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Abstract

Leptochloa fusea (1) Kl (1 allar grass) has previously been found 1o exhibit high rates of nitrogen fixation. A

series of experiments (o determine the level of hiologic

al nitrogen fixation using "N sotopie dilution were carried

outin nutrient solution and <iline soil. These studies indicated an agronomically significant amount ol nitrogen
heing fixed in soil Kallar erass has a similar growth habitat 1o rice, Therefore similar studies were carried out

with rice after isolating varjone diazotrophs from the ro

ots which were also sereened for their ability to produce

auxin (TAA). Five such «iraine namely Azospirilium lipoferum N-4, Azospirilhon brasilense Wh. 3. Azoarcus K-1,
Psevdomonas V6-51. Zooeloea Ky-1 were selected for r'nucul;lling two rice varicties j ¢ NIAB-6 and BAS-370

under aseptic laboratory conditions. The nitrogen fixed w
Variety BAS-370 haq nearly 0% nitrogen derived [rom

as quantified using the N isotapic dilution method.
atmosphere (Ndfa) when moculated with Azospirillum

N-4. Similar studies with the mixed inoculum using N fertilizer in the micro plots indicated (hay nearly 299 of

plant nitrogen was derived from the atmosphere.

Introduction

Nitrogen fixation associated with roots of grasses has
heen recognized as an important component of the
nitrogen cvele in g range of ccosysiems including sev-
cral extreme environments (Chalk, 199]). Salinity rep-
TEsents an extreme environment and s characterized
by low organic marter and very low nitrogen contents
in the soil. However. under these conditions certain
plants especially kallar grags (Leptochloa fusca) have
been found 1o grow well (Malik et al., 1986). Since the
advent of acetylene reduction molhntl‘nlngy (ARA),
many plants have been shown 1o harbour diazotrophs
m and around their roots (Buoddey et al.. 1996 Malik
et al., 19971, Though certain limitations exist in the
application of AR A methodology ag reported by Van
Berkum (1980) and Witty (1979), s usefulness in

sereening plants and microoreanisms for presence of

nitrogenase activity is beyond douht. Among the plants
growing in saline environment kallar grass has been
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extensively studied with reoar| Lo associative nitrogen
lixation.

Kallar grass, a highly sali-tolerant plant species,
has been recommended as a primary colonizer of sali-
affected soils and grows luxuriantly withoyt addition
ofnifrogenous fertilizers under waterlogged conditions
(Sandhu and Malik. 1975). This observation led (o he
investigation of jts rhizosphere for the presence of rool-
associated nitrogen fixation. Nitrogenase activity asso-
ciated with the roots in this £rass was first reported by
Malik et al. (1980, 1982) and a numhvrnl'diumlmphic
bacteria were isolated and characterized from various
root fractions (Bilal and Malik, 1987: Bilal etal., 1990);
Zafar et al., 1986, 1987). The growth habitat of kallar
grass is similar to that of lowland rice, Moreover, rice
is generally recommended to be grown on the saline
soils where kallar grass had been cultivated, Thus basic
information and knowledge obtained from diazotroph-
kallar grass association could be direcily applied to
rice which also grows under similar waterlogged con-
ditions,
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Auxins are growth reenlators which are essential
for plant growth. Some hacteria are also reported 1o
produce these growth hormones alfecting plant growth
(Bric of al. 1991 1 ifshitz eral 1987 Tien etal., 19795
Zimmeret al.. 108%) The hacteria are known to change
the root morphology and increase their biomass, thus
enabline them to exploit more of the soil volume and
take up soil nutnents. Thus cneh bacteria can comple-
ment the beneficial effects of nitrogen fixation. Studies
have therefore heen conducted on the beneficial effects

