrlmlnatlon during N fixation in favour of the lighter isotope

the exposure of t éI‘
‘y

~ gas-tight containe .

14N) is measured. The very small abundance can be detected on sensi-
tive mass spectrometers. This 15N method has the disadyantage that
methods for detection and determination of 15N was'compliéated and -

time-consuming and required expensive instruments which are difficult

to operate and maintain.




3.2 Acetylene reduction assay

The acetylene reduction assay arose from the independent
observations of Dilworth (1966), and Schollhorn and Burris (1967) that
the nitrogen-fixing enzyme, nitrogenase, reduced acethylene (C2H2) to

ethylene (02H4). Since that time the reliability of acetylene reduction

as an indicator of nitrogenasd ity has been established for a wide

@que has assumed a vital role

xiéﬁ'no 11 containing nodules or

range of biological sy

in N2 fixation studies

whole plant system were contalner filled with

C2H2 which contained

sampled after a suitab

The atmosphere was

and analysed for C2Hq 981ng

gés chromatography wi -,{-",J Te. n detector.
The theoy f ?‘:f..f"v between acetylene reduction
anﬁ N2 fixation dictate v‘ﬁf."m LH, are reduced for each mole

of N, fixed, This is edRPOD t act that 2 electrons are needed

to reduce C2H2 tl o reduce N2 to 2NH3.

The variation of rdy ety alv(1978).

The sensitivity o be about 103 times greater

o ST ITSNEN S

4, Environmefital Effects on %ggume N:Ltrogen Fixation (Sprent, 1979)

VLRI AR 2 R UITTaT:} T

chemlcal physical and biotic influence which act upon three different

is method was claimed t

biological entities: the rhizobia, the host plant and the symbiotic
system itself, Various important factors affected the BNF are

summarized as follows:




4.1 Temperaﬁure.
In various parts of the wo;ld, temperature may be a major
factor limiting the extent of N2 Fixation. It also affects the formation
and activity of nodules. Generally, the symbiotic system is more temperature
. sensitive at both extremes of low and high temperature. It has been es-

tablished, lacking of sufficient ATP roduced by plant to nodules, might

]
be the major cause of low actaiwv A e when plant is exposed to

high temperature. ct of low temperature has
d be the cause of the

y70) .

nodulation and N2

fixation. Lower water pgEey ay directly reduce

logging, showed mar -;ffTT_fT_______— : ng kbility (Minchin and

v
Pate, 1975)

ﬂﬁtﬂ‘i’l&lﬂiwmﬂ‘i

W h respected to‘;egume N -flxatlon, pH 1s often considered

« = A4S BRI TN IR Y -

low pH va e, the first two tend to be deficient, but the last two tend
‘towards toxic conéentrations. All these factors influenced both rhizobia

and infection process of nodulation (Sprent, 1979)

4.4 sSalinity and associated effects

Generally, high salt concentration will affect both the

survival and growth of rhizobium in soil. (Steinborn and Roughley, 1975)




In addition, a reduction of rhizobial colonization around root surface is
observed when its = host plant is grown in salinized culture medium.
(Singleton and Bohlool, 1984). It has been established that the early
process involved in nodule formation is extremely sensitive to high con-
centration of sodium chloride, in which a significant reduction in nodule

sequent result. (Singleton and Bohlool,

number and weight is geﬁerally it

1984)

Furthermore, hi o)aieis '@ute in soil also affects
the nodule activity in oy ofl y : ample, water can be

withdrawn osmotically frg \\f disturbance in the host
&

oL < \\\ s not appropriate for
| \\

). 'In short, hlgh

metabolism causes an ab
rhizobial infection. L
concentration of salt €a

on both plants and

microorganisms.

. ]

Legt m_-m-ﬁ-_iiﬁ_.e s /other green plants,

S S Y |

a elmglob in required

additional Mo and Fe Probably, the most common limiting nutrient in

' many aveas ﬁ%ﬂ’}w Hﬁ? ‘W;E;}qsﬂ‘ix ~fixation and plant

growth, 1In a ition, comblneé nltrogen also reduced nodulation and N2

=R WERNNTUNAIINY 1A Y

4 6 Supvival of rhizobia

Nitrogenase activi!ﬂ a

Tt is one thing to establish an efficient host-rhizobium
combinatiOn under laboratory conditlons, and quite another to establish
L it in the field. 1In soil, a partlcular bacterlal strain has to survive
fluctuation in temperature, moisture and ion content, to be able to

compete successfully for nutrients with a wide variety of microorganisms




including other rhizobia. It also has to survive any diseases and the
effect of natural and artificial bacteriocides, herbicides and other
assorted chemicals. Having survival all of these conditions and

multiplied, it then has to infect the host.

5. Problems Associated with Legume-Use,

Saiine soil is one Nt ical factors that effect
symblotlg N2-f1xatlon.' Jﬂsﬂlﬁlled to use the rhizobium
N for increasing crop-pro jegumes in saline soil condition.
There are two types , namely : coastal and
in-land saline soil areas are mainly sodium

chloride. The mari  ,_3v' He eoastal saline soil covered

by the failure of. the

infection process .4 : ablishment of Rhizobium.