of these bacterin on rice prosdnctivity.,

Nitrogenase activity and nitrogen fixing hacteria
associated with kallar grass

Kallar grass is a perennial vrass that has shown high
aili-tolerance and can be cultivated with brackish
water. T high biomass vicll led us to study its rhi-
I(D\]lhl‘r(‘ for P(\U”\IL‘ inplllL due to |1|0|I\gi(':]| ni1rngun
fixation, Our results showed that excised roots of kallar
erass exhibited high nitrogenase activity as estimated
by ARA (Malik et al.. 1982 High acetylene-redhicing
activities associated with sotl and roots (unwashed,
washed and surface sterilized) of Kallar grass were
found (Zafaret al.. 1980 Unumeration of diazotroph-
i hacteria present in the thizosphere was also carried
ont (Table 1y usine fonr different culture media (Bilal,
1088) In these studics vhizosphere was separated into
varions fractions like (1Y soil away from roots (NRS),
(ol adhering 1o roots (R'S). (3) surface of roots (rhi-
soplane. RPY and (1) interior of roots (histoplane, HP).
Nutrient agar medinm was used for the enumeration
of the total heterotrophic popnlation. Microaerophilic
conditions were provided using 0.7% soft agar plat-
ine and semisalidd medin were prepared by using 0.2%
aear Panmerations were hased on spread plate tech-
nigue for acrobes, soft avar overlay for micro acrohic
hacteria and most probable number (Cochran, 1950)
of ARA positive vials fon diazotrophs.

The comhbined carhon medium (CCM) of Rennie
(19R1) invariablv gave the highest counts of Na-fixers
in all fractions. [ollowed by the malate medium (NFM).
Pn]\nl:ninnuz differed (ipn”iv;!lil])’ in I'hi?ﬂﬂph(‘f(‘ soil
(RS) and rhizoplane (R fractions on CCM medium.
The maost probable number (MPN) values based on
ARA were lower than those ohtained by the dilution
plate connt. The distribution of hacteria was variahle in
these different fractions Hivhest counts were always
ohserved in the thizoplane fraction on all four media
tested (Table 1 and 2y Vanous diazotrophic bacteria

Jabte T Fnomeration of dizotrophic Bactertal populations m van
ous thizosphere fractions of Eallar grass wany different media

Medinm®  Fraction®*  Log noof hacteriae dew root on soil
V'~1_|-'N"‘ = - Ti’iﬁﬁu

(ARA based)  Aevehic Aiero aerohic Mean

M MRS 1) G0 R77 H X1 ah

RS 6R2 R %17 T61a
RP 0 i) 90 L Odd
e 307 n0n7 S.95 IR A ]
NI'M NRS S5 (05 716 612 h
S fy il 7.55 T R8 1A
rP i el 851 00y %
Hr 100 i S0 bR
NIDM  NRS T T R
1’ 510 7 88 647 6452
R 147 6 6l 80 TAl
e 0 nn 568 SRT 407 a
SN NRS T (W 1 Su 7 AN 180
RS Al 7m T4 T1ihe
rP 102 ROR 4it8 Bi76
e (M sS4t 561 Lo

“_ (M. Rennic. 1981, NEN Dishereiner et al - 19760 NEDM.
Cannon et al, 1974: SSAM. Reinhold et al | 1986
*+NRS=s0il away from roots; RS=rhizosphere soil: RP=surface of

roote; HP=interior of root.
#++ AR A hased most prohable number
cesk_ CFLL colony formimg units

were isolated and characterized (Bilal et al, 1990
Malik et al., 1991). These belong to the genera of
Azospirillum, Azoarcus, Enterobacter. Klebsiella and
Zoogloea. Tt was found that azospirillia were more
numerous in the root interior whereas there was pre-
ponderance of the genera helonging to Enterobacte-
riacene on the root surfuce. Survival and coloniza-
tion of the inoculated bacteria in the root rhizosphere
was also studied using immunofluorescent techniques
(Malik and Bilal, 1989). Some of the common genera
of acronomic significance are deseribed below,

Table 2 N fixers in various fractions of kallan grass, estimated by
ARA -based MPN method

% N fixers*

Medium** NRS RS  RI e
CCM 15 nonla 100 1 16
NFM 0nn7 (.080 19 000
NFDM nol 0001 4 000
SSM 0.01 0009 10 000

*Pereent of the total hacterial population; NRS=soil away from
roots: RS=rhizosphere soil: RP=surface of roots: HP=interior of
roots.

=*_C"CM. Rennie, 1981: NFM, Dibereiner et al | 1976: NFDM,
Cannon et al., 1974 SSM. Reinhold et al | 1986



Azospiciium

The availability of selective media for isolating dia-
zotrophs belonging to the genus A sepirvillum and the
case of its detection by its characteristic sub-surface
white pellicle in semi-solid agar medinm has helped in
i<olations from the rhizosphere and root surface (Bal-
dani et al. 1986: Dishereiner et al., 1976; Hegazi et
al . 1979 Ladha et al.. 1987: Sundaram et al.. 1988).
Several isalates were obtained on semi-solid nitrogen-
free media (NFM. COND from roots of Kallar grass
(Bilal and Malik, 1987, Bilal et al.. 1990: Malik ct
al.. 1991, Zafar et al., 1987). These isolates formed a
fine sub surface white pellicle i nittogen free malate
medinm within 24 hours, which gradually moved to
the surface, The growth in NERM was always accom-
panied by alkali production and high rates of nitroge-
nase activity (more than 100 nmol CH/hour/eulture
vial). Phase-contrast microscopic e xamination of wet
mounts of the actively growing cultures showed helicle
cells resembling Azospirillum. The cells were actively
motile and exhibited typical spinning motility. Mor-
phologically, A=ospirilliom can he differentiated from
all the other hacteria because of its helicle shape from
which it derives its name. A high percentage of the
icolates accumulated polv-d-hvdroxy butyrate (PHB)
which was also observed in Azospirillum strains by
other workers (Reinhold et al.. 19861, The majority
of the isolates formed lieht pink colonies when grown
on nutricnt agar medium. but the pigment was more
characteristic and dark pink when nutrient broth-grown
cells were pelleted by centrifugation.

None of the isolates used glyeose sucrose and man-
pitol as carbon sources but erew on lactate, malate and
fructose The hiochemical characteristics of the iso-
lates showed that they closely resembled Azospirvillim
brasilense which differs from A-ospiridllum lipoferum
in its biotin requirement and abilitv (o utilize glucose
as a carbon source (Tarrand et al., 1978). The isolates
were compared with various Azospirillum species by
using one dimensional SDS-PAGI of total bacterial
proteins. Comparison with A fipoferum. A. brasilense
and A antazenense showed that all isolates closely
resembled A brasilense strain CATA (Reinhold et al.,
1987).

In a study carried out by Remhold et al. (1986),
nitrogen fixing bacteria were found to form root-zone
specific associations with kallar grass. with different
populations colonizing the surface and the interior of
roots. Two Arospirillum specics were dominant on
the rhizoplane and one of these organisms has been
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deseribed as a new salt tolerant specres, A-ospirillun

haloprafercns (Reinhold et al., 19%7a).

Azoarcus

In moct of the attempts to isolate diazotrophs from
kallar prass, gram negative matile rods were isolated
which did not belong to any of the known diazotrophic
genera on the basis of the commonly nsed morpho-
logical and physiological tests (Rilal and Malik, 1987:
Bilal et al., 1990; Malik et al.. 1991: Reinhold et al.,
1986). These hacteria have a strictly acrobic type of
metabalism. fix nitrogen micro acrobically. and grow
well on <alts of organic acids but not on carhohy-
drates As a result of a polyphasie sty carried out
by Reinhold-Hurek et al. (199%), a new genus Azonr-
cns was generated to accomodate these isolates from
roots of kallar grass collected from Pakistan. One iso-
Jate (K 1) from kallar grass was found to helong (o
this genus by using 168 1RNA oligonucleotide probes
(Hassan et al., 1996). Indircet evidence for the colo-
nization of the root interior by these organisms was
confirmed by fluorescent antibodies (Reinhold et al.,
1987) and immunogold electron microscopy (Hurek et
al.. 1991). Based on the results of a polyphasic study in
which morphological, nutritional and hiochemical fea-
tures and several molecular hiological techniques were
employed, a new genus Azoarcus was proposed with
two species A, communis and A indigenons (Reinhold-
Hurek et al., 1993).