<4s sa“‘“ﬂ“ﬂ ﬁﬂ%ﬁ#ﬁ%ﬂﬂﬂ‘i

. Known Mecagnlsms for Salt‘Tolerance in Bacterla.

- RN a8l M 1 (TTRY- (TR

small and large molecules. The solutes dissolved in cell water and the

structure of this water control all the vital process; ehzyme action
“and regulation, assembly and disassembly of organelles, membrane

structure and function. Adaptation of microorganisms in the presence

of high salt concentration may associated with their ability to serve

cell water. The mechanisms which they used to adapt in such environ-

ments are summarized as follows:




6.1 Proline and its roles for enhancement of osmotolerance.

In 1955 Christian made the interesting observation that
proline, added exogenously at low concentration, specifically stimulated
the growth rate and respiration rate of some bacteria in the media of

high osmolarity (Christian and Waltho, 1966). The isolated mutant of

Salmonella typhimurium w_' oV "’3@uce proline was found to grow
' ty (Rudulier, et. al.,
1980). Studies in @l : stlmulatoxﬁy effect of
additional proline Qa o .,. '“ﬁ?ﬁh nifested in the condition
of extreme osmotic »

ierted a much greater

stimulatory effect -igh osmolarity, The

effect of the mutation ne€s ‘fiﬁ?' ; oline-oyer production in
K. pneumoniae was simiflay 6 th ';"‘ Seen, when proline was supplied

exogenously (Rudulier,

There are two e§B%§§§ﬁgﬁ-€: : suggest this osmofegulation of

proline. ' Firstly; v cht be an ¢ OS¢ 11;i,ialancer which, when
, . - & :
" i
presented at high intwe o, might act to prevent

osmotic dehydratio of the cytoplasm. (MeasUres, 1975). Secondly,

proline mlgﬂﬁﬁ?ﬂﬂﬂﬂwmﬂ gﬁom;n £ 8 et

high osmolariiy, for it could interact w1th molecule of protein and

- QAR TN TN ST =

of salt?® (Schobert and Tschesche, 1978). :

6.2 Porin proteins : an alteration to osmotic stress

The outer membrane of E. coli contains a set of abundant
proteins, the porins, that serve as channels for the passive diffusion
of small hydrophilic molecules. In E. coli K - l2 strains, the two
major porins have been established as OmpF and OmpC. The relative

amounts of these proteins have been shown to vary as a function of
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growth condition and to be influenced by such factors as the ionic strength

and osmolarity of the growth medium (Garrett, et. al., 1983).

The amounts of OmpF and OmpC varied in a reciprocal manner, high
osmolarity, favoring OmpC transcription and depressing OmpF expression
(villarejo and Case, 1984). Regulation of porin genes are being the

Hall and Silhavy, 1981)

studying subject in various lak

In fact, proton flahor electrochemical

as lactose, proline, etc,,

including m u Wﬁ’] lﬁarty, 1978Y).

Furthermore ,@ T antlpme common nrlound in the membrane

of mo ﬁWﬂﬂlTaaErlophlles, ‘
. wheles ﬁrn mg

energy to drive the transport ofsolutes sucﬂ

and non

It was realized that most of halotolerant micro-Organisms
ne\}er do acheive osmotic balance with their external environment.
(Kushner, 1978). Experiments. in halophilic bacteria have been shown

‘ +
that, the intracellular Na concentration was lower than the outside.

: 5 ; ks ;
As one of the inner membrane protein, Na / HT antiporter helps

< ;
the influx of proton and the efflux of Na in the exchange reaction,




L

in which the osmoregulation of the bacterial cell depends upon. It is
likely that bacterium will extrude sodium ion until it reaches an

optimal state which survives them from the toxicity of Na+. The biological
roles altributed to the Na+/ H+ antiporter, are numerous and important.
These roles iﬁclude the exclusion of cytotoxic Na+ and regulation

of cell volume at high osmolarity, and also pH homeostasis (Krulwich,

which is readily bein Infact, strain diversity
could be easily found Ve ot—nodule. T des

therefore, possible are tolerate in salt from

those existing sponta v t lon, using of mutagens such

as NTG (N-methyl-N“-ni ) might cause unpredictable

side effects on nodulatj on cy of BNF. We therefore

applied a principle of sib
i ‘,-’J;&,ﬂ'

tolerant strain oFyR he nc:1ple for spontaneous

b

fon as the method used to isolate-

mutation first e -- ' )i« (1953). It was

hoped that if stra s of salt tolerance coul‘e successively obtained,

¥ _ | it might be ﬁ m oses. For example, it could
be used as tﬂ‘uﬂ ﬂﬁﬂo iotoplast fusion or
else 5{ @d_effectiveness
o AW e

8, The Aim of Thié'Research.

Objectivés of the sfudy were as follows:

"{) To select salt-tolerant strains of R, phaseoli by an appli-
cation of sibling selection.
ii) To study some roles of osmoregulation in the salt-tolerant

mutants isolated.
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