Zoogloea

This nitrogen fixing organism was isolated from the
histoplane fraction of kallar grass on CCM medium
(Bilal and Malik, 1987). The organism designated as
Ky-1 is not one of those commonly occurring on the
kallar grass histoplane. Identification of this organism
as Zoogloea (family Pscudomonadaceac) was primi-
ily based on the presence of a characteristic extracel-
lular capsule or zoogloeal matrix. and also because
of its peculiar growth in shaken broth culture, where
it aggregates to form macroscopic star-like flocs sim-
ilar to those of Zoogloea ramigera (Kricg and Holt,
1984). The extra-cellular slime produced by Ky-1 is
water-insoluble as the culture does not show any tur-
bidity during growth and floc formation. Under the
microscope the flocs showed finger-like dendritic out
growths, cach originating from a cluster of cells. The
cells are embedded in a matrix and are static, but
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come exhibit thythmic movements along the margins,
whereas free cells in the cuspension are actively motile.

Klehsiclla, Reijerimekia and ather diazotrophs

Three diazotraphic hacterial strains were isolated on
CCM and named as NIAB- 1, C-2 and Tso-2 (Zafar ¢t
al. 1987). These bacteria were characterized on the
basis of phyvsiological rests and the determination of
mole % G4+C values of the DNAs. Isolates NIAB-1,
-2 and Tso O have mol % GiC contents of 57, 64
and 53 respectively. which were lower than that of the
genus Azospirillum (68 70%). The characteristics of
three isolates were compared with some known nitro-
gen fixers \-ostobacter, A-omonas, R(‘i‘jjr'l'il‘?(‘“ﬂ and
Klehsiefla. NIAB | shared maximum characteristics
with the genns Klebsio!la. Because of the differences
within Klebsie Ha puewsiioniae in physiological behav-
ior. protein pattern and other molecular characteristics
(c.er. 60-70% DNA homalogy, presence of plasmids),
it was proposed that NTAT 1 is a new species of Kleh-
sieller (Qureshi et al . 1988) and Tso-2 was identified as

Beijerinekia .

Quantification of nitrogen fixation in kallar grass
by "N isotope dilution

Quantification  of  hiologically fixed nitrogen in
leeumes and in grasses has been the most important
factorin determinine the overall benefit of this process
to the eropping system. Nitrogen balance studies have
heen used most widely o< an indication of the extent
of nitrogen fixation (Dav et al., 1975; Rennie and Lar-
<on. 1979). However. the use of 1N, has given values
of direct incorporation of fixed N into plants (Eskew
et al. 1981; Rennie et al, 1983). This technique can
only be used for a short period, during which plants
are grown under an enclosed atmosphere and cannot be
nsed in the field. These limitations have made this tech-
nique inappropriate for routine use. Techniques based
on YN dilution are however, more versatile and can he
adapted to varions evpetimental conditions (Boddey et
al.. 1996; Rogerand I adha, 1992), SN isotope dilution
techniques have earlier been used for quantifying asso-
ciative Na-lixation in wheat (T.ethbridge and Davidson,
1982 Rennie et al . 1993 maize (Rennie, 1980), rice
(Shrestha and T adha, 1996: Ventura and Watanabe,
1983), sugarcane (Boddey et al., 1996; Ruschel et al.,
1975) and other grasses (Boddey et al., 1983; Boddey

and Victoria, 1986; Malik and Zafar, 1985; Malik et
al.. 1987, 198RK).

Several experiments to quantify the amount of
nitrogen fixed (Table 3) were carried out both under
aseptic conditions and in the ficld, using the "N iso-
topic dilution technique (Malik and Zafar, 1985: Malik
et al.. 1987, 1988). It has been shown that under sterile
conditions 60 8070 of the N in acrial parts of kallar
grass was derived from fixation by the inoculated hac-
teria (Malik ¢t al., 1987). In these experiments no
additional carbon source was added indicating that root
exudation was able (o sustain the proliferation of the
inoculated bacteria. In the case of a field experiment,
the indigenous nitrogen fixing ability of soil was inhib-
ited hy applying a high dose of "N fertilizer which was
taken as the reference treatment. The estimation based
on ‘A" values (Fried and Broeshart, 1975) indicated
that an amount of 32 kg N/ha was derived from fixa-
tion resulting in% Ndfa of 26 (Malik ct al., 1988).

All the studies reported on kallar grass have indicat-
ed the presence of nitrogenase activity associated with
its roots and substantial uptake of biologically fixed
nitrogen by the plant as demonstrated by "N dilution
technique. Studies on the survival, colonization and
attachment of the bacteria to the kallar grass roots have
also been reported (Bilal et al, 1993; Malik and Bilal
1989) which indicated that the bacteria colonized and
proliferated on the root surface and were also present
inside the root hair cells. The hacteria were abundant
in the mucigel and around the points of emergence of
lateral roots.

N,-fixation in association with rice

In addition to the kallar grass, diazotroph isolations
from rice roots and its rhizosphere were made (Malik
ct al., 1993). All these isolates were characterized
and were found to belong to the genera of Azospir-
illhem, Azotobacter, Flavobacterium, Pseudomonas,
Xenthomonas, and Zoogloea. Five bacterial strains iso-
lated carlier from roots of kallar grass and rice were
sclected on the basis of their nitrogenase activity and
ability to produce TAA for studving their effect on plant
growth both individually and as mixed inoculum in pot
and ficld experiments (Tahle 4). Among the selected
strains A. lipoferum (N-4) had maximum nitrogenase
activity as indicated by ARA values. Pseudomonas
96-51 did not show any nitrogenase activity but had
maximum IAA production (35 pg/ml.). Rice scedlings
of varicty NIAB-6 and BAS-370 were grown in pots
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£ Ommification S Nay-fixation hy mixed inoculim of U idiazotrophic strains in association with roots of kallar grass hased on N

sotopre dilution

Treatment Conitrol % Ndfa

Reference

Remark

Heat killed 65 RO

under sterile E. coli

Lab experiment

conditions

Rowts 327

shoot 6%

Pot experiment Uninoculated

fumigated

Field experiment 60 kg N/ha 26%

Malik et al | 1987

Malik et al | 1087

Malik et al., 1988

Plants grown in
vermiculite in
tuhes

Saline sodic soil

Saline sodie soil

Tuble

4 Characterizanon of bacterial strains included in the mixed moculum

Racterial <train ARA TAA production
(mmaole CyHy/h/mg protein) (yrg/ml.)
Vaspint! s lipoterum N-4 6RO 63
Acospivd” oo Frasilense Wh-3 215 161
Azoarens B | 290 10.5
Psettelorto i VS| 0 357
51

Zooglova Ky | 544

containing vermiculite and N-frec Hoagland nutrient
solution. "N Tabelled ammonium sulphate of 10 atom
% excess (34 mg/pon was added as a tracer to quantify
nitrogen fixation. The plants were harvested after six
weeks and plant samples were analyzed for N excess
on a double inlet Mass Spectrometer (MAT GD 150).

Among the two rice varicties tested, the beneficial
effect of bacterial inoculation was more prominent in
variety BAS-370 »< compared to NIAB-6 (Figure 1).
In association with the rice variety BAS-370, Azospir-
illunt strain N-4 fixed considerably higher nitrogen as
compared to other strains, contributing about 66% of
the tatal Nin plants Tor rice variety NIAB-6, Azoarcus
strain K-1 proved to be more efficient, and maximum
plant hiomacs was ol recorded with the same strain
K-1. Two bacterial strains Azoarcus K-1 and Zoogloea
Ky-Tused in the present study were isolated from kallar
grass growing in saline/waterlogged soils of Pakistan
(Bilal and Malik. 1987

Another experiment was performed in cemented
micro plots of 1.5 m ~ 1.5 m size. Mixed inocu-
lum comprising the five strains listed in Table 4 was
used. The inoculum was applicd to rice by dipping
the roots of ane-month old scedlings for 30 minutes
before transplanting. Rice variety NIAB- 6 was used.
The field experiment was carried out in a randomized
complete block desien with four replicates for each

L} 1
" |
|
L 1 WNIAR S
mBAS-3T0
S0
=
Z a0 ‘
10
0
it
I
" S
Control Arospirilium Arospirilium Azoarcus Znnglosa
(N4} (wh-3) K1) Ky 1)

Figure I. Quantification of N fixation (% Ndfa) by moculated hac-
teria in rice.

treatment. Inoculated treatments received 5 atom %
"N fertilizer in the form of ammonium sulfate at 30
kg N/ha. The treatment designated as the non-fixing
control received N labelled fertilizer at 60 kg N/ha
so that the indigenous nitrogen fixing bacteria could be
inhibited (Malik et al., 1988). The results of biomass
yield, total nitrogen and nitrogen fixed calculated on
the basis of "N isotopic dilution are summarized in
Table 5. In the inoculated treatment, relatively higher
biomass and nitrogen yield as compared to uninoc-
ulated treatment were observed. There was also no
significant increase in rice yield in casc of treatment
where 60 kg N/ha was applied (data not presented).
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Jilde 5 Flect of PGIR® inocuiation onrice biomass and nifrogen
fixation, caleatated on the hose of 1N dilution data (microplot

experiment)

s apven Toml N Ndfa N fxed
PR M (hefha) (%) (kp/ha)

Treatment

0k TN Uimmoculated (RS 151 23 35

ke "N Ineculated 160 |57 R0 455
1 SD0s il 20 4

PGPR= A mixed inoculim of A -ospirillum lipoferum strain N-4,
Vmospuritlom brasilense steam A b U A=oarcus strain K- 1, Zoogloea

steain Ky 1 and Peondomenae st 96 51

Such a response may be die o the available N (NH
1S mae/ke: NO- 13 tma/kg) present in the microplot
soil. However. statistically sigmificant increase in the

amount of nitroeen fixed was observed in the case of

the inoculated treatment The estimates were based on
the caleulation of “A™ values of fixing and non-fixing
contral (treatment havine 60 kg N/ha application). In
ease of uninoculated treatment with 30 kg N/ha appli-
cation. only 3.5 ke N/ha was hiologically fixed which
is duc ta the natural thizospheric microflora. From
this data, we can infer that in case of inoculated treat-
ment. plants are deriving nearly 30% of its nitrogen
requirement from the atmospheric N, thus resulting in
conservation of soil fertility by reducing the depletion
of soil nitrogen. At the time of harvest, an increase in
the root hiomass (data not presented) in the inoculated
treatments was also oheerved indicating the possible
role of growth hormone producing bacteria included
in the mixed inoculum. The survival of the inoculat-
cd bacteria was also studied by using selective media
containing antibiotics, morphological characters and
reaction with flnorescent antibody stain (Mehnaz et
al. 19961, Maximum nitrogenase activity as estimated
by acetylene reduction assavs of the rice roots in the
inoculated treatments was ohserved after one month
ol transplantation. Althongeh it decreased to one third
belore harvesting. it was significantly higher than the
uninoculated treatment (Mchnaz et al., 1996).

Conclusions

The presence ol associative nitrogen fixation in grass-
es is a random process There has been no evidence of
the presence of any specificity of the endosymbiont for
the host. However. it can he safely said that there is a
eroup ol microorganisms v hich colonize the root pref-
crentially and these may thus be called “rhizotrophs™.

Although much work related to the inoculation of the
diazotrophs has been done on the grass rhizosphere,
our knowledge about root colonization is still not com-
plete. as little is known about the mechanism of initial
attachment of bacteria to the root surface. There are
prohahly specific sites on the root surface where col-
onization occurs more (requently. Further studies are
required to elucidate the colonization process.
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